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Preface

This book, Common Childhood Illnesses - Epidemiology, Diagnosis, and Treatment,
focuses on common childhood diseases, ranging from infections to allergic diseases,
in 5 chapters divided into 4 sections.

The chapter in section 1 reviews malnutrition during childhood. Although it remains
rare, childhood malnutrition can still occur in environments with limited resources.
This first section will discuss developments and innovations in the epidemiology,
diagnosis, and treatment of malnutrition.

Chapter 1 in Section 2 discusses global trends in neonatal sepsis. A Scopus biblio-
metric analysis of publications on neonatal sepsis over the past 10 years (2015-2025)
is conducted to examine global trends in this field.

Chapter 2 in Section 2 discusses neonatal survival against LMIC odds. A case study of
ten newborns in critical condition who were saved by a new initiative is being
discussed, and the benefits of this approach are being explored. This interesting
section would be particularly beneficial for neonatologists to review.

Chapter 1 in Section 3 discusses the treatment of drug-resistant epilepsy. Treatment-
resistant epilepsy is one of the most complex issues in neurology. Sometimes, surgery
can provide a definitive solution to this problem. This section explains the stages of
preoperative evaluation for definitive treatment.

The chapter in Section 4 discusses allergic rhinitis. Allergic rhinitis and asthma are
the most common respiratory diseases in children. As with all allergic diseases, the
incidence of this disease has increased in recent years. Although its diagnosis and
treatment are less complex than in adults, its increasing incidence makes it particu-
larly problematic, especially around adolescence. Our colleagues, who are experts in
the field, have covered this section in considerable detail.

In conclusion, I hope it proves helpful to our readers, and I look forward to meeting
you in many more upcoming books.

I want to thank our Publishing Process Managers, Mateo Belir, Senior
Commissioning Editor, Iva Simcic Mance, and the editorial team.

I want to express my gratitude to my dear wife, Seval Hülya Özdemir, and my dear
daughter, Berrin Nikame Özdemir, for their moral support during the preparation of
this book.
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Chapter 1

Childhood Malnutrition:
Epidemiology, Diagnosis, and
Treatment in Low-Resource
Settings
Sumayya S. Mussa and Hadia R. Mruma

Abstract

Childhood malnutrition remains one of the most critical global health challenges,
disproportionately affecting children in low-resource and conflict-affected settings,
where it significantly contributes to child morbidity, mortality, and developmental
delays. This chapter provides a comprehensive overview of the epidemiology,
diagnosis, treatment, and policy landscape of childhoodmalnutrition, with a focus on
resource-limited, including conflict-affected, settings. Globally, over 148 million
children are stunted, and 45 million are wasted, with Sub-Saharan Africa and parts of
Asia bearing the heaviest burden. Factors such as poverty andmaternal education are
compounded by conflict and displacement, creating persistent barriers to child
nutrition. The diagnosis of malnutrition in low-resource environments relies heavily
on anthropometric tools such as MUAC and WHZ, as well as clinical signs like
bilateral edema. Field challenges, ranging from tool shortages to limited trained
personnel, are increasingly addressed through community health worker training
and digital innovations. Treatment strategies emphasize both community-based
management (CMAM) and facility-based care, incorporating the use of ready-to-use
therapeutic foods (RUTF), micronutrient supplementation, and adherence to World
Health Organization’s (WHO’s) ten-step treatment protocol. Broader nutrition-
sensitive interventions, such as WASH (water, sanitation, and hygiene) improve-
ments, food security programs, and health system integration, are essential to
preventing relapse and sustaining recovery. Monitoring and evaluation remain
central to program effectiveness, especially in unstable or fragile settings. The
chapter concludes with policy recommendations emphasizing the need for
multisectoral coordination, data-driven decision-making, and strong political
commitment. Through integrated, evidence-based approaches, significant strides
can be made in reducing the burden of childhood malnutrition and ensuring every
child’s right to health and development.

Keywords: childhood malnutrition, low-resource settings, nutrition assessment,
conflict zones, under nutrition, disease of poverty
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1. Introduction

1.1 Definition and forms of childhood malnutrition

Childhood malnutrition remains one of the most pressing global public health
challenges of the twenty-first century. Despite decades of progress in child health
and survival, malnutrition continues to contribute to nearly half of all deaths among
children under 5 years of age, particularly in low- and middle-income countries [1].
The term “malnutrition” encompasses a broad spectrum of conditions resulting from
deficiencies, excesses, or imbalances in energy and nutrient intake. Among children,
the most prevalent forms include stunting (low height-for-age), wasting (low
weight-for-height), underweight (low weight-for-age), and various micronutrient
deficiencies that impair immunity, growth, and cognitive development [2].

The burden of childhood malnutrition is unevenly distributed across the globe,
with Sub-Saharan Africa (SSA) and South Asia disproportionately affected.
However, the impact of conflict, political instability, natural disasters, and
displacement has also contributed to rising levels of malnutrition in other regions,
including parts of the Middle East, North Africa, and Central America [3]. In conflict
settings such as Syria, Sudan, Somalia, and Gaza, malnutrition rates have reached
emergency thresholds as food systems collapse and healthcare infrastructure
becomes severely disrupted [4]. These settings pose unique challenges to prevention
and treatment, with limited access to essential services and high rates of population
displacement.

This chapter provides a comprehensive overview of the epidemiology, diagnosis,
and treatment of childhood malnutrition in low-resource and conflict-affected
settings. It explores the global magnitude of the problem, identifies vulnerable
populations, and outlines practical approaches to diagnosis and case management.
By highlighting current evidence and programmatic experiences, especially from
humanitarian emergencies, the chapter aims to equip health professionals,
policymakers, and development partners with the knowledge and tools to respond
effectively to childhood malnutrition, ultimately contributing to the achievement of
the sustainable development goals (SDGs).

1.2 Impact on child survival and development

The consequences of malnutrition are profound and far-reaching, particularly in
the early years of life when growth and development are most critical. Malnutrition
contributes to nearly 45% of all deaths among children under 5 years of age,
translating to over three million preventable deaths annually[5]. Undernourished
children have a weakened immune response, making them significantly more
susceptible to common childhood infections such as pneumonia, diarrhea, malaria,
and tuberculosis. These infections, in turn, worsen nutritional status, creating a
vicious cycle of illness and undernutrition[6].

Moreover, micronutrient deficiencies further exacerbate health risks.
Deficiencies in vitamin A impair immune function and vision, iron deficiency leads
to anemia and poor cognitive development, and inadequate iodine intake hinders
neurodevelopment and growth [7]. Children who survive early malnutrition often
face long-term physical and mental impairments [8]. Stunted children are less likely
to perform well in school, have reduced educational attainment, and often
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experience lower earning potential and economic productivity in adulthood. In
addition, the adverse effects of childhood undernutrition can extend across
generations. Malnourished girls are more likely to grow into undernourished women
and give birth to low-birth-weight infants, perpetuating the cycle of poverty, poor
health, and underdevelopment [9].

1.3 Relevance to global goals

Tackling childhood malnutrition is essential for achieving global development
targets, particularly those outlined in the SDGs [10]. SDG 2 aims to end hunger and
all forms of malnutrition by 2030, while SDG 3 focuses on ensuring healthy lives and
promoting well-being for all. Addressing childhood malnutrition aligns directly
with SDG 2.2, which calls for the elimination of all forms of malnutrition, including
stunting and wasting; and SDG 3.2, which targets a reduction in under-five mortality
to at least 25 per 1,000 live births [11].

Nutrition also intersects with many other development goals, including those
related to education, gender equality, economic growth, and climate action.
Achieving the global nutrition targets will require comprehensive, multisectoral
strategies that go beyond the health sector. These include scaling up evidence-based
interventions such as exclusive breastfeeding, appropriate complementary feeding,
vitamin and mineral supplementation, treatment of acute malnutrition, and
promotion of food security [12]. Strengthening health systems, improving water
and sanitation, enhancing maternal education, and ensuring access to nutritious
foods are all critical components of this effort. In addition, investment in nutrition
yields high economic returns. Ultimately, addressingmalnutrition is not only a moral
and health imperative; it is a strategic development priority.

2. Global epidemiology of childhood malnutrition

2.1 Global context and magnitude

Childhood malnutrition remains a widespread public health challenge,
particularly in low-resource and humanitarian settings. According to the 2023
UNICEF- World Health Organization (WHO)-World Bank Joint Malnutrition
Estimates, approximately 148 million children under the age of five are stunted, 45
million are wasted, and nearly half a billion suffer from one or more forms of
micronutrient deficiency. These alarming figures underscore the magnitude of the
problem and its persistence, despite global efforts to improve child nutrition. The
distribution of malnutrition is not uniform; the greatest burden is carried by SSA and
South Asia, where poverty, food insecurity, poor health systems, and inadequate
maternal nutrition exacerbate the crisis [2]. In South Asia, for instance, over 34% of
children are stunted, with India alone accounting for nearly one-third of the global
burden of stunting [13].

The situation is further compounded by conflict and climate-related crises. In
countries with ongoing wars, political instability, and natural disasters, food systems
have been severely disrupted, populations displaced, and health and sanitation
infrastructure has collapsed [14]. Malnutrition levels in these areas have crossed
emergency thresholds, often exceeding 15% global acute malnutrition (GAM)
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rates, as defined by the WHO [4]. In Somalia, over 1.5 million children are projected
to suffer from acute malnutrition due to the compounding effects of prolonged
drought and insecurity [15]. Similarly, the civil conflict in Sudan displaced over six
million people in 2023, severely interrupting nutrition and health services for more
than three million acutely malnourished children [16]. In the Gaza Strip, repeated
cycles of violence and restricted humanitarian access have left thousands of children
at risk of severe nutritional deficiencies due to the destruction of food stores,
blockade-induced shortages, and limited access to clean water [17].

2.2 Regional distribution and hotspots

The burden of malnutrition is not evenly distributed, with certain regions facing
alarmingly high prevalence. SSA records some of the most severe malnutrition
indicators globally. In many SSA countries, stunting rates exceed 30%, and in some
cases rise above 40%. Wasting rates in emergency-prone or food-insecure regions
typically range between 5% and 10%, but can exceed 15% during humanitarian
crises. Contributing factors include chronic food insecurity, recurrent infections,
limited maternal healthcare, and inadequate access to essential nutrition and
sanitation services[18]. For instance, Nigeria reports a national stunting rate of 37%
and a wasting rate of 7% among children under five, according to the 2022 Nigeria
Demographic and Health Survey (NDHS) [19]. In Ethiopia, the 2023 Demographic
and Health Survey found 37% of children stunted and 7% wasted [20]. In countries
facing protracted conflict, such as South Sudan and Somalia, acute malnutrition
levels often cross WHO-defined emergency thresholds[14]. In 2023, Somalia’s
national wasting prevalence reached 16%, particularly in regions impacted by
drought and displacement [21].

Tanzania continues to face a significant burden of childhood malnutrition despite
relative political stability and improvements in health sector investments. According
to the 2022–2023 Tanzania Demographic and Health Survey (TDHS), 30% of
children under five are stunted, with higher rates observed in rural regions such as
Rukwa, Kigoma, and Songwe.Wasting stands at 3.5%, while underweight prevalence
is approximately 12%. Key contributing factors include poor maternal nutrition,
limited access to diverse foods, early weaning practices, and low household income
[22]. National programs such as the National Multi-Sectoral Nutrition Action Plan
(NMNAP) have been implemented, but persistent inequalities in access to health and
nutrition services remain a barrier.

The Democratic Republic of Congo (DRC) presents one of the most severe and
complex nutrition crises on the continent, exacerbated by decades of armed conflict,
political instability, and displacement. In 2023, an estimated 42% of children under
five were stunted and 6% were wasted, with some conflict-affected eastern
provinces, such as Ituri, North Kivu, and South Kivu, reporting even higher rates
[23]. Food insecurity affects over 25 million people in the country, and recurring
outbreaks of infectious diseases, such as measles, cholera, and malaria, have further
strained the health system. Access to essential services is frequently hindered by
insecurity, infrastructure breakdown, and displacement, making it difficult to
deliver sustained nutrition interventions.

South Asia continues to bear a disproportionate burden of child undernutrition.
The region has the highest global prevalence of wasting, at 14.8%, and a stunting
prevalence of approximately 31.7% [18]. India alone contributes nearly 40 million
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stunted children to the global total. Key drivers in this region include poor maternal
nutrition, high rates of adolescent pregnancies, inadequate sanitation, and
suboptimal infant feeding practices. Despite economic growth and expanded health
infrastructure, persistent inequalities and cultural practices hinder widespread
improvements in child nutrition.

In the Middle East and North Africa (MENA), malnutrition is increasingly driven
by conflict and displacement. Prolonged emergencies in countries such as Syria,
Yemen, and Sudan have devastated food systems, healthcare infrastructure, and
access to clean water [24]. In Yemen alone, over 2.2 million children under five were
acutely malnourished in 2023, with approximately 540,000 children experiencing
severe acute malnutrition (SAM) requiring life-saving treatment [25]. In Syria and
Sudan, the combination of insecurity, limited humanitarian access, and a collapsing
health system has led to rising rates of both wasting and stunting.

2.3 Conflict-affected regions

Armed conflict is one of the most potent amplifiers of child malnutrition, as it
disrupts food availability, displaces populations, damages health infrastructure, and
restricts humanitarian operations. In Syria, years of civil war have eroded the
healthcare system and water, sanitation, and hygiene (WASH) services, leading to
poor hygiene, food scarcity, and reduced access to immunization and nutrition
interventions [26]. In Sudan, renewed conflict in regions such as Darfur and Blue
Nile has displaced millions and severely disrupted nutrition services in internally
displaced persons (IDP) camps. Humanitarian access remains limited due to
insecurity and bureaucratic obstacles, placing children at heightened risk of acute
malnutrition and mortality [27].

Similarly, Somalia has faced successive droughts, political instability, and
insecurity, resulting in repeated nutrition emergencies. In 2023, the Food Security
and Nutrition Analysis Unit (FSNAU) reported national wasting rates exceeding
16% in several regions, particularly among displaced populations and pastoralist
communities affected by failed rains and livestock losses [15]. In all these contexts,
humanitarian responses are often delayed or inadequate, and children’s nutritional
status deteriorates rapidly due to a lack of access to food, clean water, healthcare, and
safe shelter.

2.4 Special populations: Refugees and internally displaced children

Among the most vulnerable populations to the effects of malnutrition are forcibly
displaced children, including refugees, asylum seekers, and IDP. In 2023, the United
Nations High Commissioner for Refugees (UNHCR) estimated that more than 43
million children were forcibly displaced worldwide due to conflict, persecution, or
climate-related disasters [28]. In refugee and IDP camps, food insecurity is often
exacerbated by poor dietary diversity, limited maternal care, and unsafe water
supplies. Health services in camp settings are frequently overwhelmed, and children
face increased risks of disease and undernutrition. Studies have shown that the
prevalence of acute malnutrition in refugee children can be two to three times higher
than in surrounding host communities [28]. Despite global humanitarian efforts,
gaps in funding, insecurity, and policy constraints continue to hinder the delivery of
timely and comprehensive nutrition interventions in displacement settings.

Childhood Malnutrition: Epidemiology, Diagnosis, and Treatment in Low-Resource Settings
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3. Determinants of malnutrition

3.1 Immediate, underlying, and basic causes

Childhood malnutrition results from a complex interplay of factors that can be
categorized into immediate, underlying, and basic causes, as described in the UNICEF
conceptual framework. Immediate causes include inadequate dietary intake and
frequent infections such as diarrhea, pneumonia, and parasitic diseases, which
increase nutrient loss or hinder absorption. Underlying causes involve food insecurity
at the household level, inadequate care practices, poor sanitation, and limited access to
quality healthcare. At a deeper level, basic causes encompass broader systemic issues
such as poverty, weak governance, inequality, and limited education, especially for
women and girls. These structural issues affect the availability of and access to
essential services and resources required for adequate nutrition [1–2].

3.2 How conflict, poverty, and climate interact

In fragile settings, conflict, poverty, and climate change often interact to create
chronic nutrition emergencies. Armed conflict disrupts food production, destroys
infrastructure, and displaces populations, reducing access to food, healthcare, and
clean water. Countries such as Sudan, Yemen, and Syria have experienced long-
standing conflicts that have severely impacted food systems and child health.
Poverty further exacerbates malnutrition by limiting a household’s ability to access
diverse and nutritious food or afford healthcare. Climate change introduces
environmental shocks such as prolonged droughts, flooding, and erratic rainfall, all
of which affect agricultural productivity. The convergence of these three factors in
regions such as the Sahel and the Horn of Africa has resulted in recurrent food
insecurity and elevated rates of SAM [3–5].

3.3 Gender and maternal education

Gender inequality and maternal education significantly influence childhood
nutrition outcomes. Educated mothers are more likely to practice exclusive
breastfeeding, seek appropriate healthcare, and adopt hygienic practices. Even
primary education has been associated with improved child survival and nutritional
status. Conversely, women with limited education and decision-making power often
struggle to access and allocate resources for proper childcare. Early and repeated
pregnancies also increase the risk of maternal undernutrition and low birth weight
infants. In many resource-limited settings, systemic gender discrimination restricts
women’s access to education, healthcare, and income, thereby perpetuating a cycle
of malnutrition across generations [29].

4. Diagnosis, challenges, and innovation in resource-limited and
emergency settings

4.1 Clinical examination and anthropometric tools in diagnosis

In low-resource and emergency settings, the diagnosis of malnutrition in children
relies primarily on clinical examination and anthropometric tools due to the limited
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availability of laboratory diagnostics. These frontline approaches are cost-effective,
simple to use, and suitable for both facility-based and community-level assessments.

Clinical examination is crucial for identifying signs of SAM that may not be
immediately evident through measurements alone. The most important clinical sign
is bilateral pitting edema, which is a hallmark of Kwashiorkor. This is assessed by
gently pressing on the tops of both feet for a few seconds; if a pit remains after lifting
the fingers, the child is considered to have nutritional edema and is classified as
having SAM regardless of other indicators. Other clinical signs, such as visible
wasting, lethargy, skin changes, or hair discoloration, can support the diagnosis but
are less specific and often subjective.

Anthropometric measurements are standardized tools that provide objective
criteria to assess the severity of malnutrition [30]. The most commonly used
measurement is the mid–upper arm circumference (MUAC). It is preferred in
community and emergency settings due to its simplicity and the fact that it does
not require weighing scales or height boards. An MUAC of less than 11.5 cm
indicates SAM, while a measurement between 11.5 and 12.5 cm reflects
moderate acute malnutrition (MAM). Weight-for-Height Z-score (WHZ) is
another key method, used mainly in health facilities. A WHZ below −3
standard deviations from the median is diagnostic of SAM, and a score between −3
and −2 indicates MAM. While WHZ offers a more detailed nutritional profile,
it requires functional scales and height boards, which may be unavailable in
some contexts.

Because access to laboratory tests (e.g. serum albumin, electrolytes, or
micronutrient levels) is rare in humanitarian and rural settings, clinical and
anthropometric approaches remain the cornerstone of malnutrition diagnosis. These
methods allow rapid triage and decision-making and are endorsed by the WHO and
UNICEF for use in Integrated Management of Acute Malnutrition (IMAM)
programs.

4.2 Challenges in diagnosis

Field diagnosis of malnutrition in humanitarian emergencies is fraught with
logistical and operational challenges. Equipment such as weighing scales and height
boards may be unavailable or unreliable. Health workers are often overburdened and
may not receive adequate training. Insecurity or poor road conditions can restrict
access to affected populations[31]. Cultural beliefs and stigma may prevent
caregivers from participating in screening. In some settings, caregivers may fear that
malnourished children will be taken away or blamed for poor care, discouraging their
participation in treatment programs. These challenges can delay the identification
and management of malnourished children, increasing the risk of complications or
death [32].

4.3 Screening innovations: Digital tools and rapid kits

To address these barriers, innovative approaches have emerged. Mobile health
(mHealth) tools, such as smartphone-based MUAC apps and image-based diagnosis
software, are being introduced in parts of SSA to support community health workers
[33]. These tools aim to improve accuracy and coverage while reducing the need for
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specialized equipment. Digital innovations also support community-led models like
Community MUAC (C-MUAC), where mothers are trained to measure their
children’s arms at home. Studies in Africa have shown this approach to be effective
in detecting malnutrition early [34]. In addition, point-of-care diagnostics and rapid
test kits for micronutrient deficiencies, such as vitamin A and iron, are in
development, though they are not yet widely adopted due to cost and infrastructure
needs [35].

5. Treatment and intervention strategies for childhood malnutrition

Effective treatment of childhood malnutrition in low-resource and emergency
settings requires a dual approach: direct nutrition-specific interventions to treat
acute conditions, and broader system-level actions to address underlying drivers.
Addressing it requires a comprehensive approach that combines clinical treatment
with broad-based intervention strategies aimed at both immediate recovery and
long-term prevention. TheWHO and UNICEF provide robust guidelines that shape
both community-based and facility-based care, including therapeutic feeding,
medical management, micronutrient support, and follow-up. When properly
implemented, these interventions significantly reduce child mortality and long-
term disability.

5.1 Community-based management of acute malnutrition (CMAM)

The CMAM model, developed in response to limitations in facility access,
allows the treatment of uncomplicated SAM at the community level, enabling
early identification and decentralized treatment of uncomplicated SAM and
MAM in the community without requiring hospitalization. It is built on the
premise that most children with acute malnutrition can be treated at home with
ready-to-use therapeutic foods (RUTF), provided they have no medical
complications and can eat orally. This model improves early detection, coverage,
and cost-effectiveness, especially in rural and conflict-affected regions.
Community health workers and caregivers are trained to identify malnutrition
using MUAC tapes and simple clinical signs, referring complicated cases to health
facilities. Community health workers play a vital role in active case finding,
nutritional screening, and follow-up. This decentralized approach has proven
effective in improving access and coverage, particularly in rural or conflict-
affected regions[6].

CMAM: This model is especially vital in rural, conflict-affected, and nomadic
populations where access to hospitals is limited.

5.2 Key components of CMAM:

● Outpatient therapeutic program (OTP): Children with SAM, aged 6–59
months, who have a good appetite and no medical complications are treated at
home with RUTF, such as Plumpy’Nut. Follow-up visits occur weekly or
biweekly to monitor MUAC, weight gain, and clinical signs. Routine vitamin A
supplementation and deworming are provided.
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● Supplementary feeding program (SFP): For children with MAM MUAC
11.5–12.5 cm or WHZ −2 to −3 standard deviations (SD), Ready-to-Use
Supplementary Foods (RUSF) or fortified blended flours, such as Super
Cereal Plus, are provided in community settings.

● Community mobilization and screening: Community health workers and
volunteers play a critical role in early detection by using MUAC tapes, con-
ducting active case finding, and referring children who require inpatient care.

CMAM has increased coverage and decreased mortality globally, with cure rates
exceeding 75% in well-functioning programs.[36]

5.3 Facility-based treatment

Facility-based management is essential for children with SAM who present with
complications such as hypoglycemia, hypothermia, infections, or shock. The WHO
outlines a structured “10-step approach,” which is critical in the management of
patients with SAM to stabilize them before transitioning to rehabilitation and
discharge. This approach includes treating and preventing hypoglycemia and
hypothermia, correcting dehydration carefully, treating infections empirically,
correcting micronutrient deficiencies, and initiating cautious feeding followed by
catch-up growth and emotional support[30]. These children are at high risk of death
and must be treated in stabilization centers or hospitals with trained staff and
essential supplies.

Health facilities, especially district hospitals and referral centers, also offer
therapeutic feeding with formulae such as F-75 and F-100 and provide monitoring
for comorbidities, anemia, or tuberculosis. However, in many low-resource settings,
limitations such as inadequate staffing, poor infrastructure, and lack of equipment
pose significant challenges to optimal care delivery.

5.4 Admission criteria:

MUAC <11.5 cm or WHZ <−3 SD with any of the following:

● Bilateral pedal edema

● Poor appetite (failed appetite test with RUTF)

● Medical complications (e.g. hypothermia, shock, pneumonia, sepsis).

5.5 WHO ten-step protocol for inpatient management

TheWHO outlines a standardized ten-step approach for the inpatient treatment
of children with SAM who present with complications [30]. These children are at
high risk of death and require careful clinical and nutritional management. The steps
begin with emergency stabilization and proceed to nutritional rehabilitation and
follow-up, the key steps are summarizes inTables 1 and 2. This structured approach is
particularly critical in resource-limited hospitals, where health workers may not be
specialized in nutrition or pediatrics.
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(1) Treat/prevent hypoglycemia: Children with SAM are prone to low blood
sugar due to poor feeding and infection. Hypoglycemia must be addressed
immediately with 10% glucose or sugary water administered orally or via a
nasogastric (NG) tube, and feeding must begin within 30minutes of
admission.

(2) Treat/prevent hypothermia: Hypothermia is common and can be fatal in
malnourished children. Passive warming, skin-to-skin contact, warm
fluids, and maintaining a warm environment are essential.

(3) Treat/prevent dehydration: Dehydration signs are unreliable in cases of
SAM. ReSoMal (Rehydration Solution for Malnutrition) is administered
orally or via an NG tube; intravenous (IV) fluids are given only in cases of
shock, and with caution.

(4) Correct electrolyte imbalance: All children with SAM have hidden defi-
ciencies in potassium and magnesium, as well as excess sodium. These
imbalances are corrected by feeding therapeutic milks (F-75/F-100) and
avoiding sodium-rich IV fluids.

(5) Treat infections empirically: SAM suppresses typical signs of infection,
so all children should be treated empirically with broad-spectrum anti-
biotics (ampicillin + gentamicin).

(6) Correct micronutrient deficiencies: Vitamin A is administered upon
admission. Iron is withheld during the stabilization phase (due to the risk
of increasing infection) and introduced later. Other essential micronutri-
ents, such as zinc, copper, and folate, are included in therapeutic feeds.

(7) Initiate cautious feeding: Stabilization begins with F-75, a low-protein,
low-energy therapeutic milk designed to prevent refeeding syndrome.
Small, frequent feeds are administered using a cup or an NG tube.

(8) Achieve catch-up growth: After appetite returns and the clinical con-
dition stabilizes, F-100 or RUTF is introduced to promote rapid weight
gain (10–15 g/kg/day).

(9) Provide sensory stimulation and emotional support: Psychosocial sti-
mulation, play, and caregiver interaction support cognitive development
and recovery.

(10) Prepare for discharge and follow-up: Children are discharged based on
anthropometric recovery and medical stability. A clear plan for follow-up,
continued feeding, and linkage to community support is necessary to
prevent relapse.

This approach has been shown to reduce case fatality rates in SAM. In many
low-resource settings, however, poor adherence to the protocol due to overcrowded
wards, lack of training, or shortages of F-75/F-100 remains a challenge [29–31].
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5.6 Feeding protocols in different phases

5.7 Micronutrient and medical management

● Vitamin A: Given on Day 1 unless it has already been given within the past
month.

● Antibiotics: Broad-spectrum (ampicillin and gentamicin) for all children with
SAM.

● Zinc and folate: Routinely included in feeds or given orally.

● Iron: Introduced during the rehabilitation phase once the risk of infection
subsides.

Step Action Goal

1 Treat/prevent hypoglycemia Stabilize blood glucose, prevent seizures/coma

2 Treat/prevent hypothermia Maintain normal body temperature

3 Treat/prevent dehydration Rehydrate safely using ReSoMal; avoid fluid overload

4 Correct electrolyte imbalance Normalize potassium and magnesium; reduce sodium load

5 Treat infections empirically Address underlying infections and prevent sepsis-related
mortality

6 Correct micronutrient deficiencies Restore essential vitamins and minerals to support immunity
and growth

7 Initiate cautious feeding Avoid refeeding syndrome and promote gradual intake to
allow metabolic recovery

8 Achieve catch-up growth Accelerate weight gain and recovery

9 Provide sensory stimulation and
emotional support

Aid mental recovery and parent–child bonding

10 Prepare for discharge and ensure
follow-up

Prevent relapse and ensure long-term recovery

Table 1.
WHO’s ten steps for the inpatient management of severe acute malnutrition and their goals.

Phase Type of feed Description

Stabilization F-75 75 kcal/100mL, low sodium/protein; administered every two to three
hours

Transition F-100 or RUTF Increased energy (100 kcal/100mL) for children who are regaining
their appetite

Rehabilitation F-100 or RUTF High-calorie diets promote catch-up growth (200 kcal/kg/day)

Outpatient
care

RUTF (e.g.
Plumpy’Nut)

Ready-to-use paste, administered at home with weekly monitoring

Table 2.
Showing feeding protocols in different management strategies for malnutrition.
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● Deworming: Albendazole or mebendazole for children over 12months.

These measures restore immune function, reduce infections, and support
metabolic recovery.

6. Monitoring, discharge, and follow-up

Daily monitoring in the inpatient setting includes:

● Temperature, pulse, respiration

● Weight and MUAC

● Edema status

● Appetite

Discharge criteria (from inpatient to outpatient or from OTP to cure):

● MUAC ≥ 12.5 cm or WHZ >–2 SD

● No edema for ≥2 weeks

● Appetite restored

● Completion of antibiotic course

● Adequate weight gain (≥15% of baseline)

Children discharged from inpatient care are transferred to outpatient care (OTP)
to complete their nutritional recovery. Regular follow-ups ensure the early detection
of relapses.

6.1 Role of caregiver and psychosocial support

Psychosocial support and caregiver involvement are essential to recovery [37].
SAM is associated with developmental delays, poor feeding interactions, and
emotional distress. The WHO recommends structured play therapy, caregiver
education, and mental health support for long-term cognitive development.
Emotional care improves feeding behavior and reduces the risk of relapse [38].

6.2 RUTF and therapeutic feeding

RUTFs are specially formulated, high-energy, nutrient-dense pastes that
contain the complete set of nutrients required, often 200 kcal/kg/day, for SAM
cases. Typically made from peanuts, milk powder, oil, sugar, and a fortified
vitamin–mineral mix, RUTFs are safe for use at home, do not require
refrigeration, and have a long shelf life. This makes them ideal for decentralized
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care in areas without stable electricity or water supplies. RUTFs have been shown
to reduce mortality and speed up recovery in children with SAM when used in
CMAM programs.

In facility settings, therapeutic feeding begins with F-75 (100 kcal/kg/day), a low-
protein, low-sodiummilk-based formula given during the stabilization phase when the
child’s metabolism is compromised. Once stabilized, children transition to F-100, a
higher-energy formula used during the rehabilitation phase to promote catch-up
growth [30]. For MAM, RUSF are also deployed to treat MAM, often using fortified
blended foods such as Super Cereal Plus. The success of therapeutic feeding depends
not only on product availability but also on the training of caregivers, cultural
acceptability, and consistent supply chains. Programs should be adapted to the context,
for example, integrating local foods or using community kitchens during emergencies.

6.3 Micronutrient supplementation

Micronutrient deficiencies, often referred to as “hidden hunger,” are widespread
among malnourished children and must be addressed during treatment. Children
with SAM are frequently deficient in vitamin A, zinc, iron, folate, and other essential
nutrients. WHO guidelines recommend routine supplementation of vitamin A and
folic acid during inpatient care, along with zinc supplementation for children with
diarrhea to reduce the duration of diarrheal episodes. Iron supplementation is
introduced only during the rehabilitation phase, once infections have been
addressed, to avoid exacerbating pathogen growth [30].

In settings with high population-level deficiencies, mass supplementation
strategies may be employed. These include vitamin A supplementation every six
months for children under 5 years, as well as multiple micronutrient powders (MNPs)
that can be added to home-cookedmeals. Iron-folic acid supplementation for pregnant
and lactating women is also critical to prevent intrauterine growth retardation and
low birth weight, both of which increase the risk of postnatal malnutrition [39].

6.4 Preventive public health intervention strategies

Prevention of malnutrition extends beyond the health sector and requires
cross-sectoral collaboration. Nutrition-specific interventions, such as therapeutic
feeding, are essential but alone are insufficient to sustainably reduce malnutrition.
Nutrition-sensitive interventions aim to address the underlying and basic causes of
malnutrition, including poverty, food insecurity, poor sanitation, and limited
maternal education, which create an enabling environment for long-term impact.

Key interventions include:

● Nutrition education program: This program empowers caregivers, commu-
nities, and adolescents with the knowledge needed to make informed decisions
about feeding, hygiene, and health. In many low-resource settings, inadequate
infant and young child feeding practices (IYCF), including early cessation of
breastfeeding, delayed introduction of complementary foods, or reliance on
nutrient-poor diets, are significant contributors to malnutrition [29]. Education
programs should promote exclusive breastfeeding for the first 6 months, timely
and appropriate complementary feeding from 6 to 23months, and continued
breastfeeding up to 2 years and beyond.
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Effective approaches include community dialog, mother support groups, home
visits, and mass media campaigns. Targeting both mothers and influential family
members (e.g. fathers, grandmothers) enhances impact. Integrating nutrition
education into antenatal care, immunization visits, and school curricula ensures
broader and sustained outreach. Studies show that when mothers receive regular
counseling on IYCF, rates of stunting and wasting decrease significantly.

● Health system integration and promotion: Integrating nutrition into primary
healthcare systems is essential for early detection, referral, and preventive
support [40]. Health workers at the frontline, including nurses, midwives, and
community health volunteers, should be trained to provide growth monitoring
and promotion (GMP), IYCF counseling, and micronutrient supplementation
as part of routine child health services.

● Growth monitoring and promotion: GMP involves regular weight and height
assessments of children under five, plotted on growth charts, and followed by
counseling and action. GMP helps detect early growth faltering before it pro-
gresses to moderate or severe malnutrition. When integrated into child welfare
clinics, immunization days, and community outreach, it ensures continuity of
care. The integration also allows for timely identification of high-risk children,
support for low-birth-weight infants, and linkage to food supplementation
programs where needed [41].

● WASH interventions: These interventions are central to the prevention of
malnutrition by breaking the infection-malnutrition cycle through the promo-
tion of safe drinking water, hand washing, and sanitation infrastructure[42].
Poor access to safe water, open defecation, and inadequate hygiene increase the
risk of diarrheal diseases and environmental enteric dysfunction (EED), a
subclinical condition that impairs nutrient absorption and immune function
[43]. Improving access to clean water through protected wells, piped supplies,
and water purification solutions reduces waterborne disease transmission.
Promoting hand washing with soap, especially before feeding and after
defecation, is one of the most cost-effective interventions to reduce diarrheal
episodes. In addition, improved sanitation infrastructure (e.g. latrines,
community toilets) and hygiene education campaigns must be scaled up in
informal settlements, refugee camps, and rural communities [44].

Programs that integrate WASH with nutrition, such as combining hygiene
education with IYCF counseling or providing hygiene kits during food distributions,
have shown improved child health outcomes.WHO and UNICEF emphasizeWASH-
Nutrition integration as essential to achieving the SDGs on health, nutrition, and
water [42].

6.5 Social protection and food security

Social protection programs act as a buffer against poverty-driven malnutrition
by improving household food access, caregiving capacity, and resilience. School
feeding programs, implemented in over 100 countries, provide free or subsidized
meals to children, improving school attendance, reducing short-term hunger, and
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offering a platform for micronutrient fortification[45]. In food-insecure settings,
school meals can be the most consistent source of nutrition for vulnerable
children [46].

Food security interventions help stabilize household access to diverse, nutritious
foods. These may include food vouchers, agricultural training, seed distribution, or
cash transfer programs. Linking nutrition with livelihood support helps families
withstand economic shocks and reduce reliance on emergency aid [. Cash transfer
programs, whether unconditional or conditional, have gained prominence as tools to
reduce food insecurity and improve dietary diversity. When well-targeted, these
programs empower families to buy nutritious food, reduce the need for child labor,
and improve maternal mental health. Conditional transfers linked to health check-
ups or school attendance promote service uptake while improving nutrition
outcomes. Evidence from Latin America and SSA shows that well-designed cash
transfers can reduce stunting and improve birth weights [47].

Other forms of social protection include food vouchers, public works programs,
and agricultural support schemes for female-headed households. Linking these with
nutrition education and health services can enhance their effectiveness and ensure
long-term impact[47].

These strategies are particularly effective when implemented together,
reinforcing both biological and social resilience to malnutrition.

6.6 Humanitarian coordination: Cluster approach and sphere standards

Effective nutrition interventions in emergencies require coordinated action across
multiple sectors and organizations to ensure effective nutrition responses. The cluster
approach, introduced by the Inter-Agency Standing Committee (IASC), designates
UNICEF as the lead for the global nutrition cluster (GNC) in emergencies. The GNC
ensures that humanitarian actors collaborate on needs assessments, supply chain
logistics, monitoring, and technical guidance. At the country level, nutrition clusters
coordinate government agencies, UN bodies, NGOs, and donors to avoid duplication,
ensure equitable service delivery, and monitor performance indicators [48].

The sphere standards serve as the global benchmark for humanitarian response,
outlining minimum standards for nutrition in emergencies. These include
benchmarks for GAM prevalence, minimum daily energy and protein requirements,
therapeutic feeding coverage, and acceptable cure and mortality rates. Adherence to
sphere standards ensures accountability, quality, and effectiveness, especially in
complex emergencies involving displacement, food insecurity, or disease
outbreaks [43].

Together, these treatment and intervention strategies provide a comprehensive
roadmap to combat childhood malnutrition. A combination of facility-based care,
decentralized community programs, micronutrient support, and preventive public
health strategies, anchored in coordinated humanitarian action, can significantly
reduce the burden of malnutrition and improve long-term child health outcomes.

7. Monitoring, evaluation, and policy recommendations

Effective management of childhood malnutrition requires robust systems for
monitoring, evaluation, and policy integration. Monitoring and evaluation (M&E)
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help ensure program quality, guide decision-making, and facilitate accountability for
stakeholders. Key performance indicators include recovery rates, mortality rates,
defaulter rates, coverage rates, and relapse frequency. These indicators are routinely
tracked in both CMAM and facility-based settings.

National and sub-national nutrition surveillance systems, such as District Health
Information Software 2 (DHIS2) and rapid nutrition assessment tools (e.g. SMART
surveys), enable timely data collection, trend analysis, and identification of priority
areas for intervention. However, challenges remain in data quality, completeness, and
real-time reporting due to infrastructure limitations, workforce shortages, and
fragmented systems. In humanitarian contexts, mobile data platforms and mHealth
innovations are increasingly used to support M&E efforts. Integrated dashboards that
combine nutrition, WASH, and food security indicators provide a comprehensive
picture of malnutrition drivers and intervention effectiveness. Regular evaluations are
essential for adjusting program strategies and enhancing outcomes.

In low-resource settings and conflict-affected areas, M&E efforts face additional
constraints due to insecurity, lack of infrastructure, workforce shortages, and
restricted access to affected populations. Data collection may be intermittent or
paper-based, with limited digital access or internet connectivity [49]. In such
environments, simplified monitoring tools, such as manual tally sheets, paper-based
MUAC screening logs, and sentinel site surveillance, remain essential. Community-
based volunteers often serve as frontline data collectors, despite receiving minimal
training. Conflict zones may also lack centralized nutrition information systems,
making regional coordination and third-party monitoring crucial. Donor agencies
and NGOs often support rapid assessments and real-time alerts using mobile
technologies like RapidPro or KoboToolbox, which are adapted for low-bandwidth
environments.

Policy implementation in these fragile settings must be flexible, allowing for
emergency nutrition programming outside national systems while still aligning with
core standards, such as the Sphere Minimum Standards. Governments and
humanitarian actors must coordinate closely to ensure continuity of care during
displacement, integrate nutrition into emergency health packages, and protect
essential child health services from collapsing during crises.

On the policy side, governments should integrate nutrition into national
development plans, prioritize domestic financing for nutrition programs, and
strengthen multisectoral coordination among ministries of health, education,
agriculture, and social welfare. Community engagement, political will, and donor
support remain critical drivers of long-term impact.

8. Conclusion

Addressing childhood malnutrition requires a multidimensional and integrated
strategy that encompasses clinical treatment, community-based care, preventive
interventions, and coordinated emergency response. Combining facility-based
protocols with community outreach and multisectoral partnerships ensures timely
diagnosis, effective treatment, and long-term resilience. Prioritizing nutrition within
national health policies, investing in community health systems, and aligning with
global standards can significantly reduce child malnutrition and improve survival
and developmental outcomes.
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Chapter 2

Global Trends in Neonatal Sepsis:
A Scopus Bibliometric Analysis of
Publications from 2015 to 2025
Festus Mulakoli

Abstract

Neonatal sepsis remains a significant global health challenge, contributing to
substantial morbidity and mortality, particularly in low- and middle-income countries
(LMICs). This bibliometric study aimed to analyze research trends, key contributors,
emerging themes, and collaborative networks in the neonatal sepsis literature from
2015 to mid-2025. The Scopus database was searched using relevant keywords. After
applying the inclusion and exclusion criteria, the final dataset was analyzed using
bibliometricmethods. The annual publication trend showed a steady growth from 2015
to 2020. The United States, China, and India were the top contributors, while the
University of Toronto, St. George’s University of London, and Inserm are leading
institutions. Keyword co-occurrence analysis revealed clusters around biomarkers,
maternal health, and antimicrobial resistance. Collaboration networks highlighted
strong partnerships among high-income countries but limited integration with high-
burden regions. Key research gaps include the need for context-specific diagnostic
tools, capacity building in LMICs, and understanding the long-term outcomes of
neonatal sepsis survivors. This study emphasizes the urgent need for equitable research
investments, strengthened global partnerships, and targeted interventions to reduce
the burden of neonatal sepsis, particularly in regions with the highest disease burden.

Keywords: neonatal sepsis, early-onset sepsis (EOS), late-onset sepsis (LOS),
septicemia, neonatal mortality

1. Introduction

Neonatal sepsis is a systemic infection that occurs in newborns within the first 28
days of life and is characterized by the presence of bacteria, viruses, or fungi in the
bloodstream, leading to systemic inflammatory response syndrome (SIRS) [1]. It is
classified as early-onset sepsis (EOS), occurring within 72 hours of birth, or late-
onset sepsis (LOS), developing after 72 hours, with EOS typically acquired vertically
from the mother and LOS often associated with hospital-acquired infections [2]. Its
clinical presentation is often nonspecific and may include temperature instability,
respiratory distress (e.g., grunting and apnea), feeding intolerance, lethargy,
irritability, hypotension, and signs of poor perfusion [2]. Severe cases can progress to
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septic shock, disseminated intravascular coagulation (DIC), and multi-organ failure,
necessitating prompt diagnosis and treatment to reduce mortality and long-term
complications [3].

Neonatal sepsis remains a significant global health challenge, contributing to
neonatal morbidity and mortality, particularly in low- and middle-income countries
(LMICs). It is a life-threatening condition caused by systemic infections in newborns
and typically occurs within the first 28 days of life. Despite advances in neonatal
care, the burden of neonatal sepsis persists due to factors such as antimicrobial
resistance (AMR), limited access to quality healthcare, and inadequate infection
prevention practices [4].

Neonatal sepsis remains a leading cause of morbidity and mortality worldwide,
particularly in LMICs where healthcare resources are limited. Globally, an estimated
three million cases of neonatal sepsis occur annually, accounting for 11% of all
neonatal deaths and approximately 500,000 fatalities each year [4]. The burden is
disproportionately high in sub-Saharan Africa and South Asia, where access to
healthcare, hygiene, and maternal health services is often inadequate [5–7].

EOS accounts for a considerable proportion of LMIC cases due to intrapartum
infections, whereas LOS is more common in neonatal intensive care units (NICUs),
particularly among preterm and exceptionally low-birth-weight infants [8].
Survivors of neonatal sepsis experience long-term complications, including
neurodevelopmental impairment, growth retardation, and increased susceptibility
to recurrent infections, further straining the healthcare system [5]. Addressing
neonatal sepsis requires improved maternal healthcare, infection prevention
strategies, and timely antibiotic administration to reduce its global burden.

According to the World Health Organization (WHO), sepsis is responsible for
approximately 15% of all neonatal deaths globally, with an estimated three million
cases of neonatal sepsis occurring annually. The burden is disproportionately higher
in sub-Saharan Africa and South Asia, where healthcare systems often struggle with
resource constraints and delayed diagnosis. WHO’s global report on the
epidemiology and burden of sepsis emphasizes the urgent need for improved
surveillance, prevention strategies, and research to address this critical health
issue [6].

Neonatal sepsis exhibits significant regional disparities, with the highest incidence
and mortality rates observed in LMICs, owing to limited healthcare access, poor
sanitation, and inadequate maternal and neonatal care. Globally, the incidence of
neonatal sepsis is estimated at 2,200 cases per 100,000 live births; however, in sub-
Saharan Africa and South Asia, the rate is 5,000–7,500 per 100,000 live births, which
is three to five times higher than that in high-income countries (HICs) [4]. In South
Asia, countries such as India, Pakistan, and Bangladesh report sepsis in 15%–20% of
hospitalized neonates, with case fatality rates exceeding 25% in rural settings [7].
Similarly, in sub-Saharan Africa, neonatal sepsis accounts for 30%–50% of neonatal
deaths, with incidence rates peaking in regions with high rates of premature birth,
unhygienic deliveries, and maternal infections [9]. In contrast, HICs, such as those in
the United States and Western Europe, report much lower rates (500–1,000 per
100,000 live births), which is attributed to sterile delivery practices, widespread
antenatal care, and advanced neonatal intensive care [1]. These stark disparities
highlight the urgent need for targeted interventions in LMICs, including maternal
immunization, clean birth practices, and improved antibiotic stewardship to reduce
preventable neonatal deaths.
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Neonatal sepsis remains a significant cause of morbidity and mortality
worldwide, and multiple interrelated factors influence its development. Maternal
conditions play a crucial role, as prolonged membrane rupture (> 18 hours)
significantly increases the risk of ascending infections [10]. Maternal infections,
including chorioamnionitis, urinary tract infections, and Group B Streptococcus
(GBS) colonization, are strongly associated with early-onset neonatal sepsis [11, 12].
This risk is particularly elevated in preterm infants, whose immature immune
systems and underdeveloped physiological barriers make them exceptionally
vulnerable to systemic infections [13].

The circumstances surrounding delivery constitute another category of critical
risk factor. Unsterile delivery practices, common in resource-limited settings,
dramatically increase exposure to potential pathogens [14]. Complications such as
meconium-stained amniotic fluid and prolonged labor have been independently
associated with higher rates of neonatal sepsis [10]. Invasive procedures, including
instrumental deliveries and frequent vaginal examinations, further compound this
risk by introducing additional opportunities for bacterial contamination [1]. These
findings underscore the importance of skilled birth attendance and appropriate
infection-control measures during delivery.

Neonatal characteristics significantly influence susceptibility to sepsis. Low birth
weight (< 2,500 g) and prematurity are among the strongest predictors, with the risk
being inversely proportional to gestational age and birth weight [15]. Hospitalized
neonates face additional hazards, such as prolonged NICU stays, invasive devices,
and mechanical ventilation, which increase their exposure to nosocomial pathogens
[16, 17]. The protective effect of breastfeeding has been well-documented, with
formula-fed infants demonstrating higher rates of infection owing to the absence
of maternal immunoglobulins and other protective factors in breast milk [1, 18].
These risk factors highlight the need for targeted preventive strategies to reduce the
global burden of neonatal sepsis among high-risk populations.

Accurate epidemiological data collection for neonatal sepsis faces numerous
challenges, particularly in low-resource settings where the burden is the highest.
Diagnostic limitations represent a major barrier, as the clinical signs of sepsis are
nonspecific and overlap with those of other neonatal conditions [19]. Blood culture, the
gold standard for diagnosis, has low sensitivity (30%–50%) in neonates because of the
small blood volumes obtained and frequent antibiotic pretreatment [7]. In low-income
countries, limited laboratory infrastructure and inflated costs prevent routine culture
testing, leading to reliance on clinical diagnosis alone, which lacks specificity [9].

Inconsistent case definitions across studies and surveillance systems further
complicate the comparability of data. While some programs use WHO clinical
criteria, others incorporate laboratory markers or treatment responses, creating
heterogeneity in the reported incidence rates [4]. Underreporting is widespread,
especially in community settings, where many sepsis-related deaths occur without
medical attention. Hospital-based surveillance misses these cases, whereas verbal
autopsies, used as substitutes, have questionable accuracy [20].

Health system challenges, including fragmented record-keeping, paper-based
systems, and incomplete mortality registries, have led to data gaps [21]. Security
issues and geographical barriers prevent the enumeration of cases in conflict and
remote areas [22]. Even in high-income settings, variations in sepsis coding (ICD-10
[International Classification of Diseases, tenth revision] versus clinical criteria)
affect surveillance accuracy [23–25].
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Addressing these challenges requires standardized definitions, improved
diagnostics, and investment in health information systems. Novel approaches, such
as machine learning algorithms for risk prediction and biomarker panels, may
enhance future surveillance [26]. Until then, global sepsis estimates represent
a significant underestimation of the true burden.

Despite the high burden and clinical significance of neonatal sepsis, research is
fragmented and unevenly distributed across regions and disciplines. Neonatal sepsis
remains one of the leading causes of neonatal mortality, accounting for
approximately 203,000 deaths annually and affecting an estimated 1.3 million
neonates globally each year [27]. The burden is disproportionately higher in LMICs,
particularly in sub-Saharan Africa and South Asia [28].

A systematic review and meta-analysis found that data on neonatal sepsis
incidence and mortality are limited and highly variable, especially in resource-
limited settings, complicating global comparisons and policy planning [29].
According to the Global Burden of Disease Study 2019, the global incidence of
neonatal sepsis increased by 12.79% from 1990 to 2019, while mortality decreased by
12.93%, indicating some progress but also highlighting persistent challenges [30].

There is a lack of comprehensive understanding of how the scientific community
has addressed neonatal sepsis over the past decade, which topics have been
prioritized, which countries and institutions have led the research, and how
collaborative networks have evolved. This gap hinders the ability of policymakers,
clinicians, and researchers to identify knowledge deficits, effectively allocate
resources, and foster global cooperation. The WHO and other global health bodies
have emphasized the urgent need for coordinated research efforts and investment in
neonatal infection surveillance and prevention strategies.

Bibliometric analysis is a powerful tool for systematically mapping the landscape
of scientific literature and uncovering trends, influential publications, key
contributors, and emerging research themes [31]. By analyzing publications from
2015 to 2025, this study aimed to provide a decade-long overview of neonatal sepsis
research. This analysis is crucial for identifying research hotspots and gaps to guide
future investigations, highlighting global and regional contributions to fostering
equitable research development, understanding collaboration patterns to strengthen
international partnerships, and informing funding agencies and policymakers
regarding strategic investment areas. This bibliometric study will serve as
a foundational resource for stakeholders to enhance their global response to neonatal
sepsis through evidence-based strategies and coordinated research.

Neonatal sepsis is a critical public health concern owing to its high mortality rate,
long-term complications, and substantial economic burden on healthcare systems,
particularly in low-resource settings. As a leading cause of neonatal death, it
contributes significantly to global under-five mortality, hindering progress toward
the United Nations Sustainable Development Goal (SDG) 3.2, which aims to reduce
preventable newborn deaths. Survivors often face neurodevelopmental delays,
growth impairments, and increased susceptibility to infections, leading to lifelong
disabilities that strain families and healthcare infrastructure [4]. Its economic impact
is profound, with prolonged hospitalization, intensive care needs, and escalating
antibiotic resistance treatment costs [32]. Addressing neonatal sepsis requires
strengthening maternal and neonatal healthcare systems, promoting infection
prevention measures, ensuring timely antibiotic access, and enhancing global
surveillance. Public health interventions, such as maternal immunization, clean
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birthing practices, and neonatal sepsis management protocols, can significantly
reduce the burden, particularly in high-risk regions. Prioritizing neonatal sepsis is
essential not only for improving survival rates but also for ensuring healthier future
generations and sustainable healthcare systems [33–36].

Despite advances in neonatal care, significant gaps in knowledge and practice
persist regarding the prevention, diagnosis, and management of neonatal sepsis.
Diagnostic uncertainty remains a critical challenge because current biomarkers, such
as C-reactive protein (CRP) and procalcitonin (PCT), lack sufficient sensitivity and
specificity in the early stages of infection [37]. The field urgently needs validated
biomarker panels that can distinguish true sepsis from non-infectious inflammatory
conditions while providing rapid, point-of-care results [38]. Additionally, the
optimal duration of antibiotic therapy remains controversial, particularly in culture-
negative cases, as it contributes to antimicrobial overuse and resistance [39].

A major research gap exists in population-specific sepsis definitions, as the
current criteria, derived from high-income settings, may not apply to low-
birthweight neonates or to resource-limited areas. The pathogenesis of sepsis in
preterm infants, particularly how immature immune responses interact with specific
pathogens, is poorly understood [40]. Furthermore, while maternal immunization
shows promise in preventing EOS (e.g., GBS vaccines), implementation barriers in
LMICs remain unaddressed [41].

Clinical practice gaps include inconsistent adoption of sepsis bundles across
facilities, especially in LMICs, where staffing and resource constraints limit protocol
adherence [42]. There is also inadequate evidence to guide post-sepsis
neurodevelopmental follow-up, despite the known risk of long-term impairment
[43]. Most critically, the intersection of sepsis and AMR in neonatal units requires
innovative stewardship approaches tailored to vulnerable populations [32].

Closing these gaps demands harmonized research priorities that address both
biological mechanisms and implementation science. Future research should focus on
precision diagnostics, targeted immunotherapies, and context-specific prevention
strategies that account for the global health disparities in neonatal care.

This study has the potential to significantly transform neonatal sepsis
management by addressing critical gaps in diagnosis, treatment, and prevention. By
validating novel biomarker panels for early and accurate sepsis detection, this study
could reduce diagnostic delays and unnecessary antibiotic use, particularly in
resource-limited settings where laboratory infrastructure is scarce [38]. The
development of context-specific clinical algorithms tailored to different healthcare
environments (e.g., NICUs vs. community clinics) may standardize care and
improve outcomes in diverse populations [44, 45].

Investigations into optimized antibiotic regimens could lead to evidence-based
guidelines on the duration and selection of antimicrobials, helping to combat rising
resistance rates while maintaining treatment efficacy [39]. Furthermore, by
elucidating immune–pathogen interactions in preterm infants, these findings may
pave the way for targeted immunotherapies or adjuvant treatments to modulate
dysregulated host responses [46].

At the public health level, research could strengthen preventive strategies such as
maternal vaccination protocols or improved infection control bundles, potentially
reducing the incidence of sepsis in high-risk settings [41, 47, 48]. By integrating
machine learning tools for risk prediction, this study may also enable initiative-
taking interventions in vulnerable neonates [49, 50].
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This work could inform global guidelines, shape health policies, and reduce the
burden of neonatal sepsis, particularly in LMICs, where the mortality toll is the
highest. The translational impact spans from bench to bedside, offering scalable
solutions to save lives and improve long-term outcomes for survivors.

2. Primary objectives

To analyze global research trends, key contributors, emerging themes, and
collaborative networks in neonatal sepsis literature over the past decade (2015–2025)
using bibliometric methods, providing insights into the evolution of knowledge,
gaps, and future research directions.

3. Methods

3.1 Study design

This study employed a retrospective bibliometric design to analyze global
research output on neonatal sepsis published between 2015 and 2025. Bibliometric
techniques were used to quantitatively and qualitatively assess publication trends,
authorship patterns, institutional productivity, international collaboration, and
thematic evolution in the field.

3.2 Data source and search strategy

3.2.1 Database selection

Bibliometric data were extracted from Scopus, a comprehensive and widely
recognized database for scholarly literature. Scopus was selected for its extensive
coverage of peer-reviewed journals, robust citation tracking, and compatibility with
bibliometric software.

3.2.2 Search query

A structured search strategy was developed using relevant keywords and Boolean
operators to capture literature on neonatal sepsis. The final query included
(“neonatal sepsis” OR “newborn sepsis” OR “infant sepsis” OR “neonatal infection”)
AND (diagnosis OR treatment OR management OR outcomes). This query was
applied to titles, abstracts, and keywords to ensure comprehensive retrieval of
relevant publications.

3.2.3 Inclusion and exclusion criteria

3.2.3.1 Inclusion criteria

To ensure the relevance and quality of the bibliometric analysis, the study
included peer-reviewed publications such as original research articles, review
articles, meta-analyses, and clinical guidelines that directly contribute to neonatal
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sepsis research. Publications such as conference abstracts, editorials, letters, case
reports, and non-English articles (unless deemed critical) were excluded to maintain
methodological rigor. An initial search in Scopus yielded 6,088 records, which were
imported into EndNote X20 for deduplication using automated and manual
methods. Titles and abstracts were screened for relevance, and full-text reviews were
conducted for borderline cases.

3.2.3.2 Exclusion criteria

Specific exclusion criteria were applied during the screening process to ensure the
relevance and quality of the dataset. Publications such as conference abstracts,
editorials, letters to the editor, and case reports were excluded because of their
limited methodological rigor and lack of comprehensive data. Additionally, non-
English language articles were excluded unless they were deemed critical to the field,
particularly if they addressed unique regional challenges or contributed significantly
to the discourse on neonatal sepsis.

3.2.4 Bibliometric analysis

3.2.4.1 Quantitative metrics

To assess the evolution of neonatal sepsis research over the past decade, annual
publication trends were analyzed to identify patterns of growth and fluctuations in
scholarly output. Citation metrics, including total citations, average citations
per year, and author h-index, were evaluated to determine the impact and influence
of individual researchers, journals, and articles within the field.

3.2.4.2 Network analysis

To explore patterns of scholarly collaboration and intellectual influence in
neonatal sepsis research, country and institutional partnerships were visualized
using VOSviewer (v.1.6.20). These collaboration networks highlight the key global
research hubs and cross-national linkages. Additionally, author co-citation analysis
was conducted to identify influential researchers and thematic clusters, revealing the
intellectual structure and leading contributors shaping the field over the past decade.

3.2.4.3 Keyword and thematic analysis

To identify the dominant research themes in the neonatal sepsis literature,
a keyword co-occurrence analysis was conducted. Keywords were extracted from the
dataset and clustered using bibliometric tools, revealing major thematic areas such as
AMR, biomarker-based diagnostics, and maternal-neonatal health. These clusters
reflect the evolving research priorities and highlight the interdisciplinary nature of
neonatal sepsis research.

3.2.4.4 Statistical and visualization tools

Descriptive statistics, primarily counts and percentages, were used to summarize
the publication and citation data. Analytical outputs and visualizations were
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generated using VOSviewer for network mapping and Microsoft Excel for tabular
and graphical representations, ensuring the clarity and accessibility of the
bibliometric findings.

4. Ethical considerations

This study relied exclusively on publicly available metadata and did not involve
human participants, identifiable personal data, or interventions. Therefore, ethical
approval was not required for this study.

5. Results

Based on an initial Scopus search, 6,088 records were retrieved and screened.
After applying the inclusion and exclusion criteria, a final dataset of 6,088 articles
was retained for bibliometric analysis.

5.1 Annual publication trend

Figure 1 shows that between 2014 and mid-2025, the volume of publications on
neonatal sepsis exhibited a dynamic trajectory, reflecting evolving research
priorities and global health concerns. The number of studies increased steadily
from 359 in 2015 to 781 in 2020. However, the subsequent years showed
fluctuations, and by 2024, the number of publications had dropped significantly to
approximately 368.
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Figure 1.
Trends in neonatal sepsis research publications (2015–2025): a decade of research output.
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5.2 Country/Institution

Bibliometric analysis revealed that the United States leads neonatal sepsis
research output, contributing 1,290 publications, followed by China (n = 625) and
India (n = 598). These three countries collectively account for a significant portion of
global research in this domain. Other notable contributors include the United
Kingdom (n = 502), Italy (n = 288), and Australia (n = 269), as shown in Table 1.

At the institutional level (see Table 2), the University of Toronto ranks highest,
with 83 publications, closely followed by St. George’s, University of London (n = 77),
and the Institut National de la Santé et de la Recherche Médicale (Inserm; n = 75).
Prestigious institutions, such as Harvard Medical School (n = 71), The Children’s
Hospital of Philadelphia (n = 74), and the University of Oxford (n = 64), also feature
prominently. European institutions include Université Paris Cité (n = 65), Erasmus
MC (n = 67), and AP–HP Assistance Publique-Hôpitaux de Paris (n = 67).

Institutions Publications

University of Toronto 83

St George’s, University of London 77

Inserm 75

The Children’s Hospital of Philadelphia 74

Harvard Medical School 71

London School of Hygiene & Tropical Medicine 69

AP–HP Assistance Publique – Hôpitaux de Paris 67

Erasmus MC 67

Université Paris Cité 65

University of Oxford 64

Table 2.
Top 10 institutions contributing to neonatal sepsis research output in last ten years (2015–2025).

Country Publications

United States 1,290

China 625

India 598

United Kingdom 502

Italy 288

Australia 269

Canada 261

Turkey 216

The Netherlands 214

France 200

Table 1.
Countries with the highest number of publications in neonatal sepsis in last ten years (2015–2025).
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5.3 Collaboration between countries

Figure 2 illustrates the collaborative network of international partnerships in
neonatal sepsis research. Two main clusters were identified in the VOSviewer analysis
(green and red). The United States stands out as a central hub, forming strong
collaborative ties with countries such as India, Canada, and Australia, as represented by
the green cluster. By contrast, the United Kingdom has a collaborative network with
Germany, Italy, Switzerland, the Netherlands, and Sweden, as represented by the red
cluster. Other collaboration networks are observed between the United States and the
United Kingdom, the United States and Switzerland, and the United States and the
Netherlands. In addition, there is collaboration between the United Kingdom, Australia,
and Canada.

5.4 Author co-citation and co-authorship network analysis

As shown in Figure 3, the authors’ co-citation network revealed key influencers
and thematic clusters in neonatal sepsis research. Two clusters were identified (red
and green), with prominent researchers such as Wyse, Stoll, Puopolo, and Romero,
who had a high frequency of co-citations.

Co-authorship network analysis (see Figure 4) revealed two prominent clusters of
researchers actively collaborating in the field of neonatal sepsis. The red cluster, which
includes authors such as Hansen M., Stoll J., Wynn J.L., Puopolo K.M., and Polin R.A.,
and, on the other side, the green cluster, features authors like Romero R. and Yoon B.H.

Figure 2.
Global collaboration network in neonatal sepsis research (2015–2025): Top 10 country-level co-authorship
trends. The size of the node represents the number of publications that the countries have collaborated to author.
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5.5 Co-occurrence analysis

The co-occurrence analysis of keywords, as shown in Figure 5, revealed three
major thematic clusters (green, red, and blue) in neonatal sepsis research. The green
cluster includes terms such as “sepsis,” “neonate,” and “infection,” representing
foundational concepts and general clinical focus areas in neonatal sepsis; the red
cluster contains keywords like “neonatal sepsis,” “pregnancy,” and “antibiotics”; and
the blue cluster features keywords such as “procalcitonin” and “C-reactive protein.”

Figure 3.
Global Co-citation network among authors conducting studies on neonatal sepsis research between 2015 and
2025. Each node represents an author, and two authors are considered to have co-citation if their papers are
frequently cited together.

Figure 4.
Global Co-authorship network among top10authors in neonatal sepsis research (2015–2025). Each node represents
an author, and a link between two nodes indicates that the authors have co-authored publications together
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6. Discussion

This bibliometric study presents a comprehensive overview of neonatal sepsis
research over the past decade, revealing key patterns in publication output,
international collaboration, thematic evolution, and scholarly influence. The
findings yield several important insights with significant implications for global
health policy and the prioritization of research [51].

The steady increase in annual publications from 2015 to 2020, culminating in
a peak in 2020, reflects the growing global recognition of neonatal sepsis as
a significant public health concern. The pronounced spike in 2020 was correlated
with the COVID-19 pandemic, which intensified the focus on infectious disease
pathogenesis, immune responses, and neonatal vulnerabilities. The subsequent
decline by 2024 may indicate a post-pandemic reallocation of research priorities or
temporary saturation in certain thematic areas, underscoring the need for a renewed
focus on persistent and emerging challenges, particularly AMR and rapid diagnostic
innovation [52, 53].

A central finding is the stark disparity between research output and the disease
burden. The dominance of HICs, particularly the United States, the United Kingdom,
and China, in publication volume and institutional productivity underscores the
profound imbalance in global research capacity. This is a well-documented
phenomenon in global health literature, often referred to as the “10/90 gap,” where
only a fraction of research resources address the health problems of the majority of
the world’s population [54]. Consequently, regions with the highest burden of

Figure 5.
Top 20 keyword co-occurrence network analysis as used by authors in neonatal sepsis research (2015–2025). The
thickness of the connecting lines reflects the strength of association betweeb keywords, while the size and color
intensity of the circles indicates the frequency of keywords occurence in publications
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neonatal sepsis, namely sub-Saharan Africa and South Asia, remain critically
underrepresented in scholarly literature. This misalignment emphasizes the urgent
ethical and practical imperative for equitable investment in research infrastructure,
sustainable funding, and local capacity building in LMICs [55].

Despite having the highest burden of neonatal sepsis and mortality globally,
African institutions have contributed minimally to publication volume. This aligns
with epidemiological data confirming that sub-Saharan Africa has the highest neonatal
mortality rate due to sepsis, which is often exacerbated by limited access to diagnostics
and antibiotics [56]. The Global Burden of Disease study further affirms that Africa
has the highest disability-adjusted life years (DALYs) related to neonatal sepsis;
however, its bibliometric visibility remains disproportionately low [57]. This gap
underscores the pressing need for targeted regional investment and ethically informed
North–South and South–South collaborations [58].

India and China have emerged as major contributors, with a combined output of
over 1,200 publications. This is consistent with the data showing that South Asia
has the highest absolute number of neonatal sepsis cases. The thematic focus from
India, as identified in our keyword analysis, heavily emphasizes AMR and empirical
antibiotic use, reflecting local challenges with multidrug-resistant pathogens.
However, the literature consistently highlights systemic barriers, such as antibiotic
overuse and a lack of standardized, cost-effective diagnostic protocols [59].

In Europe and North America, the United States, United Kingdom, and European
nations such as Italy and France reflect their established research infrastructure and
funding. Institutions such as Harvard University and the University of Oxford are
frequently cited for their leadership in developing consensus definitions, advancing
biomarker validation, and conducting large-scale clinical trials [60, 61]. The strong
intra-regional collaboration networks observed mirror EU-funded initiatives, such
as the NeoVanc and PERFORM consortia, which focus on optimizing treatment and
diagnostics. The low neonatal sepsis mortality rates in these regions are attributed to
advanced neonatal intensive care and robust surveillance systems [62, 63].

The Eastern Mediterranean and Latin America, which have seen rising sepsis
burdens, have demonstrated a modest but growing research output. Studies from
countries such as Iran, Egypt, and Brazil have often focused on maternal risk factors,
environmental exposure, and health system resilience [64–66]. Our keyword analysis
identified clusters around “pregnancy” and “infection,” aligning with the regional
focus on perinatal care and EOS [67]. However, limited data harmonization and
international collaboration continue to hinder comprehensive regional assessments.

Co-citation analysis confirms the foundational influence of a core group of
researchers (e.g., Stoll B.J., Puopolo K.M., and Romero R.), whose work on
diagnostics, risk stratification, and maternal–fetal immunology has established
current clinical standards. The clustering of authors suggests distinct yet
interconnected intellectual communities driving subfields such as immunology,
microbiology, and clinical epidemiology.

One of the most striking novel findings of this analysis is the emergence of a dense,
highly focused research cluster around biomarkers, particularly PCT and CRP, which
were not as prominent in earlier decades [68, 69]. This signifies a paradigm shift
toward precision diagnostics, aiming to move beyond subjective clinical signs to
enable earlier, more accurate detection [70]. The implications for LMICs are
significant. If validated as a cost-effective point-of-care tool in these settings, such
biomarkers could drastically reduce antibiotic overuse and improve survival rates [71].
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Furthermore, the network analyses clearly identified robust collaboration within
HICs but limited the integration of high-burden regions. This presents a clear
strategic opportunity: fostering targeted, equitable partnerships between high-
output and high-burden regions could accelerate the development and
implementation of context-specific solutions, from novel diagnostics to simplified
treatment algorithms. These findings underscore that transforming neonatal
outcomes globally requires a triad of targeted investments in diagnostic innovation,
inclusive collaborative networks, and regional research capacity-building.

Neonatal sepsis remains a significant health challenge across sub-Saharan Africa
and contributes to neonatal mortality in this region. Neonatal infections, including
sepsis, account for approximately 26% of neonatal deaths annually, with sub-
Saharan Africa having one of the highest mortality rates globally [28]. Despite the
global decline in neonatal mortality rates, sepsis continues to be a major impediment,
particularly in this region [72].

Several risk factors have been identified in sub-Saharan Africa that exacerbate the
burden of neonatal sepsis. These include low birth weight, prematurity, low Apgar
scores, male sex, prolonged rupture of membranes, and intrapartum fever [56].
Socioeconomic factors, such as low socioeconomic status and rural residence, also
contribute to an increased risk of neonatal sepsis [73]. The economic burden is
substantial, with estimates suggesting a loss of 5.29 to 8.73 million DALYs annually
due to neonatal sepsis in the region, translating to an economic burden of $10 billion
to $469 billion [28].

Efforts to mitigate this burden include improving antenatal care utilization to
identify and manage risk factors effectively and implementing WHO-recommended
interventions, which have the potential to significantly reduce neonatal mortality
from sepsis and other related conditions [72, 74]. An enhanced focus on recognizing
and managing pre-existing conditions that increase neonatal vulnerability, such as
acute kidney injury, hypothermia, and asphyxia, may also help reduce the incidence
and severity of neonatal sepsis [75]. Despite these efforts, there is a critical need for
increased investment in high-quality research and healthcare strategies specifically
tailored to the sub-Saharan context to improve outcomes and address the substantial
burden of neonatal sepsis across the region [73].

Neonatal sepsis poses a significant global health challenge, with substantial
implications for both morbidity and mortality in newborns. Globally, an estimated
6.31 million incident cases of neonatal sepsis occur annually, with approximately
0.23 million deaths attributed to this condition [76]. This burden is most pronounced
in LMICs, where sepsis accounts for a substantial proportion of neonatal deaths [23].
A key factor exacerbating the burden of neonatal sepsis is the emergence of
multidrug-resistant pathogens, particularly in regions with limited health care
resources. For instance, Acinetobacter spp., a common pathogen in neonatal sepsis, is
often resistant to first-line treatments recommended by the WHO, complicating
treatment efforts [77]. Similarly, Klebsiella pneumoniae, another leading pathogen,
shows increasing resistance to multiple antibiotics, including meropenem, posing
a significant threat as AMR continues to increase [78].

Efforts to mitigate this burden include preventive strategies such as maternal
vaccination against pathogens like Klebsiella pneumoniae, which models suggest
could significantly reduce the incidence of neonatal sepsis and associated mortality.
Such vaccinations could potentially avert over 80,000 neonatal deaths and 400,000
sepsis cases annually worldwide, particularly in Africa and Southeast Asia [78].
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Despite advances in medical research, challenges persist in accurately diagnosing
and managing neonatal sepsis, contributing to variations in global estimates of the
sepsis burden [79]. Innovations in diagnostic biomarkers, such as heparin-binding
protein (HBP), may offer promise in the early detection and management of the
disease, potentially improving in-hospital outcomes [80]. The global incidence of
neonatal sepsis has been increasing; however, mortality rates have shown a declining
trend owing to improved healthcare interventions [76]. Continuous efforts to
enhance healthcare delivery, increase awareness, and implement targeted
interventions remain crucial for addressing the global burden of neonatal sepsis.
Although we could not generate a full essay, the information provided offers
a comprehensive overview of the global burden of neonatal sepsis based on the
available literature.

6.1 Strengths and limitations

A key strength of this bibliometric analysis lies in its comprehensive scope,
covering a full decade (2015–2025) of neonatal sepsis research across multiple
dimensions, including publication trends, author influence, institutional
productivity, international collaboration, and thematic focus. The integration of
co-authorship, co-citation, and keyword co-occurrence analyses provides a multi-
layered understanding of the field’s intellectual structure and evolution.
Additionally, the study’s alignment with global regions allows for a contextual
interpretation of research output relative to disease burden, offering valuable
insights for policy and funding decisions.

However, this study has some limitations. First, it relies on citation-based metrics,
which may not fully capture the clinical impact or real-world relevance of research,
especially in low-resource settings where publication rates are lower. Second, the
analysis may be affected by database coverage bias, as some regional and non-English
publications are underrepresented on major indexing platforms. Third, the sharp
decline in publications by 2024 may reflect a data lag rather than an actual drop in
research activity. Finally, while collaboration networks were mapped, the study did
not assess the quality or outcomes of these partnerships, which is crucial for
translating research into practice.

6.2 Clinical and public health implications

The findings of this bibliometric analysis have significant implications for both
clinical practice and public health policy. The increasing focus on biomarkers, such
as PCT and CRP, suggests a shift toward early and more precise diagnosis of neonatal
sepsis, which could reduce reliance on empirical antibiotic therapy and help curb
AMR, a major global health threat. The identification of regional disparities in
research output, particularly the underrepresentation of high-burden regions such as
sub-Saharan Africa and South Asia, highlights the need for equitable resource
allocation and capacity building in neonatal care. Strengthening surveillance
systems, improving access to diagnostics, and fostering international collaboration
are essential steps toward reducing neonatal mortality. Moreover, the clustering of
research on maternal health and infection control underscores the importance of
integrated perinatal care strategies that address both maternal and neonatal risk
factors. These insights can inform targeted interventions, guideline development,
and funding priorities to globally improve outcomes in neonates.

Global Trends in Neonatal Sepsis: A Scopus Bibliometric Analysis of Publications from 2015 to 2025
DOI: http://dx.doi.org/10.5772/intechopen.1013122

41



The findings of this bibliometric study have important implications for shaping
public health policies and designing targeted interventions to combat neonatal
sepsis. The clear disparity between regions with a high disease burden and low
research output, particularly in sub-Saharan Africa and parts of South Asia,
highlights the urgent need for policy-driven investments in research infrastructure,
surveillance systems, and clinical training in these areas. Governments and global
health organizations should prioritize funding for context-specific diagnostic tools,
such as biomarker-based assays, which have shown promise in the recent literature
and are prominent in this study’s thematic clusters. Furthermore, the strong
collaboration networks observed among HICs suggest that international
partnerships can be leveraged to support capacity-building and knowledge transfer
in underrepresented regions.

Public health policies should also incorporate findings from influential research
clusters, such as those focused on antimicrobial stewardship and maternal–neonatal
health, to develop integrated care models that address both prevention and early
treatment. Aligning research priorities with public health needs can lead to more
equitable and effective strategies to reduce neonatal sepsis-related mortality
worldwide.

7. Conclusion

This bibliometric analysis of neonatal sepsis research from 2015 to 2025 reveals
a decade of dynamic scholarly activity, marked by increasing publication trends,
evolving thematic priorities, and expanding global collaboration. The findings
underscore the central role of HICs in driving research output and shaping
intellectual discourse, while also highlighting the underrepresentation of regions
with the highest disease burden, such as sub-Saharan Africa and South Asia. The
emergence of biomarker-focused studies and maternal–neonatal health themes
reflects a shift toward precision diagnostics and integrated care approaches. Strong
co-authorship and co-citation networks indicate influential researchers and
institutions that have guided the development of the field. However, disparities in
research capacity and collaboration underscore the need for inclusive, equitable
global partnerships. This study provides a valuable roadmap for future research,
policy formulation, and clinical innovation aimed at reducing the global impact of
neonatal sepsis.

8. Future directions

The results of this bibliometric analysis indicated several promising avenues for
future research on neonatal sepsis. First, the growing emphasis on biomarker-based
diagnostics, such as PCT and CRP, calls for multicenter validation studies, especially
in low-resource settings where early diagnosis could significantly reduce mortality.
Second, the observed regional disparities in research output highlight the need for
studies that explore context-specific risk factors, care practices, and microbial
profiles in underrepresented regions such as sub-Saharan Africa and Southeast Asia.
Third, the limited integration between high-output and high-burden regions
suggests a need for research on models of equitable collaboration, including
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capacity-building frameworks and knowledge-sharing platforms. Additionally,
future studies should investigate the long-term neurodevelopmental outcomes of
neonatal sepsis survivors, an area that remains underexplored despite its importance
to public health. Finally, the emergence of machine learning and predictive
analytics in neonatal care presents an opportunity to develop and evaluate AI-driven
decision-support tools for early sepsis detection and management. These
directions can help bridge the existing gaps and enhance the global response to
neonatal sepsis.
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Chapter 3

Neonatal Survival Against LMIC
Odds – Case Notes of 10 Near-
Death Neonates Rescued by a New
Initiative
Ebenovbe Idemudia, Ann Brai and Hippolite O. Amadi

Abstract

Respiratory distress is a leading cause of neonatal mortality in low- and
middle-income countries (LMICs), where access to mechanical ventilation and
conventional CPAP devices remains limited, including at tertiary care levels in special
care baby units (SCBUs). In response to this gap, the respiratory support substation
(RespSS) initiative, a semi-detached section of the SCBU having independent
assemblies of locally innovated respiratory devices, such as low-cost bubble CPAP
machines, was adopted as a vital tool in the management of neonatal respiratory
conditions at the University of Benin Teaching Hospital (UBTH), Nigeria. This chapter
presents 10 compelling case stories of neonates managed with the RespSS during the
first 12 months of use, highlighting its effectiveness in extremely low birth weight
preterm neonates, infants with congenital anomalies, perinatal birth asphyxia, and
severe respiratory distress syndromes. These stories not only demonstrate the technical
success of the RespSS but also reflect powerful human narratives – parents overcoming
infertility, survival against well-known clinical odds at UBTH, and the use of the
RespSS where all other options had failed. The chapter discusses a selection of criteria,
therapeutic protocols, and outcomes while exploring key themes such as innovation in
low-resource settings, caregiver resilience, and the transformative role of locally
adapted technologies in neonatal care. The findings underscore the urgent need to scale
up RespSS-type interventions across similar healthcare systems to reduce preventable
neonatal deaths and improve long-term outcomes.

Keywords: neonatal survival, LMIC, critical care outcomes, near-miss neonates, case
series

1. Introduction

Neonatal mortality remains a critical public health challenge in Nigeria, with
respiratory distress among the top three leading causes. The World Health
Organization (WHO) reports that over one million newborns die annually from
complications related to preterm birth, low birth weight, and perinatal
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asphyxia – many of which are preventable with timely respiratory support
(WHO) [1]. In high-income countries, conventional CPAP and mechanical
ventilators are standard components of neonatal intensive care. However, in
many Nigerian tertiary hospitals, these technologies are often unavailable,
unaffordable, or unsustainable due to erratic power supply, inadequate
maintenance, and limited technical expertise. Therefore, patients are poorly
managed, leading to the persistently well-known high neonatal mortality rate in
Nigeria. In a recent successful collaborative effort to support measures for the
improvement of neonatal care in Nigeria, an initiative was developed whereby
a specially designed substation with unique respiratory support devices was
introduced within an existing special care baby unit (SCBU). The respiratory
support substation (RespSS) is semi-independent of the wider SCBU activities,
as it is tasked with sub-admitting patients with respiratory failures and sub-
discharging them back to the wider SCBU when the neonate is guided into
stable, independent respiratory ability [2].

1.1 RespSS at UBTH

The SCBU of the University of Benin Teaching Hospital (UBTH), desirous of
bridging this failure gap, welcomed the installation of the RespSS and the use of its
locally manufactured, cost-effective continuous positive airway pressure (CPAP)
system known as the PoliteHeartCPAP machine, among other locally sourced
innovative systems that power the RespSS. The RespSS devices are carefully crafted
to be low-cost, power-efficient, and feasible for use even in peripheral settings.
Since its introduction in the neonatology unit of UBTH, the RespSS has
significantly altered the course of care for critically ill neonates, especially those
previously considered unsalvageable due to the lack of efficient ventilatory
support.

1.2 Definition of the RespSS scope of duty

The roles of this SCBU subsection are clearly defined and exclusively designed
to operate solely for these purposes, including: (i) rescuing the respiratory
deterioration of the infant by completely taking over the work of effective
breathing for the neonate, (2) functioning as a tool to enhance the algorithmic
withdrawal of oxygen dependency for the maintenance of the neonate’s
physiological oxygen saturation, and (3) functioning as a tool to smoothly train
the infant to achieve sustained unassisted breathing without positive end-
expiratory pressure (PEEP). Neonates are referred and sub-admitted to the
RespSS from the regular hall of the SCBU for this special task. Upon achieving
sustained and stable independent breathing, the neonate’s RespSS case is closed,
and the infant is sub-discharged back into the regular SCBU hall for the
continuation of treatment for other non-respiratory issues before their final
discharge from the SCBU. The infant’s status at the point of this sub-discharge
marks the RespSS outcome for documentation. The scope of the RespSS
intervention is limited to the point of sub-discharge, irrespective of the final
outcome with other issues in the wider SCBU, provided the patient was sub-
discharged alive and the later cause of death is not traced back to the treatment
received at the RespSS. Hence, RespSS failure is established only if the neonate is
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confirmed to have died of respiratory failure while being treated in the RespSS.
When a neonate is kept alive at the RespSS but is unable to complete the
treatment course and hence gets prematurely discharged alive owing to family
decisions, other compelling referral issues to other facilities, or cases of
discharge-against-medical-advice (DAMA), then such a RespSS case is counted as
a success at the point of discharge. RespSS outcome is not recorded as a failure
when a neonate on the treatment course is confirmed to have died from another
overlapping treatment, such as minor surgical procedures (e.g., line-setting)
while on the PoliteHeart CPAP support.

In the 12 months of its operation since the installation and commissioning of the
RespSS at UBTH, a total of 34 dire cases have been referred to the substation for
support. Thirty-two of the 34 cases were successfully sub-discharged. Two died
from bleeding diathesis outside the scope of the RespSS duties, and two of the
infants, after discharge, passed away in the regular SCBU hall owing to other
clinical reasons.

This chapter presents 10 compelling RespSS case stories among the 34 dire
neonates who presented and were successfully sub-discharged in the SCBU of UBTH.
These real-life narratives offer a window into the resilience of neonates and their
families, the challenges of neonatal care in a resource-limited environment such as
ours, and the life-saving potential of local innovations such as the RespSS. Each story
goes beyond the clinical presentation to reflect the emotional and societal
significance of every survival.

2. Methodology/Case selection criteria

2.1 Case selection process

The 10 cases presented in this chapter were retrospectively selected from records
of 34 neonates managed in the RespSS at UBTH between September 2024 and
August 2025. The inclusion criteria were based on the following:

● Clear documentation of sub-admission in the RespSS, initiation of the inter-
vention devices, and full tracking of the algorithmized process duration.

● Presence of compelling clinical features or social abjection (e.g., extreme pre-
maturity, survival despite severe birth asphyxia, RespSS use after other CPAP
brand failures, or extraordinary family and caregiver circumstances).

● Availability of outcome data up to sub-discharge into the wider SCBU or follow-
up.

2.2 Ethical considerations

Patient identities were anonymized using initials or coded identifiers. All data
were de-identified to ensure confidentiality. This report does not include any
personally identifiable information or photographic material. Ethical clearance was
not required for this descriptive case series, which is part of internal program
evaluation and knowledge sharing.
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2.3 The RespSS use at UBTH

The RespSS devices (featuring: the PoliteHeart CPAP machine [3], the
Politeoxygen splitter system (PSS) [4], the polite-light-bank [5], the oxygen
concentrator, and the solar subpower unit and the ‘rat-monitor’ that secures the
subpower station) were routinely used throughout the first year (September 2024 to
date) of the RespSS at UBTH-SCBU (see Figure 1 and Figure 2). The substation is
situated in an exclusive corner of the SCBU for neonates presenting with:

● Respiratory distress syndrome (RDS);

● Recurrent apnoea of prematurity;

● Severe birth asphyxia;

● As an alternative, after other CPAP failures.

The PoliteHeart CPAP device is equipped with the capability for immediate direct
pulmonary warming via patient-specific, appropriate settings of inspiratory gas
temperature that achieve the physiological thermoneutral range for adequate
pulmonary performance. This gives the PoliteHeart CPAP the advantage of
providing immediate help to preserve the birth-transitory organic pulmonary
surfactant and subsequently keeping the lungs at appropriate physiological
temperatures for optimal lung performance. An earlier study showed that all
neonates who maintained lower-than-physiological temperature ranges during
CPAP intervention died [6]. Therefore, the treatment protocols in the RespSS
typically involve early initiation of the PoliteHeart CPAP (within the first hours of
life), continuous monitoring of oxygen saturation and respiratory rate, adjunctive
therapies like caffeine citrate, and algorithmized gradual weaning as the clinical
condition improves. Pharmaceutical surfactants were rarely administered and only

Figure 1.
The RespSS corner at the SCBU of the University of Benin Teaching Hospital (UBTH), Nigeria.
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when extremely necessary, as the neonates recovered more quickly on their
preserved organic surfactant through the pulmonary physiologic warmth promptly
delivered by the PoliteHeart CPAP’s inspiratory gas.

3. Case 1: First twins after five consecutive neonatal losses – RespSS
success in a baby with congenital heart disease

3.1 Background and clinical presentation

Baby O.J. (Twin 1), a male infant, was delivered at 25 weeks and 3 days’ gestation
via spontaneous vaginal delivery (SVD), weighing 880 g. He was the product of
a long-awaited twin pregnancy following five previous unsuccessful pregnancies. On
admission at two hours of life, he presented with signs of respiratory distress and was
found to have subcostal recession (SCR). A further clinical workup revealed the
presence of acyanotic congenital heart disease.

The initial diagnosis was extremely low birth weight (ELBW) preterm with
RDS, complicated by congenital heart disease – an ominous combination in
a resource-limited setting. There was intense panic in the air as these seemed to
replicate the pattern of the previous losses. Little hope was, nevertheless, anchored
on the fact that a different intervention technique was about to be used to confront
the present case.

Figure 2.
The solar-subpower unit anchoring the RespSS at UBTH.
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3.2 Intervention within the RespSS

The neonate was sub-admitted to the RespSS, and interventions using the
PoliteHeart CPAP machine and its oxygen supply systems – the PSS – were initiated
at two hours of life. The neonate remained in the RespSS corner for a total of 34 days,
supported with additional interventions including surfactant administration,
caffeine citrate, antibiotics, anti-failure medications, and transfusions. At this early
stage of the RespSS application, the SCBU management recommended the
compulsory prophylactic administration of pharmaceutical surfactant, contrary to
the RespSS suggestive guidelines. The SCBU management issued this order as
a cautionary measure while the RespSS characterization was being established.
Therefore, beyond the initial two cases, this cautionary measure was declared
needless and was discontinued, only to be used on a patient-specific basis when
clinically necessary.

3.3 Outcome and follow-up

By day 33, the baby began experiencing recurrent apnoeic episodes, requiring
escalation of care. He was referred to a tertiary facility for mechanical ventilation.
Despite the congenital anomaly and a prolonged course on the RespSS systems, the
infant was eventually discharged home after 70 days of admission – a significant
triumph considering his birth weight and comorbidities. However, it must be noted
that this case was one of the initial cases when our practitioners were still carefully
learning the applications of the RespSS devices, especially the PoliteHeart CPAP
machine.

Hence, the management of this case took a prolonged time to achieve success, as
this could have easily been achieved in less than half of this duration, given the
current knowledge level at the UBTH RespSS.

3.4 Why this case is compelling

This was the first successful use of the RespSS devices in a neonate with
congenital heart disease at UBTH. The emotional background – a mother’s first
living child after five failed births – adds weight to the clinical triumph. It
highlights both the resilience of the neonate and the life-saving capacity of the
RespSS gadgets in high-risk, complex conditions. Hence, the successful outcome of
this case was a boost to the hopes that would soon become our culture at the
substation.

4. Case 2: The second miracle – twin brother overcomes extreme
prematurity in the RespSS

4.1 Background and clinical presentation

Born just minutes after his twin brother, Baby O.J. (Twin 2) was delivered at 25
weeks and 3 days via SVD, weighing 860 g. Like his sibling, he was admitted at two
hours of life with respiratory distress and was later diagnosed with an atrial septal
defect (ASD).
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4.2 Intervention in the RespSS

He was promptly initiated on the RespSS devices and managed to achieve total
breathing independence in 35 days and was subsequently sub-discharged to the
regular care of the open SCBU. The neonate finally received SCBU discharge and
went home with the parents after a grand total of 50 days. The additional treatment
included antibiotics, caffeine citrate, and surfactant therapy, which had been
administered prior to RespSS sub-admission.

4.3 Outcome and follow-up

By its operational guideline, the patient's oxygen requirements, as monitored via
the PoliteHeart CPAP system’s inbuilt pulse oximeter, would signal when to
commence the gradual reduction process of the fraction of inspired oxygen. This
process, called the ‘algorithmic FiO2 reduction towards atmospheric (AFRETA)’,
was signalled for engagement by the fifth day on the device. The algorithmized
oxygen dependence reduction, based on the neonate’s instantaneous saturation
(SpO2), continued until he was successfully weaned off the PoliteHeart CPAP’s
PEEP. He achieved independent breathing after 35 days of support in the RespSS
corner and was successively sub-discharged back to the open SCBU for continuing
care. He remained stable, continued to gain weight, and was finally discharged home
weighing 1,650 g. Follow-up confirmed adequate weight gain and no immediate
complications.

4.4 Why this case is compelling

This baby represents a second miracle in a high-risk twin pregnancy after
multiple previous losses. His steady response in the RespSS, despite his ELBW and
cardiac anomaly, underscores the role of efficient early respiratory support in
reducing neonatal mortality in preterm infants [7].

5. Case 3:When CPAP applications fail – a rapid turnaround in a 34-week
preterm

5.1 Background and clinical presentation

Baby O., a 34-week male preterm infant weighing 2.4 kg, was delivered via
caesarean section (C-section) and admitted to the SCBU at 4 hours of life with severe
respiratory distress. His oxygen saturation level (SpO2) remained between 55% and
65% despite treatment using a bubble CPAP (BCPAP) apparatus (Vayu Bubble CPAP
System, Vayu Global Health Innovations, 22 Welgate Road Medford, MA 0,2155).
The Silverman–Anderson Score for the neonate was 5, indicating moderate distress.

5.2 Intervention with RespSS

Owing to the failure of the BCPAP to improve oxygenation, the patient was
transferred and sub-admitted to the RespSS, and PoliteHeart CPAP intervention was
initiated. He was managed with antibiotics and caffeine citrate. By day 3, the clinical
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situation had remarkably improved, and independent breathing was fully achieved.
The neonate was monitored for another 24 hours.

5.3 Outcome and follow-up

The baby was fully weaned off the RespSS activities on day 4 and sub-discharged
back to the SCBU open hall, having spent a total of only five days in respiratory
support. He remained stable and was eventually discharged in good health.

5.4 Why this case is compelling

This case demonstrates the life-saving potential of the RespSS systems and their
algorithmized protocols when a regular BCPAP fails, offering a rapid and effective
alternative in preterm neonatal care in a resource-limited low- and middle-income
country (LMIC) centre such as the SCBU of UBTH, Benin-city. The baby’s mother,
a parity-5 (Para 5) woman with only one living child before this, adds a layer of
emotional significance to this successful outcome.

6. Case 4: In Vitro Fertilization victory – RespSS support for twins born
after 16 years of waiting

6.1 Background and clinical presentation

Baby O.B. (Twin 1), a male infant born at 26 weeks’ gestation via C-section,
weighed 1.08 kg at birth. The baby was the product of an in vitro fertilization (IVF)-
assisted twin gestation, conceived after 16 years of secondary infertility. He was
admitted at one hour of life with mild SCR and was diagnosed with preterm very-low
birth weight (PTVLBW) and RDS.

6.2 Intervention in the RespSS

Prior to the referral and admission of the neonate for support, the RespSS staff
team members had achieved a good level of understanding of how the PoliteHeart
CPAP machine could assist in ensuring the preservation of the neonate’s organic
surfactant via a prompt physiological thermoneutral state for the lungs. This rare
skill eliminated the need for prophylactic top-up or replacement with
pharmaceutical surfactant. This move resulted in quicker recovery, improved
success rates, and completely removed the huge costs associated with surfactant
administration. Therefore, for Baby O.B., the RespSS intervention was started
within the first hour of life and continued for only six days before the neonate
gained breathing independence. The infant also received antibiotics and caffeine
citrate.

6.3 Outcome and follow-up

The recovery was strangely swift compared to what our SCBU was used to.
Hence, by day 2, the neonates had demonstrated signs of significant respiratory
distress reduction. Hewas eventually weaned off the PoliteHeart CPAP in the RespSS
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on day 5 and sub-discharged in readiness for the SCBU’s full discharge back to his
home at a weight of 1.7 kg.

6.4 Why this case is compelling

This baby was part of an IVF twin gestation following decades of infertility.
His survival marks not just a clinical victory but a deeply personal one for the
parents. The RespSS special devices, especially the PoliteHeart CPAP, played
a pivotal role in securing this long-awaited change of situation for the family. It
was one of the major eye-openers for our RespSS team, practically
demonstrating that sustained and adequate pulmonary warming encourages the
natural production of organic surfactant in the lungs for efficient respiration.
Using this capability, the PoliteHeart CPAP ensured adequate pulmonary
warming, preventing the reduction of organic surfactant production and
minimizing pulmonary vasoconstriction, as has been indicated in the
literature [6].

7. Case 5: Second chance at fatherhood – RespSS saves IVF twin from
respiratory distress

7.1 Background and clinical presentation

The second twin, Baby O.B. (Twin 2), was delivered at 26 weeks via C-section,
weighing 1.1 kg. He presented with SCR and had an SpO2 of 80%. He was diagnosed
with PTVLBW and RDS.

7.2 Intervention in the RespSS

The infant was admitted to the RespSS and was commenced on the PoliteHeart
CPAP treatment within the first hour. The machine support continued for six days,
during which the baby also received antibiotics and caffeine citrate treatment.

7.3 Outcome and follow-up

The patient maintained a stable condition, and by day 3, the signs of an improving
situation became evident based on the physiological need to commence the gradual
lowering of the fraction of inspired oxygen. The AFRETA – algorithmic protocol was
strictly followed, and the baby was weaned off the PoliteHeart CPAP system by day
5. He was eventually discharged at 1.7 kg, healthy and stable.

7.4 Why this case is compelling

This baby was one of two precious lives born after 16 years of infertility through
IVF. The RespSS systems ensured that both twins survived and went home – an
outcome filled with hope, especially for the couples who had a prolonged, difficult
reproductive history. This raised the confidence of practice in our wider SCBU, as
the unit had little hope of successfully saving these babies.
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8. Case 6: Against the odds – a 1.07 kg preterm beats recurrent apnoea in
the RespSS

8.1 Background and clinical presentation

Baby O.S., a female preterm infant born at 28 weeks and 6 days via SVD, weighed
1.07 kg. She was admitted at 36 hours of life with severe respiratory distress,
recurrent apnoea, and desaturation (SpO2 74%) despite early onset of intervention in
SCBU using regular techniques with the conventional BCPAP.

8.2 Intervention with RESPSS

Owing to the imminent danger of losing the child as desaturation continued
while on the BCPAP, the patient was referred to the RespSS. The PoliteHeart
CPAP intervention was initiated. She received antibiotics and caffeine citrate.
Respiratory stability and physiological oxygen saturation were achieved within
a few hours, and by the second day, the neonate showed marked clinical
improvement as the need to commence the algorithmic lowering of oxygen
fraction became evident. Hence, AFRETA was initiated. This process went
smoothly and was completed quicker than expected within the following 12
hours of the algorithm.

8.3 Outcome and follow-up

The patient achieved the last step of the algorithm, which is the round of gradual
removal of PEEP without oxygen supplementation, on the third day. The infant was
able to achieve unassisted breathing on the same day and was weaned off the
PoliteHeart CPAP and sub-discharged back to the SCBU. She remained stable and
was finally discharged home at a weight of 1.68 kg.

8.4 Why this case is compelling

This baby overcame multiple challenges: low birth weight, severe apnoea, and
failure of standard CPAP. The RespSS gadgets, especially the PoliteHeart CPAP
system, provided a successful rescue strategy. The infant’s mother’s obstetric
history – Para 7 with only two living children – added to the urgency and emotion of
this clinical success.

9. Case 7: The first full-term baby admitted to the RespSS – surviving
severe birth asphyxia

9.1 Background and clinical presentation

Baby O.F., a term male neonate weighing 2.8 kg, was delivered via emergency
C-section for antepartum haemorrhage due to placenta previa. He was unconscious
at birth, with an SpO2 of 65%, and diagnosed with severe birth asphyxia and
hypoxic-ischemic encephalopathy (HIE stage 3).
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9.2 Intervention with RespSS

The patient was referred to the RespSS after two hours of life following the failure of
our regular BCPAP intervention. The neonate was also treated with anticonvulsants and
antibiotics. The PoliteHeart CPAP device promptly stabilized the neonate and helped to
maintain his breathing while recovering from the deep distress. The usual AFRETA –
algorithmized gradual reduction of the fraction of inspired oxygen commenced and
progressed seamlessly until total freedom from supplementary oxygen.

9.3 Outcome and follow-up

The baby improved gradually and steadily, and by day 7, his respiratory distress
had resolved. He was weaned off the PoliteHeart CPAP and sub-discharged from the
RespSS by day 8. He was finally discharged home from the SCBU on oral
phenobarbital. He remained stable on follow-up.

9.4 Why this case is compelling

This was the first term baby in UBTH who was managed in the RespSS. Success
was achieved in as little as 8 days, which demonstrated that the PoliteHeart CPAP’s
excellent respiratory efficiency could also be extended to support full-term infants
with severe perinatal asphyxia, especially when regular BCPAP proves ineffective.

10. Case 8: Tiny breech survivor – 870 g baby gains independent
breathing with RespSS

10.1 Background and clinical presentation

Baby J.B., a 26-week-and-5-day preterm female, was delivered via assisted breech
extraction, weighing only 870 g. She was diagnosed with perinatal asphyxia and
extreme prematurity.

10.2 Intervention with RespSS

The PoliteHeart CPAP device was initiated at four hours of life and maintained
for five days. She received caffeine citrate and antibiotics. The application’s three-
stage routine was carefully followed as: (1) deliver fully assisted breathing until
stability and constant oxygen saturation have been consolidated and the patient
shows signs of progress, (2) initiate the algorithmized gradual reduction of the
fraction of inspired oxygen until the neonate could be sustained without any
supplementary oxygen but on atmospheric air with a PEEP, and (3) initiate and
complete the round of algorithmized gradual withdrawal of the PEEP until the
neonate could independently sustain its breathing without the water pressure.

10.3 Outcome and follow-up

The infant’s condition began to improve after day 2, following which the
algorithm for the gradual withdrawal of oxygen was commenced on the PoliteHeart
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CPAP. The process towards breathing independence was successfully completed on
the fourth day, and the neonate was promptly sub-discharged to the open SCBU.
However, the final discharge date and follow-up from the SCBU were not properly
documented for inclusion in this report. Nonetheless, the early success of this infant
during the RespSS sub-admission was remarkable.

10.4 Why this case is compelling

This case illustrates the PoliteHeart CPAP’s capacity to stabilize extremely
premature infants delivered via difficult breech extraction, a feat that was habitually
rare in our regular experience. It showcases how the RespSS’s devices, and
particularly the PoliteHeart CPAP, can serve as a critical bridge in the absence of
invasive ventilation.

11. Case 9: Triplet with no mother – the RespSS steps in after tragedy
strikes

11.1 Background and clinical presentation

Baby O.B. (Triplet-3), a male triplet born at 30 weeks' gestation via emergency
C-section for severe pre-eclampsia, weighed 1.23 kg. He was admitted within the
first hour with apnoea, hypothermia, and an SpO2 of 46%. He was diagnosed with
RDS and disseminated intravascular coagulation (DIC).

11.2 Intervention with the RespSS

The neonate was given caffeine citrate and antibiotics upon admission to the
RespSS. The PoliteHeart CPAP intervention was commenced immediately with close
observations.

11.3 Outcome and follow-up

The neonate’s vital signs were well maintained, and adequate respiration was
sustained by the devices at the RespSS. The signs of consolidated improvement,
stability, and readiness for the algorithmized gradual lowering of the FiO2 were
evident by day 4. This was promptly commenced and smoothly progressed to the
point of weaning-off from the PoliteHeart CPAP by day 5. The neonate was
finally discharged, having improved in weight to 1.7 kg. However, his mother,
a 50-year-old IVF patient, passed away from complications one week after
delivery.

11.4 Why this case is compelling

The emotional weight of maternal loss following a rare IVF-conceived triplet
pregnancy makes this story particularly striking. The RespSS initiative, with all the
innovative technologies that drive it, has helped this neonate survive against both
clinical and emotional odds.
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12. Case 10: Twin sisters’ fight – one baby’s journey after losing her
mother

12.1 Background and clinical presentation

Baby O.B. (Triplet-1), a female triplet born at 30 weeks via emergency C-section,
weighed 1.26 kg. She was admitted with apnoea and SpO2 of 54% and was diagnosed
with severe RDS.

12.2 Intervention in the RespSS

Respiratory support via the PoliteHeart CPAP was initiated within the first hour
after birth. The neonate was administered caffeine citrate and antibiotics. The formal
protocols of the RespSS were carefully followed as the patient was patiently
monitored until consolidated stability and readiness for gradual FiO2 lowering. The
AFRETA process was smoothly completed on the fifth day of life when the neonate
gained full independent breathing and was subsequently sub-discharged.

12.3 Outcome and follow-up

The patient’s initial condition improved, and she was promptly sub-discharged in
a stable, independent-breathing condition to continue with other aspects of the
specialist care in the SCBU. This was a success for the RespSS, as its mission was
successfully achieved. However, the neonate later passed away after developing
complications of cellulitis and aspiration in the wider SCBU.

12.4 Why this case is compelling

The baby’s initial survival with the RespSS interventions was a clinical win.
However, her later death speaks of the ongoing vulnerabilities of preterm infants,
even after respiratory stabilization and the independent-breathing feat. Her
mother’s death cast a sombre shadow over her short life, making this one of the most
emotionally intense cases in the series.

13. Summary

The 10 cases presented illustrate the spectrum of very ill neonates who habitually
stand little or no chance of survival in LMIC centres, such as in Nigeria, mostly due to
inefficient intervention techniques against neonatal respiratory and thermoneutral
failures. The RespSS at UBTH was installed as a special intervention technique that
could help improve the survival rate of these neonates. Neonatal respiratory disorder
has a high incidence rate among our neonatal population, and this facilitates a swift
progression to mortality. The RespSS is an initiative aimed at creating a sub-specialty
unit within the existing SCBU or the neonatal intensive care unit (NICU) to aid such
high-risk neonates and protect them from a rapid decline to mortality due to
respiratory distress. Neonates who are already admitted for neonatal care in the SCBU
but further present with severe respiratory distress are transferred to the RespSS for
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specialist respiratory care. They are later sub-discharged back to the main SCBU after
gaining breathing independence at the RespSS.

The cases presented here, among 34 others, included extremely preterm infants
weighing less than 900 g, very-low-birth-weight twins and triplets (some conceived
through IVF after long-standing infertility), term infants with severe birth asphyxia,
and neonates with congenital heart disease. These are categories of neonatal cases
that would not normally survive prior to the installation of the RespSS. In many
instances involving the current cases, conventional respiratory support devices in
the main SCBU had failed before the infants were stabilized after referral to the
RespSS.

Most of the infants achieved independent breathing within a few days of
initiation on the RespSS’s PoliteHeart CPAP machine, with subsequent sub-
discharge back to the main SCBU for ongoing care. Overall, these cases highlight the
capacity of locally innovated respiratory support systems and initiatives to provide
effective and sustainable rescue in high-risk neonatal conditions that would
otherwise carry a poor prognosis in low-resource settings.

14. Conclusions

The 10 case reports showcased in this chapter may almost sound alike in nature,
but each of these represents the nearly impossible cases that drive Nigeria’s ever-
high neonatal mortality rate, which has defied the efforts of over 4,000 articles from
Nigerians in 32 years of scholarly literature [7]. We found it profound and intriguing
that a homemade initiative and intervention, such as Hippolite’s RespSS, could enter
the arena and, with just a stroke, deliver the high-level neonatal survival and
confidence that represents our current practice in the UBTH substation.

The combination of all the RespSS devices is streamlined to proactively remove all
the well-known bottlenecks of maintaining uninterrupted, successful neonatal care
in the Nigerian context. The PoliteHeart CPAP machine delivered an efficient
technique for ensuring adequate breathing and ensuring that our neonates were free
from complications related to pharmaceutical surfactant requirements. The PSS
ensured that we had an adequate oxygen supply and distribution simultaneously to
all our patients, as it expanded our one-source input to four independently controlled
patient outlets. The RespSS’s solar-driven subpower station and power-banking-
system ensured that the RespSS, and hence the patients therein, never faced the well-
known regular outages or epileptic power supply issues in Nigeria. The interactive
AFRETA – algorithm for gradually lowering the fraction of inspired oxygen was the
golden technique that eclipsed the whole experience, demonstrating that any
neonate could survive if the carer knew what to do.

Having delivered a 100% (34/34) success rate out of all the 34 SCBU referrals
received in the 12 months of operating the RespSS initiative at the UBTH, we can
confidently affirm that these 34 potential early mortalities were not saved by chance.
We have repeatedly succeeded with this initiative and can conclude that LMICs, such
as Nigeria, could possess what it takes to stop the regular drivers of high neonatal
mortalities without much cost. All the clinical and nursing team members of RespSS
at UBTH Nigeria confidently regard this intervention as ‘the gating of the
superhighway to early neonatal mortality in our setting’.
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14.1 Recommendation

The RespSS technologies are sustainable, as they have been maintained over the
past 12 months. The system designer is a Nigerian, and the device manufacturing,
installations, training, and maintenance were carried out in Nigeria by Nigerians.
Therefore, wider usage and application, in our opinion and experience, will
guarantee the saving of many dying babies in Nigeria and other LMICs. A scaleup of
our UBTH experience across the nation could bring Nigeria’s high neonatal mortality
narrative to an end. The assistance of philanthropists and healthcare donor
institutions is recommended to help fund our hospitals to acquire this technology
and save lives.
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Chapter 4

Treating Drug-Resistant Epilepsy:
Describing the Phase 1 and Phase 2
Presurgical Evaluations for
Definitive Management
Derryl Joseph Miller, Taylor N. Parrish, Sofia A. Giannini and
Trisha Lea Miller

Abstract

Following the diagnosis of epilepsy, two-thirds of patients are made seizure-free
by the prescription and titration of appropriate antiseizure medications (ASMs) at
therapeutic doses. For the one-third of patients who have drug-resistant epilepsy
(DRE), treatment with ASMs alone is unlikely to achieve seizure freedom, with odds
of about 1 in 20. For this reason, it is critical that providers diagnosing DRE, defined
as the failure of two appropriately chosen ASMs at high therapeutic doses for
efficacy, execute a phase 1 presurgical evaluation at their center or refer patients to a
National Association of Epilepsy Centers (NAEC) Level 4 facility as soon as possible.
For those patients who are candidates for resective or ablative surgery for the
potential cure of their epilepsy, surgery may immediately proceed from the phase 1
evaluation in cases of high concordance of data, or a phase 2 evaluation can be
conducted to map eloquent cortices or further refine the surgical hypothesis for
targeted intervention. For those patients who are determined to be poor candidates
for resection or ablation surgery, palliative surgery such as neuromodulation or
disconnection can be considered, along with further ASM trials and the ketogenic
diet. This chapter is a comprehensive review and summary of the literature for the
provider caring for patients with DRE requiring maximal medical, dietary, and
surgical care.

Keywords: epilepsy, seizures, antiseizure medications, ketogenic diet, phase 1
evaluation, phase 2 evaluation, epilepsy surgery, neuromodulation

1. Introduction

Patients with epilepsy suffer from a predilection to have seizures, with the risk of
recurrence of seizures being 60% or greater [1, 2]. The patient with epilepsy has three
major treatment options, including antiseizure medications (ASMs), dietary
therapies, and epilepsy surgeries with curative and palliative intent [2]. As most
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patients with epilepsy respond to ASMs and become completely seizure-free, ASMs
are generally selected as the first-line treatment to utilize unless dietary therapy or
surgery is clearly indicated for their specific pathology (e.g., SLC2A1 gene mutation
or high-grade central nervous system tumor requiring resection). ASMs rendering a
patient seizure-free are generally continued for a time until the patient’s risk of
recurrence of seizures is estimated to be low [2]. Reestimation of the risk of
recurrence of seizures is possible after a prolonged period of seizure freedom, which
is generally two or more years, when ASMs may be cautiously weaned if head
imaging and the electroencephalogram (EEG) show a low risk of recurrence of
seizures [2]. For those patients who do not become seizure-free with medications
alone, the diagnosis of drug-resistant epilepsy (DRE) is made, and additional
treatment options are considered, which will be detailed in this Chapter [2].

2. Diagnosing drug-resistant epilepsy

Epilepsy is diagnosed when a patient has a seizure and a high risk of recurrence
of seizures (≥60%), estimated by the number of previous seizures, the EEG,
structural imaging of the brain with magnetic resonance imaging (MRI) and
computed tomography (CT), and genetic studies such as chromosome microarray
or next-generation sequencing, including gene panels, whole exome sequencing, or
whole genome sequencing [1–3]. Treatment of patients with epilepsy using ASMs
has been previously described, and ASMs are generally the first selected treatment
for seizures if diagnostics do not suggest that a surgical or dietary/supplement
approach is superior [2–7]. For one-third of patients with epilepsy, seizure
freedom is not achieved after trialing two appropriately chosen ASMs, at which
point a diagnosis of DRE is appropriate, despite having over 30 ASMs available
for titration [2, 8–10].

Patients with DRE have an increased risk of sudden unexplained death in epilepsy
(SUDEP) compared to patients with medication-responsive epilepsy, especially if
they have frequent seizures or nocturnal generalized tonic-clonic seizures [11, 12].
For patients with DRE, SUDEP risk reduction requires control of seizures through
titration of ASMs, the ketogenic diet, and epilepsy surgery [12].

3. Assessment of the cause of drug-resistant epilepsy

When DRE is diagnosed, a thorough search for its cause is necessary. DRE is a
heterogeneous disease, including genetic causes of seizures, acquired epilepsy from
previous brain lesions, and inflammatory/metabolic causes, which are often
intractable to ASMs [2, 3, 13, 14]. While epilepsy syndromes may aid in the initial
identification of seizures and initiation of appropriate ASMs, epilepsy etiologies
remain heterogeneous within discrete syndromes, necessitating an etiology-level
diagnosis for tailored treatment [15]. Furthermore, nonepileptic diagnoses mimic
DRE, such as attention deficit hyperactivity disorder, autism spectrum disorder, and
psychogenic nonepileptic seizures (PNES), which do not respond to ASMs due to not
being epileptic seizures [16–19]. Video EEG is the gold standard to spell capture
events and differentiate between nonepileptic mimics and DRE [2, 8, 19]. DRE
requires a significant workup, including next-generation sequencing, metabolic
testing (including lactate, pyruvate, ammonia, serum amino acids, urine organic

Common Childhood Illnesses – Epidemiology, Diagnosis, and Treatment

70



acids, mucopolysaccharides from urine, carnitine and acylcarnitine profile analysis,
branch chain amino acids, and very long chain fatty acids), detailed neuroimaging
and magnetic resonance spectroscopy (MRS), and serum and cerebrospinal fluid
studies for autoimmune encephalitis acquired via lumbar puncture [2, 14].

Once epilepsy etiology is known, tailored therapies such as additional vitamins,
dietary modification, or ASM choice can be directed for efficacy even before DRE is
diagnosed. However, patients with DRE may also have highly efficacious therapies
made available through etiologic diagnosis rather than continuing to treat them with
only a syndromic diagnosis [2–6, 20–24]. Epilepsy syndromes can still be useful for
the early diagnosis and early empiric choice of ASMswhile diagnostics are performed
to clarify the epilepsy etiology [25].

4. Phase 1: Presurgical evaluation

Once DRE is diagnosed, surgical treatment options that are efficacious can and
should be determined by completing a phase 1 presurgical evaluation [2]. The phase 1
presurgical evaluation is noninvasive and involves overlapping data to build
concordance and certainty in the suggested surgical approaches to treat the patient
[2, 26]. Concordance is required for successful epilepsy surgery, as the goal of
efficacious epilepsy surgery is to remove or destroy the epileptogenic zone, which is
the smallest region of the brain that, if removed or destroyed, would resolve DRE
completely [26, 27]. Delineating the epileptogenic zone is challenging, as there is no
perfect measurement to define its complete extent [2, 26, 27]. Noninvasive testing
can present a hypothesis of the location and extent of the epileptogenic zone by
measuring other parameters [26, 27]. To hypothesize the location of the
epileptogenic zone, we measure the irritative zone, the functional deficit zone, the
symptomatogenic zone, the seizure onset zone, and the lesional zone [2, 26].

The irritative zone is detected interictally by measuring the regions of the brain
from which interictal epileptiform abnormalities are observed, often through a brief
scalp EEG test, acquiring an interictal 18F-Fluorodeoxyglucose positron emission
tomography computed tomography (FDG-PET/CT), which detects regions of the
brain that poorly metabolize glucose between seizures, interictal Technetium-99m
single-photon emission computed tomography (SPECT), and
magnetoencephalography (MEG) [2, 26, 28, 29].

The functional deficit zone refers to the regions of the brain that function poorly
between and after seizures, which are best detected through mental status testing
with neuropsychological testing [30]. Serial neuropsychological testing is also
performed preoperatively to detect the progression of disease and postoperatively to
assess the effects of epilepsy surgery [31, 32]. Epilepsy surgery can also result in some
cognitive improvements in patients who experience successful destruction of the
epileptogenic zone [32]. Lastly, the functional deficit zone may also include motor,
sensory, visual, language, and other focal neurologic deficits, which can be detected
by the astute provider during physical examination [33, 34].

The symptomatogenic zone is determined by history. The patient describes their
perception of the seizures, caregivers describe what they witness, and videos are
analyzed for clinical cues to localize the seizures [35]. Seizure semiologies can vary
significantly across the frontal, temporal, parietal, occipital, and insular lobes, and
semiologic analysis can further subcategorize the seizure symptomatogenic zone
within these lobes [35, 36]. One very interesting sign is ictal pouting, also known as
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the “chapeau de gendarme” sign, referring to the bicorn hat of the French police,
which localizes well to the anterior cingulate gyrus of the frontal lobe [37].

The seizure onset zone is measured using both electric and magnetic fields, which
are orthogonal to each other [38]. The postsynaptic potentials produced by ions in
the brain traveling through channels to depolarize and hyperpolarize neurons are
measured by placing electrodes on the scalp utilizing the international 10–20 system
[39, 40]. The ictal pattern on scalp EEG can often provide helpful lateralizing and
localizing data for seizures, but the spatial resolution of these abnormalities within
the brain is often poor due to the attenuation of signals through healthy brain
parenchyma, the skull, and the scalp [41]. MEG detects magnetic fields around the
head, which are generated by orthogonal electric fields, and magnetic fields are not
attenuated by the layers of overlying brain, skull, and scalp [42]. By solving the
inverse problem, magnetic field data can produce high spatial resolution of electric
fields within the brain, both for measuring interictal and ictal foci [43]. There is also
an ictal injection of the Technetium-99m SPECT, which can be utilized to make a
subtraction scan called subtraction ictal SPECT coregistered to MRI (SISCOM) when
an interictal SPECT is subtracted from an ictal SPECT [28, 44].

Lesions in the brain are highly suggestive of involvement in the epileptogenic
zone and may have a high overlap with the epileptogenic zone if they are highly
epileptogenic lesions [45]. Examples of highly epileptogenic lesions include
mesial temporal sclerosis, cortical dysplasia (polymicrogyria, pachygyria,
periventricular nodular heterotopia, lissencephaly, schizencephaly),
epileptogenic tumors such as dysembryoplastic neuroepithelial tumor, and other
disorders of the gray matter such as ischemic or hemorrhagic stroke with
encephalomalacia, postsurgical lesions, and inflammatory lesions [2, 45].
Detecting these lesions is best accomplished with highly sensitive imaging, such as
MRI of the brain with higher-strength magnets of 3–7 tesla [46]. These high-
quality MRI images have high voxel density to improve the detection of small gray
matter lesions predisposing the patient to seizures [46].

Following the collection of adequate data for a noninvasive phase 1 presurgical
evaluation, patients are discussed at our center in a multidisciplinary epilepsy
surgery committee, with input from epileptologists, neurosurgeons, clinical
neurophysiologists, neuropsychologists, and neuroradiologists, to establish the
degree of confidence in the concordance of the data [2]. Our procedure for the
diagnosis of epilepsy, acquisition of phase 1 presurgical data, discussion in the
presurgical conference, and surgical determination is shown in Figure 1.

The committee determines whether surgery candidacy is already clear due to
high concordance of data, whether additional phase 1 testing is needed to
formulate a more precise hypothesis of the extent of the epileptogenic zone, or
whether invasive phase 2 monitoring is needed either to increase the precision of
the surgical intervention or for cortical mapping of suspected eloquent cortices
[47–54]. With discordance in phase 1 presurgical data and the presence of gene
mutations portending the risk of progressive or diffuse disease, the epilepsy
surgery committee may decide that the patient is not a good candidate for
resection or ablation surgery but may benefit from palliative surgery, additional
ASMs, or the ketogenic diet [2, 3]. Given the complexity of the phase 1 presurgical
evaluation process, the durations of evaluation are variable, and analyses of the
factors that delay or expedite testing for patients with DRE to determine surgical
candidacy have been published [55].
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4.1 Noninvasive mapping techniques

Functional MRI of the brain, MEG, and Wada testing are all utilized to lateralize
the patient’s language and motor cortices to prevent injury to these eloquent regions
when planning epilepsy surgery. This evaluation is especially important in patients
who are left-handed or who have had injury to the suspected dominant hemisphere
from stroke or other previous pathology, as language lateralization is not clearly
delineated in these groups. The goal of phase 1 presurgical evaluation is definitive
epilepsy surgery with ablation or resection, which remains the most efficacious
intervention, or lateralization or localization of the seizure focus, prompting
additional studies or a phase 2 presurgical evaluation.

5. Phase 2: Surgical evaluation

If lateralization is achieved but localization is unclear after a comprehensive
phase 1 presurgical evaluation, phase 2 presurgical evaluation improves precision
with surgically implanted grid, strip, depth, or stereoelectroencephalography
(sEEG) electrodes. The placement of electrodes is guided by the epileptologist and
neurosurgeon to more accurately localize the patient’s seizure onset zone for
definitive surgical treatment [26]. At times during the phase 1 or phase 2 evaluation,
the patient is determined not to be a candidate for resection or ablation surgery due
to the epileptogenic zone being multifocal, generalized, or involving eloquent
cortices [18, 26]. Rather than performing disabling resective or ablative surgery in
these cases, palliative surgery, additional ASM trials, and dietary management with
the ketogenic diet are possible [40, 43]. Electrical stimulation mapping (ESM)
during phase 2 evaluation is also performed by the epileptologist by delivering small
shocks to each implanted contact to determine the location of eloquent cortices at the
bedside, an additional advantage of phase 2 evaluation [26].

5.1 Direct electrical stimulation mapping technique and parameters

Exact parameters of ESM for eloquent cortices and habitual seizure provocation
are not firmly established [47–49]. ASMs can decrease the risks of after-discharges
(ADs) and seizures. A retrospective pediatric ESM study reported seizures in 23% of
40 patients premedicated with fosphenytoin 10–20mgPE/kg IV, compared to 43% in
82 nonpremedicated patients [50].

ESM broadly has two goals: 1) mapping eloquent cortices and 2) eliciting habitual
seizures if none are captured spontaneously [51]. At our center, high-frequency
stimulation is used for mapping eloquent cortices, and low-frequency stimulation is
used for seizure provocation, as shown in Table 1.

Setting Functional mapping Seizure provocation

Frequency (Hz) 50 1

Pulse duration (msec) 0.2–0.3 0.1–0.5

Duration (seconds) 1–5 1–30

Table 1.
Parameters for seizure provocation and functional mapping, respectively.
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While grids and strips provide better density and delineation of ESM, sEEG
allows for bilateral and multilobar sampling of the brain, and both methods are used
in ESM [52]. Grids or strips at our center have circular electrodes with a diameter of
2.4mm, which are 10mm apart. sEEG uses deep electrodes, which are 0.8–0.86mm
in diameter, inserted into the brain with 5–18 cylindrical contacts depending on the
electrode length of 2–2.29mm, which are 1.5–10mm apart (DIXIT®, ADTech®) [53,
54]. sEEG is used to map the functions and connections of fiber bundles [56]. Charge
density delivered to the brain determines the upper limit of safe ESM, and the
literature/manufacturer suggests a maximal charge density of 30–50 µC/cm2 [57].

ChargeDensity μC=cm2� �
¼ ½Stimulation Intensity mAð Þ�*½PulseDuration

msecð Þ�=Electrode SurfaceArea cm2� �

For grids/strip electrodes, the surface area (SA) is 0.0452 cm2 (0.12 cm*0.12
cm*π), so for a maximal charge density of 30–50 µC/cm2, the maximal stimulation
intensity and pulse duration are shown in Table 2.

For sEEG electrodes, SA is constant at 0.081 cm2 per the manufacturer, so for a
maximal charge density of 30–50 µC/cm2, the maximal stimulation intensity and
pulse duration are shown in Table 3.

Stimulation at each target site should begin at a low current intensity and be titrated.
The train duration depends on the task. Shorter durations are commonly used for motor
mapping, while longer durations are preferred for language mapping to allow sufficient
time for the patient to undergo multiple trials of the language task. We stimulate
suspected eloquent cortices first and seizure generators last. This is to optimize
confidence in mapping eloquent cortices before inducing seizures, which cause
functional deficits. For sEEG, stimulating deep electrodes first reduces the chance of

Pulse duration (msec) Max stimulation (mA)
for 30 µC/cm2 limit

Max stimulation (mA)
for 50 µC/cm2 limit

0.5 4 8

0.4 6 10

0.3 8 13

0.2 12 20

0.1 24 40

Table 3.
Maximal safe sEEG electrode pulse duration and stimulation intensity.

Pulse duration (msec) Max stimulation (mA)
for 30 µC/cm2 limit

Max stimulation (mA)
for 50 µC/cm2 limit

0.5 2 4

0.4 3 5

0.3 4 7

0.2 6 11

0.1 13 22

Table 2.
Maximal safe grid/strip electrode pulse duration and stimulation intensity.
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stimulating the dura mater, which can be painful, and triggering seizures or ADs early,
which compromises confidence ESM foruredloquent cortices. We increase stimulation
by 1–2mA increments until one of the following is observed: 1) a clinical effect, 2) the
maximum stimulation intensity is reached for safety, or 3) ADs or seizures are noted. If
ADs or seizures are noted, it is advised to consider pausing the ESM if there are concerns
that this activitymay impact the clinical assessment of eloquent cortices that remain to be
mapped. If eloquent cortices are adequately mapped, stimulation for seizures may
proceed after addressing ADs or seizures that are not habitual.

If ADs are noted but no clinical effects are seen, consider the following: higher
frequency (100Hz vs. 50 Hz) and longer pulse width (1 msec vs. 0.2 msec) are more
likely to cause ADs. The occurrence of ADs can compromise the safety and
neurophysiologic validity of ESM, as an associated functional response being
attributable to stimulation or ADs becomes difficult to distinguish. In the case of
ADs remote from the site of stimulation, localization of any observed behavioral
response to the stimulated cortical site versus the region showing ADs remains
unclear. If ADs/seizures are seen, it is advisable to repeat the stimulation after an
interval of 15–30minutes, during which time testing can be conducted on other
electrode contacts. When retesting contacts where previous stimulations had
induced ADs, we begin stimulation at 1–5mA below the previous ADs threshold.

Eloquent cortices are often well-preserved, but their exact location can be
difficult to determine in patients with a previous brain injury. The expected locations
of eloquent cortices are listed in Table 4.

ESM for the motor cortex involves stimulating and observing for movement
contralaterally from the electrode. If ESM induces mild dysesthesia, repeating
stimulation at 0.5–1mA higher intensity may determine whether amotor response can
be induced. If a positive motor response is induced, the dysesthesia was from
subliminal motor activation of muscle fibers, while the induction of pain in the
craniofacial region suggests cranial nerves or dural structures were stimulated [49].
ESM for the language cortex is not standard, as there is no consensus on a unified
clinical language testing protocol, but we stimulate while administering multiple
language tasks specifically oriented to the targeted language site [53]. Broca’s area
function is impacted when patient tasks for naming difficulties are impaired, followed
by reading difficulties and, less likely, automatic speech impairments.Wernicke’s area
function is impacted when the patient has naming difficulties and reading aloud

Eloquent cortex Expected location

Primary motor cortex Frontal lobe in the contralateral precentral gyrus

Primary sensory cortex Parietal lobe in the contralateral postcentral gyrus

Primary visual cortex Occipital lobe near the contralateral medial calcarine sulcus

Primary auditory cortex Temporal lobe in the Sylvian fissure at the transverse gyrus of Heschl, represented
bilaterally

Primary motor speech
cortex

Dominant frontal lobe in the opercular structures at the pars opercularis and pars
triangularis

Primary sensory speech
cortex

Dominant temporal lobe in the posterior aspect of the superior temporal gyrus

Table 4.
Eloquent cortices and their expected anatomic locations in most patients. Damage to eloquent cortices results in
major neurological deficits, so localization of these cortices by ESM can prevent disabling surgical lesions.
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difficulties, with less repetition impairment. Arcuate fasciculus function is impacted
when the patient is unable to complete repetition tasks. An alternative language
mapping approach with intracranial recordings consists of observing for high-
frequency activity on the background tracing with language tasks such as visual or
auditory naming. Intracranial recordings may also show an auditory-language-related
gamma-increase, which can provide additional information useful to localize eloquent
language areas [53]. ESM for the visual cortices is achieved when the patient reports
contralateral visual phenomena during stimulation. ESM for the sensory cortices is
accomplished when the patient tells us if they experience tactile sensation changes
during contralateral stimulation. ESM for memory involves sending stimulation and
then showing the patient a picture to recall, removing the picture before stimulation is
complete, and requesting the patient to remember the object that was shown. ESM of
the insula for eloquent function is generally not necessary, as the insula is rarely an
eloquent cortical structure, but ESM of the insula may result in phenomena that are
part of the habitual seizure [58].

6. Epilepsy surgery

Following the acquisition of high concordance of data suggesting highly effective
and safe surgical techniques for the treatment of DRE, epilepsy surgery may be
performed [2, 59]. Epilepsy surgery broadly refers to surgical techniques aimed at
reducing seizures, which can involve cerebral surgery with resection, ablation,
disconnection, or neuromodulation, or peripheral neuromodulation for the
reduction of seizures [2, 59]. Epilepsy surgery has two major goals of treatment:
curative intent and palliative intent [2, 59]. Curative intent surgeries have a high
probability of achieving seizure freedom, while palliative surgeries result in seizure
reduction without the expectation of seizure freedom [2, 59]. These surgical
techniques, while having acute risks, also have high efficacy for the resolution and
reduction of seizures relative to medical management alone, which has already failed
patients with DRE [2, 59, 60]. Curative surgeries generally involve resection or
ablation of a portion of the brain hypothesized to be the epileptogenic zone, while
palliative surgery involves disrupting the network with ablation, resection,
disconnection, or neuromodulation [2, 59]. The risks and benefits of epilepsy surgery
should favor benefit to the patient, but curative surgeries may appropriately have
greater postoperative risk than palliative surgeries to balance this risk.

6.1 Minimally invasive laser interstitial thermal therapy

When epilepsy surgery is indicated for lesions that are small or for nonlesional
epilepsy localized with sEEG, minimally invasive surgical techniques with magnetic
resonance guided laser interstitial thermal therapy (MRgLITT) can be performed
[59]. MRgLITT does not require a craniotomy and utilizes avascular trajectories with
preoperative MRI to implant lasers, which can use thermal ablation to damage
approximately a 4mm cylindrical trajectory. This trajectory can be placed with
submillimetric precision into deep structures and small lesions (e.g., hypothalamic
hamartoma, periventricular nodular heterotopia, cortical tubers) [59]. The thermal
damage of MRgLITT is monitored actively utilizing magnetic resonance
thermography and the Arrhenius equation, which is an integral of damage over time
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calculated with temperature and constants related to protein denaturation [59–61].
MRgLITT has also been used for disconnection procedures such as corpus
callosotomy, andMRgLITT has successfully lateralized an ictal pattern in both adults
and children previously in those with poorly lateralized ictal onset during phase 2
monitoring procedures [59, 62, 63]. By lateralizing the ictal onset with MRgLITT,
additional surgery can resolve epilepsy, even in those with poorly lateralized
intracranial EEG monitoring [62, 63].

6.2 Intraoperative neuromonitoring during resective surgery

While minimally invasive surgery has many practical applications, as previously
discussed, large regions, large lesions, or areas proximal to eloquent cortices may require
open resective surgery [2, 59, 64]. Open resection is performed with stereotactic
precision to determine the location of the craniotomy to expose the surgical field, and
once the entry trajectory is exposed, intraoperative neuromonitoring is performed to
facilitate safe surgery, reduce disability postoperatively, and improve the precision and
efficacy of surgery [64–70]. After exposing the brain, eloquent surface cortices are
established by stimulating the median nerve at the wrist while placing a grid or strip of
electrodes perpendicularly to the hypothesized hand knob in the precentral gyrus and
the postcentral gyrus to identify the cortical surface “phase reversal,” which is the
cortical somatosensory evoked potential – a negative waveform at the postcentral gyrus
and a precentral positive potential detected in adjacent electrodes [68, 69]. Following
the positive identification of these cortices, baseline direct cortical motor evoked
potentials are achieved by applying stimulation to the precentral gyrus medially and
laterally while recordingwith electromyography distally [69].When applying current to
the cortex of the brain, electrocorticography (ECoG) is performed on the surface of the
brain away from the stimulation site to detect provoked seizures and spontaneous
discharges and seizures to guide resection through the irritative and seizure onset zones
[64, 65, 66, 67, 68, 69]. Periodic monitoring of motor evoked potentials and
somatosensory evoked potentials can detect changes in waveform amplitude and
complexity, which indicate lesions in these critical pathways, while subcortical mapping
with current applied to resective tools detects eloquent white matter tracts to avoid
injury to these critical structures [64, 69, 70]. Even if a patient receiving epilepsy surgery
had prophylactic ASMs, the epileptologist may detect seizures while monitoring ECoG
during resection, which can be treated by applying iced sterile solutions (e.g., normal
saline or lactated ringers) to the brain, followed by intravenous treatment with in line
benzodiazepines or propofol if total intravenous anesthesia is utilized, and loads of
ASMs such as levetiracetam 15–60mg/kg intravenously [71–73]. When appropriately
utilized, intraoperative neuromonitoring has lowered rates of postoperative motor,
sensory, and language deficits in both spine and brain surgeries [74–77].

The largest resection and disconnection procedures, which have curative intent,
include hemispherectomy and functional hemispherotomy [78]. In patients with
hemispheric disease, hemispherectomy and functional hemispherotomy both have
high rates of cure, about 77%, with a reduction of seizures for most other patients who
do not achieve a cure [78]. Because hemispherectomy and functional hemispherotomy
necessitate disruption/resection of eloquent cortices, postoperative deficits are
expected, including contralateral hemiparesis, contralateral homonymous
hemianopsia, contralateral sensory changes, potential language deficits, and
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neurocognitive changes. However, earlier age of surgery allows plasticity of the other
hemisphere to recover lost functions, improving outcomes [78–80].

6.3 Curative-intent epilepsy surgeries and outcomes

Resective and ablative surgery carry differing rates of highly favorable Engel 1
outcomes, and rates of seizure freedom are estimated based on cohort studies in
Table 5 [81–91].

Engel 1 outcomes are also improving over time due to improvements in surgical
techniques, presurgical precision, and advances in phase 2 neuromonitoring [92].
There is some attrition of Engel 1 surgical outcomes with prolonged follow-up of
months to years in the literature, suggesting surgical outcomes are best shortly after
surgery but can also be sustained in the majority of cases [85, 86, 91]

6.4 Palliative intent epilepsy surgeries/neuromodulation techniques

Palliative intent epilepsy surgery is intended to reduce seizures without the
expectation of seizure freedom [2]. There are currently multiple devices available for
neuromodulating seizures, which stimulate peripherally or centrally and are open-
loop or closed-loop [2, 59]. Neuromodulation successfully reduces seizures and
SUDEP, though it has only a low chance of cure [2, 59, 93–95]. Other palliative intent
surgeries, such as partial resection, corpus callosotomy, and multiple subpial
transection, can be performed to reduce seizures for the purposes of improving
quality of life and titrating off ASMs, but palliative surgeries are of lower efficacy
than curative intent resection and ablation. Palliative surgery should be offered to
patients in whom curative surgery is unlikely to result in seizure freedom or carries a
high risk for postoperative disability [2].

7. Ketogenic diet therapy: History and utilization

Ketogenic diet therapy (KDT) has been a treatment for epilepsy since biblical
times and has been utilized more frequently since 1921 [96]. The Charlie

Lesion/location and procedure Engel 1 surgical
outcome

Rasmussen’s encephalitis with hemispherectomy or functional hemispherotomy 75–85%

Hypothalamic hamartoma with laser interstitial thermal therapy 67–77%

Mesial temporal sclerosis with anterior temporal lobectomy 60–80%

Mesial temporal sclerosis with laser interstitial thermal therapy 52–79%

Lesion-negative mesial temporal seizures with resection or laser interstitial thermal
therapy

43–67%

Extratemporal lesional epilepsy with resection 62–83%

Extratemporal lesional epilepsy with laser interstitial thermal therapy 41–59%

Extratemporal nonlesional epilepsy with phase 2 monitoring 12.5–38%

Table 5.
Postoperative rates of Engel 1 surgical patients (considered a cured state) who may succeed in weaning from
ASMs for many common surgeries.
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Foundation (1994) and Matthew’s Friends (2004) became the two support groups
that helped medical centers all over the world establish and create programs for
KDT [97, 98]. Within the last 20 years, KDT has been more widely used and
researched and remains an established treatment option for children and adults
with DRE [99–102]. This chapter highlights the process by which ketogenic
dietitians (KDs) and epileptologists/neurologists from Riley Hospital for Children
start and maintain both pediatric and adult patients on KDT in accordance with
previous protocols [98]. These processes and recommendations are evidence-
based and developed with input from different medical centers as well as
consensus guidelines and research [96–102]. When patients have DRE and are not
candidates for definitive surgery, or if the family prefers additional nonsurgical
and nonmedical therapies for epilepsy, the low glycemic index (LGI) diet,
modified Atkins diet (MAD), and ketogenic diet can be utilized for both
generalized and focal onset seizures [96–102]. The international
recommendations for offering KDT include patients with DRE who are not
surgical candidates [100].

KDT is a high-fat, adequate-protein, and minimal-carbohydrate diet that promotes
the use of fat as the primary fuel for the brain [98].When carbohydrates and protein are
restricted, the mitochondrial beta-oxidation of fat occurs in the liver and produces large
quantities of acetoacetate and beta-hydroxybutyrate, which are used as an energy source
and are measured in the serum and urine [98, 100]. The exact mechanism of KDT for
treating epilepsy is not fully understood [98]. A ketogenic diet ratio is the comparison of
grams of fat to grams of carbohydrate and protein combined (fat: carbohydrate +
protein) [97]. The efficacy of KDT is that about 50% of patients experience a > 50%
reduction in seizures, and 10–15% will become seizure-free [98]. The 2018 Consensus
Guidelines for the management of children on KDT outlined syndromes and conditions
for which KDT has been consistently beneficial, moderately beneficial, or
contraindicated, with such conditions listed in Table 6 [98].

7.1 Ketogenic diet therapy: Initial evaluation/assessment

The neurologist/epileptologist will send appropriate patients to the KD if they
feel the patients would be the best candidates for initiating KDT. The patient is
required to obtain baseline fasting blood work to assess their current nutritional
status and to ensure there is nothing that would contraindicate a high-fat diet
[98]. This blood work includes CBC with differential, CMP, phosphorus,
magnesium, lipid panel, vitamin D, free and total carnitine analysis, prealbumin,
lactate, ammonia, uric acid, zinc, selenium, plasma amino acid, acylcarnitine
analysis, ferritin, urine amino acid, and urine organic acid screen [98]. ASM levels
or other tests may be added by the physician to assess a baseline prior to the
initiation of KDT. Once these labs are processed, the neurologist will review
and approve the patient as clinically safe to start diet therapy. If there is
concern with the results of the blood work, the physician may choose to refer
the patient to another provider for further work-up, and KDT will not be
initiated. If the blood work comes back within normal limits, the neurologist/
epileptologist will give the KD the approval to continue. Additional vitamin/
mineral supplementation or free water will be recommended at this point
to correct any baseline deficiencies or other abnormal nutrition-related
values [98].
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7.2 Antiseizure medications and the ketogenic diet

Any and all medications will be converted to the lowest carbohydrate-containing
form, most of which require switching from liquid to tablet, capsule, or sprinkle
forms, as many liquid medications have added sugar [98]. If medications cannot be
converted into tablet/capsule/sprinkle form due to dosing restrictions or issues with
administration, the amount of carbohydrate from the liquid medication will be noted
and calculated into the diet ratio or feeding plan. It is important to note that
carbohydrates from the tablet or capsule form of medications are still calculated into
the diet ratio, as many medically complex patients are on several medications, which
may add additional grams of carbohydrates. The recommendation at our center is to
have no more than 1 g of carbohydrates from all medications.

At our center, the KD conducts a phone or in-person consultation to assess
baseline nutrition history and evaluation prior to starting KDT. The KD fills out an
Intake Form to document the history. This intake form includes information such as
parent contact information, baseline height or length/weight/body mass index or
weight-for-length, pertinent medical history and diagnosis, ASMs and dosages,
seizure patterns, bowel habits, activity/developmental level, food allergies and
intolerances, swallowing or Video Feeding Swallow Study (VFSS) results, therapies,

Epilepsy syndromes
> 50% responsive to
KDT

Epilepsy syndromes moderately
responsive to KDT

Contraindications to KDT

Angelman syndrome CDKL5 encephalopathy Primary carnitine deficiency

Doose syndrome (epi-
lepsy with myoclonic-
atonic seizures)

Cortical malformation disorders (holopro-
sencephaly, lissencephaly, pachygyria,
polymicrogyria, schizencephaly)

Carnitine palmitoyltransferase 1 or
2 deficiency

Dravet syndrome
(SCN1A)

Developmental epileptic encephalopathy
with spike-wave activation in sleep (DEE/
SWAS)

Carnitine translocase deficiency

Febrile infection
related epilepsy
syndromes

Glycogenosis type V Beta-oxidation defects (short-chain,
medium-chain, or long-chain acyl
dehydrogenase deficiency)

Infantile spasms Idiopathic generalized epilepsies (child-
hood absence epilepsy, juvenile absence
epilepsy, and juvenile myoclonic epilepsy)

Pyruvate carboxylase deficiency

Mitochondrial disorder
of complex 1

Lafora body disease Porphyria

Ohtahara syndrome Landau-Kleffner syndrome/acquired epi-
leptic aphasia

Recurrent pancreatitis or kidney
stones on the diet

Pyruvate dehydrogen-
ase deficiency

Lennox-Gastaut syndrome Use of propofol for the treatment of
seizures

Super-refractory status
eplepticus

Rett syndrome Highly efficacious epilepsy surgery
exists for the patient

Tuberous sclerosis Subacute sclerosing panencephalitis Weight loss despite maximal
intervention

Table 6.
Epilepsy syndromes with high and moderate responses to KDT, as well as contraindications to KDT.
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seizure goals, and diet expectations. For patients who have gastrostomy or
jejunostomy tubes, an enteral feeding history is also obtained (e.g., type of feeding
tube, enteral formula, feeding schedule, additional free water, previous enteral
formulas trialed, home care, or nursing company).

After completing the KD assessment, intake form, and reviewing KDT basics with
the family, the KD sends a follow-up email with more information. This email
includes additional websites and resources that may be useful for families to learn
more about KDT. Several handouts are attached to this email: Clinic Handout FAQ,
Charlie Foundation FAQ, Charlie Foundation Statistics, General Information about
KDT at Riley Hospital for Children, Ketogenic Diet Fact Sheet, and compiled Ketogenic
Diet Resources. If the patient is enterally fed, a list of formula options is provided for
parents to conduct their own research and notify the KD of which formula they
would like to choose for their child; otherwise, the KD will select the most
appropriate option based on their medical history [98]. The KD encourages families
to review all of the resources and handouts and then follow up with the KD with any
further questions [98]. Lastly, the next steps for KDT initiation are listed at the
end of the email to the family. If the family decides not to continue with the process,
the KD will notify the medical team and will not proceed with further steps.
Additionally, if the KD notes there are barriers to education or concerns with the
current nutrition history, KDT initiation will be discontinued.

7.3 Initiating the ketogenic diet

For orally or enterally fed patients, there are several options for commercial
ketogenic ready-to-feed formulas available in different ketogenic diet ratios – 2.43:1,
2.5:1, 3:1, 4:1; however, these formulas can be customized to meet the patients’
nutritional needs and specific diet ratios with modulars and other food ingredients
[98]. There are plant-based ketogenic formula options for patients who may have
allergies or intolerance to milk, some with added medium chain triglyceride (MCT)
oil, different flavors (vanilla/chocolate/unflavored), and an organic whole food
plant-based blended product. The KD can also curate a home tube feeding blend that
can be customized to the patients’ cultural foods or allow them to personalize and
create more variety in the patient’s diet.

For those patients who eat food orally, before KDT can be initiated, two to
three days’ worth of food records are requested to assess current intake, feeding
schedule, and typical foods and recipes the child or adult is already eating. Once
the food records are returned, KD will utilize Cronometer and/or
KetoDietCalculator™ to assess current intake. KD will assess for oral
supplements, as there are documented benefits to utilizing a keto oral supplement
to help meet fat and fluid goals. For those patients who have a G-tube, this can
also be beneficial to use for medication administration, additional fluids, liquid
fat, and/or formula supplementation [103].

If the initial evaluation and assessment are complete, and the family is interested
in continuing the process, the KD will schedule another phone call, telehealth
session, or in-person visit with the family. If the patient is non-English speaking, an
in-person appointment with an in-person interpreter is preferred. At Riley Hospital,
the KD initiates KDT in the ambulatory care setting. Inpatient diet initiation for
enterally fed patients is only considered if the patient is in the neonatal intensive care
unit (NICU), is in status epilepticus, or is medically complex.
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The KD will meet with the family to review some documents that are utilized
while the patient is on KDT. An enteral feeding plan and an over-the-counter
medication guide are sent via email or presented to the family in person to review.

When creating the enteral feeding plan, KDT is started at a 1:1 diet ratio, or
roughly half of the patient’s previous enteral formula and the new ketogenic enteral
formula [98, 100]. The nutrient composition for every patient is entered into
KetoDietCalculator™ to ensure that the patient is meeting their electrolyte, vitamin,
and mineral needs [103]. Any additional supplements are added to personalize the
plan to the patient’s needs. Common household items, such as table salt, baking soda,
lite salt, or salt substitute, are added to ensure electrolyte needs are met. KDT has a
diuretic effect, which can lead to a loss of sodium, potassium, and chloride [98]. As
for vitamin/mineral needs, and depending on the formula, a nutrient-dense
multivitamin powder can also be added to the tube feeding regimen. Chewable or
tablet multivitamins can also be utilized but are not as nutritionally complete.
Depending on the baseline labs, iron, cholecalciferol (vitamin D3), and levocarnitine
may be supplemented to correct deficiencies [98]. After the patient is on this first
step for at least 7–10 days, they are instructed to acquire blood work. A basic
metabolic panel (BMP) and beta-hydroxybutyrate level are obtained to assess
electrolyte and blood ketone levels. The KD will review these labs and make
adjustments to the feeding plan if necessary. Then the KDwill send the new plan and
increase the ratio by 0.5–1 at a time. Blood work is completed after every step of the
diet. In younger patients, weekly weight checks at a local pediatrician’s office are
recommended to ensure adequate calories are being given for optimal growth. After
one month postdiet initiation, a free and total carnitine analysis is obtained to ensure
that the patient has not developed a deficiency. The goal diet ratio is set with beta-
hydroxybutyrate levels, with a maximum of 5–6mmol/L, or seizure control [98].

For a patient who eats orally, KD meets with the family to review a KDT packet
containing in-depth information about carbohydrates, protein, fat, sick day
guidelines, fat sources, snack and meal examples, prepackaged and specific “keto”
brands available, and kitchen staples. KD will also review the patient’s feeding plan,
go over KetoDietCalculator™, and assist in creating and reviewing keto meals and
snacks [103]. After this initial appointment, the family will start with one keto meal
per day, focusing on three to five recipes per meal. After about five to seven days,
the family will advance to two meals per day and aim to focus on three to five recipes
for this next meal. Once halfway to full KDT initiation, the patient will undergo
lab tests to check beta-hydroxybutyrate and BMP to assess tolerance and level of
ketosis. Contingent on normal limits, the patient will continue to include additional
meals and snacks every three to five days until all meals and snacks are keto meals.
Once all meals and snacks are keto, the patient will undergo lab tests again after
maintaining the goal for five to seven days, including carnitine levels.

At Riley Hospital, there are lab order sets that the KD can recommend. A
“Ketogenic Diet 3 Month Lab Order set” contains beta-hydroxybutyrate, CBC
with Differential, CMP, Phosphorus, and Magnesium. A “Ketogenic Diet 6 Month
Lab Order set” contains CMP, magnesium, phosphorus, lipid panel, uric acid,
beta-hydroxybutyrate, prealbumin, free and total carnitine analysis, zinc,
selenium, CBC with differential, and ferritin. A “Ketogenic Diet 12 Month Lab
Order set” is a six month set with a vitamin D level added. Other labs may be
ordered, such as additional vitamin and mineral levels, inflammatory markers,
and ASM levels.
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Once the patient is stable on KDT, a neurology/KD appointment is scheduled
every three months, especially during the first year on KDT. Appointments can
then be spaced out to every six months if the patient remains stable after one year.
At the three-month mark of starting KDT, the efficacy of KDT and how it has
impacted the patient’s seizure control will be analyzed. If families do not note a
change in seizure control, and the diet has been fully optimized, KDT will be
discontinued at this time. Research has shown that patients do not need to be
weaned off the diet in a stepwise fashion and can return to their normal formula.
However, tolerance is best if their previous formula is reintroduced similarly to
the first step of diet initiation. Blood work is also obtained one to two weeks prior
to every neurology/KD appointment to assess electrolyte and vitamin levels,
ensuring that no dietary changes need to be made and that there are no nutritional
deficiencies or concerns. During these follow-up appointments, if the diet can
be adjusted over ASMs, this is preferred. Bowel habits, blood or urine ketone
levels, energy levels, nutrition-focused physical exams (NFPE), and
anthropometrics are also assessed at these appointments. ASMs and diet
ratio changes will not be made concurrently, which can help to discern if
KDT has an impact on seizure control. Between clinic visits, the KD team
remains available via phone or telehealth visits, assisting the patient and family
with KDT.

Riley Hospital for Children has unique support for patients who eat orally. There
are quarterly virtual support groups that discuss something educational related to
KDT, provide an opportunity for discussion among all participants, as well as feature
a new recipe demonstration. There is a quarterly newsletter that is sent out the
month after the support group. This newsletter includes a recap from the support
group, a local grocery haul, tips from a fellow keto parent, a new recipe, as well as
product highlights and any upcoming networking and educational opportunities.
Four times a year, a holiday newsletter is sent out (Easter, Fall, Thanksgiving, and
Christmas) to help families normalize these holidays by recommending nonfood
ideas, as well as seasonal recipes that are all appropriate while on the KDT. Lastly,
there is an in-person support group that takes place at Riley and includes a keto-
friendly pitch-in, activities, door prizes, as well as participation in the Purple
Pumpkin Project.

7.4 Acute side effects of the ketogenic diet

Several acute side effects of KDT are discussed with the family prior to KDT [98].
These side effects are closely monitored and managed throughout the entire process.
Constipation is one of the most common side effects that patients experience on KDT
[98]. The use of polyethylene glycol powder, sennosides (tea or tablets), saline
enemas, magnesium citrate (vitamin), or high-fat foods like avocado and MCT oil
can be effective in managing constipation. Our patients are advised to aim for daily
or every-other-day bowel movements to prevent intolerance or other unwanted side
effects.

Elevated blood lipids can occur when KDT is initiated but will typically normalize
within 6months of being on KDT. If lipid levels continue to remain elevated,
carnitine therapy, omega-3 supplementation, replacing fats with MCT oil, reducing
the KDT ratio, limiting cholesterol-rich foods, sunflower lecithin, and increasing
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plant fiber may be initiated. While children on KDT do not develop atherosclerotic
disease, arterial stiffness is observed with chronic treatment [100].

Metabolic acidosis from low serum bicarbonate is another common acute side effect
associatedwith the use of KDT.Higher beta-hydroxybutyrate levels correlatewith lower
blood bicarbonate levels [98]. Adding a bicarbonate supplement of around 2–3
milliequivalents per kilogram, dosed twice per day, as well as increasing freewater in the
feeding plan, has been effective for treatment [98]. Decreasing or weaning certain
ASMs, such as topiramate, zonisamide, and acetazolamide, which are carbonic
anhydrase inhibitors (CA–I), should be considered when initiating KDT, as CA–I can
also cause metabolic acidosis, which can prevent optimization of KDT [98].

Fatigue can occur due to the body’s change in metabolic processes. As
carbohydrates are decreased, there is a fluid and electrolyte shift in the body, due to
carbohydrates holding onto water where electrolytes are present in the body. This is
commonly referred to as the “keto flu” but can be avoided by slowly initiating KDT
in a stepwise fashion, as well as by meeting fluid and electrolyte needs [98].
Additionally, free and total carnitine analysis is consistently monitored to ensure
that these levels are optimal for patients on KDT, as a deficiency may cause fatigue.

Growth and development may be impacted on KDT [97, 98]. Excessive calorie
intake can cause rapid weight gain and decrease levels of ketosis, whereas inadequate
calorie intake can result in poor growth and insufficient ketosis [97, 98]. Calorie and
protein needs are continually adjusted during KDT to ensure adequate weight and
height growth occur. Nutritional deficiencies can occur in patients on KDT. The
smaller volume of food that the patient is consuming due to a high diet ratio, along
with severely limiting food groups, can lead to nutritional deficits. Obtaining blood
work and frequent NFPE can diagnose and treat these deficiencies. Some patients
can also struggle with formula intolerance, especially those who are medically
complex with frequent viral or respiratory illnesses, or those who struggle with the
management of constipation [98]. KDT can exacerbate these medical complications
but can be managed by diluting regular Pedialyte with water (considered half-
strength Pedialyte) for one to two days to help symptoms resolve. Half-strength
feeds, calculated by the KD, are resumed after the half-strength Pedialyte to help
with tolerance. Stepwise introduction of formula reduces dehydration by providing
electrolytes, fluids, and some carbohydrates to help prevent excessive ketosis [98].
Depending on the severity of the illness or intolerance, KD and the physician may
recommend an emergency department evaluation if the patient may need
intravenous fluids. Dehydration occurs more frequently and rapidly when on KDT
due to the lower amount of carbohydrates in the body that retain water [98]. BMP
and beta-hydroxybutyrate are assessed; based upon those results, KD may
recommend dextrose 2.5% normal saline intravenous hydration if ketosis is excessive
(>6mmol/L) for a certain number of hours until ketosis is back within the usual goal
range [98]. Fluids and sodium bicarbonate may help with metabolic acidosis or if
patients are nil per os for a procedure or surgery.

7.5 Long-term use of the ketogenic diet and side effects

Bone health can be a concern in patients on KDT [98]. At Riley Hospital, a dual-
energy X-ray absorptiometry (DEXA) scan is completed every two years after KDT
initiation. DEXA is available for patients aged ≥5 years. ASMs can also negatively
impact bone health, resulting in poor bone mineral density [104]. If the DEXA scan
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shows osteopenia or osteoporosis, a referral is made to endocrinology for treatment
[104]. Nonambulatory patients are at higher risk for poor bone mineral density due
to their nonweight-bearing status. Kidney stones are another side effect of KDT [98].
The KD will ensure that free water needs are met at 100–120% of the goal, as well as
adding bicarbonates, citrates, and phosphorus to help prevent acidosis and renal
stones from forming [98]. The neurologist may again consider weaning off CA–I
ASMs, as these can cause acidosis and lead to renal stones [98]. Renal ultrasounds can
be obtained every two years after KDT initiation but may be recommended more
frequently in patients with a history of kidney stones. Citrates are started if the
patient has a history of renal stones prior to or after KDT. The neurologist will also
send a referral to urology/nephrology to comanage these patients as indicated [98].

There are many different ways to initiate and adhere to the diet [102]. We have
met families who prefer a holistic approach with the highest quality ingredients and
supplements, as well as very low-income families with minimal oral variety who rely
completely on supplements via prescriptions from KD, achieving success.

7.6 Weaning antiseizure medications after surgery or a ketogenic diet

There is no standard practice for weaning ASMs after epilepsy surgery or KDT
with seizure freedom. The current practice is to continue ASMs for months to years
and wean one ASM at a time while monitoring for recurrence (Figure 1).

8. Conclusions

For the neurologist and epileptologist, many treatments exist for the management
of DRE, which is encountered in one-third of patients diagnosed with epilepsy.
Treatment options include ASMs, KDT, and curative and palliative intent epilepsy
surgeries. The identification of DRE is a critical time for the neurologist to perform a
complete phase 1 presurgical evaluation and workup for the etiology of epilepsy
while considering the future therapeutic management of any patient not completely
seizure-free on the first two appropriately chosen ASMs at high therapeutic doses.
The chance of an Engel 1 outcome after curative surgery is higher than with medical
and dietary management for patients with DRE, though high-risk surgeries can be
avoided with palliative intent surgery or additional dietary or ASM trials. DRE
should be managed aggressively to reduce the risk of SUDEP, and patients should be
referred to an epilepsy center capable of delivering high-quality dietary and surgical
therapies in addition to ASM trials.
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Chapter 5

Allergic Rhinitis
Kubra Yırgın and Mehmet Halil Celiksoy

Abstract

Rhinitis is an inflammation of the nasal mucosa. Allergic rhinitis, on the
contrary, is an inflammation of the nose caused by an IgE-mediated reaction.
Allergic rhinitis affects 2% to 25% of children, while the prevalence in adults
ranges from 1% to 40%. Classic symptoms of allergic rhinitis include sneezing,
nasal itching, runny nose, and nasal congestion. These symptoms are often
accompanied by eye-related issues such as redness and itching. Allergic rhinitis
can impact children’s sleep quality, quality of life, and academic performance.
Asthma is also present in 15% to 38% of patients with allergic rhinitis. In addition,
moderate to severe allergic rhinitis can complicate asthma control.

Keywords: allergic rhinitis, allergy, atopy, children, rhinitis, childhood

1. Introduction

Allergic rhinitis (AR) is one of the most common chronic disorders,
characterized by IgE-mediated inflammation of the nasal mucosa. The disease
manifests with symptoms such as sneezing, nasal itching, rhinorrhea, and nasal
obstruction. While AR significantly impairs quality of life, it also leads to school
absenteeism and loss of work productivity. In moderate-to-severe forms, persistent
symptoms despite treatment can disrupt sleep quality and cause additional
problems such as impaired concentration, learning difficulties, and depression [1].
Therefore, AR should not be regarded merely as a “nasal disease” but rather as a
systemic condition that impacts general health status and societal productivity.
Given the nonspecific nature of symptoms, it is important to note that AR may
often be misdiagnosed or undertreated, potentially leading to chronicity. As AR can
also serve as a precursor to lower airway diseases such as asthma, early diagnosis
and appropriate management are of particular importance [2]. The pathogenesis of
AR involves the interplay of genetic predisposition, exposure to environmental
allergens, epithelial barrier dysfunction, and a T helper 2 (Th2)-driven immune
response. Its prevalence has been increasing, particularly in industrialized
countries, in recent decades [1, 3].

The prevalence of AR in childhood varies across countries but is generally
reported to be between 10% and 40% [4, 5]. Factors contributing to this high
prevalence include air pollution, climate change, and lifestyle modifications. AR
frequently coexists with comorbidities such as asthma, conjunctivitis, and
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sinusitis, thus affecting not only the upper airways but the entire respiratory
tract, and is therefore considered a systemic disease [6]. In recent years,
therapeutic strategies have extended beyond symptomatic management, with
allergen immunotherapy and biologic agents emerging as disease-modifying
approaches. Moreover, advances in molecular allergy diagnostics and
individualized, patient-centered treatment protocols have gained increasing
importance [7, 8].

2. Definition and terminology

AR is an inflammatory disease of the nasal mucosa that develops as a result
of an immunoglobulin E (IgE)-mediated type I hypersensitivity reaction.
Typical symptoms include rhinorrhea, nasal congestion, sneezing episodes, and
nasal itching, often accompanied by ocular symptoms such as itching and
tearing. These manifestations usually occur within minutes after allergen
exposure and may resolve within hours or persist as a late-phase reaction. [1]

Two key elements define AR:

● Allergen exposure

● Inflammation mediated by specific IgE

For diagnosis, in addition to clinical symptoms, it is important to demonstrate
allergen sensitization using objective tests, such as skin prick testing or the
measurement of specific IgE levels [9, 10].

2.1 Terminology

● Allergic rhinitis (AR): A form of rhinitis triggered by an IgE-mediated
mechanism.

● Seasonal allergic rhinitis (SAR): A condition triggered by aeroallergens such
as pollen during spring and summer, commonly associated with sensitivity to
grasses, trees, and weeds.

● Perennial allergic rhinitis (PAR): A condition characterized by year-round
symptoms, typically caused by indoor allergens such as house dust mites, mold,
and animal dander [10].

According to the AR and its impact on asthma (ARIA) guidelines, AR is classified
by symptom frequency and duration:

● Intermittent AR: Symptoms are present for less than four days per week or for
fewer than four consecutive weeks.

● Persistent AR: Symptoms are present for ≥4 days per week and for ≥4 weeks.

In addition, disease severity is graded as “mild” or “moderate-to-severe” [5].
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3. Epidemiology and risk factors

3.1 Epidemiology

AR is among the most prevalent chronic conditions worldwide, with
particularly high prevalence in children and young adults. According to the
International Study of Asthma and Allergies in Childhood (ISAAC), the prevalence
of allergic rhinoconjunctivitis was reported as 8.5% in children aged 6–7 years and
14.6% in those aged 13–14 years [11]. Large-scale meta-analyses have reported a
lifetime prevalence of AR in children of approximately 19.9% [12]. In industrialized
countries, prevalence ranges between 30% and 40% in children [13]. While rates
are higher in Canada, the United States, and European countries, reported
prevalence remains lower in developing countries, although it is increasing. This
disparity is largely attributed to differences in diagnostic resources, environmental
exposures, and genetic backgrounds. Over the past two decades, a global upward
trend in AR prevalence has been observed, largely driven by environmental factors
such as air pollution, climate change, lifestyle modifications, and reducedmicrobial
exposure [14–17].

3.2 Risk factors

The interaction of genetic predisposition and environmental factors plays a key
role in the development of AR.

Genetic predisposition: A family history of atopy is strongly associated with AR.
Genes involved in IgE regulation, particularly those located within the MHC region
on chromosome 6, have been implicated [18–20].

Environmental allergen exposure: Early and intense exposure to aeroallergens
such as pollen, house dust mites, animal dander, mold, and cockroach allergens
facilitates sensitization [21].

Air pollution: Diesel exhaust particles, ozone, and nitrogen dioxide impair
epithelial barrier integrity, facilitating allergen penetration. Airborne particulate
matter (PM2.5, PM10) is known to exacerbate AR symptoms [15, 18, 21].

Climate change: Rising temperatures and elevated carbon dioxide levels enhance
pollen production and allergenic protein content. Extended pollen seasons and
increased pollen loads intensify the duration and severity of symptoms [15,16].

Urbanization: Indoor air pollution, tobacco smoke, chemical exposure, and
inadequate ventilation contribute to AR risk in childhood. Conversely, children
raised in rural environments have a lower prevalence of AR, a phenomenon
explained by greater microbial diversity and the hygiene hypothesis [14, 15].

Diet and microbiota: Within the framework of the hygiene hypothesis,
insufficient microbial stimulation in early life increases susceptibility to atopic
diseases. A Western diet, characterized by low fiber and high sugar intake, is
associated with dysbiosis and heightened inflammation. Early antibiotic use,
cesarean delivery, and reduced microbial exposures further elevate the risk
[14, 19].

Other factors:

● Passive exposure to cigarette smoke
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● Coexisting atopic disorders, such as asthma and atopic dermatitis

● Male sex (in childhood), obesity, and cesarean delivery [19–21].

4. Pathogenesis

AR is characterized by an IgE-mediated type I hypersensitivity response of the
immune system to aeroallergens. Its pathogenesis involves a complex sequence of
immune processes that include both early- and late-phase reactions.

4.1 Immunological processes

4.1.1 Sensitization phase:

AR arises from an abnormal immune response to allergens. Antigens that
are normally tolerated in healthy individuals provoke hypersensitivity in
atopic subjects. During the initial allergen exposure, antigen-presenting cells
(dendritic cells) capture the allergen and migrate to regional lymph nodes in the
nasal mucosa. Here, the allergen is presented to naïve CD4+ T cells, which
subsequently differentiate into Th2 cells. These Th2 cells secrete cytokines such as
IL-4, IL-5, and IL-13, which stimulate B cells to produce allergen-specific IgE. The
IgE antibodies bind to FcεRI receptors on mast cells [22].

4.1.2 Early-phase reaction:

Upon re-exposure to the allergen, IgE-coated mast cells are activated, releasing
both preformed and newly synthesized mediators, including histamine, tryptase,
prostaglandin D2 (PGD2), and leukotrienes C4/D4/E4. These mediators induce
vasodilation, increased mucus secretion, enhanced vascular permeability, sensory
nerve stimulation (itching, sneezing), and bronchoconstriction, giving rise to the
characteristic symptoms [21].

4.1.3 Late-phase reaction:

This phase develops four to eight hours after allergen exposure and involves the
recruitment of eosinophils, basophils, T cells, and monocytes to the site of
inflammation. Cytokines and chemokines such as IL-5, IL-9, and eotaxin enhance
eosinophil recruitment. Eosinophil degranulation causes mucosal damage and
initiates tissue remodeling [22, 23]. Clinically, nasal congestion, hyperreactivity, and
increased sensitivity to stimuli predominate in this phase.

4.2 Epithelial barrier dysfunction

The nasal epithelium normally provides a physical barrier. However, allergens
and environmental factors such as air pollution can disrupt epithelial tight junction
proteins (e.g. occludin, claudin). This disruption facilitates allergen penetration and
immune activation [24, 25]. Moreover, epithelial cells release “alarmins” such as
TSLP, IL-25, and IL-33, which promote Th2 differentiation and activate type 2 innate
lymphoid cells (ILC2), thereby amplifying the allergic response [22, 24, 26, 27].
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4.3 Molecular and genetic factors

Filaggrin mutations contribute to impaired epithelial integrity [28]. Genetic
variants, such as HLA-DQ and HLA-DRB1, influence antigen presentation and IgE
production. In addition, Toll-like receptor (TLR) polymorphisms may affect allergen
recognition and innate immune responses [21].

4.4 Microbiota and type 2 inflammation

Reduced microbial diversity in the nasal mucosa may impair immune tolerance.
Particularly in childhood, antibiotic exposure and growth in overly sterile
environments can diminish microbial variety. The immunopathogenesis of AR is
dominated by a Th2-skewed immune response, with IL-4, IL-5, and IL-13 driving
eosinophilic inflammation [29, 30].

5. Phenotypes and endotypes of rhinitis

Although AR is diagnosed based on symptoms and evidence of allergic
sensitization, the clinical course and treatment response display significant
heterogeneity. Therefore, the disease should be classified not only diagnostically but
also by phenotypes and endotypes. A phenotype refers to the observable clinical
characteristics of the disease (duration, severity, age, comorbidities). An endotype
describes the underlying immunological andmolecular mechanisms and is crucial for
defining therapeutic targets. This distinction has become particularly important with
the advent of immunomodulatory treatments such as allergen immunotherapy
and biologic agents [31].

5.1 Major clinical phenotypes of AR

5.1.1 Classification by duration (ARIA criteria)

The ARIA classification, supported by theWorld Health Organization, is the most
widely adopted system, categorizing AR by symptom duration and severity:

● Intermittent AR: Symptoms are present for fewer than 4 days per week or
fewer than 4weeks per year.

● Persistent AR: Symptoms are present for ≥4 days per week and for ≥4
consecutive weeks [21, 32].

5.1.2 Classification by severity

Mild AR is defined by the absence of sleep disturbances, impairment of daily
activities, school or work performance, and social functioning. In contrast,
moderate-to-severe AR is characterized by the presence of at least one of the
following: sleep disturbances, impaired daytime performance, social restrictions, or
bothersome symptoms [21, 32]. AR classification according to symptom duration
and severity is shown in Figure 1 [5].
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5.1.3 Polysensitized versus monosensitized cases

Polysensitized patients exhibit sensitization to multiple allergens. Symptoms may
persist year-round or fluctuate seasonally. Diagnosis and management can be
complex, particularly in allergen selection for immunotherapy. Monosensitized
patients are sensitized to a single allergen, often seen in SAR. Treatment response is
generally more predictable, and immunotherapy is easier to plan.

5.1.4 Symptom-based phenotyping

AR can be classified based on predominant symptom profiles. The most common
symptoms are rhinorrhea, nasal obstruction, sneezing, and itching. However,
symptom intensity varies: the rhinorrhea/sneezing-dominant phenotype is often
linked to histamine release and typically associated with pollen allergy. The
congestion-dominant phenotype is more closely associated with perennial allergens
such as house dust mites and molds. Here, both early and late-phase inflammatory
responses are involved; histamine drives edema and rhinorrhea, while leukotrienes,
prostaglandins, TNF-α, and IL-4 contribute to nasal obstruction [33, 34].

Symptom-based phenotyping is important for personalizing treatment strategies:
antihistamines are more effective in rhinorrhea/sneezing-dominant phenotypes,
whereas intranasal corticosteroids (INCS) are preferred in congestion-dominant
phenotypes. Symptom persistence (intermittent vs. persistent) further guides
treatment intensity and duration [21].

Figure 1.
Classification of AR according to symptom duration and severity5.
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5.1.5 Local AR

Local AR (LAR) is a phenotype characterized by local nasal IgE production
despite negative systemic IgE. These patients present with typical AR symptoms,
negative skin prick and serum-specific IgE tests, but positive nasal provocation tests.
LAR is an under-recognized subtype of AR, and management approaches largely
overlap with those of classical AR [35, 36].

5.2 Immunological endotypes

5.2.1 Type 2 endotype (th2-driven)

The type 2 endotype encompasses mechanisms mediated by Th2 cells and can be
divided into IgE-mediated and non-IgE-mediated pathways.

5.2.1.1 IgE-mediated type 2 endotype.

This is the most common form of rhinitis, characterized by IgE-mediated
inflammation of the nasal mucosa in atopic individuals. Its pathogenesis involves
allergen exposure, antigen presentation, and activation of Th2 responses, resulting in
increased production of IL-4, IL-5, and IL-13, with subsequent IgE production, as
well as mast cell and eosinophil activation [10].

5.2.1.2 Non-allergic eosinophilic rhinitis.

Non-Allergic Eosinophilic Rhinitis (NARES) is a non-IgE-mediated rhinitis subtype
characterized by marked eosinophilic infiltration of the nasal mucosa despite negative
systemic IgE. Elevated eosinophil counts in nasal secretions are a hallmark. Inflammatory
mediators, such as eosinophil cationic protein (ECP) andmajor basic protein (MBP), are
thought to drive symptoms and mucosal inflammation. NARES may be a precursor to
asthma and nasal polyposis, thus warranting careful evaluation. Topical corticosteroids
are generally effective in treatment [10, 37].

5.2.2 Non–type 2 endotype

This group is not dominated by the classical IgE-eosinophil axis. Inflammation
may be neutrophilic, IgE levels are normal or negative, and skin prick tests are often
negative. Triggers include vasomotor, gustatory, or hormonal factors [9]. These
patients typically respond poorly to standard allergy treatments, and diagnosis and
management are challenging due to nonspecific symptoms [38].

5.3 Clinical significance and therapeutic implications

The classification of AR into phenotypes and endotypes has direct implications
for management. Type 2 phenotypes benefit from allergen immunotherapy and anti-
IgE biologics. Non-type 2 patients may require intranasal anticholinergics or
alternative therapies. INCS remain first-line for persistent, moderate-to-severe
disease. In LAR cases, delayed diagnosis may postpone appropriate treatment. In
conclusion, phenotype and endotype stratification form the basis of personalized
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diagnosis and treatment in AR. This classification is essential for predicting disease
course, prognosis, and therapeutic response [21, 31, 39].

6. Clinical findings and comorbidities

6.1 Clinical symptoms

AR is characteristically manifested by typical symptoms that develop following
exposure to allergens in the nasal mucosa. The clinical picture most frequently
includes the following symptoms:

Major symptoms:
Sneezing attacks, usually more pronounced in the morning and after allergen

exposure, are sequential and repetitive in nature. Nasal discharge (rhinorrhea)
is watery and clear, commonly presenting as both anterior and postnasal drip.
Nasal obstruction develops due to inflammation and mucosal edema, representing
one of the most quality-of-life-limiting symptoms. Nasal itching often leads
children to perform the upward rubbing motion of the nasal tip, known as the
allergic salute.

Additional symptoms:
Ocular itching, redness, and tearing (typically bilateral and symmetric); itching

in the throat and palate; dry cough due to postnasal drip; fatigue; attention deficit;
impaired sleep quality; and a decreased sense of smell and taste may also occur [9, 21,
37, 40–44].

6.2 Physical examination findings

On physical examination, patients with AR often present with pale, edematous,
or occasionally hyperemic nasal mucosa, accompanied by watery nasal discharge.
Mouth breathing may be observed as a consequence of nasal obstruction.
Characteristic findings also include dark periorbital circles (“allergic shiners”),
conjunctival hyperemia, lower eyelid edema, and a transverse nasal crease caused by
repetitive upward rubbing of the nose (“allergic salute”). In addition, turbinate
hypertrophy is a feature in affected individuals [45, 46].

6.3 Age-specific clinical features

6.3.1 Infancy

AR is rare during infancy; however, eosinophilic mucositis may be observed
in infants with an atopic history. More often, nonspecific nasal discharge and
irritability may be present. It can be mistaken for gastroesophageal reflux [10, 47–49].

6.3.2 Preschool age

The most frequent symptom is nasal obstruction. Sleep problems, snoring, and
attention difficulties are common [50]. The diagnosis of AR is often established at
this age.
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6.3.3 School-age children and adolescents

All typical symptoms (sneezing, rhinorrhea, itching) become clearly
expressed. A decline in school performance, concentration difficulties, and
social isolation may be observed [51]. Asthma and conjunctivitis frequently
coexist.

6.3.4 Adults and the elderly

Symptoms may resemble classical AR, but age-related mucosal changes,
olfactory loss, and drug side effects become more prominent. In older adults,
symptoms may be milder, but concomitant diseases often complicate
diagnosis [52].

6.4 Seasonal and periodic characteristics of symptoms

SAR occurs in relation to pollen seasons, with symptoms typically exacerbating
during spring and summer [21]. PAR, on the contrary, is triggered by continuous
exposure to indoor allergens such as house dust mites, animal dander, or mold [21].
Occupational AR develops as a result of exposure to specific allergens in the
workplace, such as flour in bakery workers [53].

6.5 Impact of symptoms on patients

Sleep disruption due to nasal obstruction can result in daytime fatigue and
sleep disturbances. Ocular symptoms, itching, and nasal discharge may limit
social interactions. Particularly in younger age groups, learning difficulties
and attention deficits can lead to reduced academic or occupational
performance. Long-term symptoms have been linked to depression and anxiety
[54, 55].

6.6 Comorbidities

AR is not merely a condition confined to the nasal mucosa; it is a disorder
characterized by systemic inflammatory responses, potentially affecting multiple
organ systems. Numerous allergic diseases, driven by a shared type-2 immune
response, tend to coexist with AR.

Asthma:
Asthma is present in approximately 10%–40% of AR patients, while 60%–80%

of individuals with asthma have concomitant AR [1, 5]. Treating AR improves
asthma control and reduces the risk of exacerbations. The upper and lower
airways share similar epithelial structures, with the same allergens triggering
comparable cellular and cytokine responses. Nasal inflammation may enhance
bronchial hyperreactivity.

Allergic conjunctivitis:
Characterized by itching, redness, and tearing, it is themost common comorbidity of

AR, particularly intensified during pollen seasons in patients with SAR. INCS and
antihistamines may improve both nasal and ocular symptoms [56, 57].
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Sinusitis and nasal polyposis:
AR patients have an increased risk of chronic rhinosinusitis (CRS). Both

polypoid (type-2 dominant) and non-polypoid CRS subtypes may coexist. Special
attention should be given to aspirin-exacerbated respiratory disease (Samter’s
triad). Biologic agents (e.g. anti-IL-5, anti-IgE) have emerged as potential
treatment options. [58, 59]

Sleep disorders:
Nasal obstruction, snoring, and mouth breathing significantly impair sleep quality.

The risk of obstructive sleep apnea syndrome (OSAS) is increased. Daytime fatigue,
attention problems, irritability, and reduced school or work performance are frequent.
In children, hyperactivity and behavioral problems may develop [42, 50, 60].

Otitis media and eustachian tube dysfunction:
Otitis media (especially with effusion) is associated with nasopharyngeal edema

and eustachian tube dysfunction. Adenoid hypertrophy exacerbates nasal
obstruction and impairs sleep quality in children [58]. Appropriate AR treatment
may reduce the incidence of these complications.

Atopic dermatitis and food allergies:
AR is more common in atopic individuals. In polysensitized patients, atopic

dermatitis and food sensitivities may coexist with AR [61].

Gastroesophageal reflux:
Nasal obstruction can lead to mouth breathing and laryngeal irritation. AR and

gastroesophageal reflux frequently coexist, though a causal relationship is not fully
established [62]. Treating both conditions together significantly alleviates symptoms.

Allergic march and systemic atopy:
The allergic march describes the progression of atopic diseases that begin in early

life and evolve into different clinical entities over time [63]:

● 0–2 years: Atopic dermatitis, food allergies [64].

● 2–5 years: Onset of AR [63].

● Over 5 years: Asthma, conjunctivitis, polyvalent atopic syndromes [65]

Early diagnosis and intervention may slow or even halt this progression [64].

7. Diagnostic approaches

The diagnosis of AR is established through a combination of typical symptoms,
detailed medical history, physical examination, and tests demonstrating allergen
sensitization. The aim of the diagnostic process is to demonstrate that the patient’s
symptoms result from an IgE-mediated response to a specific allergen.

7.1 Medical history

Medical history forms the cornerstone of diagnosis in AR. Particular attention
should be paid to the type, severity, seasonality, and duration of symptoms, as well
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as potential exposure to common allergens such as animals, house dust, pollens,
molds, or occupational agents. A family history of atopic diseases is an important
contributing factor. The impact of symptoms on sleep quality and school or work
performance should also be assessed. In addition, the presence of comorbid
conditions, including asthma, conjunctivitis, or atopic dermatitis, as well as possible
occupational exposures, must be carefully evaluated [37].

7.2 Physical examination

On physical examination, patients with AR frequently exhibit pale and
edematous nasal mucosa accompanied by watery nasal discharge. Periorbital
hyperpigmentation, also known as the allergic shiner, and a transverse crease on the
nasal tip resulting from the repetitive allergic salute are characteristic findings. In
addition, nasal endoscopy is a valuable tool for excluding structural abnormalities
such as nasal polyps, septal deviation, foreign bodies, or tumors [66].

7.3 Allergy testing

1. Skin prick test:
The skin prick test is the most widely used diagnostic method. It is performed

with both negative and positive controls, and results are obtained within 15–20
minutes. Advantages include rapidity, cost-effectiveness, and high sensitivity.
Antihistamine use may interfere with test results [67].

2. Specific IgE testing (in vitro):
Serum allergen-specific IgE levels are measured. This method is preferred in

patients for whom skin testing is not feasible (e.g. severe dermographism, extensive
atopic dermatitis, or infants). ImmunoCAP is the most commonly used technique.
Unlike the skin prick test, antihistamine use does not affect test results [67].

3. Molecular allergy testing:
Assesses sensitization to specific allergen components. It enables differentiation

between polysensitization and cross-reactivity and may guide decisions regarding
immunotherapy [68].

7.4 Other diagnostic methods

Nasal cytology
Eosinophils can be demonstrated in nasal secretion samples, which is particularly

useful in differentiating NARES. This method is reproducible, non-invasive,
economical, and applicable for phenotyping [69, 70].

Nasal provocation test
This is indicated in cases of uncertain sensitization or when the clinical

presentation and test results are incongruent. It is considered the gold standard for
diagnosing LAR. The procedure involves the direct application of allergens to the
nasal mucosa to provoke symptoms and is performed only in specialized centers [71].

Total IgE and eosinophil count
Not specific for AR diagnosis; however, elevated total IgE and eosinophilia are

common in atopic individuals.
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7.5 Advanced assessment and functional tests

7.5.1 Rhinomanometry and acoustic rhinometry

Provide objective measurements of nasal airflow and obstruction. These
measurements are used to monitor mucosal changes before and after
treatment [72].

7.5.2 Nasal endoscopy

Indicated for excluding structural abnormalities such as polyps, masses, or
septal deviation; this approach is particularly valuable in treatment-resistant
cases [73].

7.5.3 Olfactory testing

Used for the objective assessment of olfactory function, persistent AR may
present with hyposmia or anosmia. Olfactory testing aids in treatment planning and
disease monitoring, particularly in evaluating the impact of chronic inflammation on
the olfactory epithelium [6, 74].

8. Differential diagnosis

AR may present with a clinical picture resembling many other nasal disorders
characterized by similar symptoms. Ruling out these conditions during the
diagnostic process is crucial to avoid misdiagnosis and inappropriate
treatment [7].

8.1 Non-AR

Non-Allergic Rhinitis (NAR)

Develops through non-immunological mechanisms, generally not IgE-mediated.
Although symptoms resemble AR, allergy test results are negative.

Subtypes include:

● Vasomotor rhinitis: Triggered by nonspecific stimuli such as odors, stress,
alcohol, temperature changes, or cigarette smoke.

● Drug-induced rhinitis: Includes “rhinitis medicamentosa” caused by the overuse
of decongestants; it is also associated with ACE inhibitors, oral contraceptives,
aspirin, etc.

● Hormonal rhinitis: Observed during pregnancy or in cases of thyroid disorders.

● Atrophic rhinitis: Characterized by the thinning of the nasal mucosa and a foul-
smelling discharge.
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● Occupational rhinitis: Triggered by workplace exposures, sometimes IgE-
mediated. [75]

NARES (non-AR with eosinophilia syndrome)
Allergy tests are negative, but nasal cytology demonstrates eosinophilia.

Symptoms resemble AR, and nasal cytology is helpful in diagnosis [75].

8.2 Infectious rhinitis

Acute viral rhinitis (common cold)
Symptoms are short-lived (less than 10 days). Fever, sore throat, and systemic

complaints are prominent. Nasal discharge is initially clear but may become
mucopurulent.

Chronic rhinosinusitis
Characterized by nasal obstruction, mucopurulent discharge, facial pain, and

olfactory dysfunction lastingmore than 12 weeks. Diagnosis is established through
nasal endoscopy and CT imaging [76].

8.3 Other differential diagnoses

Structural anomalies

● Nasal septal deviation

● Turbinate hypertrophy

● Nasal polyps (unilateral polyps should raise suspicion of a neoplasm).

● Adenoid hypertrophy [7]

Foreign bodies
Particularly in children, it causes unilateral foul-smelling discharge [77].

Nasopharyngeal tumors
Should be suspected in cases of unilateral nasal obstruction, bloody discharge, or

atypical facial pain [7].

Cerebrospinal fluid (CSF) leak
Presents after trauma with unilateral watery discharge that worsens when leaning

forward. Diagnosis can be confirmed by beta-2 transferrin assay [7].

Systemic diseases

● Granulomatosis with polyangiitis (Wegener’s disease)

● Sarcoidosis

● Churg–Strauss syndrome (eosinophilic granulomatosis with
polyangiitis)
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These conditions are usually accompanied by systemic manifestations [7].

9. Treatment options

The primary goals of AR management are to control symptoms, modify the
natural course of the disease, improve quality of life, and manage associated
comorbidities. Treatment should be individualized, taking into account the duration
and severity of symptoms, the presence of comorbid conditions, the allergen
exposure profile, and patient preferences. Three main therapeutic approaches are
emphasized in AR: allergen avoidance, pharmacotherapy, and allergen
immunotherapy. Together, these strategies target both symptomatic control and
immunological modulation of the disease.

9.1 Allergen avoidance and other non-pharmacological approaches

Allergen avoidance is particularly important for patients with symptoms
attributable to a specific sensitization. Preventive measures against common
aeroallergens, such as house dust mites, animal dander, pollens, molds, and
cockroaches, may reduce disease severity. However, studies have demonstrated that
these measures alone are insufficient for many patients and are more effective when
combined with pharmacological therapy [78].

Nasal saline irrigation is also recommended as a non-pharmacological intervention.
Saline rinses help physically remove allergen particles from the nasal mucosa, reduce
mucus viscosity, and improve the efficacy of topical medications.While saline irrigation
may provide sufficient relief in mild cases, it is most effective when used alongside
pharmacotherapy in moderate to severe disease [79, 80].

9.2 Pharmacological treatment

Pharmacological treatment is used to quickly and effectively control the
symptoms of AR. Treatment options vary depending on the severity and duration of
the disease.

INCS represent the most effective therapeutic option in AR. By suppressing
inflammation in the nasal mucosa, they act on both early- and late-phase allergic
responses. Commonly used agents include fluticasone, mometasone, budesonide, and
beclomethasone. INCS significantly reduce symptoms such as nasal obstruction,
rhinorrhea, and sneezing. Adverse effects are usually mild, including local irritation,
nasal dryness, and occasionally epistaxis. Systemic absorption is minimal, and even
with long-term use, INCS maintain favorable safety profiles [81, 82].

Oral antihistamines, particularly second-generation non-sedating agents (e.g.
desloratadine, fexofenadine, loratadine, levocetirizine), are suitable for patients
with mild symptoms or those unwilling to use INCS. They control sneezing,
rhinorrhea, and nasal itching via H1-receptor blockade. As their sedative effects are
minimal, they can be used without impairing daily activities. However, their efficacy
against nasal congestion is limited. [83]

Intranasal antihistamines (e.g. azelastine, olopatadine) provide rapid local
symptom control and are particularly useful in mild-to-moderate disease or in
patients unable to tolerate systemic antihistamines. Combination therapy with INCS
may exert a synergistic effect [84, 85].
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Leukotriene receptor antagonists (LTRAs), such as montelukast, are
recommended, especially for patients with concomitant asthma. They reduce nasal
obstruction and nocturnal symptoms by blocking leukotriene D4 receptors, thereby
attenuating inflammation in both the upper and lower airways. However, their
efficacy as monotherapy for AR is inferior to that of INCS. Rare psychiatric adverse
effects associated with montelukast warrant cautious use [66, 84, 86].

Decongestants may provide short-term symptomatic relief. Topical agents, such as
oxymetazoline, are effective when used for ≤3–5 days; however, prolonged use may
cause rebound congestion (rhinitis medicamentosa). Systemic decongestants
(e.g. pseudoephedrine) are restricted to selected patients due to potential adverse
effects, including hypertension, tachycardia, and sleep disturbances [21, 66]. Systemic
corticosteroids are reserved for severe, uncontrolled symptoms and should only be
administered short term (3–5 days). Long-term use is discouraged due to risks such as
osteoporosis, growth retardation, hypertension, and diabetes mellitus [87].

Cromolyn sodium, a mast cell stabilizer, is considered safe for sensitive
populations such as children and pregnant women. Although its efficacy is limited, it
may be valuable for prophylaxis [88]. Ipratropium bromide may be beneficial in
cases where watery rhinorrhea is the predominant symptom. The doses of drugs used
in AR according to age are provided in Table 1 [21].

Usual adult dose Usual pediatric dose

Oral antihistamines (second generation)

Bilastine (Blexten) 1 tablet (20mg) once daily For children aged 4–11 years: 10mg once
daily (1 orodispersible tablet or 4mL of oral
solution).

For children over 12 years of age: 1 tablet
(20mg) once daily.

Cetirizine (Reactine) 1–2 tablets (5 mg) once daily
1 tablet (10mg) once daily

5–10mL (1–2 teaspoons) once daily
(children’s formulation)

Desloratadine (Aerius) 1 tablet (5 mg) once daily 2.5–5 mL (0.5–1.0 teaspoons) once daily
(children’s formulation)

Fexofenadine (Allegra) 1 tablet (60mg) every 12 hours
(12-hour formulation).

1 tablet (120mg), once daily
(24-hour formulation).

Not currently indicated for children under
12 years of age

Loratadine (Claritin) 1 tablet (10mg), once daily 5–10mL (1–2 teaspoons) once daily
(children’s formulation)

Rupatadine (Rupall) 1 tablet (10mg) once daily For children aged 12 years and older:
1 tablet (10mg) once daily.
For children aged 2–11 years with a body
weight of 10–25 kg, administer 2.5 mL
(0.5 teaspoon) once daily.

For children aged 2–11 years with a body
weight greater than 25 kg:
5 mL (1.0 teaspoon) once daily.

Intranasal corticosteroids

Beclomethasone (Beconase) 1–2 sprays (50 μg/spray) EN,
twice daily

1 spray (50 μg/spray) EN, twice daily
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9.3 Treatment planning

The most widely used treatment algorithm for AR is provided by the ARIA
guidelines. According to ARIA, treatment selection is guided by the frequency and
severity of symptoms.

● For intermittent or mild symptoms, oral antihistamines or low-dose INCS are
recommended.

● For persistent or moderate-to-severe disease, INCS are considered the first-line
therapy.

● If necessary, intranasal antihistamines or LTRAs may be added to INCS.

Treatment response should be assessed within 2–4weeks, with adjustments in
dosage or therapeutic agents made accordingly [7]. In addition, a treatment algorithm
for childhood AR was recently reported by the European Forum for Research and
Education in Allergy and Airway Diseases (EUFOREA; see Figure 2) [47].

Usual adult dose Usual pediatric dose

Budesonide (Rhinocort) 2 sprays (64 μg/spray) EN once
daily, or 1 spray EN twice daily

2 sprays (64 μg/spray) EN, once daily, or
1 spray EN, twice daily (do not exceed
256 μg)

Ciclesonide (Omnaris) 2 sprays (50 μg/spray) EN, once
daily

Not indicated for children under 12 years of
age

Fluticasone furoate
(Avamys)

2 sprays (27.5 μg/spray) EN,
once daily

1 spray (27.5 μg/spray) EN, once daily

Fluticasone propionate
(Flonase)

2 sprays (50 μg/spray) of EN,
once daily or every 12 hours (for
severe rhinitis)

1–2 sprays (50 μg/spray) EN, once daily

Mometasone furoate
(Nasonex)

2 sprays (50 μg/spray) EN, once
daily

1 spray (50 μg/spray) EN, once daily

Triamcinolone acetonide
(Nasacort)

2 sprays (55 μg/spray) EN, once
daily

1 spray (55 μg/spray) EN, once daily

Combination intranasal corticosteroid/antihistamine nasal spray

Fluticasone propionate/
azelastine hydrochloride
(Dymista)

1 spray EN, twice daily For children over 12 years of age: 1 spray in
each nostril, twice daily.

Not recommended for children under
12 years of age.

Olopatadine hydrochloride/
mometasone furoate mono-
hydrate (Ryaltris)

2 sprays EN, twice daily For children aged 6–11 years: 1 spray in
each nostril, twice daily.

For children over 12 years of age: 2 sprays
in each nostril, twice daily.

Leukotriene receptor antagonists

Montelukast 1 tablet (10mg), once daily Not currently approved for patients under
15 years of age

Table 1.
Overview of pharmacological treatment options for AR.
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10. Allergen avoidance strategies

Allergen avoidance constitutes a fundamental approach in the management of
AR. In patients with confirmed sensitization to specific allergens, reducing exposure
significantly contributes to symptom control [78]. However, allergen avoidance
alone is usually insufficient; it is recommended to be used in combination with
pharmacological therapy and/or immunotherapy.

10.1 House dust mites

House dust mites (Dermatophagoides pteronyssinus and Dermatophagoides
farinae) are major triggers of PAR. They are particularly abundant in
mattresses, pillows, carpets, duvets, and upholstered furniture. Recommended

Figure 2.
Pediatric AR management algorithm.
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measures to reduce mite exposure include the following, though achieving a
significant clinical impact is often difficult with single interventions [89–91]:

● Encasement of mattresses and pillows in mite-proof covers.

● Removal of dust-accumulating items, such as carpets, plush toys, and fabric
curtains, from the bedroom.

● Weekly washing of bedding at 60°C.

● Maintaining indoor humidity below 50% (mites proliferate more actively under
high humidity).

● Use of HEPA-filtered vacuum cleaners

Studies suggest that, when implemented in combination, these strategies can
reduce overall indoor mite load and alleviate symptom severity.

10.2 Pollens

Pollen is the most common trigger of SAR. Preventive measures during the pollen
season can be summarized as follows [92]:

● Avoiding outdoor exposure during periods of high pollen counts, especially
during the morning hours (05:00–10:00).

● Showering and changing clothes after outdoor activities.

● Keepingwindows closed and using air conditioningwith filters at home and in cars.

● Use of pollen-filter masks, particularly for highly sensitive individuals.

● Monitoring pollen calendars and regional pollen concentration maps, and
adjusting daily habits accordingly.

10.3 Mold spores

Molds (Alternaria, Cladosporium, etc.) are found both indoors and outdoors.
Recommended preventive measures include [93]:

● Ensuring proper ventilation, especially in bathrooms.

● Eliminating sources of dampness (leaking pipes, humid walls).

● Using bleach-based cleaning products to remove mold.

● Avoiding indoor drying of laundry

However, in individuals sensitized to mold, there is insufficient evidence to
confirm that these measures consistently improve symptom control [94].
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10.4 Animals

Cat and dog dander are potent aeroallergen sources. For sensitized individuals,
complete removal of the animal from the home is the ideal measure. However, since
this is often not feasible, the following strategies are recommended [95, 96]:

● Restricting animal access to the bedroom.

● Use of HEPA-filter air purifiers

● Regular bathing and grooming of the animal.

● Reducing carpets and fabric-covered surfaces in the home.

Because animal allergens are small and adhere strongly to surfaces and air
particles, exposure may persist for weeks, even after the animal has been removed
from the household.

10.5 Cockroaches

Cockroach allergens are particularly prevalent in humid and crowded
environments. Preventive strategies include eliminating food residues, ensuring
regular cleaning and pest control, and sealing entry pathways such as cracks and
ventilation openings [97, 98].

10.6 Tobacco smoke and other irritants

Tobacco smoke, passive smoking, and air pollution exacerbate AR symptoms [99,
100]. Avoidance of such irritants improves treatment outcomes. Passive exposure to
tobacco smoke in children is associated with increased symptom severity, as well as a
higher risk of comorbid asthma [100, 101]. For allergen avoidance strategies to be
effective, they should be individualized, feasible, and sustainable. Moreover, these
measures must be reinforced through patient education and, particularly in children,
through active parental involvement.

11. Allergen-specific immunotherapy

Allergen-specific immunotherapy (AIT) is the only disease-modifying treatment
modality targeting the pathogenesis of AR. AIT aims to induce immune tolerance
through the controlled administration of gradually increasing doses of the causative
allergen. Beyond alleviating symptoms, AIT may prevent the development of new
sensitizations and the onset of comorbid asthma [102, 103].

11.1 Indications

AIT is indicated in patients with a confirmed diagnosis of AR and objectively
demonstrated sensitization under the following conditions [103]:

● Presence of moderate-to-severe symptoms inadequately controlled with phar-
macological therapy.
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● Dependence on long-term pharmacological treatment and/or the occurrence of
treatment-related adverse effects.

● Patient preference, particularly among those seeking a non-pharmacological,
long-term solution.

● Desire to modify the natural course of the disease through immune tolerance
induction.

For allergen immunotherapy (AIT) to be considered, there must be a clear clinical
correlation between the patient’s symptoms and the identified allergen sensitization.

11.2 Routes of administration

AIT can be administered through two primary methods:

1. Subcutaneous immunotherapy (SCIT)
This method involves allergen administration via subcutaneous injections. The

protocol begins with weekly dose escalations (induction phase), followed by a
maintenance phase withmonthly injections. The total treatment duration is generally 3–
5 years. SCIT is themost extensively studiedmethodwith the longest clinical experience,
and its efficacy has been demonstrated against pollens, house dustmites, and cat dander.

2. Sublingual immunotherapy (SLIT)
This approach involves the administration of allergens in drop or tablet

formulations under the tongue. SLIT can be self-administered at home,
typically requiring daily intake. It has a more favorable safety profile,
with fewer systemic adverse events [104]. SLIT is more widely used for
pollen allergies due to the availability of licensed products. Given its convenience of
at-home administration, patient adherence may be higher compared to SCIT.

11.3 Efficacy and safety

AIT is supported by numerous randomized controlled trials demonstrating its
efficacy. Evidence indicates that AIT reduces symptom scores and medication use,
prevents asthma development, and maintains its effectiveness for at least 2–3 years
after the completion of therapy [102, 105, 106]. The most serious complication of
SCIT is anaphylaxis, making physician supervision and access to emergency
interventions mandatory during administration [107]. The most common adverse
effects of SLIT include oral pruritus, throat irritation, and, less frequently,
gastrointestinal symptoms [104, 107–109]. It is recommended that the first SLIT
dose also be administered in a clinical setting.

11.4 Patient selection and contraindications

Patient selection for AIT requires careful consideration of several factors. A clearly
defined IgE-mediated allergen sensitization with clinical correlation is essential, and the
patient must be motivated and capable of adhering to the treatment protocol. Asthma
should be well-controlled, as AIT is contraindicated in active or severe asthma. Caution
is warranted in patients receiving beta-blockers or those with severe cardiovascular
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disease. Moreover, AIT is contraindicated in individuals with severe immunodeficiency,
autoimmune disorders, or malignancy [103]. Importantly, AIT should not be initiated
during pregnancy; however, if treatmentwas already initiated prior to conception and is
well-tolerated, continuation may be considered.

12. Prognosis and follow-up

AR is generally a chronic and recurrent condition. If inadequately managed,
symptoms can substantially impair quality of life, reduce school and work
performance, and predispose patients to comorbidities such as sleep disorders,
sinusitis, and asthma.

12.1 Natural course of the disease

The prognosis of AR varies between individuals. In most cases with childhood
onset, symptoms persist into adulthood. While some individuals experience
symptom reduction with age, complete remission is rare. In SAR, particularly pollen-
induced cases, symptom duration often extends over time, and polysensitization
may develop [110]. Patients with AR have a significantly increased risk of developing
asthma compared to the healthy population. This association is explained by the
concept of “united airway disease,” as the upper and lower airways share similar
immunological and anatomical characteristics. Consequently, inflammation
originating in one part of the airway may eventually affect the other [111, 112]. For
this reason, periodic monitoring with pulmonary function tests is recommended in
pediatric patients to assess asthma development.

12.2 Evaluation of treatment response

The primary objective of AR management is symptom control and improvement
in quality of life. Treatment response should be assessed through both subjective
patient-reported outcomes and objective evaluations. Clinical improvement is
typically expected within 2–4weeks of initiating therapy [7]. In cases of insufficient
response, treatment dosage, modality, and adherence should be reassessed, and
comorbidities should be considered. In patients undergoing AIT, symptom
improvement is usually observed within the first year; however, full therapeutic
benefit may take 1–2 years to manifest [113, 114]. Long-term clinical benefits have
also been demonstrated to persist after the completion of AIT.

12.3 Frequency and principles of follow-up

Follow-up schedules for patients with AR should be individualized according to
disease severity, treatment response, and the presence of comorbidities. Annual
evaluations may suffice for patients with mild, intermittent disease, whereas
persistent or severe cases require more frequent follow-ups [7]. For refractory or
atypical presentations, collaboration with allergy and otorhinolaryngology
specialists is crucial. In pediatric patients, regular monitoring of growth and
development, as well as early detection of comorbid conditions such as atopic
dermatitis, food allergies, or asthma, is strongly recommended.
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13. Management of treatment-resistant cases

In patients with treatment-resistant AR, it is essential to reassess the accuracy of
the diagnosis, the adequacy of allergen avoidance strategies, treatment adherence,
medication administration technique, and the presence of comorbidities (such as
sinusitis, asthma, and gastroesophageal reflux). If necessary, advanced diagnostic
tests and nasal endoscopy should be performed to evaluate for anatomical
abnormalities.

13.1 Surgical interventions

For patients unresponsive to pharmacotherapy, surgical approaches (e.g.
turbinate reduction, septoplasty, endoscopic sinus surgery) may be considered [115,
116]. Prior to surgical intervention, a comprehensive immunological and allergic
evaluation must be completed.

14. Patient follow-up and education

Following the initiation of treatment, patients should be monitored at regular
intervals for symptom control and quality-of-life improvement.

14.1 Clinical follow-up parameters

● Symptom assessment: TNSS (Total Nasal Symptom Score), VAS (Visual Analog
Scale) [117, 118]

● Quality of Life: RQLQ (Rhinoconjunctivitis Quality of Life Questionnaire) [119]

● Adverse effects of medication and treatment adherence

● For patients receiving AIT: CSMS (Combined Symptom and Medication Score)
[120].

14.2 Frequency of follow-up

TNSS and VAS are commonly used as follow-up parameters [121]. During the
first month, evaluations every 2–4weeks are recommended. For stable patients,
monitoring every 3–6months is sufficient. Patients undergoing AIT should be
evaluated annually.

14.3 Patient education and counseling

Patients should be informed about the underlying cause of the disease, potential
triggers, and preventive strategies. Instructions on the correct use of medications
(particularly proper intranasal spray technique), the process of immunotherapy, the
expected improvement timeline, and the importance of patience and adherence
should be clearly explained.
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15. Conclusion and future perspectives

AR is a common disease affecting millions worldwide, with a significant negative
impact on quality of life and a substantial economic burden on healthcare systems.
Its pathophysiology is shaped by the interaction of genetic predisposition,
environmental factors, and IgE-mediated immune responses. Although symptoms
are often characteristic, AR may overlap with other types of rhinitis, complicating
the diagnostic process. Currently, diagnosis can be established with relative ease
through detailed evaluation of clinical symptoms, physical examination findings,
and objective tests demonstrating sensitization. The most critical factor in diagnosis
is establishing a clear clinical correlation between patient symptoms and allergen
sensitization. Management requires a multidisciplinary approach. Pharmacological
agents, particularly INCS and antihistamines, are effective and safe for symptom
control. Supportive measures, such as allergen avoidance and nasal saline irrigation,
also contribute to therapy. AIT remains the only treatment capable of providing both
symptomatic relief and long-term disease-modifying effects. With proper patient
selection and consistent application, it holds the potential to alter the natural course
of the disease.

In the future, more personalized treatment strategies will come to the forefront in
AR management. The widespread use of molecular allergy diagnostics will
facilitate precise allergen component selection in immunotherapy. Moreover,
biologic agents that modulate the immune response (e.g. anti-IgE, anti-IL-4Rα,
anti-TSLP) offer promising therapeutic options, particularly for patients with
polysensitization or resistance to conventional therapies. In conclusion, successful
AR management requires consideration of the disease’s heterogeneous nature,
environmental influences, and individual variability. Earlydiagnosis, appropriate
therapy, and regular follow-up not only improve patient quality of life but may also
prevent the development of comorbidities such as asthma.
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