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Global Newborn Society

Each time we lose an infant, we lose an entire life and its potential!

Newborn is the official journal of the Global Newborn Society (GNS), a globally active, non-profit organization that is registered as a 501(c)
(3) non-profit formation in the United States and is currently being listed as an analogous charity in many other nations. The aim is to
enhance research in newborn medicine, understand epidemiology (risk factors) of disease, train healthcare workers, and promote social
engagement. The GNS was needed because despite all improvements in medical care, infants remain a high-risk patient population with
mortality rates similar to 60-year-olds. We need to remind ourselves that Every Baby Counts, and that Each Time We Lose an Infant, We Lose
an Entire Life and its Potential.

Our logo above, a hand-drawn painting, graphically summarizes our thought-process. There is a lovable little young infant exuding
innocent, genuine happiness. The curly hair, shape of the eyes, long eyelashes, and the absence of skin color emphasize that infants
need care all over the world, irrespective of ethnicity, race, and gender. On the bib, the yellow background reflects happiness, hope, and
spontaneity; the globe symbolizes well-coordinated, worldwide efforts. The age-related vulnerability of an infant, with all the limitations
in verbal expression, is seen in being alone in the boat.

The unexpressed loneliness that many infants endure is seen in the rough waters and the surrounding large, featureless sky. However,
the shades of blue indicate that the hope of peace and tranquility is not completely lost yet. The acronym letters, GNS, on the starboard
are made of cast metal and are pillars of strength. However, the angular rough edges need continued polishing to ascertain adequacy
and progress. The red color of the boat symbolizes our affection. The expression “Every Baby Counts” seen on the boat’s draft below the
waterline indicates our commitment to philanthropy, and if needed, to altruism that does not always need to be visible. The shadow
behind the picture shows that it has been glued on a solid wall, one built out of our adoption and commitment.
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Design of the Journal Cover

The blue color on the journal cover was a careful choice. Blue is the color of flowing water, and symbolizes the abnormalities of blood
vascular flow that are seen in many neonatal illnesses. There is a gradual transition in the shades of blue from the top of the cover
downwards. The deeper shades of blue on the top emphasize the depth, expertise, and stability, which the renowned authors bring.
Light blue is associated with health, healing, tranquility, understanding, and softness, which their studies bring. The small letter “n” in
the title of the journal, newborn, was chosen to emphasize the little size of a newborn baby. The issue editors chose three articles to be
specifically highlighted; the two pictures and two titles below reflects an order suggested by them.

Instructions to Authors

The journal welcomes original articles and review articles. We also welcome consensus statements, guidelines, trials methodology, and core
outcomes relevant to fetuses/young infants in the first 1000 days. A detailed set of instructions to authors can be seen online at https://
www.globalnewbornsociety.org/intructions-for-authors. The manuscripts can be submitted via the online manuscript submission system.
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Connection Starts in the Cradle

Our fight for infants/children with special needs has to focus on loneliness and isolation.' As mentioned below, the World Down
Syndrome Day in 2026 has emphasized the theme “Together Against Loneliness”. Parents, families, advocates, and organizations are
advocating for inclusive communities, early social intervention, and caregiver support to support these children in their formative years.>
Loneliness is a subjective and distressing feeling that arises when there is a gap between the social relationships a person desires and
those they actually experience;® there is a sense of emotional, social, or relational disconnection, even when surrounded by others.” This
interpretation of the word is, to some extent, focused on how older individuals express their distress, but infants can also be lonely.2° They
are dependent on caregivers for emotional comfort.'%'2 If/when their needs for responsive caregiving, affection, and social connection
are not met, they may experience distressing social and emotional disconnection.”® This has been viewed more as disrupted attachment,
social deprivation, or lack of responsive relationships than as subjective loneliness — we just don’t know because infants cannot talk
or vote."'*-16 Early negative experiences such as neglect, separation from caregivers, limited social engagement can adversely affect
emotional development and social functioning.!”'8

Loneliness is a multidimensional experience®'%2% and can be categorized in several ways:

Emotional loneliness in babies may result from a lack of close, nurturing, and responsive relationships with primary caregivers.?'22 Even
though infants cannot express themselves verbally, they are biologically wired to seek comfort, protection, and emotional connection
through attachment relationships.?3 Parental sensitivity to an infant’s expression of distress cues has been described as nurturance,
and that to non-distress cues as synchrony.?* These likely represent distinct contexts in which parents can be differentially sensitive/
insensitive in responding.** When consistent emotional support is absent/deficient due to caregiver separation, neglect, inconsistent
caregiving, parental illness, or other disruptions, infants show signs of distress.'®2> And this is problematic because early emotional
connections are essential for attachment, emotional regulation, and healthy development, making supportive family relationships a
critical protective factor for social-emotional development, stress responses, and the formation of healthy relationships later in life.!26-28

Social loneliness in babies can be viewed as a lack of opportunities for meaningful social interaction and engagement with caregivers,
family members, and the broader social environment.'2'82> Even though infants might not perceive loneliness in the same way as older
children or adults, they rely on frequent social exchanges.?’ These may include eye contact, talking, play, touch, and responsive caregiving,
and all possibly support healthy social, emotional, and cognitive development.3’ When these interactions are limited because of social
isolation, neglect, prolonged hospitalization, institutional care, or restricted family and community engagement, infants may experience
reduced social stimulation and difficulties in developing secure relationships and social skills.3! In this sense, social loneliness in infancy
reflects a deficit in social connectedness and participation rather than a conscious awareness of being lonely."3%33

Existential Loneliness is a deeper sense of separateness related to the human condition.?3#3> |t may involve feelings that no one
can fully understand the experiences, thoughts, or emotions of an individual.3> This type can occur even in people with strong social
relationships; in babies, it might be difficult to define as they do not communicate similar to older children and adults."3> However, some
developmental theorists suggest that infants could very well begin to experience existential separateness when they become aware that
they are distinct individuals from their caregivers.3¢3” During this process, disruptions in consistent, responsive caregiving may contribute
to feelings of insecurity, disconnection, or distress.3®3° Lack/paucity of nurturing relationships characterized by sensitive caregiving,
physical closeness, emotional attunement, and secure attachment can disrupt emotions of security, belonging, and connections that
format the healthy emotional development throughout life.#4'

Situational loneliness may be seen when infants get isolated or disconnected from families for short periods, and resolves when
the causative difficulties are resolved."* Some instances may be related to hospitalization, changes in caregiving arrangements,
relocation, parental illness, or other disruptions to familiar routines and relationships.** Even though infants cannot express loneliness
verbally, they may show signs of distress through crying, fussiness, withdrawal, sleep disturbances, feeding difficulties, or increased
clinginess.** There is a need for comfort, security, and social connection.”” Consistent presence of parents, family members, and other
trusted caregivers usually helps restore a sense of safety and connectedness.*>#¢ Although occasional episodes are a normal part of
development, prolonged or repeated disruptions in nurturing relationships may affect emotional well-being and attachment formation,
highlighting the importance of stable, supportive caregiving environments during early life.?84”

Chronic loneliness refers to a persistent and prolonged lack of meaningful social and emotional connection.*® In infants, this can
occur due to prolonged neglect, repeated caregiver absence, severe social deprivation, institutionalization with limited individual
attention, or environments where their emotional and developmental needs are not consistently met."*8 Over time, chronic loneliness
can affect cognitive development, stress regulation, emotional security, and social-emotional growth.'>#° Research on attachment and
early childhood development demonstrates that stable, responsive relationships are essential for healthy infant development, helping
to build trust, resilience, and a sense of safety.""* Preventing chronic loneliness in infancy requires supportive family environments,
sensitive caregiving, early identification of at-risk families, and interventions that strengthen caregiver-infant relationships.?? By ensuring
thatinfants experience consistent emotional connection and responsive care, societies can promote healthier developmental outcomes
and reduce the long-term consequences of social and emotional deprivation.'%>°

Collective loneliness refers to a sense of disconnection from a broader community, group, or social network.'>?> In adults, it involves
feeling detached from society or lacking a sense of belonging to a larger collective.”® In infants, the term collective loneliness could be

©The Author(s). 2026 Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https.//
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visualized to describe situations with limited opportunities to be embedded within supportive family, community, and social networks.'>!
We know that infants thrive not only through relationships with primary caregivers but also through interactions with extended family
members, peers, healthcare providers, and community support systems.'®>253 Strengthening these social connections can enhance
caregiver well-being, promote responsive caregiving, and provide infants with a rich social environment that supports emotional,
cognitive, and social development from the earliest stages of life Fig 1.>4>°

In each issue of this journal, our editorial team highlights the achievements of one of our partnering members. Here, we present the
Neonatal Intensive Care Units (NICUs) at the Emirates Hospital Jumeirah and Emirates Specialty Hospital, Dubai Healthcare City (DHCC).>®
This NICU provides comprehensive Level lll neonatal care and is known for evidence-based clinical practice, advanced technology, and
family-centered care. Itis equipped with state-of-the-art technology, including conventional and high-frequency ventilation with volume
guarantee, inhaled nitric oxide therapy, whole-body therapeutic hypothermia, continuous EEG monitoring, advanced hemodynamic
monitoring, neonatal echocardiography, and comprehensive respiratory support systems. There is a highly skilled multidisciplinary team
of neonatologists, neonatal nurses, respiratory therapists, lactation consultants, and allied healthcare professionals. A distinguishing
feature of the unit is its strong commitment to family-centered care, beginning with antenatal counselling for high-risk pregnancies
and extending throughout the infant’s hospitalization and follow-up. Dr. Monika Kaushal,”’~>° a senior neonatologist with more than
25 years of experience in neonatal-perinatal medicine, has established and led this unit. She is known worldwide for her pioneering
leadership in neonatal intensive care, and for her efforts in the Global Newborn Society Fig 2.

This journal aims to cover fetal/neonatal problems that begin during pregnancy, at the time of birth, or during the first 1,000 days
after birth. As in our previous issues, we present 8 articles here (Fig. 3).

We were all inspired by the article written by Dr. Srijan Singh about the World Down Syndrome Day 2026°° and hence dedicated
the opening of this preface article to this theme. Down Syndrome (DS) continues to be a pressing yet often overlooked challenge with
medical difficulties, loneliness, and social isolation. There has been many a discussion about these problems - loneliness is a subjective
emotional experience with inadequate social relationships, whereas social isolation is an objective state characterized by limited
interpersonal interactions.?"%% Research suggests that people with intellectual disabilities experience loneliness at rates up to seven times
higher than those seen in the general population, underscoring the urgent need for greater social inclusion and meaningful community
participation.®® Beyond its emotional and psychological effects, chronic loneliness may also have medical dimensions - these individuals
often show elevated levels of stress hormones such as cortisol, increased inflammation, impaired immune function, and disrupted sleep
patterns.®*%> They may be at a higher risk of cardiovascular disease, hypertension, obesity, diabetes, and weak immune responses.®6-68

Maheshwari and his colleagues®® have reviewed the biological importance, structure, evolution, and the clinical relevance of
coagulation factor VII (FVII). FVII is a vitamin K-dependent coagulation protein that plays a pivotal role in initiating the extrinsic pathway
of blood clotting.”® Following vascular injury, FVII binds tissue factor (TF), becomes activated to FVlla, and triggers a cascade leading
to thrombin generation, fibrin formation, and stable clot development.”! The TF-FVIla complex not only drives coagulation but also
influences inflammatory signaling pathways, while tissue factor pathway inhibitor (TFPI) serves as a critical regulator that limits excessive
coagulation. Evolutionary analyses suggest that FVIlemerged in early jawed vertebrates and has remained highly conserved for over 400
million years, reflecting its fundamental importance in hemostasis.”>’3 The clinical importance of FVIl is known in patients with hemophilia,
particularly when they develop inhibitors to factors VIl or IX, and in many other inherited and acquired bleeding disorders.”* In neonates,
rFVlla has been used as rescue therapy for severe, life-threatening hemorrhage that is unresponsive to conventional treatment.”” However,
randomized neonatal trials are lacking, and concerns remain regarding thromboembolic complications.”®

Kaushal, Balla, and Ponnazhagan have written about the potential importance of quantum science in medicine.”” World Quantum
Day is an international, community-driven initiative dedicated to increasing public awareness and understanding of quantum science
and technology.”® First launched in 2021 by a global group of scientists, educators, historians, and science communicators, it is celebrated
annually on April 14, a date chosen to reflect the first three digits of Planck’s constant’® (4.14 x 10~ eV-s), a fundamental constant in
quantum physics. Through lectures, workshops, exhibitions, and public outreach activities, the event brings together researchers,
students, industry representatives, and the wider public to explore the scientific discoveries and technological advances enabled by

Collective loneliness Emotional loneliness

World down syndrome day
Together against loneliness

Chronic loneliness Social loneliness

Loneliness, in infants?
What are the situations?

Situational loneliness Existential loneliness

Fig. 1: Infants may experience several forms of loneliness through disrupted relationships and limited social connection. Emotional
loneliness reflects a lack of close nurturing bonds; social loneliness is due to limited interaction; existential loneliness indicates early
feelings of separateness; situational loneliness is temporary disconnection; chronic loneliness indicates persistent relational deprivation;
and collective loneliness occurs due to reduced connection to supportive family and community networks
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Figs 2A to D: (A) The Dubai Metropolitan Area and the (B) Dubai Healthcare City (DHCC), a free zone ecosystem dedicated to health and
wellness, are known for its facilities for neonatal intensive care and specialized pediatric support; (C) The Emirates Hospital Jumeirah
and Emirates Specialty Hospital DHCC provides (D) Level Il neonatal care founded on evidence-based practice, advanced technology,
and family-centered care. This unit has growth under the leadership of Dr. Monika Kaushal, a renowned neonatologist with extensive
clinical and academic experience in neonatal-perinatal medicine

Systems management Agent

» Podcasts and scientific journals: we need both
» Unseen childeren. Risks and anticipatory
management
* World down syndrome day 2026. There is a
need to work “Together against loneliness” Nutrition
» World quantum day 2026

Host ° Fetal hydrops, meconium peritonitis, and distal
lleal atresia in a neonate with a homozygous
Fanconi anemia FANCG splice variant

» Developmental deficiency of coagulation factor VII
in neonates: our current understanding

Therapy Environment * Duodenal atresia in down syndrome
» A case series of infant presenting with persistent
fever and omphalitis or abdomen distention and
diagnosed with lever abscess.

Fig. 3: Areas of focus in the newborn, Volume 5, Issue 2. We have expanded the traditional agent-host-environment trinodal disease
model to a hexagonal system. The three additional foci represent extrinsic factors that can affect health - those originating in therapy,
nutrition, and systems management are shown. This issue covers 2 nodes, with articles focused on host factors and systems management.

quantum mechanics. Unlike many international observances, World Quantum Day is not governed by a single organization but operates
as a decentralized global collaboration involving universities, research institutes, scientific societies, museums, and volunteers.

Fanconi anemia s a rare inherited genetic disorder characterized by defective DNA repair, leading to progressive bone marrow failure,
congenital abnormalities, and an increased risk of cancer.8? The condition commonly presents with reduced production of red blood
cells, white blood cells, and platelets, causing anemia, recurrent infections, and bleeding tendencies. Ravishankar and Rishika®' report
the clinical profile of a male infant born to consanguineous parents who was noted to have non-immune hydrops fetalis in utero and,
then meconium peritonitis after birth. Surgical exploration revealed distal ileal atresia with necrosis. Whole exome sequencing showed
a homozygous 5’ splice site variant in the FANCG gene®? (c.307+1G>T). The findings in this patient suggest that defective DNA repair
and endothelial fragility may cause vascular disruption sequences in the gastrointestinal tract. Timely genetic diagnosis in infants with
atypical gastrointestinal atresias may help with appropriate peri-operative and long-term management of these patients.

Colin Michie has raised a very important point about “unseen children”.83 These infants and children miss scheduled healthcare or
educational appointments and are often recorded as “Did Not Attend” (DNA) or “Was Not Brought” (WNB). The missed encounters can
lead to delayed immunizations, inadequate growth and developmental surveillance, and unmet healthcare needs.2*8> Non-attendance
may also be an indicator of broader safeguarding concerns, including social disadvantage, family instability, neglect, abuse, displacement,
or barriers to accessing care. Beyond the impact on individual children, missed appointments create substantial healthcare costs, reduce
service efficiency, and delay the identification of children requiring medical attention, many of whom later present to emergency or acute
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care services. Addressing this issue requires proactive, child-centered approaches, including community outreach, integrated health and
social services, flexible appointment systems, culturally sensitive engagement, and strengthened safeguarding frameworks to ensure
that vulnerable children remain visible and connected to essential services.

Bagga et al.®¢ have described the genetic etiopathogenesis of duodenal atresia in patients with Down Syndrome (DS). About 20-30%
of infants with duodenal atresia have DS.8”#8 The authors have reported a term male infant with DS who developed vomiting within 24
hours of life. Imaging demonstrated the classic “double bubble” sign, and surgical exploration confirmed duodenal atresia. The infant
was successfully treated with duodenoduodenostomy.®® Duodenal obstruction can be intrinsic, resulting from failure of normal fetal
recanalization of the duodenal lumen, or extrinsic, rooted in conditions such as annular pancreas or intestinal malrotation. Current evidence
suggests that overexpression of two chromosome 21 genes, which encode the dual specificity tyrosine phosphorylation-regulated kinase
1A (DYRK1A) and regulator of calcineurin 1 (RCAN1) can be related to DS-related duodenal atresia. These molecular abnormalities may
impair duodenal recanalization during embryogenesis. Understanding the pathogenesis of DS-associated duodenal obstruction can
help in early diagnosis, timely management, and prognostication in these patients.

Nikhil Jain has described a series of 6 infants with persistent fever, omphalitis, and hepatomegaly, who had liver abscess(es).”
Neonatal liver abscess is a rare but potentially life-threatening complication of neonatal sepsis. Although uncommon due to the liver’s
rich blood supply and extensive reticuloendothelial defenses, abscesses can develop secondary to sepsis, omphalitis, umbilical venous
catheterization, central venous lines, necrotizing enterocolitis, surgery, prematurity, or immune dysfunction.”! Clinical manifestations
are often non-specific and include fever, lethargy, feeding intolerance, vomiting, abdominal distension, hepatomegaly, and elevated
inflammatory markers. This case series was notable because none of the affected infants had received umbilical venous catheters,
suggesting that alternative mechanisms such as community-acquired umbilical infection and portal vein thrombosis, may play important
roles in pathogenesis. A high index of suspicion and early diagnosis are essential to improve outcomes.

Finally, Huseynova and colleagues discuss about the increasing importance of using both academic journals and alternative methods
of scientific communication such as podcasts.2> Academic journals remain the cornerstone of evidence-based practice by providing
rigorous peer review, methodological scrutiny, and scientific credibility. However, the impact of journal publications can be limited by
technical language, paywalls, and static presentation. The integration of journals and podcasts creates a powerful knowledge translation
ecosystem. Journals provide scientific depth and authority, while podcasts enhance accessibility, context, and practical application.
This collaboration can take many forms, including author interviews, article summaries, editorial discussions, conference coverage, and
continuing medical education content. Podcasts also serve as valuable tools for public science communication, helping explain research
findings and counter misinformation. In resource-limited settings, downloadable audio content can improve access to current medical
knowledge and reduce educational disparities. The Global Newborn Society recognizes podcasts as an important tool for engaging
healthcare professionals, families, and communities to improve awareness and advocacy for newborn health worldwide.
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ABSTRACT

Podcasts and academic journals are increasingly recognized and applied as complementary pillars of modern scholarly communication,
together reshaping how scientific knowledge is produced, shared, and applied. Journals remain the foundation of academic rigor, ensuring
that research is peer-reviewed, methodologically sound, and credible, thereby forming the basis of evidence-based practice across disciplines.
However, the traditional journal format often limits accessibility due to technical language, paywalls, and static presentation. Podcasts address
these limitations by translating complex research into accessible, narrative-driven, and conversational formats that can reach clinicians, trainees,
policymakers, and the general public in a more engaging and timely manner. The integration of these media creates a powerful ecosystem for
knowledge translation, where journals provide depth and authority, and podcasts can add clarity, context, and reach. This collaboration takes
multiple forms, including journal-sponsored podcasts that feature author interviews and editorial commentary, audio abstracts that summarize
key findings, panel discussions that explore interdisciplinary perspectives, and conference coverage that extends the impact of scientific
meetings beyond physical attendance. These formats not only enhance understanding of research methodology and clinical implications but
also promote lifelong learning through continuing medical education (CME) opportunities embedded within podcast content. Furthermore,
podcasts are valued tools in public science communication, simplifying complex findings and helping counter misinformation, particularly in
fields such as public health, environmental science, and emerging technologies. In global and resource-limited settings, downloadable podcast
content improves equitable access to up-to-date medical knowledge, reducing disparities in education and clinical practice. Cross-promotion
across digital platforms, including social media, journal websites, and newsletters, further amplifies engagement and drives readers between
audio content and full-text articles. Multimedia integration, where podcasts are embedded within journal platforms alongside visual abstracts
and video summaries, supports diverse learning preferences and enhances user interaction with research. Overall, the convergence of podcasts
and journals represents a significant evolution in scholarly communication, fostering a more inclusive, dynamic, and participatory model that
strengthens both the dissemination and application of scientific evidence in real-world contexts.

Keywords: Accessibility, Collaboration, Engagement, Evidence-based practice, Journals, Knowledge dissemination, Knowledge translation,
Peer-review, Podcasts, Scholarly communication.
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« Podcasts and journals can be complementary tools that together
improve knowledge dissemination and evidence-based
practice. Journals provide peer-reviewed, credible scientific
research rigorously, while podcasts translate this knowledge
into accessible and engaging formats.

«  Podcast formats are highly diverse, and can include interviews,
storytelling, panel discussions, and educational lectures.

« Journal-podcast collaborations enhance and extend knowledge
translation with colleagues through author interviews, audio
abstracts, and expert commentary.

« The integration of communication through podcasts and
journals can help expand the reach of research, improve public
and professional engagement, accelerate the application of
evidence into practice, and contribute to the education of
parents in the healthcare of their children.

INTRODUCTION

Podcasts and academic journals may seem to be very different
forms of communication, but they are increasingly complementary
tools for knowledge dissemination.”? Journals remain the
backbone of scholarly communication, offering rigorously peer-
reviewed, detailed research that establishes credibility and
advances evidence-based practice.>* Podcasts, on the other hand,
translate this complex knowledge into accessible, narrative-driven
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conversations that can reach clinicians, trainees, and even the public
in a more engaging and timely way.** Collaboration between the
two can bridge the longstanding gap between research production
and real-world application—for example, journals can support
podcast series that feature author interviews, article summaries,
or clinical interpretations, while podcasts can drive readers back
to full-text publications for deeper engagement.®” This synergy
not only expands the reach of scientific work but also accelerates
the translation of evidence into practice, making both mediums
stronger togeter than they are in isolation.®®

Popbcasts CAN ENHANCE SCIENTIFIC
COMMUNICATION

Many might think of podcasts as a single, uniform medium—
essentially “talk shows on the internet”—but in reality, they
represent a diverse ecosystem of formats, goals, and production
styles.!®"" Some podcasts are highly structured, research-driven
productions akin to audio documentaries, while others are
conversational interviews, panel discussions, or rapid commentary
designed for immediacy and personality.'”” There are also
educational podcasts that function almost like informal lectures,
narrative storytelling podcasts that resemble serialized journalism,
and clinical or academic podcasts that directly translate peer-
reviewed evidence into practice-oriented discussion.' This diversity
means podcasts cannot be treated as a monolithic category; rather,

Source of support: Nil
Conflict of interest: None

they are a flexible communication tool that adapts to different
audiences, levels of complexity, and purposes—from entertainment
to professional education and scholarly engagement.™

In the Global Newborn Society, all of us have felt the need for
better ways to engage with medical/scientific experts, parents,
and society on a wider scale. Each time we lose an infant, we lose
alife and its great potential. Podcasts can be a powerful, important
method of wider communication to promote understanding and
engage with communities (Fig. 1).

The descriptions below show how the spectrum of podcasts
is expanding rapidly. We need to learn about these avenues and
techniques:

Journal-sponsored Podcasts

Many journals create their own official podcasts to discuss newly
published articles, highlight important discoveries, and interview
authors or editors.! This is an emerging hybrid model that blends
the rigor of academic publishing with the accessibility and reach
of digital audio media."" In this model, peer-reviewed journals
extend the life and impact of published articles by curating podcast
episodes that feature author interviews, expert commentary, and
clinical interpretation of selected studies.! These podcasts help

Fig. 1: In the Global Newborn Society, podcasts are increasingly being recognized as a need for mass communication

Source: The figure was created using artificial intelligence-assisted image generation (OpenAl 2026. ChatGPT version 5. https://chat.openai.com).
A detailed figure legend describing the desired visual elements and conceptual framework was used as the initial prompt. Subsequent iterative
modifications were performed through serial text-based refinements to adjust composition, symbolism, labeling, and visual emphasis until the

final illustration met the intended design objectives.
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contextualize research findings, highlighting methodological
strengths, limitations, and real-world implications in a way that
is often difficult to convey within the constraints of written
articles alone.? By doing so, journal-sponsored podcasts enhance
knowledge translation, broaden audience engagement beyond
traditional readership, and support continuing education for
clinicians and researchers.! Importantly, these also reinforce
the credibility of podcast content by anchoring discussions in
peer-reviewed literature, creating a structured bridge between
formal scholarship and more dynamic, accessible scientific
communication.'® Good examples to consider include podcasts
associated with journals published by organizations such as The
New England Journal of Medicine (NEJM) and The Lancet."”®

Article Summaries and Audio Abstracts

Journals can collaborate with podcast producers to create short
audio/video summaries or “audio abstracts” of recently published
articles.’” Such spoken summaries distill key findings, methods,
and implications into a short, accessible audio format, which
allows busy professionals to stay informed while commuting
or multitasking.?%2! Audio abstracts improve accessibility for
audiences who prefer auditory learning.?? These tools can
help readers quickly grasp the essence of a study and improve
dissemination by making research more easily consumable across
busy clinical and academic settings.?

Good examples of audio abstracts and related formats
include the NEJM “Quick Take” audio summaries, which distill key
clinical findings into a brief spoken overview, and the Journal of
the American Medical Association (JAMA) podcast segments that
often highlight major articles with author interviews and clinical
context.'>2*2 Similarly, The Lancet produces audio summaries and
editor-led discussions that contextualize high-impact studies, while
the British Medical Journal offers “visual abstracts” and podcast
episodes that translate research into practical clinical insights for
frontline practitioners.?6?’

Author Interviews

Podcasts provide opportunities for researchers and authors
to explain their studies in a conversational format.?® Journal-
podcast collaborations can feature interviews discussing study
methodology, findings, limitations, and clinical implications.?’
This humanizes scientific communication and increases audience
engagement;italso strengthens knowledge translation by helping
listeners better understand how evidence can be applied in real-
world clinical and research settings."*

Here are some concrete examples where journal articles
were effectively extended into podcast-style discussions (or
audio interviews).2 The NEJM study on GLP-1 receptor agonists
for obesity management (such as semaglutide trials) received
attention; it was discussed in NEJM Quick Take and accompanying
author interviews to unpack trial design, weight-loss outcomes,
and clinical implications beyond the abstract.33? Similarly, the
JAMA Network podcast has featured discussions on landmark
articles such as large cohort studies on cardiovascular risk factors
and randomized trials in preventive medicine, where authors
explain methodology choices and limitations in conversational
form.3* Another example is The Lancet’s podcast coverage
of major global health studies, including COVID-19 vaccine
effectiveness and health systems research, where editors and
authors contextualize findings for a broader clinical audience.>*
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These each demonstrate that specific high-impact papers are
translated into accessible dialogue that deepens understanding
beyond the written article.

Continuing Medical and Professional Education

Medical and professional journals can partner with podcasts to
develop educational episodes linked to continuing education
credits or training modules.?® These collaborations are especially
useful in healthcare, where clinicians frequently use podcasts for
ongoing learning and evidence-based practice updates.® Such
initiatives can enhance participation and learning outcomes by
integrating high-quality scholarly content into flexible, on-demand
formats that fit into busy clinical workflows.>

Several established programs already use podcasts as part of
accredited continuing medical education (CME).?® For example,
the American College of Cardiology (ACC) produces podcast-based
updates such as ACC Cardiology Hour and Cardiology Today, some
of which are linked to CME activities where listeners can complete
post-tests for credit.3® The American Medical Association (AMA) also
integrates podcasts like AMA Update with educational content that
supports lifelong learning and practice updates.>” The American
Academy of Pediatrics (AAP) offers podcasts such as the AAP
NeoReviews to discuss major neonatal studies relevant to clinical
practice.® The organization provides another set of podcasts,
Pediatrics On Call, that covers pediatric and neonatal topics, current
research, and clinical updates.’

In neurology, the American Academy of Neurology (AAN)
podcast series often highlights guideline changes and clinical trials,
with select episodes tied to CME opportunities.® Similarly, BMJ’s
“BMJ Best Practice” updates and podcast discussions are used by
clinicians globally as structured learning tools that can be paired
with formal continuing education requirements in institutional
settings.”!

Public Science Communication

Podcasts help journals communicate research findings to non-
specialist audiences.*? Through simplified explanations and
storytelling approaches, podcasts can bridge the gap between
academic research and public understanding.*® This is particularly
valuable in public health, environmental science, and emerging
technologies.>** By translating complex evidence into accessible
narratives, podcasts can also help counter misinformation and
improve trust in scientific communication.** In neonatology, there is
the possibility that it could promote an understanding of complex
antenatal care, empowering mothers in particular during their
pregnancies and the births of their infants.

Several journals and publishers have developed podcast
series specifically aimed at translating research for non-specialist
audiences.! Nature podcasts regularly features short, narrative-
driven episodes that summarize high-impact papers across science
and explain their broader significance in accessible language.” The
NEJM “Quick Take” and “Intubation” series similarly distill complex
clinical studies into brief, plain-language summaries designed
for clinicians outside the immediate specialty and informed lay
listeners.*” In environmental science, Environmental Research
Letters podcasts translate climate and sustainability studies into
implications that may be important for public health.*®

Conference and Event Coverage

Podcasts are increasingly used to extend the reach of academic
and professional conferences by providing real-time or post-event
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coverage in an accessible audio format.>?® Recorded interviews,
panel highlights, and expert commentary are useful for capturing
key themes, debates, and emerging findings that might otherwise
be limited to attendees.?®*’ This format allows journals, societies,
and organizers to preserve the intellectual value of conferences
beyond the event itself, enabling global audiences to engage
with new research and discussions regardless of geographic or
financial barriers.

There are good examples. The American Society of Clinical
Oncology (ASCO) produces post-conference podcast coverage
that summarizes key trial results and expert discussions from its
annual meeting, helping clinicians quickly absorb major oncology
updates.*® The American Heart Association (AHA) also releases
podcast episodes and audio interviews following its Scientific
Sessions.*” Similarly, the European Society of Cardiology (ESC)
provides “ESC TV" and associated podcast-style audio summaries
that distill major congress presentations into concise, clinically
focused discussions.’®>" In neurology, the AAN conference
coverage includes podcast interviews and highlights that translate
session content into accessible takeaways for practitioners who
could not attend in person.>>*3

Cross-promotion and Audience Expansion

As mentioned above, podcasts and journals can mutually promote
each other’s content through websites, social media, newsletters,
and digital platforms. This reciprocal visibility strengthens
engagement across platforms and helps build a sustained
ecosystem where research dissemination and audience growth
reinforce each other over time.":18:25-27,3436,37,40,41,45,46,54-58

There are well-documented examples in the JAMA Network,
where podcast episodes such as JAMA Clinical Reviews and JAMA
Author Interviews are released alongside selected journal articles
and actively promoted through email alerts, Twitter/X threads, and
article landing pages—often leading readers from the podcast
directly to the full paper and related visual abstracts.?> Other
leading journals, including the NEJM and The Lancet, are using
similar strategies."1825-274145 The Nature Portfolio podcasts
frequently feature author interviews tied to newly published papers,
which are then cross-promoted across Nature journals, institutional
newsletters, and digital platforms—driving measurable increases
in article views and sustained engagement beyond the initial
publication window.>’

Multimedia and Digital Publishing

Modern publishing increasingly integrates text, audio, and video;
as mentioned above, journals may embed podcast episodes within
online articles, while podcasts may link directly to published
studies. Such multimedia integration enhances user engagement
and supports diverse learning styles.? Such integration can be
seen in the NEJM, the JAMA Network, The Lancet, and the BMJ that
are increasingly including podcast discussions within its online
article ecosystems, enabling clinicians to benefit both from reading

evidence to hearing expert interpretation within a unified digital
platform.17,18,25—27,41,45,46

Expert Panel Discussions

Collaborative podcasts may feature panels of editors, researchers,
clinicians, and policymakers discussing controversial or emerging
topics.”? These discussions encourage interdisciplinary
communication and provide nuanced perspectives beyond
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traditional written articles.>® Such panels allow for real-time
exchange of ideas, where differing viewpoints can be explored
in a dynamic and less constrained way.%° They also help translate
complex scientific and policy debates into more accessible
discussions that highlight uncertainty, consensus, and practical
implications.”5!

Dr Monica Lakhanpaul, a renowned Professor of Integrated
Community Child Health at University College London, and | recently
presented a discussion-style interview about Unseen Childrenin a
podcast at the Excellence in Pediatrics Summit;®? the participants
in these meetings engaged in expert dialogues on topics such as
child health, vaccination, and health equity. These conversations
move beyond traditional lectures by emphasizing interdisciplinary
perspectives, real-world implications, and policy relevance.>* This
collaborative approach can help translate complex research and
public health evidence into more accessible and practice-oriented
discussions for clinicians and broader audiences.>*>°

Research Dissemination in Global Health

In global health and medical education, podcasts offer an effective
way to disseminate knowledge in resource-limited settings where
access to journals may be restricted.>%3%* Collaborative podcasting
can therefore improve international access to scientificinformation
and educational resources.?®>> These can be downloaded and
listened to offline, making them particularly useful in areas with
limited or unstable internet connectivity.>>%° This flexibility allows
clinicians, students, and health workers in low-resource settings to
access up-to-date medical knowledge without relying on costly
journal subscriptions.'®%> A useful example is the World Health
Organization (WHO) podcast series, which provides freely accessible
discussions on topics such as outbreak response, maternal and child
health, and health system strengthening, designed specifically for
global audiences including low- and middle-income countries.>®°
Over time, these podcasts will likely help in reducing global
disparities in access to continuing education and evidence-based
practice.>®¢”

Student and Early Career Engagement

Journals may collaborate with student-led or trainee-focused
podcasts to encourage academic participation among early-
career researchers and healthcare professionals.286364 Such
initiatives can improve mentorship, research literacy, and scholarly
communication skills.®”%® These collaborations also give trainees a
platform to engage directly with established researchers, fostering a
sense of inclusion within the academic community.? By contributing
to orhosting podcast discussions, students can develop critical skills
in science communication, critical appraisal, and interview-based
learning.>®® Over time, this exposure can help build confidence
and encourage sustained involvement in research and scholarly
publishing.”®

Social Media and Community Building

Podcast-journal collaborations often extend to platforms such as
X, LinkedIn, and YouTube, creating online communities around
scientific discussion and professional networking.”® These
interactions canincrease readership, citation visibility, and audience
participation.”! These platforms allow rapid sharing of podcast
episodes and related journal content, enabling discussions to
unfold in real time among researchers, clinicians, and students.?”2
Hashtags, comment threads, and video clips help extend the
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reach of individual episodes and encourage ongoing engagement
beyond the initial publication.”>”* Over time, this creates a more
connected scholarly community where research dissemination
is interactive, visible, and continuously amplified across digital
networks.”>7®

EriLOGUE

Collaborations between journals and podcasts represent a
meaningful evolution in scholarly communication, reflecting a
broader shift toward multimodal, audience-centered dissemination
of knowledge. By combining the rigor, peer review, and
methodological depth of academic publishing with the accessibility
and narrative flexibility of audio storytelling, these partnerships
make research more visible, more interpretable, and more widely
usable across diverse audiences. They help bridge the traditional
gap between knowledge production and knowledge translation,
ensuring that important findings do not remain confined to static
text but instead reach clinicians, policymakers, students, and the
public in timely and engaging ways. They extend the skills of
authors as presenters and teachers, contributing to postgraduate
development.”””®

Importantly, podcasts support inclusivity in scientific
communication by lowering barriers to access and accommodating
different learning preferences and resource constraints. The
podcast is a valuable tool that encourages extended dialogues
around research rather than one-time publication events, allowing
evidence to be discussed, critiqued, and contextualized in real time
across platforms. Their value is evident from early studies of their
use in different areas of medicine. As academic institutions and
publishersincreasingly adopt integrated digital ecosystems, podcast
collaborations will complement journal articles, reinforcing a novel
and dynamic, transparent, and participatory culture of scientific
communication.””
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ABSTRACT

World Quantum Day is an international initiative dedicated to promoting public understanding of quantum science and technology. Celebrated
annually on April 14, the date reflects the first three digits of Planck’s constant (expressed as 4.14 x 10" electronvolt-seconds). The word
quantum refers to the smallest discrete unit of a physical quantity that can be exchanged or measured. Quantum science developed during
the early 20th century. Pioneers such as Max Planck, Albert Einstein, Niels Bohr, and Erwin Schrodinger developed theories explaining how
energy and matter behave at atomic and subatomic scales. Medical applications of quantum mechanics include imaging such as ultrasound,
magnetic resonance, and positron emission tomography; tissue imaging in microscopy, radiation therapy, and nuclear medicine; drug discovery;
guantum communication and cybersecurity; education and public outreach, decision-making, and the development of new computational
systems. In this review, we present an updated overview of quantum computing based on an extensive literature review using the databases
PubMed, EMBASE, and Scopus.
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isotope, Positron emission tomography, Proton beam therapy, Public-key encryption systems, Quantum key distribution, Quantum cognition,
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State space, Superposition, Transmission electron microscopy, Waves and particles.
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Key PoINTS

+ World Quantum Day is an international initiative dedicated
to promoting public understanding of quantum science and
technology.

« Celebrated annually on April 14, the date reflects the first three
digits of Planck’s constant (expressed as 4.14 x 10~ electronvolt-
seconds).

+ Quantum science developed during the early twentieth century.
Pioneers such as Max Planck, Albert Einstein, Niels Bohr, and
Erwin Schrodinger developed theories explaining how energy
and matter behave at atomic and subatomic scales.

«  The word quantum refers to the smallest discrete unit of a
physical quantity that can be exchanged or measured.

+ Medical applications of quantum mechanics include imaging,
suchasinultrasound, magnetic resonance, and positron emission
tomography; tissue imaging in microscopy, radiation therapy,
and nuclear medicine; drug discovery; quantum communication
and cybersecurity; education and public outreach; decision-
making; and development of new computational systems.

INTRODUCTION

World Quantum Day is an international initiative dedicated
to promoting public understanding of quantum science and
technology (Fig. 1).' The idea was proposed by an international group
of scientists, educators, historians, and science communicators to
create a global initiative to promote public understanding of
quantum science and technology. The event was officially launched
in 2021 and quickly gained support from universities, research
institutes, scientific organizations, and educational communities
across many countries.?

Celebrated annually on April 14, the date reflects the first
three digits of Planck’s constant (expressed as 4.14 x 107"°
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electronvolt-seconds or 6.626 x 107 Joule-seconds; Fig. 2), one of
the foundational constants in quantum physics.>> The day brings
together scientists, educators, students, industry representatives,
and the general public to explore how quantum mechanics has
transformed our understanding of the universe and enabled
revolutionary technologies. Through lectures, workshops,
exhibitions, and outreach activities, World Quantum Day seeks to
make quantum science accessible and inspiring globally. The day
is important in medicine because it highlights the growing role of
quantum science in transforming healthcare, diagnostics,imaging,
and therapeutic technologies.

World Quantum Day is not governed by a single organization
orformal authority. Instead, it is a decentralized, community-driven
initiative coordinated by an international network of scientists,
educators, students, and science communicators."? The event was

©TheAuthor(s). 2026 Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/). This license permits non-commercial use, distribution, and reproduction in any medium, provided the original author
and source are credited, a link to the license is included, and any changes are indicated.
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[ Wave-Particle Duality ]

Light and matter behave as both waves and particles

Uncertainty Principle
Position and momentum cannot

Superposition
both be precisely known

Systems exist in multiple states until measured

Quantum
Mechanics

Planck’s Constant Entanglement
Energy comes in discrete quanta scaled by h Particles share correlated states across any distance

Fig. 1: There are five core principles of quantum mechanics

Fig. 2: Planck’s constant. In 1900, Max Planck solved the black-body
radiation problem by proposing that energy is emitted in discrete
packets called quanta, not as a continuous stream. His constant, h =
4.14 x 107" electronvolt-seconds (or 6.626 x 10734 joule-seconds)
sets the scale of quantum effects. The photon energy is described by
the equation at any given frequency: E = hf. Planck’s constant threads
through all quantum equations. It links photon energy to frequency,
governs de Broglie’s matter waves, and sets the limit in Heisenberg's
uncertainty principle. Its tiny value explains why quantum effects are
invisible in daily life. The black body radiation problem referred to
the inability to explain the observed spectra of black-body radiation,
which diverged significantly at higher frequencies from that predicted
by existing theories. This illustration was generated by placing serial
questions in artificial intelligence programs until a desired figure was
obtained

created to promote public engagement with quantum science,
and since its launch, it has remained intentionally open and
collaborative rather than institutionalized. Activities and outreach
efforts are organized independently by universities, research
institutes, scientific societies, museums, and volunteers; this
structure reflects the global and collaborative nature of quantum
science itself, allowing participation from anyone interested in
promoting awareness and understanding of quantum physics.
Although World Quantum Day is not directly a neonatal
medicine, it may have meaningful relevance to neonatology.*
Neonatology depends heavily on advanced diagnostic and
monitoring technologies, many of which are rooted, directly or
indirectly, in quantum physics.” As described below, education,
neonatal imaging techniques, drug-discovery, optimization of
treatment strategies, improved analysis of large neonatal intensive
care datasets, and better decision-making could eventually support
more personalized and precise neonatal medicine. In the following
sections, we present a review of quantum computing based on
extensive literature analysis using PubMed, EMBASE, and Scopus.

HistoRrYy

Quantum science developed during the early 20th century,
when physicists began questioning the limitations of classical
mechanics.® Pioneers such as Max Planck, Albert Einstein, Niels
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Bohr, and Erwin Schrodinger developed theories explaining how
energy and matter behave at atomic and subatomic scales.” They
showed that particles can behave both as waves and particles,
that energy exists in discrete packets called quanta, and that
uncertainty is an intrinsic property of nature.®

The Concept of Quanta

The word quantum (plural: quanta) refers to the smallest discrete
unit of a physical quantity that can be exchanged or measured. The
idea of “structure of quanta” does not mean quanta have internal
parts like classical objects; rather, it refers to how these discrete
units are described within physical theory.®

The quantum theory proposes that certain physical properties
are not continuous, but come in fixed packets.” When an atom
changes state, it does so by absorbing or emitting a quantum of
energy, such as a photon.'® This discreteness is the “structure” of
quanta, where nature is organized into allowed states rather than
continuous ranges. A key example is the photon, the quantum of
light. A photon has no internal substructure in the classical sense;
instead, it is defined by a set of properties—energy, frequency,
momentum, polarization, and spin, which arise from the underlying
quantum field. In modern physics, quanta are understood as
excitations of fields, meaning each particle-like entity corresponds
to a localized excitation of a fundamental field that permeates
space.

In atoms, electrons occupy quantized energy levels due to the
wave nature of matter and boundary conditions imposed by the
atomic potential."’ These energy levels form a structured ladder,
and transitions between them involve absorption or emission of
discrete quanta. This explains phenomena such as spectral lines in
hydrogen and other elements.

More broadly, quantum theory organizes physical reality into:'?

- States (represent mathematical descriptions of systems).

«  Operators (represent measurable quantities).

- Eigenvalues (represent discrete outcomes that correspond to
quanta; Fig. 3).

Thus, the “structure of quanta” is not a physical architecture
but a mathematical/physical framework of discreteness, where
measurable properties emerge in quantized steps rather than
continuous values. In summary, quanta are not composed of smaller
parts; instead, they represent the fundamental discrete units of
physical interaction arising from the deeper structure of quantum
fields (Fig. 4).

In attempts to understand the quantum theory, four key
principles have emerged—wave-particle duality, superposition,
entanglement, and the uncertainty principle (Fig. 5)."* These
concepts have fundamentally changed physics and laid the
groundwork for modern quantum technologies. Unlike classical
computers that process information using bits represented as
zeros or ones, quantum computers use quantum bits, or qubits,
which can exist in multiple states simultaneously through a
phenomenon called superposition. Quantum computers also
exploit entanglement, a unique quantum property where particles
become interconnected regardless of distance.

Several physical systems can function as qubits. These include
superconducting circuits, trapped ions, photons, and quantum
dots."* The mathematical representation of a qubit is often shown
as:

|W)=a|0)+p1)
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X

Fig. 3: In the Eigenvalue diagram, the capital A is the matrix (usually a
square matrix such as 2 x 2 or 3 x 3), a linear transformation that acts
on vectors. The equation Av = Av, shows that the matrix A transforms
the vector v. The lowercase “a” entries are the elements of the matrix A.

an A

Forinstance, A= [ ] ,each a,jisjusta number inside the matrix.

dy Ay

Here, a,, indicates row 1, column 1; a,, indicates row 1, column 2, and
soon

Fig. 4: As we currently understand, quanta are not composed of smaller
parts. These represent the fundamental discrete units of physical
interaction arising from the deeper structure of quantum fields and the
mathematical wave-particle rules of quantum theory. This illustration
was generated by placing serial questions in artificial intelligence
programs until a desired figure was obtained

The symbols a and p represent probability amplitudes that
determine the likelihood of measuring the qubitas 0 or 1. However,
this equation also illustrates how a qubit can exist in a superposed
quantum state rather than a single definite value. Qubits are the
foundation of quantum computing, a major shift from traditional
computing methods. By harnessing the unique properties of
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Figs 5A to D: Key concepts in quantum mechanics. These measurements
are not a limitation of our instruments but are a fundamental feature
of reality. The universe is genuinely indeterminate at the quantum
scale. These illustrations were generated by placing serial questions
in artificial intelligence programs until a desired figure was obtained.
(A) Wave-particle duality: A fundamental concept in quantum
mechanics. Every particle or quantum entity (such as electrons
or photons) exhibits both wave- and particle-like characteristics
depending on the methods of measurement. Light acts as a wave in
diffraction experiments, yet as a particle (photon) in photoelectric
effects. Similarly, electrons show wave-like interference. A quantum
object exists in a superposition of states, both a wave and a
particle, until a measurement forces it to “choose.!” The Copenhagen
interpretation says the wave function describes probabilities, not
physical waves. Measurement causes collapse into a definite state;
(B) Superposition: Quantum mechanics says the atom exists
in a superposition of decayed and not-decayed states. Wave
function covers the mathematical framework with the ¢ = «|0)
+ B|1) equation and probability interpretation. In 1935, Erwin
Schrodinger proposed a thought experiment: A cat sealed in a box
with a radioactive atom, a Geiger counter, and a vial of poison. If
the atom decays, the poison is released. By entanglement, the cat
is simultaneously alive and dead, until someone opens the box;
(C) Entanglement: When two particles interact and become entangled,
their quantum states become linked. These effects are not related to
the distance separating the particles; measuring one particle instantly
determines the state of the other. This correlation is stronger than
anything classical physics allows. If one entangled electron is measured
as spin-up, its partner is guaranteed to be spin-down even when
separated by galactic distances. Today, entanglement powers quantum
cryptography, teleportation, and underpins quantum computing;
(D) Uncertainty principle: The same tradeoff applies to energy and time:
AE - At > h/2 (position uncertainty X momentum uncertainty > reduced
Planck’s constant/2). This allows “virtual particles”to briefly pop in and out
of existence—borrowed energy over tiny timescales. Uncertainty powers
quantum tunneling—particles passing through barriers they classically
cannot cross. This effect drives nuclear fusion in stars and makes modern
transistors possible. Far from a limitation, uncertainty prevents atoms from
collapsing and keeps the universe stable.In 1927, Werner Heisenberg had
shown that certain properties, such as position and momentum, cannot
both be measured with perfect precision at the same time

quantum mechanics, qubits enable new forms of computation
that could solve scientific and technological challenges beyond
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the capabilities of today’s most powerful classical computers.
Major technology companies and research institutions are currently
competing to build stable and scalable quantum computers
using these approaches. However, qubits are highly sensitive to
environmental disturbances such as heat and electromagnetic
noise, making quantum systems difficult to maintain and operate
reliably.”

Medical Applications of Quantum Mechanics

Quantum mechanics can explain the behavior of atoms,
electrons, photons, and molecules.”® Many technologies used
in daily life depend on quantum principles; devices such as
lasers, semiconductors, magnetic resonance imaging (MRI), and
transistors all emerged from advances in quantum physics.

Imaging

- Magnetic resonance imaging has evolved using quantum
mechanical properties of atomic nuclei and magnetic fields
to generate detailed images of internal organs and tissues.' It
works because many atomic nuclei, especially hydrogen nuclei
(protons) in water molecules, possess an intrinsic quantum
property called spin.'®' In quantum mechanics, spin behaves
like a tiny magnetic moment, meaning that each proton acts like
aminiature magnet.’® In an MRI scanner, these proton spins align
either parallel or antiparallel to the external magnetic field.'®
Quantum mechanics predicts that only specific discrete energy
states are allowed; a slightly larger number of protons occupies
the lower-energy aligned state, creating a net magnetizationin
the body."” This difference between energy states is fundamental
to the MRI signal. Magnetic resonance imaging machines apply
radiofrequency pulses at a precise resonance frequency known
as the Larmor frequency.?%?! These pulses provide energy that
causes some protons to transition between quantum energy
states and change their orientation.'®%° After the pulse is turned
off, the protons gradually relax back to their original alignment.
During this relaxation process, they emit radiofrequency signals
that are detected by receiver coils.'®2°

Different tissues relax at different rates because their
molecular environments influence proton behavior.'®2%22 These
differencesin relaxation times, called T1 and T2 relaxation, allow
MRI to distinguish between structures such as brain tissue,
muscle, fat, tumors, and fluid.'®?%23> Quantum interactions
between spins and their surroundings therefore, contribute
directly to image contrast and diagnostic detail.

Quantum mechanics also explains more advanced MRI
techniques. In functional MRI, subtle changes in blood
oxygenation alter local magnetic properties and help map
brain activity.?? Diffusion MRl measures the movement of water
molecules through tissues, revealing neural pathways and
microscopic structural abnormalities.”> Magnetic resonance
spectroscopy can even analyze biochemical compounds within
tissues based on their unique quantum resonance patterns.?®
Magnetic resonance imaging is not simply a medical imaging
tool but also a practical clinical application of quantum physics.
The principles of spin, quantized energy levels, resonance, and
magnetic interactions allow physicians to obtain detailed images
of internal organs and tissues without using ionizing radiation.

«  Positron emission tomography (PET) scanning also relies on
quantum processes involving radioactive decay, antimatter
interactions, and photon detection to visualize metabolic and
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physiological activity inside the body.?” In PETimaging, a patient
receives a biologically active molecule labeled with a positron-
emitting radioactive isotope, such as fluorine-18.2 As the
isotope undergoes radioactive decay, it emits a positron, which
is the antimatter counterpart of the electron.?®?° Quantum
mechanics governs this decay process and determines the
probability and energy of particle emission.

After traveling a short distance within tissue, the positron
encounters an electron.?®?° The two particles annihilate each
other, converting their mass into energy according to Einstein'’s
relation. This annihilation produces two gamma-ray photons
that travel in nearly opposite directions.?>*° Conservation laws
derived from quantum physics ensure the characteristic energies
and trajectories of these photons.

Positron emission tomography scanners contain rings of
detectors that simultaneously detect these paired photons. 223!
By analyzing the timing and direction of photon detection,
computers reconstruct three-dimensional images showing
where the radioactive tracer accumulated in the body.??°
Because many diseases alter cellular metabolism, PET imaging
can identify abnormal biological activity even before structural
changes become visible on conventional imaging. Rapidly
multiplying cells often consume glucose at higher rates than
normal tissues, allowing PET tracers such as fluorodeoxyglucose
to highlight these regions.?*3?

Modern hybrid systems such as PET/computed tomography

(CT) and PET/MRI combine quantum-based functional imaging
with detailed anatomical imaging, improving diagnostic
accuracy.?® Thus, PET represents another major medical
application of quantum principles, demonstrating how
subatomic particle interactions can be harnessed to study
complex biological processes in living patients.
Ultrasound imaging has benefited from understanding the role
of quantum mechanics in determining the physical properties
of biological tissues at the atomic and molecular level.33
While ultrasound itself is based on classical sound wave
propagation, the way those waves travel through the body
depends on how molecules interact, bond, and respond to
mechanical forces, which are ultimately governed by quantum
physics.3537

Even though ultrasound does not directly involve quantum
effects such as superposition or nuclear spin, every vibration of
a sound wave involves the collective motion of atoms whose
interactions are quantum mechanical in origin.® This means
that the clarity and contrast of ultrasound images are ultimately
rooted in quantum-level behavior, even if the imaging technique
itself operates at a macroscopic scale.>**° High-frequency sound
waves are transmitted into the body and reflect back from
tissue interfaces with different densities and elastic properties.
These differences arise from molecular structures, such as
proteins, lipids, and water content, which differ in stiffness/
compressibility.** Quantum mechanics explains the nature of
chemical bonding and intermolecular forces that give tissues
their unique acoustic characteristics.3%*° In medical practice, this
connection enables safe and effective imaging for applications
such as fetal monitoring, cardiac assessment, and real-time
guidance of procedures. Thus, quantum mechanics provides
an explanation for the material properties that make ultrasound
imaging possible, even though this imaging is governed by
classical wave physics. 404!
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Microscopy

Microscopy has benefited from the use of quantum methods.*
Quantum mechanics supports many forms of advanced microscopy
that allow scientists to study structures at cellular, molecular, and

even atomic scales:**

« Electron microscopy: In techniques such as transmission
electron microscopy and scanning electron microscopy, beams
of electrons are used instead of visible light.**** According
to quantum mechanics, electrons behave both as particles
and as waves, a property known as wave-particle duality.**4¢
Because electron wavelengths are much shorter than visible
light wavelengths, electron microscopes can resolve extremely
small structures, including viruses, organelles, proteins, and
individual atoms.*¢

Quantum tunneling is another principle used in scanning
tunneling microscopy.*”*8 In this method, electrons can “tunnel”
through an energy barrier between a sharp conductive probe
and a sample surface even when classical physics would predict
that crossing is impossible. Tiny changes in tunneling current
allow scientists to map atomic-scale surfaces with extraordinary
precision.*® This technique has enabled direct visualization and
manipulation of individual atoms.

Fluorescence microscopy also depends heavily on quantum
phenomena.*> Molecules absorb photons and transition to
higher quantum energy states, and emit light at characteristic
wavelengths when they return to the baseline.>® Advanced
methods such as confocal microscopy, super-resolution
microscopy, and fluorescence resonance energy transfer exploit
these quantum transitions to visualize cellular processes in living
tissues with remarkable sensitivity and specificity. Laser-based
imaging systems can also help physicians to diagnose diseases
earlier and assess the severity.”’

+ Quantum optics has further improved imaging performance
through techniques involving entangled photons and squeezed
light.>? Photon-based imaging such as in optical coherence
tomography and super-resolution microscopy are advancing
rapidly.>> Emerging quantum microscopy methods can minimize
noise and enhance resolution; these may eventually permit ultra-
sensitive detection of molecular interactions, neural activity, and
nanoscale biological changes that are difficult to observe with
conventional instruments.>

« In confocal laser scanning microscopy, focused laser beams
illuminate specific layers within a specimen while rejecting
out-of-focus light, allowing high-resolution three-dimensional
imaging of cells and tissues.>® Quantum interactions between
photons and fluorescent molecules enable precise visualization
of biological structures and molecular activity.”® Multiphoton
excitation microscopy further demonstrates the role of quantum
principles.®’ In this technique, two or more lower-energy
photons are absorbed simultaneously to excite a fluorescent
molecule. Because simultaneous absorption is a quantum
probability phenomenon, it occurs only at the focal point of
intense laser light, reducing tissue damage and allowing deeper
imaging in living organisms. Raman spectroscopy also uses
quantum vibrational energy transitions in molecules to identify
tissue composition, while laser fluorescence imaging can detect
abnormal cellular activity.>®
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Radiation Therapy and Nuclear Medicine

Quantum mechanics has advanced radiation therapy and nuclear
medicine as these fields depend on the behavior of subatomic
particles, radioactive decay, and energy interactions within
biological tissues.>® Quantum physics explains how unstable atomic
nuclei emit radiation and how this radiation interacts with cells,
allowing physicians to diagnose and treat disease with remarkable
precision.®®

In radiation therapy, high-energy photons, electrons, protons, or
other particles are directed toward tumors to damage the DNA of
cancer cells and prevent their growth.5' The interaction of radiation
with matter occurs through quantum processes such as photoelectric
absorption, Compton scattering, and pair production.’? These
interactions determine how energy is deposited within tissues
and allow clinicians to calculate radiation doses accurately while
minimizing injury to surrounding healthy organs.

Modern techniques such as intensity-modulated radiation
therapy and proton beam therapy rely on detailed quantum-based
models of particle behavior.5 Proton therapy is especially important
because protons deposit most of their energy at a specific depth
known as the Bragg peak, enabling highly targeted treatment of
tumors near sensitive structures such as the brain, spinal cord, or
eyes.®* Quantum physics helps predict and optimize these energy
distributions.

In nuclear medicine, radioactive isotopes are introduced into
the body to study organ function or treat disease.®® These isotopes
undergo radioactive decay according to quantum mechanical
principles, emitting gamma rays, positrons, or other particles that
can be detected externally. Quantum principles are also important
in targeted radio nuclide therapy, where radioactive compounds
deliver localized radiation.®® Examples include radioiodine
treatment for thyroid disease and newer radiopharmaceutical
therapies used in neuroendocrine tumors. These approaches
combine molecular biology with quantum nuclear processes to
improve treatment precision.

Drug Discovery
Quantum computing has the potential to transform drug discovery
by solving molecular and chemical problems that are extremely
difficult for conventional computers.5” Drug development depends
on understanding how molecules interact with proteins, DNA,
and other biological targets at the atomic level.°® Because these
interactions follow the laws of quantum mechanics, accurately
simulating them often requires enormous computational
resources.® Quantum computers can be useful as they are designed
to process information using quantum bits, or qubits, which can
represent multiple states simultaneously and may eventually
perform certain calculations much faster than classical systems.
One major application of quantum computing is molecular
simulation.”® Quantum algorithms can help model the structure,
energy states, and behavior of complex molecules with greater
precision.®””° This could improve understanding of how potential
drugs bind to disease targets. More accurate simulations may
reduce dependence on trial-and-error laboratory testing and
lower the cost of pharmaceutical research. Quantum computing
may enable better virtual screening, for faster and more accurate
evaluation of candidate molecules that are most likely to become
effective drugs.”’
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Quantum Communication and Cybersecurity

Quantum communication can have important implications for
healthcare systems. Hospitals and medical institutions increasingly
rely on digital records, telemedicine, and cloud-based health data
storage.”2 Quantum communication offers the possibility of highly
secure communication systems that protect confidential patient
information from cyber threats.”>’® The need for secure quantum
communication is increasing as healthcare becomes more digitally
interconnected, to safeguard medical data and maintain patient
privacy.”* As mentioned above, a rapidly emerging idea is the
use of photons, or particles of light, to transmit data in quantum
bits (qubits).? Because quantum states are extremely sensitive to
observation, any attempt to intercept or measure the transmitted
information changes the state of the photons.”® This property allows
communicating parties to immediately detect eavesdropping
attempts, making quantum communication potentially far more
secure than classical systems. Networks with experimental quantum
satellites and fiber-optic quantum communication systems can
potentially secure long-distance transmission of information
and are being tested. We are all aware that hospitals, research
institutions, and telemedicine systems handle enormous amounts
of sensitive patient data.”® Quantum-secure communication can
help by increasing the security levels in digital technologies.

The quantum key distribution (QKD) is one way for two parties
to generate and share encryption keys securely.”” If a third party
tries to intercept the key during transmission, the disturbance
caused by measurement alerts the users that the communication
has been compromised. The BB84 protocol, developed in the 1980s,
demonstrated how quantum mechanics could be applied directly to
secure communication systems.”® However, quantum cybersecurity
is becoming increasingly important because future quantum
computers may be capable of breaking many current encryption
methods, such as the RSA and other public-key cryptographic
systems.”® The RSA cryptosystem, as we know, is one of the more
widely used public-key encryption systems in cybersecurity (as
known, it was developed in 1977 by Ron Rivest, Adi Shamir, and
Leonard Adleman—the name “RSA” comes from the initials of
their surnames).8% These classical encryption systems depend
on the difficulty of solving certain mathematical problems, such
as factoring large numbers. Powerful quantum algorithms could
potentially solve these problems much faster than conventional
computers, creating risks for banking systems, government
networks, healthcare databases, and global communications
infrastructure. To address some of these concerns, post-QC
encryption methods may help resist attacks from both classical and
quantum computers.”® Governments and technology companies
are investing heavily in quantum-safe communication networks.®’
These efforts aim to ensure the security of sensitive personal
information.®?

Education and Public Outreach

World Quantum Day places strong emphasis on education and
public outreach because quantum science can seem abstract
and difficult for the general public to understand.' The goal is to
provide accessible learning opportunities to students, educators,
policymakers, and communities about how quantum physics
shapes modern technology and scientific discovery. Public
lectures, school activities, demonstrations, exhibitions, and online
campaigns are organized worldwide to make complex quantum
concepts easier to understand and more engaging. By introducing
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students to quantum concepts early, educators hope to inspire
future generations of physicists, engineers, mathematicians, and
innovators who will contribute to the rapidly evolving quantum
workforce. In medicine, quantum mechanics can promote
interdisciplinary education and research.

Decision Making

Quantum mechanics has inspired several modern frameworks
for understanding decision-making.®*> The idea is not that the
mind literally operates using quantum physics, but that some
aspects of human decision making, such as uncertainty, ambiguity,
and context dependence, could be modeled effectively using
mathematical structures borrowed from quantum theory.®*

In classical decision theory, choices are usually assumed
to follow fixed probabilities: People evaluate options, assign
likelihoods, and then select the highest expected utility.2> However,
real human behavior often violates these assumptions. For example,
people’s preferences can change depending on the order in which
information is presented, or they may make inconsistent choices
under uncertainty. These patterns are difficult to explain using
classical probability alone.

Quantum probability models offer an alternative framework.
Instead of treating uncertainty as purely random, they represent
mental states as vectors in a mathematical “state space,” similar to
how quantum states are represented in physics.®% In this view,
decision outcomes can interfere with one another, similar to wave
interference, leading to context-dependent choices.2® This can help
explain paradoxes such as preference reversals, framing effects, and
violations of classical rationality in psychology.®’

In cognitive science and behavioral economics, quantum-like
models have been used to describe how humans evaluate risk and
ambiguity.”® These models can capture situations where a person’s
decision depends not only on the available information but also
on how that information is presented or mentally structured.
This is sometimes referred to as “quantum cognition,” though
it is a mathematical analogy rather than a claim about physical
brain processes.®* Algorithms based on quantum probability
can improve how systems handle uncertain or incomplete data,
potentially enhancing recommendation systems, search ranking,
and predictive modeling.”!

Development of New Computational Systems

Quantum Mechanics can help develop new computational systems
as it defines how information can be encoded, processed, and
transmitted at the smallest physical scales.® Unlike classical physics,
where bits are either 0 or 1, quantum mechanics allows for new
approaches to processing information.”> Newer systems could
factor larger numbers, simulate molecules, or solve more complex
optimization tasks.”

Quantum algorithms such as Shor’s algorithm (for factoring)
and Grover's algorithm (for search optimization) show theoretical
speed advantages over classical methods.”* Although large-scale,
fault-tolerant quantum computers are still under development,
early prototypes are already being used to test quantum circuits and
hybrid classical-quantum systems.®® Quantum-inspired algorithms,
which mimic quantum behavior without requiring actual quantum
hardware, are being used to improve optimization, machine
learning, and data analysis.’® These approaches may be useful
in logistics, finance, drug discovery, and materials science, where
complex problem spaces will be needed for efficient navigation
and secure communication systems.”” Quantum key distribution
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uses quantum states of photons to detect eavesdropping, since
any measurement of a quantum system inevitably disturbs it.%®
This is anticipated to help develop new levels of security for data
transmission in future quantum networks or “quantum internet.”

Development of New Ideas: “Thinking”

Quantum mechanics is sometimes discussed in relation to
thinking and cognition.?® It has inspired several theoretical and
interdisciplinary frameworks that try to extend or reinterpret
models of cognition:

+ Quantum cognition (mathematical modeling): In fields like
psychology and behavioral economics, researchers often use
“quantum-like” probability models for decision making.'°%1°!
These models borrow mathematical tools from quantum theory,
such as superposition-like states and interference patterns, to
explain why people sometimes violate classical logic in framing
effects or order-dependent choices.®

«  Speculative neuroscience: Some theories have proposed that
quantum effects might play a role in cognitive processes.'”
Quantum states could contribute to aspects of awareness or
thought.'> However, these programs are still in development;
quantum physics still underpins thinking about molecular
interactions in neurotransmitters and receptors, protein folding/
cellular chemistry, and medical imaging tools.'%*

SUMMARY

World Quantum Day represents more than a scientific celebration;
it is important in medicine as it emphasizes how fundamental
scientific discoveries can directly improve human health and quality
of life.%% Quantum science challenges conventional intuition and
reveals a universe far more complex and interconnected than
previously imagined.'” National quantum initiatives worldwide
can strengthen scientific leadership and economic competitiveness
by promoting awareness, collaboration, and education. As
quantum technologies continue to advance, the observance
serves as a reminder that discoveries made in fundamental
physics can profoundly influence medicine, communication,
computing, and even the future of civilization.'”®'%” Governments,
private companies, and academic institutions are collaborating
to accelerate breakthroughs in quantum computing, sensing,
materials science, and artificial intelligence. The applications
of quantum science in diagnostics, treatment, data security,
and biomedical research is likely to reshape modern healthcare
profoundly and open new possibilities for preventing and curing
disease. The celebration raises awareness about the medical
potential of quantum technologies while inspiring continued
investment in research and innovation.'%®
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ABSTRACT

World Down Syndrome Day 2026, observed on 21 March, adopts the theme“Together Against Loneliness,”highlighting the urgent need to address
social isolation among individuals with Down syndrome (Trisomy 21) and other intellectual and developmental disabilities (IDD). Individuals with
Down syndrome experience loneliness at rates up to seven times higher than the general population, with prevalence reaching approximately
44.7% in some studies. This loneliness, comparable in health risk to smoking 15 cigarettes daily, stems primarily from social exclusion rather
than the condition itself and contributes significantly to anxiety, depression, and diminished quality of life. This narrative review outlines the
etiology and clinical features of Down syndrome, emphasizing proactive multidisciplinary medical management—including timely cardiac
evaluation, respiratory and endocrine surveillance, and hematologic monitoring—to optimize health and facilitate social participation. It further
examines lifespan care following American Academy of Pediatrics (AAP) guidelines, psychosocial support strategies, and the transformative role
of inclusive education, social skills training, supported employment, and community programs. Global success stories of individuals with Down
syndrome in arts, sports, education, and public life illustrate the potential unlocked through genuine inclusion. The article concludes with a call
for collective action among families, clinicians, educators, employers, and policymakers to move beyond physical integration toward meaningful
belonging, advocating systemic changes that uphold the human right to connection and dignity for every individual with Down syndrome.

Keywords: Anxiety, Chromosomal disorder, Depression, Down syndrome, Inclusive environment, Infant, Intellectual and developmental

disabilities, Loneliness, Multidisciplinary care, Neonate, Newborn, Psychosocial support, Social exclusion, Social skills training, Trisomy 21.
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Key PoinTs

«  The 2026 World Down Syndrome Day theme “Together Against
Loneliness” underscores that social exclusion, not Trisomy
21 itself, drives high rates of loneliness (up to 44.7%) among
individuals with Down syndrome, leading to serious mental and
physical health consequences.

«  Comprehensive neonatal and lifelong care—particularly early
cardiac surgery, sleep apnea management, thyroid screening,
and multidisciplinary interventions—is essential to reduce
health burdens and enable fuller social participation.

- Diagnosis disclosure should be empathetic and solution-
oriented, with immediate linkage to support networks. Real
inclusion through meaningful relationships, rather than mere
physical presence, is critical to combat isolation.

+ Inspirational global success stories across continents demons-
trate that with appropriate medical support, inclusive education,
and opportunities, individuals with Down syndrome can
achieve remarkable personal, professional, and societal
accomplishments.

« Collective, multi-sectoral efforts in inclusive education [using
Universal Design for Learning and Individualized Education
Programs (IEPs)], vocational training, anti-stigma initiatives, and
policy advocacy are required to create environments of genuine
belonging and fulfill the right to connection for people with
Down syndrome.

INTRODUCTION

On 21 March 2026, the global community observes World Down
Syndrome Day under the theme “Together Against Loneliness.”'~
This theme addresses a stark reality: Individuals with Down
syndrome and intellectual disabilities experience loneliness up
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to seven times more frequently than the general population.
Loneliness is a serious health risk—comparable to smoking 15
cigarettes a day—increasing anxiety, depression, and physical
ill-health.®’ It often stems from social exclusion: Being physically
present in schools, workplaces, or communities is not the same as
feeling genuinely included, valued, and truly belonging.

We need to recognize that social withdrawal, isolation,
and estrangement are not inherent features of Trisomy 21.8 It is
more a consequence of restricted social networks and limited
opportunities for community engagement.®”'" Research indicates
that individuals with intellectual and developmental disabilities
(IDD) experience loneliness at significantly higher rates than
the neurotypical population; some studies suggest that the
prevalence could be as high as 44.7%.°""" This “belonging gap”
is further exacerbated during major life transitions, such as the
shift from inclusive secondary education to adulthood, where

©TheAuthor(s). 2026 Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/). This license permits non-commercial use, distribution, and reproduction in any medium, provided the original author
and source are credited, a link to the license is included, and any changes are indicated.
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Fig. 1: On World Down Syndrome Day 2026, we celebrate the strength, joy, and individuality of people with Down syndrome across the world. This
day is areminder that inclusion, respect, access to healthcare, education, and meaningful opportunities allow every individual to thrive. By fostering
understanding and embracing diversity, we build communities where everyone is valued, supported, and empowered to reach their full potential

Source: These images have been created with the Al tool ChatGPT

the loss of structured social environments can lead to profound
withdrawal and secondary mental health challenges, including
depression and anxiety. Addressing this disparity requires a shift
from mere physical integration to “real inclusion,” characterized
by meaningful relationships and the dismantling of stigma. By
fostering environments that prioritize social reciprocity and
vocational belonging, we can transition from a model of passive
presence to one of active, valued participation, ensuring that the
human right to connection is upheld for all individuals with Down
syndrome. We can find solutions by working together (Fig. 1).

“Together Against Loneliness” is a call to collective action.
Families, clinicians, educators, employers, and communities must
collaborate to create real inclusion in education, employment,
relationships, and daily life—ensuring every person with Down
syndrome feels seen, respected, and connected.

Down syndrome (Trisomy 21) is the most common chromosomal
disorder, with a global prevalence of ~1 in 700-800 live births.' In
India, estimates range from 1 in 850 to 1,100 live births, resulting
in approximately 21,000 affected children born each year.'
Although the risk rises with advanced maternal age (>35 years),
most cases occur in younger mothers due to higher birth rates.””

Etiology and Clinical Features
Three mechanisms produce the phenotype:

1) FreeTrisomy 21 (nondisjunction): ~95% of cases; recurrence risk
~1%.

2) Translocation: 3-4%; higher recurrence (10-15% if maternal
carrier)—requires parental karyotyping.

3) Mosaicism: 1-2%; often milder.'®

Newborns typically show hypotonia, a flat facial profile, up-slanting
palpebral fissures, small dysplastic ears, clinodactyly, single
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transverse palmar crease, and joint hyperflexibility. Hall’s criteria
aid early suspicion; karyotyping confirms diagnosis."”

Key Medical Priorities

Proactive clinical surveillance is paramount to mitigating
secondary complications that frequently exacerbate social
isolation and diminish quality of life. Within this framework,
cardiovascular health is a primary concern, as approximately
50% of infants are born with congenital heart disease—most
notably atrioventricular septal defects (AVSD).'® Consequently, a
mandatory postnatal echocardiogram performed by a pediatric
cardiologist is essential, with surgical repair ideally completed by
6 months of age to prevent irreversible pulmonary hypertension.'
Furthermore, respiratory and endocrine monitoring are critical,
given that obstructive sleep apnea affects 50-79% of this
population, necessitating baseline polysomnography by age four,
while thyroid dysfunction occurs in 24-50% of cases, requiring
thyroid-stimulating hormone (TSH) and thyroxine (T4) screening at
birth, at 6 and 12 months, and annually thereafter.?’ Hematologic
surveillance is equally vital to manage transient abnormal
myelopoiesis (TAM), which presents in approximately 10% of
neonates, and to monitor the elevated long-term risk of leukemia.
Finally, clinicians must remain vigilant for gastrointestinal
pathologies, including duodenal atresia and celiac disease, the
latter of which affects between 5 and 12% of individuals, ensuring
that physiological stressors do not impede the broader goals of
social and developmental integration.

Prenatal Screening and Lifespan Care

A stepwise approach includes first/second-trimester screening,
high-accuracy cell-free DNA (cfDNA)/non-invasive prenatal
screening (NIPS) (>99% detection), and confirmatory chorionic
villus sampling (CVS)/amniocentesis.?'



World Down Syndrome Day 2026

Lifespan Management Follows American Academy of
Pediatrics (AAP) Guidelines

Adhering to the clinical guidelines established by the AAP, lifespan
management for individuals with Down syndrome necessitates a
rigorous, stage-specific longitudinal approach. During the neonatal
period, immediate priorities include diagnostic confirmation via
karyotype, echocardiography to assess for congenital heart
defects, hearing and thyroid screenings, and comprehensive
feeding support, all framed within a paradigm of hopeful,
family-centered counseling.?? As patients transition into early
childhood, clinical surveillance shifts toward the utilization of
population-specific growth charts, the initiation of intensive
multidisciplinary therapies—including physical, occupational,
and speech-language interventions—and vigilant monitoring
for sensory impairments and sleep apnea. Given that autism
spectrum disorder co-occurs in approximately 7-19% of this
population, routine autism screenings are a critical component of
this developmental phase. During the school-age and adolescent
years, the focus expands to include the implementation of
IEPs, social skills training, and ongoing surveillance for medical
comorbidities. Finally, the transition into adulthood emphasizes
the cultivation of autonomy through vocational training and the
provision of robust supports for independent living, ensuring a
holistic continuum of care that fosters long-term integration and
well-being.

Psychosocial Support: From Survival to Belonging

Delivering the diagnosis demands empathy: Start with
congratulations, provide balanced facts, and link families
immediately to the Down Syndrome Federation of India (DSFI) and
local NGOs. Early medical care preserves life; genuine inclusion
combats loneliness and builds belonging.

Inspiring Success Stories lllustrate the Power of
Inclusion

Inspiring success stories of individuals with Down syndrome
underscore the transformative impact of inclusion, early intervention,
medical support, and equitable opportunities. Across continents,
these personalities have excelled in diverse fields, shifting societal
perceptions from isolation to active contribution and connection.

In Asia, figures such as Sania Khimji?>?* (mainstream model,
artist, pageant winner); Gopi Krishnan Varma?® (first lead actor
with DS in Indian cinema, including Sitaare Zameen Par); Rishi
Shahani?’ (Special Olympics swimmer, actor); Prithvi Raj Sengupta?®
(national powerlifter); Swasti Mehta?® (entrepreneur, "Pudina Punch”
founder); Riza Reji*° (self-advocate, artist, actress); exemplify artistic
and performative achievement.

In Europe, Pablo Pineda®' (Spain), the first person with Down
syndrome to earn a university degree on the continent and an
accomplished actor and educator, along with Ellie Goldstein32-3*
(UK), a fashion model for Gucci and Adidas, and Tommy Jessop
(UK), a noted actor, highlight advancements in education, media,
and advocacy.

North America features prominent talents, including Zack
Gottsagen®>~37 (USA), an actor and Oscar presenter, Sofia Jirau>®'
(fashion model), Lauren Potter (USA) from the television series Glee,
and Chris Nikic*? (USA), the first individual with Down syndrome
to complete an Ironman triathlon. In South America, Isabella
Springmuhl Tejada**** (Guatemala), a fashion designer who
showcased at London Fashion Week, and Bryan Russell Mujica* =4
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(Peru), the first person with Down syndrome to run for public
office and a university graduate in communications, demonstrate
innovation in design and political engagement.

Oceania is represented by Madeline Stuart,*®=>" an international
fashion model who has walked at major fashion weeks worldwide. In
Africa, Shéri Brynard®>>3 (South Africa), the only person with Down
syndrome in her country to obtain a tertiary teaching diploma
without modifications and a dedicated educator and advocate,
illustrates resilience in professional and educational spheres.

Collectively, these narratives reveal that, with appropriate
support and inclusive environments, individuals with Down
syndrome can achieve meaningful personal growth, professional
success, and societal participation, challenging stereotypes and
enriching communities globally.

Inclusive Education and Interventions against Loneliness

Inclusive education is a cornerstone intervention: Placing children
in mainstream classrooms with supports (UDL, differentiated
instruction, co-teaching, IEPs) rather than segregation.>*~>% Benefits
include better language/academic gains, social skills, self-esteem,
and friendships. Models like Special Olympics Unified Champion
Schools foster whole-school inclusion through unified sports and
youth leadership.>*°

Broader interventions include social skills training, supported
employment, community recreation, family peer support, and
policy advocacy for accessibility and anti-stigma efforts. Addressing
medical issues (hearing/vision/sleep) further reduces barriers to
participation.

Call to Action on 21 March 2026

To advance the ethos of “Together Against Loneliness,” health and
social systems must adopt a longitudinal, integrated framework
that supports neurodivergent and disabled individuals from
conception through adulthood. This begins with the provision
of routine prenatal screenings coupled with compassionate,
non-directive counseling to empower families with informed
perspectives. Upon birth, the focus shifts to the delivery of
multidisciplinary clinical care and the implementation of early
therapeutic interventions designed to optimize developmental
trajectories. Beyond the clinical setting, societal structures
must prioritize inclusive educational environments and robust
vocational opportunities that facilitate active community
participation. Ultimately, it is essential to champion systemic
policies that dismantle social isolation, ensuring that every
individual—regardless of ability—is afforded a profound sense
of value and belonging within the civic fabric.

Medical excellence preserves life. Together Against Loneliness,
we give it dignity, connection, and joy.
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ABSTRACT

Factor VII (FVII) is a vitamin K-dependent glycoprotein that serves as the principal initiator of the extrinsic coagulation pathway through its
interaction with tissue factor (TF). Following vascular injury, TF binds and activates circulating FVII, generating the TF-FVIla complex that
promotes thrombin generation and fibrin clot formation. Neonates have physiologically reduced concentrations of FVII, typically 20-50% of adult
values, rendering them vulnerable to hemorrhagic complications, particularly in the presence of prematurity, vitamin K deficiency, sepsis, liver
dysfunction, or severe illness. This review summarizes the molecular biology, structure, activation, evolutionary origins, and clinical significance
of FVII, with a particular emphasis on neonatal hemostasis. Factor VIl is synthesized in the liver and undergoes extensive post-translational
modification, including vitamin K-dependent y-carboxylation that is essential for calcium-mediated membrane binding and coagulation activity.
The protein contains a y-carboxyglutamate-rich domain, two epidermal growth factor (EGF)-like domains, and a catalytic serine protease domain
that together mediate TF binding and activation of factors IX and X. Evolutionary analyses indicate that FVIl emerged in early jawed vertebrates
and has remained highly conserved for more than 400 million years, reflecting its critical role in hemostatic regulation. Recombinant activated FVII
(rFVIla; eptacog alfa) has become an important therapeutic agent for congenital FVII deficiency, hemophilia with inhibitors, and selected cases
of severe hemorrhage. In neonates, rFVlla is increasingly used off-label as rescue therapy for refractory bleeding associated with disseminated
intravascular coagulation (DIC), cardiac surgery, pulmonary hemorrhage, necrotizing enterocolitis (NEC), thrombocytopenia, and intracranial
hemorrhage (ICH). Available evidence suggests that rFVlla can reduce bleeding and transfusion requirements, although randomized neonatal
trials remain lacking. Potential thromboembolic complications necessitate careful patient selection and monitoring. More studies are needed
to define optimal dosing, establish safety profiles, and clarify the role of rFVlla in neonatal and pediatric hemostatic disorders.

Keywords: Coagulation factor VII, Eptacog alfa, Factor Vlla, Factor VIl and factor IX inhibitors, Fibrinogen, Hemophilia, Prothrombin, Thrombin,
Universal hemostatic agent.

Newborn (2026): 10.5005/jp-journals-11002-0162

Key PoinTs

- Neonates typically show lower levels of coagulation factors such
as factor VII (FVII) than adults, which has been associated with a
higher risk of bleeding.

«  Factor VIl is a vitamin K-dependent protein mediator in the
extrinsic pathway of blood coagulation, circulating in plasma
in an inactive form.

- Following vascular injury, circulating FVII binds to tissue factor
(TF) expressed on extravascular cells (fibroblasts and smooth
muscle cells), which activates FVII to FVlla.

+ Inthe coagulation pathway, FVlla catalyzes the activation of FX
and FIX, initiating thrombin generation and fibrin clot formation.

«  The now available recombinant FVlla (rFVIla) is a “universal
hemostatic agent” with efficacy in congenital FVII deficiencies,
hemophilic patients who have developed inhibitors to FVIII or
IX, quantitative and qualitative platelet disorders, hepatic failure,
liver transplantation, major surgery and trauma.
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INTRODUCTION
Factor VIl is a key vitamin K-dependent protein mediator in the

extrinsic pathway of blood coagulation, circulating in plasma
mainly as an inactive zymogen, with only a small active fraction
(FVlla)."® Vascular injury exposes subendothelial TF, which binds
FVIl along with components of the phospholipid membranes and
activates it (Fig. 1).° The resulting complex activates factor X (and,
to a lesser extent, FIX), leading to thrombin generation and fibrin
clot formation.”
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rFVIIa in Neonates

Neonates are developmentally deficient in FVII, with blood
FVII levels approximately 20-50% of adult levels during the early
neonatal period, which contributes to an increased risk of bleeding
in premature infants or those with additional risk factors such as
vitamin K deficiency, sepsis, liver dysfunction, or birth trauma.
Term infants are at lower risk, but may also develop hemorrhages
during stress or critical illness. In this article, we present the current
understanding of the expression, evolution, and clinicalimportance
of FVII (Fig. 2). We combine data from our own preliminary studies
with an extensive literature review using Embase, PubMed, and
Scopus.®? To minimize bias in study selection, identification of
studies, and keywords were predefined a priori using PubMed’s
Medical Subject Headings (MeSH) terms.®

FVII SYNTHESIS AND ACTIVATION

Factor Vllis synthesized primarily in the liver; translation begins on
cytosolic ribosomes with an N-terminal signal peptide that targets
the ribosome-nascent chain complex to the rough endoplasmic
reticulum (ER)."'? The growing polypeptide is co-translationally
translocated into the ER lumen, where the signal peptide is cleaved.’
Here, FVII also undergoes post-translational modifications such
as vitamin K-dependent y-carboxylation of glutamate residues
in a specific y-carboxyglutamate-rich (Gla) domain."® Further
processing with glycosylation and folding occurs in the ER and Golgi
apparatus.'® The mature protein is then secreted via the classical
secretory pathway into the bloodstream.'*' Factor VII binds TF
in a Ca** and phospholipid-dependent manner in regions with
vascular injury, and is activated by proteolytic cleavage at a single
Arg152-1le153 amino acid bond.’ There is a three-dimensional
re-organization, but no amino acids are lost in this process.'® Two
amino acid chains are created (Fig. 3), which are held together by
a single disulfide bond:>'"~2°

«  N-terminal light chain: This is an approximately 20 kDa, 152-
residue part of the molecule. There is agamma-carboxyglutamic
acid (Gla) domain and two epidermal growth factor-like (EGF1
and EGF2) domains.

« Cterminal heavy chain: This is an approximately 30 kDa, 254-
residue part containing the serine protease (catalytic) domain.

There is a fair degree of confidence in the predicted protein
structure (Figs 4A and B) and stability with minimal movement in
physiological conditions (Fig. 4C).2"*2 Even though the amino acid
sequence is balanced with hydrophilic and hydrophobic amino
acids, the surface is predicted to maintain good water-solubility
(Fig. 4D; the average accessible surface of residues in most folded
proteins is around 20% relative to an unfolded state; a value of 35%
in FVII suggests that the protein’s surface is well-hydrated).?*?* The
amino acid composition of the FVIl molecule is shown in Figure 4E.
Finally, the protein shows a good overall balance of positively and
negatively charged amino acid residues, but the surface of the
protein molecules shows more neutral/positively charged regions
(Fig. 4F).?>2¢

Factor VIl contains two EGF-like domains (Fig. 3), which play
critical structural and functional roles in the initiation of the
extrinsic coagulation pathway.?” These are positioned between
the N-terminal Gla and the G-terminal serine protease domains.?'
The EGF-like domains help stabilize the overall conformation of
FVII, orienting the catalytic domain correctly upon binding to TF.®
These are directly involved in high-affinity binding of FVII/FVIla
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to TF and the assembly of the TF-FVIla complex on phospholipid
membranes.?® In addition, these participate in allosteric regulation
and conformational changes in TF-FVIla binding, thereby
enhancing its catalytic efficiency toward downstream substrates
such as factor X.2° Overall, the EGF-like domains act as molecular
linkers that couple membrane localization to enzymatic activation
in coagulation.?"3°

Calcium ions (Ca*™) located inside the FVII molecules (Fig. 2)
bind post-translationally modified Gla residues and stabilize the
negatively charged electro-environment containing glutamic
acid (Glu), aspartic acid (Asp), asparagine (Asn), and glycine (Gly)
residues.?"? These conformational changes promote FVII-TF
binding with the negatively charged phospholipid membranes at
sites of vascular injury.>® The Ca**-phospholipid complexes also
promote correct positioning of the enzyme relative to its substrates,
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rFVIIa in Neonates

Intrinsic pathway

Contact with negatively-charged surfaces
activates factor Xll, which then leads to
serial activation of factors XI, IX, and VIII.
Activated factors IXa and Vllla bind Ca**
and phospholipids on platelet surfaces to
form the intrinsic TENase complex

Shared signaling in \

the two pathways

Prothrombin = Thrombin

Factor Va, Ca*™
Phospholipids /
Fibrinogen - Fibrin

Factor XIlI

Factor Xllla, a l

transglutaminase creates Factor Xllla

covalent bonds between
adjacent fibrin molecules

P

Factor X - Xa (a serine protease)

Extrinsic pathway

Vascular injury -
exposed tissue factor

Circulating
factor VIl

Factor Vlla-tissue factor

Vlla is a serine protease

l Platelets

Integrin allbB3 receptors
(glycoprotein llb/llla) bind
fibrin and fibrinogen

Crosslinked Fibrin
Stable fibrin-platelet plugs

Fig. 1: Schematic diagram showing the role of FVII in the extrinsic pathway of coagulation

factors X and IX.3* Additional Ca**-binding sites in the EGF-like
domains contribute to protein stability and domain orientation.3>3¢

During tissue injury, the circulating FVII zymogen is exposed
to TF that is constitutively expressed on subendothelial fibroblasts
and smooth muscle cells.>*” Factor VII-TF binding induces a
conformational change in FVII, and then it undergoes proteolytic
activation upon exposure to small amounts of factor Xa (FXa)
and thrombin.38-4% The activated form of FVII, FVlla, is a trypsin-
like serine protease and catalyzes the activation of FX and FIX,
promoting thrombin generation and fibrin clot formation.? A
positive feedback loop is established with TF-FVlla <—> FXa
that amplifies coagulation.*! By linking the extrinsic and intrinsic
pathways, thrombin ensures rapid and localized clot formation
while maintaining tight regulation of the coagulation cascade.?
The regulated, localized activation of FVlla limits its enzymatic
activity to sites of vascular injury, preventing inappropriate systemic
coagulation.*?

Factor VII activation involves cleavage at Arg152-l1le153 to
generate a new N-terminal on the heavy chain, which reorganizes
the catalytic site.”” This lle153 residue is important for proper
alignment of the catalytic site; it acts as a structural switch that
locks the protease into its active conformation after zymogen
cleavage.?' The free a-amino group of lle153 inserts into a conserved
pocket within a serine protease domain and forms a stabilizing salt
bridge with Asp194 (chymotrypsin numbering).** This interaction
triggers conformational changes that position a catalytic triad
(His57, Asp102, Ser195) and organize key substrate-binding loops
that define the active site (Fig. 5).*>** In FVlla, these structural
changes are only partially stable on their own and have a low
intrinsic activity.>*

Tissue factor stabilizes the N-terminal insertion and allosteric
conformational changes in surrounding loops in FVlla, fully

88 Newborn, Volume 5 Issue 2 (April-June 2026)

aligning the catalytic machinery for efficient proteolysis.*® Thus,
the N-terminus of the heavy chain is essential for converting FVII
from an inactive precursorinto acompetent enzyme.”’ The FVlla-TF
complex can bind negatively charged phospholipid surfaces such
as those on activated platelets or damaged cell membranes.>*
Factor Vlla is a rate-limiting catalytic enzyme in this process; it
binds Ca** ions, and FX and FIX on its Gla domain.>**® Gla is a
product of a post-translational vitamin K-dependent carboxylation
of glutamic acid residues in FVII; the modification adds an extra
carboxyl group to the y-carbon of glutamate and adds a strong
negative charge (Fig. 6).*° These residues are clustered in a
specific domain and promote binding with negatively charged
phospholipid membranes at sites of vascular injury.***° Without
y-carboxylation, coagulation factors such as FVIl are synthesized but
remain functionally inactive; this is one reason for impaired blood
clotting in vitamin K deficiency (Gla residues noted on positions 66,
67,74, 76,79, 80, 85, 86, 89, 95; Fig. 7)."*! These changes promote
the formation of a fully competent protease complex capable of
activating downstream coagulation factors.’

RoLe ofF TF (FacTor Il1)

Tissue factor is a transmembrane glycoprotein that stabilizes and
concentrates FVII at the site(s) of blood coagulation (Fig. 8).3"4?
It is normally expressed by extravascular fibroblasts and smooth
muscle cells and is sequestered from the circulation.’? It has a
transmembrane glycoprotein with: (1) an extracellular, N-terminal
219 amino acid ectodomain that binds FVII/FVIla; (2) an anchoring
transmembrane part; and (3) a cytoplasmic domain involved in
intracellular signaling unrelated to coagulation.>® The extracellular
domains contain a specific groove that binds and concentrates
FVII.>*The anchoring transmembrane region of TF contains specific
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KEY STRUCTURAL ELEMENTS

Coagulation factor VII (FVII)

Synthesis: The major site of FVII isin An N-terminal slgnal peptide dlrects itinto the (ER). Here, it

vitamin K- of residuesinits Glad otherp: icati is cleaved, and then secreted into the

bloodstream. Slmllarw other ion factors, FVII i in plasma and on cell membranes.

Some minor lassical FVIIHik: ity be traced to y Th ides are released passivelyin membrane-derived microvesicles or
during cell or necrosis. Th may to localized or y

Major Domains:

Signal: resdues‘ 20; MVSQALRLLCLLLGLQGCLA

» reslduesZ‘ z TRD! TQEEAHGVLHRRRR

« Lightchai 61-212;ay in followed by two epidermal growth factor (EGF}-like domains, which promote calcium-dependent
membrane binding and interaction with tissue factor
ANAFLEELRPGSLERECKEEQCSFEEAREIFKDAERTKLFWISYSDGDQCASSPCQNGGSCKDQLQSYICFCLPAFEGRNCETHKDDQLICVNENGGCEQYCSDHTGTKRSCRCHEGYSLL
ADGVSCTPTVEYPCGKIPILEKRNASKPQGR;

Heavy chain:residues 213-466; a serine protease catalytic domain, which contains the active site required for enzymatic activity.

These two domains are linked by a disulfide bond after proteolytic activation of FVII to FVila, allowi i regulation of binding, cofactor

and proteolytic function during coagulation.

IVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLGEHD LSEH DGDEQSRRVAQVIIPSTYVPGTTNHDIALLRLHQPVVLTDHVVPLCLPERTFSERTLAFV

N-terminal light chain

RFSLVSGWGQLLDRGATALELMVLNVPRLMTQDCLQC )SCKGDSGGPHATHYRGTWYLTGIVSWGQGCATVGHFGVYTRVSQYIEWLQKLMRSEP
RPGVLLRAPFP
Conserved motifs:
+ y-carboxyglutamate (Gla) motifs are seen in the Gla domain. Coordinate Ca™ -binding and ori d inding of factor Vil to
Residues 66, 67, 74, 76,79, 80, 85, 86, 89, 95;
. growth factor-lik cysteine residues form disulfid ds that stabilize d in structure. These d ins help in
with TF and in maintaining correct spacing between the membrane-binding and catalytic regions;
+ Serine protease domains: contain strongly conserved motifs such as the catalytic triad (His, Asp, Ser) characteristic of trypsin-like proteases;
1 ge site (Arg-lle): factor Vlla, as well as substrate-binding motifs that define specificity for factor X and factor IX.

Post-translational modifications:

+ Disulfide: Residues 77282, 1100121, 1156130, 1326141, 1516162, 1586172, 1746187, 1956322, 2196224, 2386254, 37043389, 400428
+ Glycosylation: Residues 112, 120, 205, 382

« Modified (3R)-3-hydroxyaspartate: Residue 123

« Glycans: 5 sites, 14 N-linked glycans (2 sites), 4 O-linked glycans (3 sites)

Function: FVIl contains a trypsin-lik i d in that provi ic activity in ion. This domain is in the heavy chain of activated

FVII (FVlla); there is a conserved fold characterlstlc of the trypsin family with a catalytic triad of histidine, asp: and serine. ivation of FVII

triggers conformational changes thatalign these residues, allowing efficient cleavage of downstream FX and FIX. Although the protease domain of factor Vila

has low intrinsic activity on its own, binding TF allosterically stabilizes the active-site, its ly i ininitiating the coagulation cascade.

* Calcium-binding residues: The Gla domain in FVII contai Ca- several y acid create a negatively-charged, Ca'"-bridged
structure that enables FVII to bind the anionic phospholipid surfaces exposed at sites of vascular injury. Additional Ca™-binding sites are present in the EGF-like
domains that contribute to proper folding and stabilization of the protein. Together, these interactions help TF binding and active coagulation.

C-terminal heavy chain

. activity: FVIl shows indirect antimicrobial activity. Although FVIl is not a classical antimicrobial peptide, the TF-FVlla) complex can contribute to
host defense by ing localized thrombin ion and fibrin formation, which help trap and o e invading microorganisms at sites of infection or tissue injury.
In addition, TF-FVIla signaling through pi ivated receptors (parti ly PAR-2) on i il cells can modulate inflammatory and immune

responses, enhancing barrier function and leukocyte recruitment.

Gene domains.

+ Gla i ides 61-105; ANAFLEELRPGSLERECKEEQCSFEEAREIFKDAERTKLFWISYS
+ EGF-like 1, calcium-binding: i 106-142; DGDQCASSPCQNGGSCKDQLQSYICFCLPAFEGRNCE
+ EGF-like 2: 147-188; paLIC! EQYCSL RCHEGYSLLADGVSCT
* Peptidase S1: nucleotides 213-452; Sequence:
IVGGKVCPKGECPWQVLLLVNGAQLCGGTLINTIWVVSAAHCFDKIKNWRNLIAVLG EHD LSEHDGDE QSRRVAQVIIPSTYVPGTTNHDIALLRLH QPVVLTDHVVPLCLPERTFSERTLAFVRFSLVSGWGQLLD RGATALELMVLNVPRLMTQDCLQQ! YMFCAGYSDGSKDSCKGDSGGP
HATHYRGTWYLTGIVSWG QGCATVGHFGVYTRVSQYIEWLQKLMR
Congenital FVIl deficiency: These mutations are inherited ive bleeding di ith variable clinical severity. More than 200 F7 mutations have been described, including missense mutations, nonsense mutations, splice-site defects, small insertions
or deletions, and, rarely, large ge The most fr i ies involve missense mutations in the Gla domain, EGF-like domains, or the serine protease domain, impairing calcium binding, tissue factor interaction, protein folding, or catalytic
activity. Splice-site mutations can result in reduced or Fvil i hil ions typically cause ici due to truncated, i protein. Clinically, these mutations lead to reduced plasma FVIl activity, prolonged prothrombin

time, and bleeding manifestations.

Genetic variants:

¢.13L>P (dbSNP:rs387806507), c.59R>RR, c.84F>L, ¢.73L>Q (dbSNP:rs45572939), ¢.79E>Q, ¢.82C>F (dbSNP:rs1448296564), c.82C>R (dbSNP:rs745374448), c.84missing, c.85E>K (dbSNP:rs121964935), c. 88R>G (dbSNP:rs776354144), c¢.117N>D (rs121964832), c.120S>P,
¢.121C>F, ¢c.125L>P, ¢.128Y>C, ¢.138G>D, ¢.139R>K, c.138R>Q (dbSNP:rs150525536), c.139R>W (dbSNP:rs776796178), ¢.151C>S, c.154E>K (dbSNP:rs146795869), c.156G>S (dbSNP:rs563872504), c.157G>S (dbSNP:rs763458480), ¢.157G>V (dbSNP:rs771335282),
©.160Q>R (dbSNP:rs200016360), c.171S>F (dbSNP:rs143855920), c.177G>R, ¢.181L>P, c.183D>N (dbSNP:rs1258691292), c.186S>F (dbSNP:rs764971156), c.189P>S (dbSNP:rs1479693459), c.194P>L, ¢.194P>T (dbSNP:rs 1234759020), c.195C>R (dbSNP:rs372577568),
¢.197K>E (dbSNP:rs1250204261), c.1981>T (dbSNP:rs762621913), ¢.212R>Q (dbSNP:rs868044208), ¢.213I>N, ¢.216G>D (dbSNP:rs1438503836), ¢.238C>F, ¢.238C>Y (dbSNP:rs121964928), c.240G>R (dbSNP:rs2036214367), ¢.241T>N (dbSNP:rs1160146175), ¢.250S>F,
€.251A>P, c.251A>T (dbSNP:rs1266816662), c.252A>V, ¢.254C>R, ¢.254C>Y, c.264L>P (dbSNP:rs753266803), c.266A>T (dbSNP:rs764807079), ¢.272D>N (dbSNP:rs751028917), c.277D>N (dbSNP:rs550074221), c.283R>W (dbSNP:rs779589651), c.288T>1, c.301H>Q,
©.302D>H, ¢.302D>N (dbSNP:rs770328850), c.304A>T (dbSNP:rs773627551), ¢.304A>V (dbSNP:rs121964931), c.307R>C (dbSNP:rs147680958), ¢.307R>H (dbSNP:rs121964929), c.312V>M (dbSNP:rs201991361), c.314L>V, ¢.321L>F (dbSNP:rs778138366), c.323L>R,
©.325E>K (dbSNP:rs749760143), c.326R>Q 7),¢.332T>M ( . 12201), c.336V>M :rs374305125), c.337R>C (dbSNP:rs139372641), c.341V>F, ¢.3428>G, ¢.343G>S (dbSNP:rs1250853566), c.344W>G, ¢.344W>R, c.345G>S
(dbSNP:rs2036242082), c.350R>C (dbSNP:rs747876824), c.354A>V (dbSNP:rs36209567), c.358M>1 (dbSNP:rs149283257), c.358M>V (dbSNP:rs928183869), c.360L>P, ¢.363P>H, c.363P>R (dbSNP:rs963430078), c.364R>Q (dbSNP:rs121964926), c.364R>W
(dbSNP:rs7509807886), c.370C>F (dbSNP:rs 121964927), ¢.375R>W (dbSNP:rs 137919286), c.384T>M (dbSNP:rs531225271), c.387M>T (dbSNP:rs 1595080725), c.387M>V (dbSNP:rs1215224419), c.388F>S (dbSNP:rs121964938), ¢.388C>G (dbSNP:rs121964934), ¢.391G>C,
©.391G>S (dbSNP:rs1804858 16), c.398D>E, c.401K>E (dbSNP:rs748979185), c.402G>E, c.402G>R (dbSNP:rs2142234194), c.403D>H, c.404S>N, c.408H>Q (dbSNP:rs121964936), c.408H>R (dbSNP:rs1566910847), c.413R>G, ¢.414G>C (dbSNP:rs121864837), c.418T>M
(dbSNP:rs121964930), ¢.420G>D, ¢.422V>F, c.425G>A, ¢.425G>C (dbSNP:rs2036248208), c.428A>T (dbSNPrs755377592), ¢.432G>D (dbSNP:rs1450120320), ¢.432G>S (dbSNP:rs1317151633), c.435G>E (dbSNP:rs756956471), ¢.437Y>F (dbSNP:rs758213652)

form: a FVIk & pr like protein, also k asthe FVII (FVII-ASV or FVlla-like), has been characterized. This shorter isoform Ial:ks the C-terminal d but ins the signal pspnda Gla domain,
i EGEA% dorasins. K does ok ahow protease activity but can bind TF, potentiallyactingas a regulutory or decoy molecule that modulates TF-FVIla activity and limits excessive Thit i pliced form shows low pl its precise
role is still under butitis thought to contribute to fine-tuning of coagulation and cell signaling.
Post-translational modifications:
. ion of specific inthe N- inal Gla domain il above);
* N-linked glycosylation, primarily within the EGF-like domains and the serine protease domain; to protein stability, life, and proper secretion;
+ signal peptide cleavage during translocation into the ER;
+ disulfide bond formation between bilize d: in structure;

proteolytic activation of FVII by cleavage at the Arg152-1le153 bond

Fig. 2: Key structural elements of coagulation FVII

’ Light chain y Heavy chain ‘ Endothelial damage due to tissue injury/inflammation can

EGF-like 1; calcium-binding Serine protease, trypsin domain profile unblock the binding between the underlying TF and the circulating

! 1057142 13-e92 ¢ FVII. This binding activates FVII, and the TF-FVlla complex then, in

-:-:l , L - turn, activates FX and FIX, leading to thrombin generation and fibrin
ignal " a _like . 6,57 e . . . . .

peptde 3oy ort0s 7-tes clot formation.*” In addition, distinct from its role in coagulation,

1-20 the TF-FVIla complex can also stimulate inflammatory and stress-

Fig. 3: Key structural elements and domains of coagulation FVII.  responsive signaling.”® It activates protease-activated receptors
Schematic diagram showing the light and heavy chains with  (PAR-1 and PAR-2) on cell surfaces, inducing proinflammatory
known domains in the coagulation FVII. EGF, epidermal growth  cytokines such as tumor necrosis factor (TNF); interleukin (IL)-6,

factor; Gla, N-terminal, vitamin K-dependent region containing 10 1.8, and IL-1B; adhesion molecules; oxidized lipids; and promoting
y-carboxyglutamic acid residues that mediate membrane binding and leukocyte infiltration.®¢' These mediators activate intracellular

complex formation with TF" Pro'Pep, prOpep,t'de, that undergoes vitamin signaling cascades, including the NF-kB, mitogen-activated protein
K-dependent carboxylation prior to secretion into the blood kinase pathways (ERK1/2, p38, and JNK), and AP-1.5263 These
pathways, in turn, promote the expression of TF, resulting in feed-
forward signaling loops.5* Having reviewed the above information,
loops richin Ca**ions and phospholipids thatinteract with the Gla it is also important to note that in some specific situations, FVlla
domain of FVII.*>>> The protease domain of Vllajoins TF toformthe  bound to the endothelial protein C receptor (EPCR) can trigger
active TF-Vlla complex.>® anti-inflammatory signaling in endothelial cells.®
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Figs 4A to G: Factor Vlla. This figure shows three sequential illustrations of the FVIla molecule. From top to bottom: (i) primary ribbon structures
with the overall folds and organization of the protein backbone; alpha-helices are shown as coiled ribbons and beta-sheets as arrows; (ii) structure
with side chains: The central alpha carbon of all amino acids carries unique aliphatic/aromatic side chains, the “R” groups, along with constituent
amino, carboxyl, and hydrogen groups. These are not directly involved in the formation of peptide bonds between amino acids, but the size,
shape, charge, and reactivity of R groups determine the polarity (hydrophilic/hydrophobic), acidity, basicity, and reactivity. Non-polar amino acids
carry hydrophobic R groups that are primarily made of carbon and hydrogen. R groups in polar amino acids contain polar hydroxyls, thiols, or
amides. Charged amino acids contain positively/negatively charged R groups; and (iii) molecular surface. These illustrations can be moved and
manipulated within interactive 3D viewing programs such as iCn3D (details below).
(A) Factor Vlla is a heterodimer of an N-terminal light chain (pink; approximately 20 kDa, 152 amino acids) and a C-terminal heavy chain (blue;
approximately 30 kDa, 254 residues). There is some uncertainty in the identity of the residue in the light chain that is depicted in white/red;
(B) Confidence in predicted protein structure. Predicted local distance difference test (oLDDT): Itis a per-residue confidence metric used by AlphaFold2
and AlphaFold3 to estimate how well a computationally predicted 3D structure matches the actual protein structure. The color matrix below the
figure shows the color coding for various levels of confidence in predictions;
(C) B-factor (or Debye-Waller factor, temperature factor, atomic displacement parameter) quantitates the uncertainty for each atom; a high B-factor
reflects more vibration/disorder of atoms in proteins around their average positions. In this figure, color change from blue-to-white-to-red indicates
increasing B factor of various amino acids;
(D) Solvent accessibility. Color change from blue-to-white-to-red indicates increasing solvent accessibility of various amino acids. The average accessible
surface of residues in most folded proteins is around 20% relative to an unfolded state. A value of 35% suggests that the protein’s surface is well-hydrated;
(E) Hydrophobicity. This figure adds to the evidence shown in panel (A). The predicted solvent-accessible surface area (SASA) is shown in a scale ranging
from a deep green color at its low end to high white: (i-ii) primary ribbon structure and the structure with side-chains shows the green and white
color residues as evenly distributed; (iii) solvent-accessible space-filling model predicts these surfaces as much whiter and hence, the hydrophobic
residues green residues are buried away from the surface inside the core of the protein. We have used the SASA method to produce this illustration.
Relative solvent accessible area (RSA)/SASA are standard measures to describe the degree of residue exposure in the protein surface. There are many
methods for estimation of RSA/SASA that focus on the Ca atom-distance matrix and use deep learning methods; some of the existing RSA estimators
are based on coordination numbers, half-sphere exposure, and SphereCon, one of the recognized RSA-estimation algorithms;
(F) Amino acid composition of the calprotectin heterodimer molecule. The amino acid color-coding is as shown below the figure; (G) Amino acid
charge: (i and ii) showed a good overall balance of positively and negatively charged amino acid residues; (iii) the surface of the protein molecules
showed more neutral/positively charged regions; (iv) a calcium ion (Ca**) was located inside the protein molecule close to negatively charged glutamic
acid (Glu), aspartic acid (Asp), asparagine (Asn), and glycine (Gly) residues. Ca*t may induce a significant conformational and charge alteration.
The base structures have been derived from the iCn3D (short for “I see in 3D”) format, a web-based interactive tool for analysis of 3-dimensional
macromolecular structures. This has been developed using the Web Graphics Library, a JavaScript Application Programming Interface to render 3D
graphics in web browsers without requiring plugins. A JavaScript control and a shader code have been executed on the graphics processing unit for
high-performance interactive graphics. These illustrations were prepared using data/tools provided on the web portals of the RCSB and NCBI PDBs,
MMDB, GenBank, RefSeq, TPA, UniProtKB/Swiss-Prot database, PIR, PRF, and Microsoft PowerPoint, Microsoft Illustrator, and/or Adobe Photoshop.
Source: The structures in Panel A have been drawn from https://www.ncbi.nlm.nih.gov/Structure/icn3d/full.htmI?&mmdbid=107068&bu=1&sho
wanno=1&source=full-feature. Panels 4B-G show features of the protein structure from https://www.ncbi.nim.nih.gov/Structure/icn3d/full.html?
&mmdbid=31344&bu=1&showanno=1&source=full-feature
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A TF pathway inhibitor (TFPI) regulates the activity of this
complex by forming a quaternary complex with the TF-FVlla
complex and FXa.®®%” |t regulates the extrinsic coagulation
pathway through a precisely ordered molecular inhibition; TFPI is
a multivalent Kunitz-type protease inhibitor composed of three
Kunitz domains (K1-K3) and a highly basic C-terminal region.%®
The inhibitory process is initiated when the K2 domain binds and
inhibits FXa, forming a TFPI-FXa complex.’” This complex then
engages the TF-FVlla complex via the K1 domain, resulting in
the formation of a quaternary TF-FVIla-FXa-TFPI complex that
effectively shuts down further factor X activation.®® The K3 domain
and C-terminal region mediate interactions with phospholipid
surfaces, glycosaminoglycans, and lipoproteins, localizing TFPI
to the endothelial surface and enhancing inhibitory efficiency.”
Beyond anticoagulation, TFPI can influence cell signaling as TF-
FVlla-FXa complexes normally activate PAR-1 and PAR-2; TFPI
disrupts this signaling axis, thereby linking molecular control
of coagulation initiation with modulation of inflammatory and
vascular responses.5”’!

Quality of Blood Clots Induced by Recombinant
Activated FVII (rFVIla)

Studies have shown that rFVlla-induced clots are physically and
structurally different from a normal, physiological clot.”>’® The
higher, faster burst of thrombin can improve the strength of clots,
which are localized and fibrin-rich with TF bound on damaged
vascular subendothelium.”>”* Histopathologically, these clots are
relatively more dense, stable, and resistant to fibrinolysis.”%”° These
exhibit increased platelet contractile force, enhanced clot elastic
modulus, and more dense fibrin networks, especially in FVIII/FIX
deficiency.”2737677

EvoLuTion oF FVII

Factor VIl has been a highly conserved protein during evolution
(Fig. 9). The evolutionary origins can be traced back to early jawed
vertebrates, emerging approximately 485-419 million years
ago during the Ordovician to Silurian periods.”®’? During the
Ordovician period, marine ecosystems diversified dramatically in
an event known as the Great Ordovician Biodiversification Event

(GOBE) with the expansion of invertebrates such as trilobites,
brachiopods, and early echinoderms, alongside the emergence of
the firstjawed vertebrate ancestors.®° This period ended with a mass
extinction linked to global cooling and glaciation. The subsequent
Silurian period saw a rapid biological recovery, highlighted by
the radiation of jawed fishes, the establishment of complex reef
systems, and the earliest evidence of terrestrial colonization by
vascular plants and arthropods, laying foundational groundwork for
modern ecosystems.®! A vitamin K-dependent blood coagulation
system first appeared during this period.®? Gene duplication and
specialization events in these early vertebrates gave rise to serine
proteases like FVII, which later became conserved across mammals,
including humans.®3 The basic structure and function of FVIl have
remained remarkably stable during this period of evolution.?*
Factor VIl shares a conserved modular architecture as in other
coagulation proteases; there is an N-terminal Gla domain, two
EGF-like domains, and a G-terminal region rich in positively charged
residues.®* The C-terminal regions mediate binding to endothelial
surfaces, glycosaminoglycans, and lipoproteins, positioning TFPI
at sites where TF-initiated coagulation occurs.®> Comparative
sequence analyses indicate strong conservation of residues
required for Ca**-dependent membrane binding, TF interaction,
and catalytic activity, reflecting early functional constraint.2® The
evolution of a TF-responsive activation mechanism, including a
circulating pool of partially active FVlla, enabled rapid initiation
of coagulation upon vascular injury.?° Subtle lineage-specific
variations in regulatory regions and activation loops fine-tuned FVII

(o] Q
o 0 o
CO, +H,0 2> H,0 +H* 0o
Protein —NH = Protein —NH
O— Protein O— Protein
Glutamate y-carboxyglutamate (Gla)

Fig. 6: y-carboxyglutamate (Gla) is a product of a post-translational
carboxylation of the y-carbon of glutamate, giving the residue a strong
negative charge

Fig. 5: Factor Vlla contains a serine protease catalytic site comprised of His57, Asp102, and Ser195 residues (white). Asp194 (gray) forms a stabilizing
salt bridge. The N-terminal light chain are shown in pink, to contrast with the blue C-terminal heavy chain
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Fig. 7: The serine protease motif in FVila shows Ca** ions located in its y-carboxyglutamate (Gla) domain. Above illustration shows multiple Gla
residues surrounding a Ca**ion. The above illustration shows the N-terminal light chain in pink, whereas the C-terminal heavy chain is colored blue

Figs 8A to C: The relationship of FVIla with the TF (red). Allillustrations show the primary ribbon structures of FVlla with alpha-helices as coiled ribbons
and beta-sheets as bands. The N-terminal light chain of FVlla is shown in pink and the C-terminal heavy chain in blue. (A-C) show the TF in increasing
detail: (A) primary ribbon structures of TF with the overall organization of the protein backbones;

(B) TF structure with side chains; the central alpha carbon of all amino acids carries unique aliphatic/aromatic side chains, the “R” groups, along with
constituent amino, carboxyl, and hydrogen groups. These are not directly involved in the formation of peptide bonds between amino acids, but the
size, shape, charge, and reactivity of R groups determine the polarity (hydrophilic/hydrophobic), acidity, basicity, and reactivity. Non-polar amino
acids carry hydrophobic R groups that are primarily made of carbon and hydrogen. R groups in polar amino acids contain polar hydroxyls, thiols, or
amides; and

(C) the molecular surface of TF.

These illustrations can be moved and manipulated within interactive 3D viewing programs such as iCn3D. https://www.ncbi.nIm.nih.gov/Structure/
icn3d/full.html?&mmdbid=107068&bu=1&showanno=1&source=full-feature
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D (DNA)

Figs 9A to D: Neighbor-Joining (NJ) phylogenetic trees showing aerial views of the evolution of F7 at (A) Gene; (B) mRNA; and (C) Protein levels.
The NJ tree is an unrooted, distance-based depiction of iterative clustering of the most closely related taxa (species/sequences). This method
minimizing the total branch length in estimating evolutionary divergence; the distance matrix is seen as input. There is some correction for
unequal evolutionary rates. The branch lengths are proportional to evolutionary distance. From this figure, the mRNA could have been more

conserved than the DNA or protein;

(D) Shows a detailed pie-chart phylogram down to the species level constructed with currently available data. The large number of branches
could just be an artifact arising from the inclusion of more taxa, but may also indicate rapid evolutionary splitting and adaptive radiation due
to new ecological opportunities/environmental changes. Branch lengths are still an estimation of the evolutionary changes, but the tips/nodes

simultaneously display both divergence and distribution patterns

activity and specificity, reinforcing its central role as the molecular
trigger of the extrinsic coagulation pathway in vertebrates."**

The evolution of TF is closely linked to the emergence of the
vertebrate coagulation system and the development of a closed,
high-pressure circulatory system. Comparative sequence analyses
reveal strong conservation of residues involved in FVlla docking
and catalytic enhancement, indicating early optimization of the
TF-FVllainterface.? The acquisition of a transmembrane domain
and short cytoplasmic tail enabled spatial restriction of TF activity
to sites of vascular injury, while later evolutionary refinements
allowed TF-FVlla to participate in cell signaling via PARs.>’

The TF-FVIl-based extrinsic pathway provided a rapid and
localized mechanism for hemostasis in response to vascular injury,
offering a significant selective advantage as vertebrates evolved
larger body sizes and more complex vasculature.?’ Structurally,
TF is conserved as a transmembrane protein with extracellular
fibronectin type lll-like domains, reflecting its essential role in
initiating coagulation.>® Over evolutionary time, TF also acquired
signaling functions through interactions with FVlla and PARs,
integrating coagulation with inflammation, immunity, and tissue
repair, and highlighting its dual role as a hemostatic trigger and a
signaling molecule.?”

The evolution of TFPlin early vertebrates reflects the need for
precise molecular control over the extrinsic coagulation pathway.®
Tissue factor pathway inhibitor likely evolved in jawed vertebrates,
evolving alongside TF and FVIl as a counter-regulatory mechanism
to limit excessive thrombin generation.”® At the molecular level,
TFPI arose through the incorporation and duplication of Kunitz-
type protease inhibitor domains, a conserved inhibitory scaffold

found across metazoans.®’ Subsequent evolutionary refinements,
including a basic C-terminal region mediating endothelial surface
localization, optimized TFPI for spatially restricted anticoagulant
control.”® Together, these adaptations position TFPI as a critical
molecular brake on TF-initiated coagulation, ensuring hemostatic
balance in vertebrates with high-pressure circulatory systems.”!

THerAPEUTIC IMPORTANCE OF rFVIla

Recombinant FVlla (eptacog alfa) has been in use for over the
last two decades.”??® In the United States, the Food and Drug
Administration (FDA)-approved rFVlla is a vitamin K-dependent
406 amino-acid glycoprotein with a molecular mass of 50 kD.?*%°
It is structurally similar to human plasma-derived FVI1a.?® It was
originally developed for controlling bleeding in hemophilic patients
who had inhibitors to FVIII or FIX.” It has also been used to treat
bleeding in acquired bleeding disorders.?®

There are regional differences in licensing and use in various

countries:>*1!

« United States FDA: Approved for hemophilia A or B with
inhibitors, acquired hemophilia, congenital FVIl deficiency, and
Glanzmann'’s thrombasthenia with refractoriness to platelets.

«  European Union (EMA): Similar to the US, but in May 2022,
approved for severe postpartum hemorrhage if uterotonics are
insufficient. In many European countries, it is also licensed for
use in patients with Glanzmann'’s thrombasthenia.®®

« Canada: More restricted; generally limited to congenital
hemophilia with inhibitors, acquired hemophilia, and congenital
FVII deficiency.
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Table 1: Components of lyophilized recombinant FVII available for
clinical use

1.2mg (60KIU) 2.4mg(120KIU) 4.8 mg (240 KIU)
Contents vial vial vial
rFVila 1,200 pg 2,400 g 4,800 ug
Sodium 5.84 mg 11.68 mg 23.36 mg
chloride*
Calcium 2.94 mg 5.88 mg 11.76 mg
chloride
dihydrate*
Glycylglycine 2.64 mg 5.28 mg 10.56 mg
Polysorbate 0.14 mg 0.28 mg 0.56 mg
80
Mannitol 60 mg 120 mg 240 mg

*per mg of rFVIla: 0.44 mEq sodium, 0.06 mEq calcium

« Japan: Approved for hemophilia A/B with inhibitors, acquired
hemophilia, congenital FVII deficiency, and Glanzmann'’s
thrombasthenia.

- Off-label usage: Use for trauma, intracranial hemorrhage (ICH),
and liver failure is widespread, but often “off-label” and varies
significantly, with high usage in Australia and the US to stop
life-threatening bleeding refractory to conventional treatment
with fresh frozen plasma (FFP) and cryoprecipitate in adults,
children and infants.'” The most important challenge is the
lack of randomized controlled trials in neonates.

Preparation and Storage
The gene for human FVII has been cloned and expressed in baby
hamster kidney cells.'”® Recombinant activated FVIl is secreted into
the culture media (containing newborn calf serum) in its single-
chain form and then proteolytically converted by autocatalysis
to the active two-chain form, rFVlla, during a chromatographic
purification process. The concentrates are purified to remove any
infectious agents. No human serum or other proteins are used in the
production or formulation of most currently available commercial
products. It is supplied in a sterile, white lyophilized powder in
single-use vials. After reconstitution, itis administered intravenously
as frequent boluses (every 2-4 hours) or as a continuous infusion.'®*
The components of each vial of lyophilized drug typically
contain the following (Table 1):

Clinical Usage

Recombinant activated FVII was first developed for the treatment
of inhibitor-complicated hemophilia.'® Additional indications
subsequently emerged, including its use in liver disease, platelet-
related bleeding disorders, and in patients who bleed extensively
after major surgery or trauma.'%® Factor Vll-activated thrombin
activates factors V, VIIl, and XI, as well as platelets, thereby extending
its impact into the intrinsic pathway of coagulation.'””'% |t also
binds activated platelets at the site(s) of bleeding. In Europe, it has
also been approved for post-surgical bleeding, hemophilia home
treatment, FVIl deficiency and Glanzmann thrombasthenia. Factor VI
isincreasingly being viewed as a “universal hemostaticagent” asithas
been usedin many non-hemophilic conditions, including congenital
FVII deficiencies, quantitative and qualitative platelet disorders,
hepatic failure, liver transplantation, major surgery and trauma.
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In neonates, rFVlla (such as eptacog alfa, marketed as
NovoSeven) is used off-label for severe, refractory hemorrhage,
and dosing is based largely on case reports and small series rather
than randomized trials. The most commonly reported regimenis an
intravenous bolus of 90-120 pg/kg, which may be repeated every
2-4 hours depending on clinical response and ongoing bleeding.
Some clinicians have used lower initial doses (40-60 ug/kg) or higher
doses (up to 150-180 pg/kg) in refractory cases, although an optimal
dose has not been clearly established.?'%°''% Before administration,
correction of thrombocytopenia, hypofibrinogenemia, acidosis, and
hypocalcemia is recommended to maximize efficacy and potentially
reduce thrombotic risk. Given limited safety data and the potential
forthromboembolic complications, dosing should be individualized
and reserved for life-threatening bleeding unresponsive to standard
therapy.

Neonates have naturally low levels of vitamin K-dependent
factors, including FVII, which typically reach adult values within
6 months, but sometimes not until 16 years. Congenital FVII
deficiency in newborns is a rare, autosomal recessive disorder that
can present as life-threatening ICH or umbilical bleeding. Gene
mutations such as FVII rs6046 polymorphism, and intra-uterine
growth restriction, with certain alleles increasing the risk.""""'?
Interestingly, hepatocyte growth factor (HGF) and FVIl are closely
linked in liver homeostasis, with HGF expression directly correlating
with FVIl transcription during liver regeneration and in response to
injury."®% We are currently studying HGF as an early predictor of
bleeding manifestations in critically ill neonates.

Evidence regarding the impact of rFVlla on maternal and fetal
safety is limited to case reports and small series, since pregnant
women are excluded from most clinical trials.""® Treatment of
pregnant women with rFVlla should be reserved for life-threatening
hemorrhage to conventional obstetric hemostatic measures, such
as uterotonics, surgical control of bleeding, blood component
replacement, and correction of coagulopathy."®'"” Recombinant
activated FVlla can be life-saving in severe, refractory postpartum
hemorrhage but concerns remain regarding potential maternal
venous or arterial thromboembolic complications and risks to
uteroplacental circulation, although documented fetal adverse
effects are rare.'’® As pregnancy is a hypercoagulable state in
itself, use of rFVlla during gestation/ peripartum period requires
multidisciplinary decision-making, individualized risk-benefit
assessment, and close monitoring.""® Routine use in pregnancy is
not recommended.

Hemophilia
Recombinant activated FVII has been approved by the FDA and in
Europe for use in hemophilia A and B patients who have inhibitory
antibodies against FVIIl or FIX.'?%'2! Recombinant activated FVlla
acts by enhancing thrombin generation by both TF-dependent and
TF-independent mechanisms; the effects are largely independent
of FVIIl or FIX, and it is effective in patients who have developed
inhibitors to FVIIl and FIX.'?? The main disadvantage is short half-
life, which necessitates frequent infusions at short intervals. For
hemophilia A or B patients with inhibitors, the FDA recommends a
standard dose of 90 pug/kg given as 2-hourly intravenous boluses
until the bleeding ceases. No transmission of infectious agents has
been reported, and thrombotic events are rare.

Alternative dosing regimens have been explored for patients
with inhibitors.'””® A thrombin burst can be optimized at an rFVlla
concentration of 150 nM. This is achieved by dosing rFVlla at
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300 pg/kg every 6 hours. The two doses have been shown to
have equal hemostatic efficacy, with no additional safety issues.
Obviously, the high-dose regimen was reported by patients and
families as more convenient.

Cardiopulmonary Bypass (CPB)

Cardiac surgery with CPB is routinely performed in neonates who
require early surgical repair of congenital heart diseases.'?*!%
Bleeding after the procedure s a serious complication of congenital
cardiac surgery and often requires significant transfusion of
blood products to achieve hemostasis.'?® Because neonates have
immature coagulation system, factors such as massive hemodilution
from large circuit primes or extensive suture lines that accompany
complex congenital cardiac repairs can potentiate bleeding. In
neonates, the half -life of rFVlla is shorter than in adults, possibly
due to faster clearance, and higher doses are often needed to
achieve hemostasis.'”’

High doses of rFVlla are postulated to act via two mechanisms. It
candirectly activate FX on the surface of activated platelets. During
or after cardiac surgery, rFVlla can also increase the concentrations
of circulating FVIla/TF complexes to activate FIX and FX.'”® Both
mechanisms can enhance thrombin generation at the site of
injury and facilitate the formation of fibrin clots.'”> The evidence
for the use of rFVlla in neonates is limited, but existing studies in
neonates undergoing CPB show that it can reduce the need for
packed red blood cells (PRBCs), platelets, FFP, and cryoprecipitate.'®
Recombinant activated FVIla administration significantly reduced
the prothrombin time (PT).12913°

The assessment of the efficacy of rFVila in neonates with
uncontrolled bleeding post-CPB has several limitations. First, data
are limited, including the lack of monitoring parameters other than
PT values.'” Dosing remains uncertain. Additionally, rFVlla activity
is influenced by pH and temperature. Many critically ill neonates
are hypothermic or acidotic, which may influence the effectiveness
of rFVIla. However, no mortality benefit has been demonstrated.
Thereis increasing, reassuring evidence about the efficacy of rFVlla
in controlling excessive bleeding in patients undergoing cardiac
surgery (Table 1).* However, there is a need for caution when using
rFVila with ECMO circuits.

Refractory Hemorrhage in Infants

Recombinant FVlla has been used “off-label” to treat critical
bleeding refractory to conventional replacement therapy such as
FFP and cryoprecipitate in adults, children and infants.'*> However,
reports on the use in neonates and particularly premature neonates
are not well defined. A cohort of newborns with rFVlla showed
65-70% had a good response with a mean reduction in transfusions
for red blood cells, platelets, FFP and cryoprecipitate.'%133
Premature and critically ill neonates receiving intensive care may
have uncontrolled bleeding due to various causes.”® The common
causes can be disseminated intravascular coagulation (DIC), post-
surgical hemorrhage, ICH, gastrointestinal hemorrhage, pulmonary
hemorrhage and trauma.®* A case series by Hiinseler et al. has
documented three cases of life-threatening bleeding (pulmonary,
gastrointestinal and subgaleal bleeding) in two term newborns and
one premature infant.'*> These patients received vitamin K, FFP,and
platelets, but there was no effect on the extent of bleeding. Then,
rFVllaintravenous bolus was given in a dose range of 90-200 pg/kg,
which led to quick control of bleeding.'®> There was a clinically
significant hemostatic effect observed with no side effects.
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The management of severe coagulopathies in infants can
be challenging, especially if the use of FFP is contraindicated or
limited."*® Therefore, the use of rFVII has shown hemostatic benefit
in infants who are unresponsive to FFP, platelet concentrates, or
prothrombin complex concentrates.”®~'* Early case reports have
also shown efficacy in infants with pulmonary hemorrhage.'#4-146
The importance of using rFVlla in neonates has been shown, with
encouraging results, although there is a need for randomized trials.

A retrospective data analyzing 29 neonates with intractable
bleeding or severe coagulation disturbances received 100 pg/kg
of rFVlla per intravenous bolus as a rescue procedure after other
interventions failed to achieve hemostasis.'*” These data showed
that rFVIla can be beneficial in early intervention as rescue therapy
without notable adverse events. These findings suggest that early
intervention with rFVila may be considered in neonates with serious
bleeding and coagulation disorders.

Necrotizing Enterocolitis (NEC)

Recombinant activated FVII can help manage post-operative
spontaneous hepatic hemorrhage in patients with NEC.1481%"
The actual cause of this complication remains unknown and may
be multifactorial, like retractor-induced trauma or excess fluid
administration, both before and during surgery. Optimal dosing
remains uncertain, but 90-400 pg/kg has been administered once
or more. Some infants with multi-system organ failure complicated
by persistent peritonitis, intra-abdominal abscesses, septicemia, and
coagulopathy have been treated with 2 doses of rFVlla. Treatment of
focal hemorrhages has been more successful than that of multifocal
lesions. The likely impact of prophylactic administration of rFVII
before surgery is unclear. The ready availability of rFVIla and other
blood products in high-risk infants supports this approach.

Von Willebrand Disease

Factor Vlla has been used in those patients with antibodies to
von Willebrand factor (VWF) or due to complications such as
angiodysplasia who do not respond to conventional therapy.'>
There is limited evidence as to the use of FVlla in neonates with
vWEF disease.

Neonatal Thrombocytopenia

Platelets of newborn infants exhibit impaired function in in vitro
aggregation measurements.'*® Despite these impairments, the
overall phospholipid concentration on their platelet membranes
is similar to that of adult platelets.”® The thrombin generation
is also similar to that of adults due to comparable phospholipid
composition.” Infants with thrombocytopenia are at a significant
bleeding risk and need to be treated in NICU, which is even more
frequentand severe in preterm babies. If bleeding occurs at platelet
counts below 20,000/uL, then platelet concentrates are given to
increase the counts.”® If there is any case of refractory bleeding,
rFVllais a therapeutic option. However, due to the fragile neonatal
hemostatic system, there is an increased risk of thrombosis.’”1>8

Congenital FVlla Deficiency

Intracranial hemorrhage is considered the most common cause of
death in newborns with congenital FVlla deficiency."®® Recombinant
activated FVlla has been used effectively to treat ICH in newborns
with severe FVlla deficiency (<1%).'°° Two case reports showed
infants presented with convulsions, poor feeding and prolonged PT.
Along with therapy, they also received a prophylactic regimen. As
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the bleeding recurred, the dose was increased from 20 to 30 pg/kg
and indwelling central lines were placed due to poor venous access.
Both infants showed improved hemostatic control.’®’ Another
infant with FVlla levels at 0% was successfully treated with rFVlla,
maintaining effective hemostasis without hypercoagulation.'®?
Recombinant activated FVlla has also been used in a newborn
with ICH due to congenital FVlla deficiency who presented
with ecchymoses. Intracranial hemorrhage was diagnosed in
sonographic screening for any internal hemorrhage(s). Imaging
of asymptomatic newborns with FVlla deficiency would pre-
emptively detect large asymptomatic hemorrhages and prevent
any fatalities.'®> Recombinant activated FVII has been administered
prophylactically to prevent ICH in a few asymptomatic newborns
with FVlla deficiency with a weekly dose of 30 pg/kg; these doses
were well-tolerated.!?"164-167

ADVERSE EFFECTS

Recombinant activated FVII has been used in neonates primarily
as rescue therapy for severe, refractory hemorrhage.?®10911°
Because neonatal hemostasis is developmentally distinct,
pharmacologic doses of rFVlla may generate supraphysiologic
thrombin and potentially overcome endogenous regulatory
mechanisms. Available evidence, largely derived from case series
and small observational studies, suggests that rFVIla can reduce
bleeding and transfusion requirements in selected infants;
however, its safety profile warrants caution.”®'°%'"% Because
neonates with coagulopathies and/or bleeding frequently
have indwelling catheters and are extremely ill, they are also
at risk for thrombotic events. Larger studies are needed to
determine the frequency of such thrombotic events in neonates.
Thromboembolic complications, such as catheter-associated
thrombosis, intracardiac thrombus, and arterial or venous
events, have been reported, with estimated event rates ranging
from approximately 5-15%, particularly in extremely preterm or
critically ill neonates with central lines, sepsis, or DIC."%'%8 Some
existing data show thrombotic events in neonates with bleeding
or coagulopathies as around 7%, whether or not they were treated
with FFP or rFVIIa.""%'® Importantly, no clear survival benefit has
been demonstrated.?>199"% Therefore, rFVlla should generally be
reserved for life-threatening bleeding unresponsive to optimal
conventional management, with careful multidisciplinary
assessment and vigilant monitoring for thrombotic complications.

In adult patients, there is a clear need to evaluate each case
cautiously before off-label use of rFVlla. Recombinant activated
FVlla canincrease the risk of thrombotic complications (myocardial
infarction, stroke, pulmonary embolism, deep vein thrombosis) in
adults who do not have a congenital bleeding disorder.'%1%° A
study showed a 4.3% rate of thrombosis with off-label use, with
the highest rate being in neonates.'”® Thrombosis at locations
other than the target bleeding site is biologically plausible.'?
In vitro studies show that high levels of FVII in vitro can accelerate
thrombin generation even in the absence of TF.”® Overall, rFVila
might be more thrombogenic in patients without hemophilia and
in patients with clinical conditions predisposing to thrombosis, such
as surgery, liver failure, congestive heart failure, than in patients
with hemophilia with inhibitor antibodies."”"”? There is a need to
adopt a cautious approach for off-label use of rFVlla and restrict
it to only when hemorrhages have not responded to transfusion
or other conventional therapy, or in specific conditions such as
traumatic and postpartum hemorrhages.®
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The most-concerning adverse post-operative eventin neonates
after CPB, after administering rFVlla, is thrombosis.!”? It has been
noted in neonates who were placed on ECMO after CPB."”* These
neonates may express TF in areas far beyond the local source of
bleeding and are therefore at risk of generalized thrombosis.'®

CONCLUSIONS

The hemostaticagent rFVllais generally well tolerated and appears
safe and appears safe, and efficacious in neonates.**'”* It can play
a key role not only to amplify the process of coagulation through
enhanced thrombin generation, but also to down-regulate
fibrinolysis as well.'”® The thrombin generation rate on thrombin-
activated platelet surfaces facilitates full activation of thrombin-
activable fibrinolytic inhibitor and of factor Xlll, promoting the
formation of hemostatic plugs with tight fibrin structures that are
resistant to premature lysis."””

In addition to being approved for refractory bleeding and
severe coagulation disorders in neonates, rFVlla has also been
approved for use in patients with Glanzmann's thrombasthenia,
with antibodies to GP llb/llla and/or human leukocyte antigen
and past or present refractoriness to platelet transfusions.'”®'”° It
has also been expanded for its use in trauma and surgery-induced
coagulopathy and for acute intracerebral hemorrhage.'®® However,
the majority of studies were conducted in adult patients, not in
infants and children.'>?

A retrospective cohort study (2005-2008)'° reported that
treating critically ill infants with severe acute hemorrhage with
rFVila at doses of 90 ug/kg improved coagulation studies and
decreased the need for plasma transfusions. The authors concluded
that rFVlla can be used as an addition to current treatment
modalities for refractory hemorrhage in infants. Other studies have
also shown a large increase in the use of rFVlla in patients without
hemophilia in recent years.”® Nevertheless, the use of rFVlla for
off-label indications is growing significantly in both the number
of patients and in their total use of rFVIla.'%

The FDA has limited its approval for the use of rFVlla since
1999, but there have been many case series and reports suggesting
potent pro-coagulant benefits for patients with bleeding disorders
not included in the FDA endorsement.’® There remains a need
for randomized controlled clinical trials (RCCTs) to evaluate the
safety and efficacy of rFVlla for indications other than genetic
FVII deficiencies.” The rFVlla group may have shown more
thromboembolic events than placebo, but these findings cannot
be directly extrapolated to neonates who do not have coronary,
cerebral or other atherosclerotic disease and could therefore be at
a lower risk of harmful thrombi after receiving rFVlla.
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ABSTRACT

“Unseen children” represent a persistent global public health concern, encompassing infants and children who fail to attend scheduled
healthcare or educational encounters and are frequently coded as “Did Not Attend” (DNA) or more appropriately “Was Not Brought” (WNB).
These children are vulnerable by definition, as missed appointments may result in delayed immunization, impaired growth monitoring, and
unmet developmental needs. Non-attendance may also signal broader safeguarding concerns, including social disadvantage, family dysfunction,
mobility, and exposure to neglect, abuse, or displacement. Importantly, WNB is associated with substantial service-level impacts, including
increased healthcare costs, inefficiencies, and delayed identification of children requiring medical attention, with a significant proportion of
non-attenders later presenting to acute services. Rates of pediatric non-attendance vary across health systems, generally lower in coordinated
universal care systems and higher in fragmented or socioeconomically unequal contexts. Socioeconomic deprivation, language barriers, and
access difficulties are key determinants. In some cases, cultural, religious, or trust-related factors may further influence engagement with
healthcare systems. System-level factors, including fragmented communication, inadequate follow-up processes, and normalization of non-
attendance, may contribute to some children becoming invisible within healthcare pathways. Reframing DNA as WNB emphasizes caregiver
responsibility while reinforcing professional accountability to identify and support at-risk families. Effective responses require proactive,
community-based strategies, including outreach nursing, integrated social and health services, flexible scheduling, and culturally sensitive
engagement. Strengthening safeguarding frameworks, improving interagency coordination, and promoting visibility of vulnerable children
are essential. Ultimately, addressing unseen children requires a shift toward compassionate, child-centered systems that recognize absence
itself as a clinically and socially meaningful signal requiring action.

Keywords: Child abuse, Child labor, Child-centered safeguarding, Community outreach, Coordinated sibling scheduling, Did not attend,
Disabilities, Family-centered care models, First Nations children, Flexible appointment times, Housing instability, Infant, Language barriers,
Migration, Nursing engagement, Pediatric clinic non-attendance rates, Podcast-discussion, Poverty, Reminder systems, Telemedicine options,

Trafficking, Transportation support, Ultra-orthodox or separatist communities, United National Children’s Fund, Violence.
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Key PoinTs

- “Unseen children” represent a persistent global public
health concern, encompassing infants and children who fail
to attend scheduled healthcare or educational encounters
and are frequently coded as “Did Not Attend” (DNA) or more
appropriately “Was Not Brought” (WNB).

+ These children are vulnerable by definition, as missed
appointments may result in delayed immunization, impaired
growth monitoring, and unmet developmental needs. Non-
attendance may also signal broader safeguarding concerns,
including social disadvantage, family dysfunction, mobility, and
exposure to neglect, abuse, or displacement.

- WNB is associated with substantial service-level impacts,
including increased healthcare costs, inefficiencies, and delayed
identification of children requiring medical attention, with a
significant proportion of non-attenders later presenting to acute
services.

« Effective responses require proactive, community-based
strategies, including outreach nursing, integrated social and
health services, flexible scheduling, and culturally sensitive
engagement. Strengthening safeguarding frameworks,
improving interagency coordination, and promoting visibility
of vulnerable children are essential.

INTRODUCTION

“Unseen children” live in all countries.! This has been a recognized,
major public health concern; the magnitude of this problem was
again clearly evident in a recent podcast discussion | had with
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Unseen infants and children are often grouped and coded by
services as “Did Not Attend” (DNA) because they were not seen in
aclinic, service, or educational activity.® These children constitute
minorities, but they deserve careful evaluation for several reasons.’
Firstly, they are vulnerable, by definition.” If unseen children
miss a vaccination or follow-up assessment of their growth and
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development, for example, they have been disadvantaged.'®-'?

Secondly, missing a clinic may be a red flag signaling that, in some
respect, their care is not optimal.' Thirdly, by definition, the number
of children involved can be difficult to calibrate.’® And finally, non-
attenders cause financial costs to services, increasing waiting times
for other attenders.>™'® Up to 60% in this subgroup in a Hospital
clinic are likely to require medical attention; some will present
subsequently to alternative services, including casualties.'

Pediatric clinic non-attendance rates may be lower in
countries with highly coordinated universal child health systems
and strong community outreach, but higher in fragmented or
socioeconomically unequal systems.'®!” For example, published
rates in the UK are often reported between 3 and 12%, while some
US pediatric services report much wider ranges, from 5% to over
30%, depending on the population studied.”'® Denmark has
reported comparatively lower rates in pediatric clinics."”

United National Children’s Fund (UNICEF) reports show that
globally, millions of children remain “uncounted” or “invisible”
without sufficient data to measure their well-being or development.2°
More than 500 million children live in nations where progress
toward child-related development goals cannot be adequately
tracked.?' Societies work better with children who are visible and
reachable; the vulnerable often remain overlooked.?* Medical risks
in such marginalized, mobile groups are readily demonstrated in
hospitalized cases of measles.”> A report from the Czech Republic
documenting cases from 2018 to 2024 noted that of 791 cases, 109
were imported, 62 from Ukraine, and the others from 25 countries.
Substantial numbers of cases were unvaccinated or partially
vaccinated.?

WHY Was THis PATIENT NoT BROUGHT TO
CriNnic?

The reasons for children not being brought to a Hospital clinic
require identification, consideration, and appropriate responses.?
This should ideally be part of their clinical journey.'>?® There are
likely to be differences between an initial and a follow-up clinic visit,
and the explanations will depend on the type of visit.” In the UK, for
instance, the issues of transport, waiting times, and administrative
errors are common in audits of neonatal follow-up clinic visits.?
However, these can hide other, more significant problems (Fig. 1).2’
Most frequently,“WNB”is associated with lower household incomes,
greater family dysfunction, forgetfulness, and varied perceptions of
carers as to the importance of appointments for their children.’ Large
family sizes, forinstance, can make clinic attendance challenging for
caregivers, as can a history of previous poor experiences in Hospitals
or fears of a potentially tragic diagnosis.?®

Less obvious explanations and associations with WNB can be
geographical; forinstance, infants, children, and young people may
live in temporary accommodation.?® Disabilities, abuse, violence
in the home, child labor, and trafficking may exist, unseen, in
such environments.>® With increasing frequency, clinicians will be
managing families seeking asylum or refuge, displaced by war.'
In our clinic, we have seen these families carrying significant
suspicions of our data-sharing and safeguarding procedures.*?

Patient characteristics such as gender or ethnicity do not
yield a powerful association with WNB very frequently. A large
pediatric ophthalmology study from New Zealand found that
missed appointments were only slightly more common among
boys overall, particularly among Maori and Pacific populations.*
A pediatric dental study has reported slightly higher WNB rates

anguage
barriers

Fig. 1: A graphicillustration showing an“was not brought”infant sitting
in the midst of numerous risks, on one bank of a difficult-to-navigate
river of social barriers. The flow in this river is clearly turbulent and
is seen passing between rocky difficulties such as poverty, housing
instability, disability, violence, and language barriers. A bridge built of
much-needed social-medical support does exist, and the other bank
seems safer, but the infant needs support to navigate the hurdles. The
figure was created using artificial intelligence-assisted image generation
(OpenAl 2026. ChatGPT version 5. https://chat.openai.com). A detailed
figure legend describing the desired visual elements and conceptual
framework was used as the initial prompt. Subsequent iterative
modifications were performed through serial text-based refinements
to adjust composition, symbolism, labeling, and visual emphasis until
the final illustration met the intended design objectives

among male children.?* Conditions such as female genital
mutilation may be becoming less frequent, but there is a possibility
that such cases have been underreported.>

Ethnicity itself is rarely a driver for missed appointments.®
Rather, WNB in different ethnic groups are more likely to reflect
socioeconomic challenges, linguistic barriers, and historical
mistrust.>’ For instance, studies in Australia showed substantially
higher pediatric non-attendance rates among First Nations children
compared with non-indigenous children.?® In these situations,
language barriers and a shortage of interpreters can contribute to
a variety of breakdowns in communications, misperceptions, and
mistrust of a clinical system.>°

Trust is a Major Determinant of Clinical Care of Infants

The evaluation of an infant in a clinic appointment can be
complicated by issues related to trust, modesty, gender, or religious
traditions in a family.** One cannot generalize or stigmatize, but
awareness is important, as some carers prefer prayer or spiritual
healing and emphasize traditional/community-based healing
practices.’’ Some examples discussed in medical and public health
literature include groups within Christian Science, which historically
emphasize spiritual healing and prayer rather than conventional
medical treatment.*? Some ultra-orthodox or separatist communities
across multiple religions may limit institutional contact.**** Some
communities rely heavily on traditional healing systems alongside
or instead of biomedical care.”®

Professional Communications can Contribute to
Losing Sight of Children

If an infant or a toddler WNB to a neonatal follow-up appointment,
was their primary care team or community contact informed?%4
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What was recorded by the neonatologist, and were steps taken to try
to re-establish a clinical journey?*’ If such a family were in temporary
accommodation, who might reach out and communicate effectively
with them? When repeated missed appointments are documented
as administrative failures rather than potential indicators of
vulnerability, the focus may shift away from the child and their
underlying needs.*® Wording in professional correspondence can
normalize non-attendance, reducing the sense of urgency around
follow-up and missing opportunities to identify children at risk.**>°
Over time, fragmented records, poor interagency communication,
and repeated “DNAs” without escalation can result in a child
disappearing from professional attention.”’

Making Children More Visible

Modern safeguarding frameworks encourage the use of the more
accurate abbreviation of “WNB” rather than “DNA” when referring
to children.*® This wording recognizes that responsibility for
accessing care usually lies with caregivers, not the child, and it
prompts professionals to consider a family-based approach in the
community to the WNBs.>

Community Outreach

Communications between healthcare professionals and the
community are important determinants for ensuring that children
are seen. Employing experienced nurses in local healthcare is
effective.”® They can connect with disadvantaged mothers and
their families, or those in temporary accommodation, when home
visiting.>* This reduces fear and suspicions. Community nurses are
well-positioned to engage effectively with charities or religious
organizations; they will be aware of local influencers and can build
trust. This promotes child safety and clinical services.>> > Pediatric
supports, including health visitors and migrant support workers,
provided in communities, rather than through clinics, improve
attendances at outpatients and reduce casualty numbers.>’

Staff Training

Having well-trained and experienced staff is likely to be beneficial
in the management of unseen children, both in the clinic and
community.>®> Services can improve attendance by offering
flexible appointment times, reminder systems, telemedicine
options, transportation support, coordinated sibling scheduling,
community outreach, and family-centered care models.%°
Healthcare professionals have dual responsibilities: Protecting
children from harm while also maintaining trust and access to
care.®%2 Child-centered safeguarding is generally most effective
when combined with compassion, cultural understanding, and
sustained community engagement.5

Future Global Challenges

Pandemics, climate-driven migration, antimicrobial resistance,
conflict, and urbanization are likely to increase the number
of children living in temporary, unstable, or marginalized
circumstances.’* In these environments, healthcare systems must
become more proactive, coordinated, and community-focused.®’
If we are to deploy effective vaccination programs, for instance, we
are more likely to be successful by first promoting the visibility of
children and young people in these at-risk, mobile populations.®®

CONCLUSION

The unseen child is not always absent from society. More often,
society is absent from the child. Vulnerable children can gradually
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disappear from professional attention. Transition from “DNA” to
“WNB" is an important ethical shift toward child-centered thinking
and professional accountability. Safeguarding unseen children
needs more than efficient appointment systems; it requires
curiosity, compassion, continuity, and meaningful outreach. Nurses,
pediatricians, educators, social workers, community leaders,
charities, and faith organizations can all ensure that absence itself
is recognized as clinically and socially significant.

Ultimately, every missed contact should prompt an important
question: What might this child’s absence be telling us? A just and
effective healthcare system can be calibrated both by the quality
of care delivered to attending populations and also its ability to
identify, protect, and advocate for the visibility of all children.
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Fetal Hydrops, Meconium Peritonitis, and Distal Ileal Atresia
in a Neonate with a Homozygous Fanconi Anemia FANCG
Splice Variant: A Case Report
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ABSTRACT

Fanconi anemia (FA) is a clinically heterogeneous disorder of DNA repair associated with bone marrow failure, malignancies, and congenital
malformations. While gastrointestinal (GI) anomalies such as duodenal and anal atresias are recognized in the FA spectrum, jejunoileal atresias
presenting with fetal hydrops are rare. We report the case of a male infant born to consanguineous parents who presented prenatally with non-
immune hydrops fetalis and postnatally with meconium peritonitis. Surgical exploration revealed distal ileal atresia with necrosis. The patient
also exhibited left preaxial polydactyly. Whole exome sequencing (WES) identified a homozygous likely pathogenic 5’ splice site variant in the
Fanconi anemia complementation group gene (FANCG) (c.307+1G>T). Fanconi anemia complementation group mutations are associated with
a severe clinical phenotype and high risk of early-onset bone marrow failure. This case highlights the rare presentation of distal ileal atresia and
meconium peritonitis in FANCG-associated FA, supporting the hypothesis that defective DNA repair and endothelial fragility may predispose
fetuses to vascular disruption sequences. Early genetic diagnosis in neonates with atypical Gl atresias and skeletal anomalies is critical for guiding
perioperative management and initiating long-term hematologic surveillance.

Keywords: Atypical gastrointestinal atresias, Bone marrow failure, Congenital anemia, DNA repair, Endothelial fragility, ERCC1-XPF endonuclease,
FANCG gene, FANCG gene (c.307+1G>T; ENST00000378643.8), Fanconi anemia complementation group G, Hematologic surveillance, Hydrops
fetalis, Intestinal necrosis, Meconium peritonitis, Monoubiquitination of the FANCD2/FANCI heterodimer, Neonate, Newborn, Polydactyly, Repair
of DNA interstrand cross-links, Skeletal anomalies, VACTERL-H association (vertebral, anal, cardiac, tracheo-esophageal, renal, limb anomalies,

and hydrocephalus), Vascular disruption sequences.
Newborn (2026): 10.5005/jp-journals-11002-0159

KEYPOINTS

« Fanconi anemia (FA) is a clinically heterogeneous disorder of
DNA repair associated with bone marrow failure, malignancies,
and congenital malformations.

« Theauthorsreportacase ofamaleinfant born to consanguineous
parents who showed non-immune hydrops fetalis prior to birth
and postnatally with meconium peritonitis. Surgical exploration
after birth revealed distal ileal atresia with necrosis.

- Whole exome sequencing (WES) identified a homozygous likely
pathogenic 5’ splice site variant in the FA complementation
group gene (FANCG) (c.307+1G>T).

« This case highlights the rare presentation of distal ileal atresia
and meconium peritonitis in FANCG-associated FA, supporting
the hypothesis that defective DNA repair and endothelial fragility
may predispose fetuses to vascular disruption sequences.

INTRODUCTION

Fanconi anemia (FA) is an inherited disorder characterized by
genomic instability due to defects in the repair of DNA interstrand
cross-links (ICLs)."? The FANCG (complementation group G) encodes
a critical scaffold protein that stabilizes the FA core complex,
which is required for the monoubiquitination of the FANCD2/
FANCI heterodimer.? Pathogenic variants in FANCG account
for approximately 10-16% of all FA cases globally, with higher
proportions reported in Indian (11.7-16.5%) and Japanese (25%)
cohorts.*® Fanconi anemia complementation group gene mutations
are disproportionately associated with a severe clinical phenotype,
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including an elevated incidence of congenital malformations, early-
onset bone marrow failure, and a very high risk of leukemia.®~'°

Gastrointestinal (Gl) anomalies, particularly duodenal atresia
and anal atresia, are frequently observed in FA, often overlapping
with the vertebral, anal, cardiac, tracheoesophageal, renal, limb
anomalies, and hydrocephalus (VACTERL-H) association.'" However,
jejunoileal atresia is the least common Gl defect in this population.'?
In this report, we describe a neonate presenting with hydrops fetalis,
meconium peritonitis, distal ileal atresia, and preaxial polydactyly,
who was diagnosed with a homozygous splice variantin the FANCG
gene.B'M

Written informed consent for publication of this case reportand
accompanying nonidentifying clinical information was obtained
from the patient’s parents.

©TheAuthor(s). 2026 Open Access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://
creativecommons.org/licenses/by-nc/4.0/). This license permits non-commercial use, distribution, and reproduction in any medium, provided the original author
and source are credited, a link to the license is included, and any changes are indicated.
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Clinical Report

Our patient was a male infant born to a 19-year-old primigravida
mother of consanguineous descent. The pregnancy was
uncomplicated until an ultrasound at 35 weeks and 3 days of
gestation revealed gross fetal ascites, mild pericardial and pleural
effusions, and increased fetal abdominal wall thickness (12-13 mm).
Due to non-reassuring cardiotocography (CTG) and hydrops fetalis,
the infant was delivered via emergency lower segment cesarean
section (LSCS) at 35 weeks and 4 days.

The proband weighed 1.92 kg at birth and required extensive
resuscitation. Apgar scores were 0 at 1 minute, 0 at 5 minutes, and
6 at 10 minutes. Intubation, cardiopulmonary resuscitation, and
intravenous adrenaline were administered before spontaneous
efforts were regained. Physical examination revealed gross
abdominal distension and pre-axial polydactyly of the left hand.
An echocardiogram demonstrated a patent ductus arteriosus (PDA)
with left-to-right shunt, a patent foramen ovale (PFO), poor cardiac
output, and mild pericardial and pleural effusions. Abdominal
ultrasound identified gross ascites with dense internal echoes,
suggesting meconium peritonitis, and an abdominal tap yielded
fluid with elevated amylase and lipase.

On postnatal day 3, the proband underwent an exploratory
laparotomy. Surgical findings revealed a single distal ileal atresia
with focal necrosis and frank meconium peritonitis. The necrotic
ileal segment was resected, and an end ileostomy was created,
followed by peritoneal lavage. Histopathological examination of the
resected ileum confirmed ulceration, pigment-laden macrophages,
calcification, and distended mucous cells consistent with meconium
ileus/atresia (Fig. 1). Crucially, ganglion cells were present throughout
the resected segment, ruling out Hirschsprung disease.

Given the combination of Gl atresia, meconium peritonitis, and
skeletal anomalies (polydactyly), WES was performed when the
proband was 2 months old. Sequencing identified a homozygous
5’ splice site variant in intron 3 of the FANCG gene (c.307+1G>T;
ENST00000378643.8)."° This variant affects the invariant GT donor
splice site and was classified as Likely Pathogenic [Pathogenic
Moderate (PM2), (Pathogenic Very Strong (PVS1)1.' The diagnosis
of FA, complementation group G, was confirmed, and the parents
received genetic counseling regarding the autosomal recessive
inheritance pattern, the 25% recurrence risk, and the lifetime risks
of hematological malignancy and bone marrow failure.'

Discussion

Wereporta severe case of FANCG-associated FA presenting unusually
with hydrops fetalis, meconium peritonitis secondary to distal ileal

(A Fanconi anemia group G (FANCG) protein

atresia, and preaxial polydactyly. The pathogenesis of intestinal
atresia in FA differs from sporadic cases. Gastrointestinal anomalies
occurinapproximately 7% of FA patients; the most commoninclude
esophageal atresia, duodenal atresia, and anorectal malformations,
frequently embedded within the broader VACTERL-H spectrum."”
While duodenal atresia in FA is believed to stem from uncontrolled
apoptosis and failure of gut recanalization due to extreme cellular
sensitivity to oxidative stress in rapidly proliferating cells, jejunoileal
atresia is traditionally attributed to vascular disruption in utero.'® The
most widely accepted pathogenic mechanism for jejunoileal atresia
posits that an intrauterine vascular accident causes ischemia to a
segment of the fetal intestine, leading to resorption of the affected
segmentand subsequentatresia.'” Contributing precipitantsinclude
intussusception, volvulus, perforation, and thromboembolism;
placental vascular compromise has also been identified as an
additional factor in atresias associated with low birth weight and
multiple congenital anomalies.'#20-23

The FANCG splice-site variant c.307+1G>T is usually expected
to produce an altered/truncated protein with subnormal/non-
functional protein, although the exact outcome depends on
how the RNA is spliced (one example can be seen in Fig. 2).>7°
The notation “c.307+1G>T” means the mutation occurs at the +1
position of the donor splice site immediately after exon 3 of the
FANCG gene. The +1 guanine is part of the highly conserved “GT”
splice donor sequence required for normal RNA splicing. Such
variations typically disrupt exon recognition and may result in
exon skipping, intron retention, frameshifts, or premature stop

Fig. 1: Hematoxylin and Eosin-stained sections (A) 1x and (B) 20x of
resected ileal tissue showing distended goblet cells with overlying mucin

B| Truncated FANCG (c.307+1G>T;
ENST00000378643.8)

Fig. 2: FANCG protein (A) is a 622 amino-acid-long, 68.6 kDa, predominantly an a-helical protein rich in tetratricopeptide repeat (TPR)-like motifs,
which help mediate protein—protein interactions within the FA complex. It is mostly seen in the nucleus. (B) The figure on the right shows a

truncated version resulting from the c.307+1G>T mutation
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codons. Some closely related variants at the same splice donor site
(c.307+1G>C) show skipping of exon 3 or exons 3-4, producing
abnormal transcripts predicted to lead to loss of function. Some
of these splice-site variants do not appear truncated because they
may undergo nonsense-mediated decay, while others may generate
shortened or structurally altered proteins.

The role of the FA pathway in vascular and cellular integrity
is increasingly recognized. FANCG directly interacts with the
excision repair cross-complementation group 1 (ERCC1)-xeroderma
pigmentosum complementation group F (XPF) endonuclease
via its TPRs and the central domain of ERCC1 — an essential
component of the ICL incision machinery.?*?* Loss of FANCG in
murine models has been shown to cause replicative stress-induced
apoptosisin rapidly proliferating progenitor cells, analogous to the
mechanism predicted to compromise endothelial progenitorsin the
developing fetal vasculature.’®%’ Because the FA repair pathway
is essential for maintaining genomic integrity in all proliferating
cells, including vascular endothelial cells, its loss renders these
cells hypersusceptible to oxidative DNA damage.?® This likely
precipitates microscopic vascular insults resulting in ischemic
necrosis and subsequent atresia of the ileum.?® In our patient, this
ischemic event likely led to the distal ileal atresia and subsequent
in utero bowel perforation, resulting in meconium peritonitis.
Meconium peritonitis is a rare form of sterile chemical peritonitis
caused by antenatal intestinal perforation; when associated with
intestinal atresia, it can progress to non-immune hydrops fetalis. As
observedin this case, it can involve massive peritoneal inflammation,
lymphatic obstruction, and hypoalbuminemia."”-2:30:31

The presence of preaxial polydactyly in our patient strongly
aligns with the mesodermal defects (radial ray anomalies)
canonically associated with the FA spectrum.3? A systematic review
of 2,245 published FA cases identified an “FA VATER signal” defined
by the combined presence of radial ray and renal anomalies."" This
pattern was uncommon in non-FA VATER patients. Patients with this
FA VATER phenotype displayed a worse prognosis, shorter median
survival, and earlier onset of malignancy compared with FA patients
with milder phenotypes.®® The identification of intestinal atresia
alongside aradial ray or digital defect should therefore immediately
prompt evaluation for an FA core complex mutation.'

Establishing a genetic diagnosis of FANCG deficiency carries
profound implications for clinical management.'® A landmark
genotype—phenotype analysis of FA complementation groups
demonstrated that FA-G patients exhibit more severe cytopenia,
earlier onset of bone marrow failure, and a significantly higher
incidence of acute myeloid leukemia (AML) compared with
most other complementation groups, placing FA-G among the
highest-risk genotypes requiring early intervention and frequent
hematologic monitoring.3° Postoperative care must be meticulously
managed: Hyperoxia during anesthesia generates reactive oxygen
species that aggravate apoptosis in FA-deficient cells, and therefore
high inspired oxygen concentrations, nitrous oxide, and bone
marrow-suppressive anesthetic agents should be avoided.?*
Furthermore, these patients must be strictly protected from DNA
ICLs chemotherapeutic agents and unnecessary ionizing radiation,
which are profoundly toxic to FA-deficient cells.”*103536

In conclusion, this case underscores that fetal intestinal atresia,
including the rare jejunoileal subtype coupled with skeletal
anomalies, warrants immediate investigation for FA.'° Early
identification of FANCG mutations is important for appropriate
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clinical management and for planning long-term hematologic and
oncologic surveillance.?!
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Neonates with Persistent Fever, Omphalitis, and
Hepatomegaly Need should be Evaluated for a Liver Abscess
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ABSTRACT

Background: Liver abscess is a rare diagnosis in neonates but it can be associated with serious complications and high mortality. Very little is
known about the risk factors, management, and complications; and hence, a high level of suspicion and careful screening is needed.

Objectives: We present a retrospective case-series of six infants with fever, sepsis, omphalitis, and liver abscess.

Study design: These infants were admitted in our newborn unit between March 2020 and February 2025 for persistent fever, omphalitis,
hepatomegaly, and signs of sepsis were found to have one/more liver abscess(es). We present their demographics and clinical presentation,
predisposing factors, laboratory investigations, imaging findings, and clinical course/outcomes.

Observations: The six neonates admitted with fever, omphalitis, and hepatomegaly were born at a gestational age of average 36.6 weeks (range
34-39) with a birth weight of 3.3 (3.1-4.2 kg). The postnatal age at admission was average 18.5 (10-27 days). None had a history of umbilical
catheterization. Abdominal distension with paralytic ileus was noted in four and signs of inflammation on the abdominal wall were evident in
one. Three had clinical features of peritonitis. One had septic shock at admission. Sonography showed multiple liver abscesses in three patients
and a one abscess was notable in the other three. The right lobe was involved in five patients with abscesses measuring 1-5 cm. Four patients
tested positive for Staphylococcus aureus in blood or pus; the isolates were methicillin-resistant in four and methicillin-sensitivein one. All infants
were initiated empirically on vancomycin with clindamycin at admission, which was then later modified on the basis of sensitivity reports. Three
infants who showed clinical findings suggestive of peritonitis had at least one ruptured liver abscess and underwent operative management.
All patients were followed sonographically for abscess resolution; two developed portal cavernomas.

Conclusion: Neonates admitted with fever, omphalitis, and hepatomegaly should be evaluated for a liver abscess. A high index of suspicion is
required for timely diagnosis. Long-term follow-up is required to monitor the risk of portal cavernomas and portal hypertension.

Keywords: Community-acquired Staphylococcus aureus, Infant, Methicillin-resistant staphylococcus aureus (MRSA), Methicillin-sensitive

staphylococcus aureus (MSSA), Neonatal liver abscess, Neonate, Newborn, Omphalitis, Portal cavernoma, Portal hypertension.
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Key PoINTS

« Liver abscess is a rare diagnosis in neonates but it can be
associated with serious complications and high mortality.

« The patients were admitted with fever, omphalitis, and
hepatomegaly. The diagnosis was confirmed on sonography.
There were no frequently-associated risk factors such as
umbilical catheters.

«  Four patients tested positive for Staphylococcus aureus in
blood or pus; the isolates were methicillin-resistant in four and
methicillin-sensitive in one.

- Neonates admitted with fever, omphalitis, and hepatomegaly
should be evaluated for a liver abscess. A high index of
suspicion is required for timely diagnosis. Long-term follow-up
is required to monitor the risk of portal cavernomas and portal
hypertension.

INTRODUCTION

Liver abscess in neonates is a rare clinical entity with serious
complications and high mortality."? The rarity of liver abscesses may
be explained partly by the rich blood supply, unique architecture,
and extensive reticuloendothelial system of the liver.> Neonatal liver
abscesses could be idiopathic, or secondary to sepsis or omphalitis,
some of which may be related to umbilical vein catheterization.*
Other predisposing factors include central parenteral nutrition lines
(central venous lines), necrotizing enterocolitis (NEC), umbilical and
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gallbladder or liver surgery, prematurity, and neutrophil defects.’
Potential routes of hepatic infection include portal vein, biliary
ducts, hepatic artery during sepsis, or direct spread from infected
contiguous structures.5” Signs such as lethargy, fever, intolerance
to feeding, vomiting, abdominal distention, abdominal tenderness,
and hepatomegaly are non-specific, as are laboratory findings
such as leukocytosis, neutropenia, thrombocytopenia, increased
erythrocyte sedimentation rates (ESR), elevated C-reactive protein
(CRP) and elevated or normal liver enzymes.®'° Conservative
management involve rational use of antibiotic for 3-4 weeks,
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Neonatal Liver Abscess

Fig. 1: X-ray of chest and abdomen of an infant with a ruptured
liver abscess and peritonitis. The abdominal opacification was due
to hepatomegaly and ascites that was confirmed on ultrasound
examination

while patients having features of ruptured abscess require surgical
management. Common complications are sepsis, peritonitis, NEC,
bowel perforation, portal vein thrombosis, and portal hypertension
(Figs 1 to 3).1""12

We still do not have specific information about the predisposing
factors or clinical presentations associated with neonatal liver
abscesses, and consequently the diagnosis is frequently delayed.
This patient cluster with liver abscesses was seen in our neonatal
unit within a span of few months, and the fact that none had
received an umbilical catheter, evoked interest in the team to
analyze the clinical presentation, laboratory investigations,
radiological findings, possible risk factors, management, and the
final outcomes in newborns with liver abscess (Table 1).

MATERIALS AND METHODS

This retrospective study was performed in a single tertiary center
over 5 years period between March 2020 and February 2025,
after taking institutional clearance. It included all patients till the
corrected gestational age of 44 weeks of life, who were admitted in
our newborn unit with persistent fever, omphalitis, hepatomegaly,
and signs of sepsis. The patients were analyzed for gestational
age at birth, birth weight age, sex, mode of delivery, presentation,
predisposing factors, and laboratory investigations. Liver abscesses
were studied for location, number, and size. The clinical course and
outcome were recorded. In abscesses, sonographic findings ranged
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between a heterogenous hypoechoic lesion with or without internal
echoes, to hyperechoic lesions.'

All patients were started on empirical broad-spectrum
intravenous antibiotics to cover both gram-positive and gram-
negative aerobic organisms until a culture report was finalized.
Irrespective of the size of the abscess, all clinically-stable
patients were treated conservatively with an empirical course
of intravenous antibiotic. Critically-ill patients underwent an
exploratory laparotomy and examined for ruptured abscess(es)
and the antibiotic management was modified based on blood/pus
culture reports. Once stable, the route of antibiotic administration
was changed from intravenous to oral and the vital signs were
monitored closely for 48-72 hours. Most infants were received
antibiotics for 3-4 weeks, until sonographic resolution of the
abscess lesions. These patients were followed closely after discharge
and were followed for the development of complications like portal
cavernomas and portal hypertension.'

OBSERVATIONS

We identified six neonates with persistent fever, omphalitis,
hepatomegaly, and signs of sepsis. They were found to have one/
more liver abscess(es). These infants were born at a gestational
age of average 36.6 weeks (range 34-39) with a birth weight of
3.37 (3.1-4.2 kg). The postnatal age at admission was average 18.5
(10-27 days). Four of six patients were male.

None of the patients had a history of umbilical catheterization.
All had presented with fever, a notable umbilical abscesses/
discharge, and hepatomegaly. Four showed notable abdominal
distension with paralyticileus, and one showed with abdominal
wall swelling. Three were admitted with features of peritonitis.
One had septic shock, seizures, and a notable pustule on the
back.

All six patients had leukocytosis and raised CRP levels. The infant
with septic shock showed hyponatremia. All other biochemical
tests, including liver function panels, were within normal limits.
Ultrasound examination showed multiple liver abscesses in three
and one abscess in three patients. The abscesses ranged between
1 and 5 cm diameter in the patients. The lesion was seen in the
right lobe in five infants. Blood/pus cultures showed S. aureus in
four patients; the other two remained culture negatives. Three
patients grew methicillin-resistant organisms, whereas the 4th had
methicillin-sensitive Staphylococcus spp.

On admission, all patients were treated empirically with
vancomycin and clindamycin, and the antibiotic regimens
were modified once the sensitivity reports became available.
The three infants with features of peritonitis underwent
operative management and were found to have ruptured liver
abscesses. Antibiotics were continued based on improvement
in clinical status (fever and activity), laboratory markers of sepsis
(leukocytosis and CRP), and sonographic features of the liver
abscesses. The median duration of stay in hospital was 18.5
(12-28 days) and antibiotics were given for 24 (21-29 days). All
patients were followed on ultrasound for abscess resolution. Two
developed portal cavernomas.

Discussion

Neonatal liver abscess is a rare complication of neonatal sepsis with
serious clinical sequelae.””? A high index of suspicion is needed for
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Fig. 3: Intra-operative image of a ruptured neonatal liver abscess

this diagnosis. Timely identification and appropriate management
are crucial to minimize the morbidity and mortality from liver
abscess. Neonates with fever, lethargy, feeding intolerance,
hepatomegaly/abdominal mass(es), leukocytosis, and elevated
CRP should be evaluated. A delay in diagnosis can lead to increased
morbidity and life-threatening complications.'®

Previous studies have identified incorrect placement of
umbilical vein catheters as the most frequent predisposing

factor for liver abscesses. Central lines placed to administer
parenteral nutrition, NEC, surgery, and prematurity have also been
associated.*® However, these risk factors have not been identified
consistently.’ In our series, none of the patients had received an
umbilical line. The association with omphalitis and portal vein
thrombosis suggests that community-acquired umbilical sepsis
cannot be excluded as an important cause of liver abscess in
neonates.
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Table 1: Demographic, clinical presentation, microbiology, imaging findings of abscess, management, and final outcome

Case / Il 1l v % %
Age at presentation 25 27 12 10 17 20
(days)
Weight at presentation 3.1 4.2 33 32 33 3.1
(ka)
Gestational age at birth 38 weeks 34 weeks 36 weeks 35 weeks 38 weeks 39 weeks
Mode of delivery (LSCS/ LSCS LSCS LSCS LSCS NVD NVD
NVD)
Birth weight (kg) 3.2 2.8 33 24 33 34
Sex (M-male/ M M M F M F
F-female)
Clinical features Fever, history Fever, Fever, history of Fever, history  Fever Fever,
of umbilical Abdominal umbilical discharge, of umbilical Abdominal umbilical
discharge, distension, and abdominal discharge, distension, and ileus discharge with
abdominal wall ileus distension, ileus abdominal lethargy erythema and
swelling history of seizures, distension, history of umbilical  induration
umbilical hyponatremia and ileus discharge
discharge shock lethargy
Preoperative diagnosis  Liver abscess Liver abscess Septic shock with Perforated Intestinal Liver abscess
(ultrasound of liver abscess abscess with  obstruction related
abdomen) peritonitis to perforation and
peritonitis
Number (multiple/ Multiple Multiple Multiple Single Single Single
single)
Size (cm) 4and5cm 1-2cm 1-3cm 5cm 2cm 1cm
Lobe of liver (R-right/L-  Right Right Right Left Right Right
left)
Cultures
Blood Sterile Sterile MRSA MRSA MRSA Sterile
Pus S.aureus N/A N/A MRSA MRSA N/A
Management Surgical Conservative Conservative Surgical Surgical (ruptured Conservative
(ruptured (ruptured abscess)
abscess) abscess)
Hospital stay 20 days 7 days 29 days 17 days 14 days 25 days
Development of portal No No Yes - started on Yes No No

vein thrombosis/
cavernoma

LMWH

LMWH, low molecular weight heparin; LSCS, lower Segment Caesarean Section; MRSA, methicillin-resistant staphylococcus aureus; MSSA, methicillin-

sensitive staphylococcus aureus; NVD, normal vaginal delivery

Ultrasound is the main modality for the diagnosis of the liver
abscess." It can also help in localizing and enumerating the lesion(s),
assessing the severity (hepatomegaly, size of lesions, ruptured
lesions, and ascites) and resolution of the lesions, and in the overall
clinical management.

The most common causative pathogens are S. aureus,
Streptococcus pyogenes, and Escherichia coli. Klebsiella spp.,
Pseudomonas spp., Corynebacterium acnes, anaerobes, and Candida
albicans have also been cultured from neonatal liver abscesses.
Polymicrobial infection is found in up to 50% of abscesses.”~'° As
noted in our study, community-acquired S. aureus is an important
cause of liver abscess in neonates.

CoNcCLUSION

Liver abscess in neonates is an uncommon clinical entity with
serious complications and high mortality. As in our series, the
lesions were not associated with plausible clinical risk factors
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and there is a need for more data from tropical/peri-equatorial
regions. Omphalitis is possibly an important risk factor for
neonatal liver abscess(es) and should be treated aggressively
to prevent its complications. Community-acquired S. aureus has
been associated with liver abscess. Unfortunately, Staphylococcal
sepsis can result in vague/indeterminate clinical signs and a
high index of suspicion is required to identify liver abscesses.
Timely diagnosis and management are needed; rational
antibiotics use and surgical drainage has been found to improve
survival. Long-term follow-up with repeated ultrasonography is
required to monitor for the risk of portal cavernoma and portal
hypertension.’

Ethical Approval
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An informed consent was obtained from all families.
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Radiological Case Report: Duodenal Atresia in Down
Syndrome
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ABSTRACT

Down syndrome (DS) has a strong and well-established epidemiologic association with duodenal atresia, making it one of the classic congenital
anomalies linked to chromosomal disorders. Duodenal atresia occurs in approximately one in 5,000-10,000 live births in the general population,
but about 20-30% of all infants born with duodenal atresia have DS. Here, we present our observations from the clinical course of an infant
with phenotypic features of DS. He started vomiting at 24 hours after birth, and an abdominal radiograph showed a classical “double bubble”
sign. He was treated surgically with a duodenoduodenostomy where the proximal and distal segments of the duodenum were connected to
bypass the atretic segment and restore continuity in the small intestine. The infant had a reasonably stable postnatal course. In this article, we
have summarized our current understanding of the clinical-radiological correlation and the likely molecular mechanisms of DS-related duodenal
atresia, involving the two dosage-sensitive genes on chromosome 21, dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A)
and regulator of calcineurin 1 (RCANT); overexpression of these two genes disrupts key developmental pathways involving Wnt/B-catenin,
sonic hedgehog (SHH), and fibroblast growth factor (FGF). These disruptions impair epithelial proliferation, apoptosis, and remodeling during
embryonic duodenal recanalization, leading to luminal obstruction.

Keywords: BCL-2 homologous antagonist/killer, BCL-2 associated X-protein, B-cell leukemia/lymphoma 2, calcineurin, cell-cycle regulators,
Cystic fibrosis transmembrane conductance regulator, chromosome 21, Duodenal recanalization, Dual-specificity tyrosine phosphorylation—

regulated kinase 1A, E-cadherin.
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Key PoinTs

« Down syndrome (DS) has a strong and well-established
epidemiologic association with duodenal atresia.

- Duodenal atresia occurs in approximately one in 5,000-10,000
live births in the general population, but about 20-30% of all
infants born with duodenal atresia have DS.

«  We treated an infant with phenotypic features of DS and
intractable vomiting. The radiograph showed a classical “double
bubble” sign and was confirmed to have duodenal atresia in
surgery.

« We present our understanding of the molecular mechanisms
underlying the association of DS with duodenal atresia.

INTRODUCTION

Down syndrome (trisomy 21, DS) is associated with a spectrum of
congenital anomalies, among which duodenal atresia represents
a classic and clinically significant gastrointestinal manifestation.'
The prevalence of duodenal atresia is estimated to be approximately
one in 5,000-10,000 live births, and nearly 20-30% of affected
infants have DS.>® Conversely, 1-5% of infants with DS show
duodenal atresia, reflecting a markedly increased risk compared
with the general population.”

This strong association provides an important diagnostic clue
in both prenatal and postnatal settings. While the clinical and
radiological features are well established, the molecular mechanisms
linking trisomy 21 to duodenal atresia are still being elucidated.*#°
This report presents a clinical case and integrates current evidence
on developmental and molecular pathways involved.
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Duodenal Atresia in Down Syndrome

Figs 1A and B: (A) Thoraco-abdominal radiograph of the infant with
duodenal atresia. The double bubble sign is seen with two bubbles
(numbered 1 and 2); (B) The diagnosis was confirmed by using a dye
study.The dye study began to show some extra-intestinal gas, indicative
of an early intestinal perforation. He was treated surgically soon after
the study

Case REPORT

Here, we present our observations from the clinical course of
a full-term 38 weeks’ gestation/3,400 gm birth weight male
infant with phenotypic features of DS. He started vomiting at
24 hours after birth. The radiograph showed a classical “double
bubble” sign (Fig. 1), comprised of a dilated stomach and proximal
duodenum. These radiologic findings are highly suggestive, though
not pathognomonic, of duodenal atresia.'® The obstruction,
typically distal to the ampulla of Vater, results in the accumulation
of swallowed amniotic fluid prenatally and gastric secretions
postnatally.

Theinfantunderwent surgical exploration and was confirmed to
have duodenal atresia. A duodenoduodenostomy was performed,
where the proximal and distal segments of the duodenum were
connected to bypass the atretic segment and restore continuity
in the small intestine.” The postoperative course was stable, and
further management focused on associated DS comorbidities.

Discussion

Neonatal duodenal obstruction is broadly classified into intrinsic
and extrinsic anatomical types, depending on whether the
blockage arises from within the duodenal wall or from external
compression.'? These conditions typically present soon after birth
with feeding intolerance and bilious vomiting, and many are related
to abnormalities in embryologic development of the foregut.>'> The
intestinal obstruction is seen most frequently distal to the ampulla
of Vater.> Consequently, swallowed amniotic fluid (prenatally) or
gastric secretions (postnatally) accumulate and dilate the stomach
and proximal duodenum, while no gas passes into the distal bowel
beyond the site of obstruction. These findings can be seen on
prenatal ultrasound or postnatal abdominal X-ray. As mentioned
above, the double bubble is a highly suggestive but not absolutely
specific marker of duodenal atresia.'® Further evaluation may
be needed to confirm the level and cause of obstruction before
surgical correction.”'°

Intrinsic duodenal obstruction results from failure or
incomplete recanalization of the duodenal lumen during fetal life.
The most severe form is duodenal atresia, where there is complete

Figs 2A and B: (A) An infant with phenotypic features of DS and duodenal
stenosis showed two prominent gastric and duodenal gas shadows.
Many small gas bubbles were visible beyond the site of obstruction
at 24 hours after birth (arrow); (B) These findings were clearly evident
(broken arrow) in dye-enhanced radiographs

obliteration of the lumen. These intrinsic lesions are strongly
associated with DS and often produce the classic “double bubble”
appearance on imaging. Duodenal atresia has been viewed in three
anatomical types:'* Type |, in which a mucosal diaphragm or web
obstructs the lumen while the bowel wall remains intact (often
producing a “windsock” deformity); type Il, where the proximal and
distal segments are separated but connected by a fibrous cord; and
type lll, characterized by complete separation of the two segments
with a gap in the mesentery.

Less severe forms include duodenal stenosis, where the lumen
is narrowed but still patent, and duodenal webs, which are thin
mucosal membranes that may partially obstruct the lumen.>'> The
radiological studies in Figure 2 show a dye study from an infant
with duodenal stenosis; he had incomplete duodenal obstruction
and small gas bubbles can be seen beyond the site of obstruction.

In some infants, extrinsic duodenal obstruction may occur from
compression due to abnormal extra-intestinal structures. One of the
mostimportant causes is annular pancreas, in which this pancreatic
tissue encircles the second part of the duodenum and constricts
it.'®17 Intestinal malrotation is another life-threatening condition,
where a midgut volvulus can lead to a life-threatening twisting
of the duodenum with luminal obstruction and ischemia.'®'® In
malrotation, fibrous peritoneal attachments known as Ladd'’s
bands can also cross over and compress the duodenum.?° Rare
vascular anomalies, such as a preduodenal portal vein, may pass
anterior to the duodenum and cause obstruction.?! These extrinsic
causes are particularly important because some, like volvulus,
require urgent surgical intervention. Less commonly, intraluminal
causes such as inspissated meconium or debris may contribute
to duodenal blockage, although these are rare compared to
structural abnormalities.?? Overall, understanding the anatomical
classification of duodenal obstruction is essential for diagnosis and
management, as intrinsic lesions often require surgical correction
of the lumen, whereas extrinsic causes may demand correction
of abnormal anatomy or urgent intervention to prevent ischemic
injury.?3

The molecular mechanisms of DS-associated duodenal atresia
have long been a subject of study. During normal embryologic
development, the duodenum temporarily becomes solid at about
5-6 weeks’ gestation, when its lumen is obliterated by proliferating
cells and then undergoes recanalization between approximately
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Fig. 3: Location of DYRK1A and RCANT genes on chromosome 21

8 and 10 weeks of gestation.?* In DS, this recanalization process
often fails or isincomplete, leading to atresia (complete blockage)
or stenosis.” These abnormalities typically affect the duodenum at
the junction of the foregut and midgut, a region that undergoes
a critical solid-to-hollow transition. Two dosage-sensitive genes
on chromosome 21, dual-specificity tyrosine phosphorylation-
regulated kinase 1A (DYRKIA) and regulator of calcineurin 1
(RCANT) (Fig. 3), are overexpressed and contribute to these

developmental effects:2>26

« Dual-specificity tyrosine phosphorylation-regulated kinase
1A is a kinase involved in regulating cell proliferation,
neurodevelopment, and transcriptional control.?” In trisomy
21,increased DYRK1A activity alters phosphorylation of multiple
downstream targets, including components of the Wnt/3-
catenin pathway and cell-cycle regulators, leading to reduced
proliferation and altered differentiation during embryonic
development.?’?®

-« Regulator of calcineurin T modulates calcineurin signaling, which
is calcium-dependent and influences transcription factors such
as nuclear factor of activated T-cells (NFAT).2? Overexpression
of RCANT inhibits calcineurin activity, thereby disrupting
calcium-mediated gene expression, immune signaling, and
aspects of organogenesis.>® This can indirectly affect multiple
developmental pathways, including those involved in epithelial-
mesenchymal interactions.®'

Together, overexpression of DYRK1IA and RCANT causes signaling
imbalance across pathways critical for embryonic patterning and
gut morphogenesis such as sonic hedgehog (SHH), Wnt (a hybrid
name derived from Wingless + Int, not a traditional acronym),
and fibroblast growth factor (FGF).323> These genes/pathways
are located on other chromosomes, not chromosome 21, but are
important for transcriptional regulation, calcium signaling, and
kinase activity, which in turn can affect many distant regulators of
developmental signaling networks:

» Sonic hedgehog: A secreted signaling molecule that guides
cell fate decisions.® During gut development, it is expressed
in the endoderm and signals to surrounding mesenchyme,
coordinating epithelial proliferation, differentiation, and
structural remodeling.?” Its downstream effects may be altered
in DS due to broader disturbances in developmental signaling
networks. This is particularly relevant at the foregut-midgut
junction, where SHH signaling is critical for patterning and
morphogenesis.®”3®

« Wnt responses: This disrupted signaling balance impairs
coordinated epithelial proliferation, apoptosis, and tissue
remodeling, contributing to developmental anomalies.>’
B-catenin is a central effector of the Wnt signaling pathway;
abnormally high or low B-catenin-mediated signaling alters
the balance between epithelial proliferation and apoptosis and
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consequently, with vacuolization and lumen formation in the
duodenum 44!

« Fibroblast growth factor signaling: Even though the FGF
genes are not located on chromosome 21, developmental
abnormalities arise because upstream regulatory networks
and signaling crosstalk are altered. During gut development,
FGF signaling normally coordinates epithelial-mesenchymal
interactions, mesenchymal proliferation, vascular development,
and morphogenesis of the foregut-midgut junction, including
the duodenum.*

Subsequently, coordinated apoptosis and cellular remodeling
create multiple intracellular and intercellular vacuoles within
the epithelial plug.'” These vacuoles enlarge, coalesce, and
connect to form a continuous central lumen, a process known as
recanalization. Programmed cell death is triggered via both intrinsic
(mitochondrial) and extrinsic (death-receptor) pathways, with
activation of caspases —3 and —9, downstream of regulators such
as B-cell leukemia/lymphoma 2 (BCL-2) family proteins and tumor
protein 53 (p53), selectively eliminating centrally located cells within
the plug.**** At the same time, surviving epithelial cells undergo
polarization and junctional reorganization:

+ E-cadherin-mediated adhesion is dynamically modulated, tight
junctions are remodeled, and the cytoskeleton reorganizes
(actin-myosin contraction via Rho/ROCK signaling), allowing
cells to separate and form intercellular spaces.*

-« Cystic fibrosis transmembrane conductance regulator (CFTR)
regulate mucus viscosity and hydration in epithelial tissues.*®
Cystic fibrosis transmembrane conductance regulator and
aquaporins promotes luminal fluid accumulation, expanding
these spaces into vacuoles.*

« Matrix metalloproteinases remodel the basement membrane
and extracellular matrix, facilitating tissue reorganization and
coalescence of vacuoles into a continuous lumen.*® These
processes are orchestrated by developmental signaling
pathways, which coordinate proliferation, apoptosis, and
morphogenesis; disruption can contribute to duodenal atresia.*’

Trisomy 21 does not alter the caspases, BCL-2, and/or p53 directly,
butit perturbs these regulatory networks via DYRKTA and RCAN1.5%'
These changes can lead to reduced or mistimed programmed cell
death in the gastrointestinal embryonic tissues.”? Since BCL-2 is a
key anti-apoptotic protein that controls mitochondrial membrane
permeability and caspase activation, its functional balance with
pro-apoptotic members such as BCL-2 associated X-protein (BAX)
and BCL-2 homologous antagonist/killer (BAK) can be secondarily
altered through upstream signaling changes.>?

To summarize, DS disrupts normal embryonic gut development
by altering key signaling and regulatory pathways that control
epithelial proliferation, apoptosis, and remodeling.>* This
disturbance affects the precisely timed process of duodenal
recanalization, in which the temporarily solid embryonic duodenum
must reopen to form a hollow lumen. When this process isimpaired,
the lumen fails to form properly, resulting in an increased risk
of duodenal atresia. The precise molecular mechanisms remain
incompletely understood and warrant further investigation.
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