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2.

Abstract

Neonatal resuscitation in the field is a critical intervention performed by paramedics to improve early
survival in newborns experiencing perinatal distress. This review explores the vital role of paramedics in
neonatal resuscitation, focusing on the physiological basis of neonatal vulnerability, epidemiological data
on out-of-hospital births, and the impact of early resuscitative efforts on survival outcomes. Neonatal
physiology is characterized by the need for rapid establishment of effective ventilation and unique
challenges related to airway anatomy, temperature regulation, and circulatory changes. Common causes of
neonatal collapse in the field include respiratory depression, cardiac etiologies, hypothermia, birth trauma,
asphyxia, and infection. Paramedic scope of practice in neonatal care is defined by legal frameworks,
training, and certification standards such as the Neonatal Resuscitation Program (NRP). Prehospital
neonatal resuscitation algorithms emphasize rapid assessment, airway management, positive pressure
ventilation, chest compressions, and judicious use of oxygen and medications. Specialized equipment and
technology, including neonatal-specific resuscitation kits, portable incubators, and telemedicine integration,
are essential for effective neonatal care in the field. Paramedics face challenges related to limited equipment
availability, skill maintenance, environmental constraints, communication, and coordination with hospital-
based teams. Evidence supports the significant impact of paramedic interventions on reducing neonatal
mortality and morbidity. Innovations such as portable neonatal ventilators, real-time teleconsultation,
wearable thermal monitoring, Al decision support, and specialized neonatal paramedic teams hold promise
for further improving neonatal survival in the prehospital setting.

Keywords Neonatal resuscitation, Paramedics, Airway management, Emergency medical services (EMS),
Neonatal Resuscitation Program (NRP)

1. Introduction

Neonatal resuscitation in prehospital settings is a critical intervention for newborns who require immediate
support to establish effective breathing and circulation outside the hospital environment, where resources
and specialized personnel may be limited. Annually in the United States alone, approximately 62,000 births

WWW.DIABETICSTUDIES.ORG 184


http://www.diabeticstudies.org/
mailto:Mr.bandar1411@hotmail.com
mailto:Ftoon.alnahari@hotmail.com
mailto:medomm1408@hotmail.com
mailto:awad14081408@hotmail.com
mailto:boss-997@hotmail.com
mailto:Sbabh@hotmail.com
mailto:harby163@gmail.com
mailto:ah0623282@gmail.com
mailto:aah056555@hotmail.com

The Review of DIABETIC STUDIES
Vol. 21 No. S6 2025

occur out-of-hospital, and up to 10% of term and late preterm infants in these settings need some form of
resuscitation to sustain life during the crucial transitional period after delivery. The importance of neonatal
resuscitation in the field lies in its potential to prevent early neonatal morbidity and mortality by addressing
failure to transition from fetal to neonatal physiology, primarily focusing on respiratory support and thermal
care within the first moments of life (Huynh et al., 2021).

Newborns are uniquely vulnerable during the first minutes after birth due to the drastic physiological
changes required for extrauterine survival. Neonatal physiology is characterized by the need for rapid
establishment of effective ventilation to promote clearance of lung fluid, reduce pulmonary vascular
resistance, and increase pulmonary blood flow and cardiac output. The neonatal airway is more delicate
and prone to collapse, and failure to promptly initiate appropriate resuscitation may result in hypoxia,
acidosis, brain injury, cardiopulmonary arrest, or death. This period is marked by stages of primary apnea
followed by gasping breaths, and if not properly managed, can progress to terminal apnea with full
circulatory failure, a process that may take up to 20 minutes in neonates, underscoring the critical window
for intervention (Doherty et al., 2023).

Out-of-hospital births represent a significant subset of deliveries with unique epidemiological
considerations. Although the majority of births occur in hospitals, unplanned out-of-hospital deliveries
(OHDs) account for a small but impactful portion of neonatal births globally. These births often occur under
suboptimal conditions without immediate access to specialized neonatal care, increasing the risk of
complications such as respiratory distress, hypoglycemia, hypothermia, and infection. Epidemiological
studies show that neonates born outside hospitals have higher rates of morbidity and mortality, with some
studies finding infection rates 11 times higher in OHD neonates compared to those born in hospital settings,
often associated with low birth weight and lack of antenatal care in the mother. Data on out-of-hospital
neonatal birth incidence and resuscitation needs provide critical insight into the burden faced by emergency
medical services (EMS) in supporting these vulnerable neonates (Chang et al., 2022).

Globally, neonatal mortality remains a major public health challenge. In 2022, approximately 2.3 million
neonates died within the first 28 days of life worldwide, accounting for nearly half (47%) of all under-5
child deaths. The highest neonatal mortality rates are observed in sub-Saharan Africa and southern Asia,
where the risk of death in the neonatal period is significantly higher compared to more developed regions.
Despite global progress in reducing child mortality, neonatal mortality rates have declined at a slower pace
since 2010, threatening achievement of Sustainable Development Goals for neonatal survival by 2030.
Regional and country disparities in neonatal survival highlight the urgent need for effective early
interventions, including enhanced prehospital care (Rosa-Mangeret et al., 2022).

The conceptual link between early intervention and improved survival outcomes in neonates is well
established. Timely resuscitation, particularly effective positive pressure ventilation (PPV) within the first
minute of life, is critical to reverse hypoxia and facilitate cardiopulmonary transition. The American Heart
Association and American Academy of Pediatrics' Neonatal Resuscitation Program (NRP) guidelines
emphasize immediate drying, warming, stimulation, and initiation of ventilation as essential steps in
successful neonatal resuscitation. Delays or suboptimal execution in these interventions increase risks of
cold stress, hypoxia, metabolic acidosis, and subsequent organ injury or death. Prehospital providers often
face challenges delivering appropriate ventilation volumes due to equipment limitations, which can affect
outcomes. Nevertheless, intervention within the "golden 90 seconds" of life can mean the difference
between survival and lifelong disability or death (Huynh et al., 2021).

This review aims to comprehensively explore the critical role of paramedics in neonatal resuscitation in the
field, examining the physiological basis of neonatal vulnerability, epidemiological data on out-of-hospital
births, and the impact of early resuscitative efforts on survival outcomes. It addresses the current state of
practice, challenges faced by prehospital providers, and opportunities for improving neonatal survival
through enhanced training, protocols, and system-level interventions.
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2. Epidemiology and Burden

Neonatal resuscitation in the field is a critical intervention carried out by paramedics to improve early
survival in newborns facing perinatal distress. This section reviews the epidemiology and burden associated
with neonatal resuscitation outside hospital settings, including the incidence of unplanned out-of-hospital
births, EMS call data, disparities between rural and urban neonatal emergency care, common precipitating
factors, and survival trends.

2.1 Rates of Unplanned Births Outside Hospital Settings

Unplanned out-of-hospital births occur in approximately 0.19% to 0.61% of all deliveries globally, with
variations between urban and rural areas. Studies show out-of-hospital delivery rates as low as 0.15% in
urban settings but up to 3% in more rural or remote areas. These unplanned deliveries are often accidental,
unpredictable, and associated with higher perinatal mortality compared to planned hospital births. Risk
factors include multiparity, inadequate prenatal care, and faster labor progression in repeat deliveries.
Notably, women experiencing unplanned out-of-hospital births tend to have fewer prenatal complications
diagnosed, which may partly reflect under-utilization of healthcare resources in these populations (Bjorland
et al., 2019).

2.2Neonatal Resuscitation Incidence in EMS Calls

Neonatal resuscitation is relatively rare but essential in emergency medical service (EMS) neonatal calls.
Among pediatric EMS transports, neonatal cases constitute a small fraction (about 5.3% of lights-and-sirens
calls). Common reasons for neonatal EMS calls include cardiopulmonary arrest and respiratory distress,
with around one-third requiring bag-valve-mask ventilation or cardiopulmonary resuscitation (CPR).
However, advanced vascular access is infrequent during prehospital neonatal resuscitation (Duby et al.,
2018).

2.3 Rural vs. Urban Disparities in Neonatal Emergency Care

Significant disparities exist between rural and urban areas regarding access to emergency obstetric and
neonatal care. Rural populations experience limited availability of facilities equipped for basic or
comprehensive emergency obstetric and neonatal care, longer distances to referral centers, and lower
utilization of prenatal and delivery services. Urban areas tend to have higher rates of facility-based births
and emergency interventions, while rural women face barriers including geographic isolation, lack of
transportation, and fewer trained healthcare providers. These disparities contribute to higher neonatal
mortality and morbidity in rural settings (Banke-Thomas et al., 2024).

2.4 Common Precipitating Factors for Neonatal Resuscitation

Common factors precipitating the need for neonatal resuscitation include prematurity (birth before 37 weeks
gestation), maternal complications such as hypertensive disorders and infections, and complicated labor
involving conditions like meconium-stained amniotic fluid, cord prolapse, or shoulder dystocia. Other
contributing factors are accidental home deliveries, placental insufficiency, inadequate prenatal care, and
fetal distress during labor. These factors often lead to neonatal hypoxia and respiratory failure, the most
common triggers for neonatal resuscitation attempts both in hospital and in prehospital settings (Mani et
al., 2025).

2.5 Survival Rate Trends and Factors Affecting Outcomes

Neonatal survival rates after resuscitation have improved significantly over recent decades due to
advancements in perinatal care, but out-of-hospital neonates still face a higher risk of mortality. Survival
probability is highest immediately after birth but decreases over the first days, especially in neonates with
low birth weight, preterm birth, respiratory distress, or hypothermia. Outborn neonates (those born outside
well-equipped hospitals) exhibit higher mortality compared to inborn neonates, though mortality
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differences are decreasing with better referral systems and training of prehospital providers. Factors such
as timely and skilled neonatal resuscitation, early recognition of distress, and availability of emergency
equipment influence outcomes substantially (Enawgaw et al., 2025).

3. Neonatal Physiology Relevant to Resuscitation

Understanding neonatal physiology is crucial for effective resuscitation, especially in the prehospital field
where paramedics play a vital role. This section covers the core physiological aspects that influence
neonatal resuscitation outcomes, including the cardiopulmonary transition to extrauterine life, unique
airway anatomy, temperature regulation challenges, circulatory changes after birth, and common neonatal
responses such as hypoxia, bradycardia, and apnea.

3.1 Cardiopulmonary Transition to Extrauterine Life

At birth, the neonate undergoes a rapid and complex transition from fetal to newborn circulation. In utero,
oxygenation occurs via the placenta, not the lungs, and significant blood shunting bypasses the lungs
through the ductus arteriosus and foramen ovale. Upon birth, lung aeration initiates a steep drop in
pulmonary vascular resistance, leading to increased pulmonary blood flow and oxygen uptake. The
umbilical cord clamping shifts preload sources from placental venous return to pulmonary venous return.
Physiological-based cord clamping (PBCC), allowing the infant to establish spontaneous breathing before
cord clamping, results in a smoother hemodynamic transition and better oxygen delivery (Schwaberger et
al., 2023).

3.2 Differences in Airway Anatomy Compared to Adults and Children

Neonatal airways differ significantly from those of older children and adults. The airway is smaller in
diameter, with the narrowest point at the cricoid cartilage rather than the vocal cords. The tongue is
relatively larger, and the larynx sits higher and more anteriorly. Infants are generally obligate nasal breathers
due to anatomical configuration, making nasal obstruction critical. Their compliant chest wall and elevated
diaphragm further influence respiratory dynamics. Due to these differences, even mild airway edema or
obstruction can exponentially increase airway resistance, dramatically affecting breathing effort
(Vijayasekaran, 2020).

3.3 Temperature Regulation Challenges

Neonates have limited ability to regulate body temperature because of factors such as a large surface-area-
to-body-mass ratio, thin skin, low subcutaneous fat, and immature vasomotor control. Heat loss
mechanisms include radiation, convection, conduction, and evaporation, which can rapidly lead to
hypothermia in the delivery environment. Hypothermia can cause respiratory distress, metabolic
derangements, and increased mortality. Early thermal support measures, including skin-to-skin contact and
use of warming devices, are critical to maintain normothermia during neonatal resuscitation (Dunne et al.,
2024).

3.4 Unique Circulatory Changes

After birth, the ductus arteriosus begins functional closure within hours due to increased oxygen tension
and decreased prostaglandins, typically completing anatomical closure within weeks. The foramen ovale
closes as left atrial pressure rises with increased pulmonary venous return, permanently separating the
circulations. These changes shift the neonate’s circulation from a parallel fetal system to the adult serial
system, essential for effective oxygenation. The timing and completeness of these closures can affect
oxygen delivery and hemodynamics during resuscitation (Chakkarapani et al., 2024).

3.5 Hypoxia, Bradycardia, and Apneic States
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Hypoxia remains a major risk during neonatal transition. When oxygen delivery is compromised, the
neonate frequently develops bradycardia secondary to hypoxemia and may exhibit apneic episodes. These
events are interrelated; studies show that bradycardia usually follows desaturation and apnea onset. Prompt
recognition and intervention are key to avoiding severe hypoxic injury. Understanding these physiological
responses supports effective monitoring and resuscitation strategies in the field (Kausch et al., 2024).

4. Causes of Neonatal Collapse in the Field

Neonatal collapse in the prehospital or field setting is a critical and life-threatening emergency requiring
immediate recognition and intervention by paramedics. Collapse refers to sudden deterioration in a
neonate’s clinical condition resulting in cardiovascular instability, respiratory failure, or loss of
consciousness. Various causes contribute to neonatal collapse, often multifactorial and overlapping in
clinical presentation. Understanding these causes is essential for paramedics to guide rapid assessment and
resuscitation aimed at early survival.

4.1 Respiratory Depression

Respiratory causes are among the most frequent reasons for neonatal collapse in the field, often related to
prematurity and lung immaturity, as well as aspiration syndromes. Premature neonates commonly suffer
from respiratory distress syndrome (RDS) due to insufficient pulmonary surfactant, leading to alveolar
collapse, hypoxia, and eventual respiratory failure if untreated. Meconium aspiration syndrome (MAS) is
another critical cause whereby neonates inhale meconium-stained amniotic fluid, leading to airway
obstruction, inflammation, and compromised gas exchange. Both conditions lead to progressive hypoxia,
acidosis, and risk of cardiac compromise if prompt ventilation support is not provided (Yadav & Lee, 2023).

4.2 Cardiac Causes

Cardiac etiologies contributing to collapse include congenital heart defects and arrhythmias. Structural heart
defects such as left ventricular outflow tract (LVOT) obstruction and duct-dependent circulations can cause
inadequate systemic or pulmonary blood flow, resulting in shock and hypoxia. Arrhythmias and
cardiomyopathies also precipitate collapse by compromising cardiac output. These cardiac causes are often
underrecognized in the field due to nonspecific signs and absence of murmurs, yet prompt suspicion is
critical for initiating prostaglandin therapy and urgent transport for intervention. Hypoxia-induced
bradycardia is a common secondary cardiac event in collapsed neonates. Paramedics should maintain a high
index of suspicion for cardiac pathology, especially if collapse does not respond to initial respiratory support
(Kuok et al., 2025).

4.3 Hypothermia-Related Collapse

Neonates are highly susceptible to hypothermia in the field due to their large surface area relative to body
mass, thin skin, and limited thermoregulatory capacity. Heat loss occurs via radiation, evaporation,
conduction, and convection, and cold stress can rapidly lead to metabolic acidosis, hypoglycemia, and
increased oxygen consumption. Hypothermia exacerbates respiratory distress and cardiac compromise,
potentially leading to collapse. Maintaining appropriate environmental temperatures and warming measures
during prehospital care are crucial to minimize hypothermia-induced deterioration in these vulnerable
patients (Pejovic & Herlenius, 2013).

4.4 Birth Trauma and Asphyxia

Mechanical trauma during delivery, including head injury, fractures, or internal organ damage, can lead to
hemorrhage, shock, and neurological impairment causing collapse. Birth asphyxia resulting from impaired
gas exchange during labor or delivery causes systemic hypoxia and acidosis, leading to multiorgan
dysfunction and often necessitating urgent resuscitation. Paramedics must assess for signs of birth trauma

WWW.DIABETICSTUDIES.ORG 188


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S6 2025

and systemic effects of asphyxia such as altered tone, seizures, and compromised airway (Collins & Popek,
2018).

4.5 Sepsis and Infection

Neonatal sepsis is a leading cause of collapse in the early postnatal period, often acquired intrapartum or
nosocomially. Systemic infection leads to hemodynamic instability via septic shock, metabolic
derangements, and impaired oxygen delivery. Early signs may be subtle, including lethargy, poor feeding,
temperature instability, and respiratory distress progressing rapidly to collapse. Risk factors include
maternal infections, prolonged rupture of membranes, and group B streptococcus colonization. Empiric
broad-spectrum antibiotics and supportive care must be initiated promptly in suspected cases (Singh et al.,
2022).

5. Paramedic Scope of Practice in Neonatal Care

Paramedics play a critical role in neonatal resuscitation in prehospital or field settings, where timely and
effective interventions can significantly impact early survival rates of newborns. Their scope of practice in
neonatal care is defined by a combination of international legal frameworks, training and certification
standards, and regulated skill sets. This section reviews these dimensions in depth.

5.1 Legal and Training Frameworks Internationally

Paramedic practice worldwide is shaped by distinct yet increasingly harmonized legal and regulatory
frameworks that govern their training, certification, scope of practice, and accountability. Jurisdictions such
as New Zealand have integrated paramedicine into healthcare regulation under acts like the Health
Practitioners Competence Assurance (HPCA) Act, which ensures high standards of professional practice
and public safety through regulatory bodies like Te Kaunihera Manapou Paramedic Council (Australia and
New Zealand context). In other regions, paramedic scopes may be defined under national or state health
ministries, often incorporating guidelines established by professional bodies. International collaboration
and standardization efforts are ongoing to unify paramedic scopes globally, enhancing safety and
competence in providing neonatal and other emergency care in the field. Paramedics trained under these
frameworks work with clear mandates about permissible interventions, including neonatal resuscitation,
ensuring adherence to ethical and professional standards per their registration and licensing requirements
(Weber et al., 2024).

5.3 SKkill Sets Relevant to Neonatal Resuscitation

Paramedics performing neonatal resuscitation in the field must demonstrate mastery in several skill domains
essential for effective newborn care:

e Airway Management: Securing and maintaining a patent airway is paramount. Paramedics are
trained in suctioning techniques, bag-valve-mask ventilation, and advanced airway placement,
including endotracheal intubation or laryngeal mask insertion, tailored to neonatal anatomy and
physiology (Mani et al., 2025).

e Oxygen Delivery: Appropriate oxygen administration is critical, with an emphasis on using the
lowest effective concentrations to prevent oxygen toxicity. NRP guidelines recommend starting
positive pressure ventilation with 21% oxygen (room air) for term infants and titrating oxygen
based on pulse oximetry targets (Rawat et al., 2016).

e Cardiopulmonary Resuscitation (CPR) Techniques: Chest compressions are indicated when
heart rate remains below 60 beats per minute despite adequate ventilation. Paramedics perform
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coordinated compressions and ventilations at a ratio of 3:1, adhering to neonatal-specific protocols
to optimize cardiac output and oxygen delivery (Mani et al., 2025).

e Vascular Access: Establishing vascular access for medication delivery (commonly via the
umbilical vein) is a critical skill. Paramedics trained in neonatal care must be proficient in umbilical
vein catheterization to administer life-saving drugs during resuscitation (Wagner et al., 2018).

6. Prehospital Neonatal Resuscitation Algorithms: Paramedic Contributions to Early Survival

Neonatal resuscitation is a critical, time-sensitive intervention focused on assisting newborns who fail to
transition successfully from intrauterine to extrauterine life. Prehospital neonatal resuscitation, performed
by paramedics and emergency medical services (EMS), often occurs under challenging conditions with
limited resources and personnel. This section reviews current neonatal resuscitation algorithms from the
American Heart Association (AHA), Neonatal Resuscitation Program (NRP), and European Resuscitation
Council (ERC), emphasizing their adaptation to field settings. Key aspects covered include initial
assessment, airway management, ventilation techniques, chest compressions, oxygen use, medications, and
umbilical cord management (Huynh et al., 2021).

6.1 Summary of Current Guidelines and Field Adaptations

The latest neonatal resuscitation guidelines from the AHA, NRP, and ERC provide a structured stepwise
algorithm prioritizing rapid assessment, thermal regulation, airway establishment, breathing support,
circulation support, and medication administration in neonates requiring resuscitation. These protocols
assume hospital-based environments with trained teams and comprehensive equipment; however, field
adaptations recognize unique challenges such as limited personnel, variable environments, and equipment
constraints (Huynh et al., 2021).

Paramedics rely on streamlined algorithms focusing on basic life support (drying, warming, stimulation),
prompt initiation of positive-pressure ventilation (PPV), vigilant heart rate monitoring, and cautious use of
adjunct therapies to optimize early neonatal outcomes within the 'golden 90 seconds' of resuscitation efforts
in the field. Cognitive aids, telemedicine support, and tailored equipment stocking are recommended to
mitigate infrequent exposure to neonatal emergencies in prehospital settings (Huynh et al., 2021).

6.2 Initial Assessment: APGAR Score Limitations in the Field

While the APGAR score remains the standard for initial newborn evaluation, its use in prehospital settings
is limited by its subjective nature and dependence on a stable environment. Paramedics prioritize rapid
assessment of respiratory effort, heart rate, and muscle tone over formal scoring to guide immediate
interventions. Additionally, environmental factors and time constraints can impair accurate APGAR
scoring, prompting a focus on functional vital signs rather than numerical scoring in emergency situations
(Huynh et al., 2021).

6.3 Airway Positioning and Suction

Airway management begins with correctly positioning the “sniffing” position to maintain patency, followed
by gentle suctioning only if the airway is obstructed by secretions or meconium. Routine suctioning is not
recommended as it may delay ventilation and cause trauma. Field providers are advised to minimize
invasive airway interventions and employ suction judiciously due to limited tools and training (Kumar et
al., 2019).

6.4 Positive Pressure Ventilation Techniques and Devices

PPV is the cornerstone of neonatal resuscitation, aiming to establish effective lung aeration. Devices include
self-inflating bags, flow-inflating bags, and T-piece resuscitators. In prehospital care, self-inflating bags
with appropriately sized masks are most common due to portability and ease of use. Ventilation rate is
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targeted between 40 and 60 breaths per minute, ensuring chest rise without excessive pressure. Manometers
may assist in monitoring inflation pressures to prevent lung injury, given the limited tactile feedback in
field settings. Alternatives such as volume thresholds and percent squeeze guidelines help maintain safe
ventilation volumes (Diggikar et al., 2024).

6.5 Chest Compressions: Depth, Rate, and Hand Placement

When heart rate remains below 60 beats per minute despite effective ventilation for 30 seconds, chest
compressions are indicated (Jogie, 2023).

o Compression-to-ventilation ratio: 3:1
o Rate: Approximately 120 events per minute (90 compressions and 30 breaths)
¢ Hand placement: Two-thumb encircling technique over the lower third of the sternum

These parameters ensure optimal coronary perfusion and oxygen delivery. Paramedics must coordinate
compressions with ventilations efficiently, especially in resource-limited prehospital environments.

6.6 Oxygen Administration Protocols

Supplemental oxygen is titrated based on pulse oximetry when available. Initial use of room air (21%
oxygen) is recommended, escalating up to 100% oxygen if saturations persist below target ranges
appropriate for the newborn’s postnatal age. Judicious oxygen use mitigates oxidative stress and supports
pulmonary transition. In prehospital settings, limited monitoring may require reliance on guideline-based
default oxygen administration protocols (Jogie, 2023).

6.7 Medication Administration: Epinephrine, Glucose, Surfactant Considerations
Medications are reserved for refractory cases after ventilation and compressions:

e Epinephrine: Administered intravenously or via endotracheal tube (0.01-0.03 mg/kg) when heart
rate remains <60 despite adequate ventilation and compressions. Dose and route are critical
considerations in field administration (Jogie, 2023).

e Glucose: Hypoglycemia correction may be necessary but is typically managed post-resuscitation.

e Surfactant: Usually administered in-hospital due to equipment needs, not routinely part of
prehospital protocols.

Paramedics often face challenges in vascular access and medication delivery, highlighting the importance
of rapid transport after initial resuscitation.

6.8 Umbilical Cord Management in Prehospital Settings

Delayed cord clamping (30-60 seconds or more) is recommended when feasible to improve neonatal blood
volume and transition. In the field, this can be challenging due to environmental constraints and urgent
resuscitation needs. Intact cord milking is an alternative used in specific contexts. Guidelines emphasize
balancing cord management benefits with prompt neonatal support, recommending resuscitation near the
mother when possible to facilitate delayed clamping (Major et al., 2025).

7. Equipment and Technology in the Field

Effective neonatal resuscitation in the prehospital setting relies heavily on the availability and proper use
of specialized equipment and advanced technology adapted for the unique physiology and needs of
newborns. Paramedics engaged in early neonatal resuscitation require neonatal-specific tools that support
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ventilation, thermoregulation, monitoring, and timely clinical decision-making to optimize survival and
prevent injury.

7.1 Neonatal-specific Resuscitation Kits

Paramedics must be equipped with neonatal-specific resuscitation kits designed for rapid deployment and
tailored to the anatomical and physiological requirements of newborns. These kits typically contain
appropriately sized airway adjuncts, suction devices like bulb syringes and suction catheters, oxygen
delivery systems including T-piece resuscitators, and self-inflating bags with neonatal-sized masks (sizes 0
or 00). The inclusion of adrenaline, saline flushes, and umbilical catheter sets enable circulatory support
interventions as needed. Regular training and equipment checks are essential to ensure readiness and
procedural competence. Simulation-based practices in situ improve paramedic confidence and co-
ordination during resuscitation scenarios, where time-critical interventions demand precision (Kariuki et
al., 2021).

7.2 Portable Incubators and Thermal Wraps

Maintaining normothermia in neonates during transport is critical as hypothermia significantly increases
morbidity and mortality. Portable transport incubators provide a controlled thermal environment replicating
the neonatal intensive care unit (NICU) setting. These units maintain stable temperature and humidity and
may contain integrated monitoring systems. Thermal wraps or plastic bags serve as effective adjuncts to
reduce heat loss, particularly in preterm infants weighing less than 1500 grams. The portability and
robustness of these incubators are engineered to withstand movement during transport, ensuring
uninterrupted care from the field to hospital admission (Kariuki et al., 2021).

7.3 Bag-Valve-Mask (BVM) Sizes and Neonatal Airway Adjuncts

The bag-valve-mask device is fundamental in neonatal ventilation support. Neonatal BVMs are specifically
sized with smaller volume bags (around 280 ml) and size 0 masks designed to fit the infant's airway
anatomy, delivering appropriate tidal volumes while minimizing volutrauma risks. Single-use, latex-free
BVMs reduce contamination risks in the field. Airway adjuncts such as oropharyngeal airways for
newborns, laryngoscopes with appropriately sized blades (Miller sizes 00, 0, 1), endotracheal tubes, and
supraglottic devices support airway patency and advanced airway management when mask ventilation is
inadequate (O’Shea et al., 2022).

7.4 Pulse Oximeters with Neonatal Probes

Continuous monitoring of oxygen saturation using pulse oximeters equipped with neonatal probes is crucial
to guide oxygen therapy during resuscitation. Neonatal pulse oximeters must have features such as motion
artifact rejection and appropriate alarm settings to avoid hypoxia or hyperoxia, both associated with adverse
outcomes. Central sensor sites may be preferred for better accuracy. This noninvasive monitoring tool is
standard of care in neonatal resuscitation and critical for titrating supplemental oxygen precisely, reducing
risks linked to oxygen toxicity (Torp et al., 2023).

7.5 Point-of-Care Devices for Glucose and Lactate Measurement

Neonatal hypoglycemia is common and can cause neurological damage if untreated. Point-of-care testing
(POCT) devices enable rapid bedside measurement of blood glucose and lactate levels, allowing
paramedics to make timely decisions in the field. These devices use enzymatic assays for glucose
quantification and provide reliable results with minimal sample volumes, critical in neonates. Early
detection of metabolic abnormalities informs immediate interventions and monitoring needs during
transport to definitive care (Diaw et al., 2013).

7.6 Telemedicine Integration for Neonatal Emergencies
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Telemedicine has emerged as a valuable tool to support paramedics and remote providers during neonatal
resuscitation. Real-time audio-video telemedicine connects field teams with neonatologists or specialized
intensivists, enabling expert guidance in critical procedures such as effective ventilation, intubation,
umbilical catheter insertion, and temperature and glucose monitoring. Studies demonstrate that
telemedicine consultation improves adherence to resuscitation protocols and outcomes in neonates born in
community or remote settings. This technology enhances communication, reduces delays, and ensures
expert oversight during high-stakes neonatal emergencies in the field (Fang, 2021).

7.7 AI-Assisted Monitoring and Predictive Alerts

Artificial intelligence (Al) applications in neonatal care include real-time analysis of vital signs through
models like Long Short-Term Memory (LSTM) neural networks. Al systems can predict physiological
anomalies such as respiratory distress or cardiac instability with high accuracy, issuing early alerts that
allow paramedics to anticipate deterioration and adjust management accordingly. Such Al-based clinical
decision support enhances safety by reducing false alarms and promoting timely interventions. Al
integration with wearable monitors is an advancing frontier for prehospital neonatal care, potentially
improving survival and decreasing alarm fatigue among emergency responders (Fortunov et al., 2024).

8. Challenges in Field Resuscitation

Neonatal resuscitation in prehospital and field settings presents a unique set of challenges that can impact
the effectiveness of interventions and ultimately the early survival of the newborn. Paramedics operate in
environments markedly different from controlled hospital delivery rooms, facing multiple obstacles related
to equipment, skills, environment, communication, coordination, and logistics.

8.1 Limited Neonatal Equipment Availability Onboard Ambulances

Ambulances typically carry a limited inventory of neonatal-specific equipment due to space constraints and
cost considerations. Unlike hospital settings where comprehensive neonatal resuscitation carts and radiant
warmers are readily available, field responders often must make do with minimal or improvised tools.
Essential devices such as infant-sized bag-valve masks, suction catheters, pulse oximeters with neonatal
sensors, thermal blankets, and oxygen blenders may be understocked or unavailable, affecting the ability to
provide crucial interventions such as positive pressure ventilation or temperature regulation. Additionally,
the infrequency of neonatal emergencies may lead EMS systems to de-prioritize stocking specialized
neonatal gear, compounding the challenge (Hassen et al., 2024).

8.2 Paramedic Comfort and Skill Maintenance Given Low Frequency of Neonatal Cases

Neonatal resuscitation requires highly specialized skills distinct from adult or pediatric resuscitation.
However, paramedics encounter neonatal emergencies infrequently, resulting in diminished skill retention
and confidence. Studies reveal that maintenance of competency is challenging due to the rarity of cases and
limited opportunities for hands-on neonatal resuscitation practice in the field. Simulation-based training
and just-in-time cognitive aids have been advocated to mitigate this gap by reinforcing key resuscitation
steps through frequent, focused practice that can help paramedics maintain readiness despite low event
frequency (Kalyan et al., 2024).

8.3 Environmental Constraints (Weather, Space, Lighting)

Field conditions impose significant physical and ergonomic challenges. Paramedics must perform delicate
procedures potentially outdoors or in cramped spaces such as homes, vehicles, or accident sites with limited
lighting, adverse weather (rain, cold, heat), and unstable surfaces. These factors hinder the ability to secure
the airway, ventilate effectively, monitor vital signs, and maintain neonatal thermoregulation. Space
constraints also limit the paramedic’s ability to work efficiently alongside other team members, as neonatal
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resuscitation often requires coordinated actions from multiple providers in close proximity around a small
patient (Yamada et al., 2019).

8.4 Communication with Parents and Family During Crisis

Effective communication with distressed parents during neonatal emergencies is critical but difficult to
achieve in chaotic and time-sensitive prehospital interventions. Paramedics must balance providing
emergent care while delivering empathetic support, explaining procedures, and managing family anxiety.
Communication gaps can exacerbate parental stress and impact trust in care providers. Furthermore, the
prehospital environment may limit opportunities for prolonged or private conversations. Training in
compassionate communication tailored to neonatal emergencies is essential to address these challenges
(Riskin et al., 2022).

8.5 Coordination with Hospital-Based Neonatal Teams

Smooth handoff and coordination with hospital neonatal intensive care unit (NICU) teams are vital for
continuity of care but frequently problematic. Communication failures may lead to delayed preparation of
NICU beds, ventilators, and personnel, causing treatment delays upon hospital arrival. The complexity and
fluidity of neonatal care teams necessitate well-established protocols to ensure timely and accurate transfer
of clinical information, shared mental models, and readiness to receive critically ill newborns. Multi-
disciplinary teamwork training that extends beyond prehospital personnel to include hospital-based teams
is advocated to enhance this interface (Bell et al., 2023).

8.6 Transportation Challenges Including NICU Readiness at Destination

Transporting neonates, especially critically ill ones, poses logistical challenges. Ambulance design may be
suboptimal for neonatal care equipment stability and monitoring during transit, leading to equipment
displacement or malfunction. Furthermore, neonates must be sufficiently stabilized before and during
transport, as in-transit interventions are limited by personnel and resources onboard. Variability in NICU
readiness, such as the absence of pre-notified teams or delays in preparing specialized equipment, can
prolong resuscitation times and worsen outcomes. Optimized neonatal transport systems include pre-
transfer stabilization protocols, pre-arrival NICU notifications, and dedicated neonatal transport teams
comprising specialized paramedics and clinicians (Perry, 2021).

9. Evidence on Paramedic Impact on Survival

A growing body of evidence substantiates the impact of paramedic contributions on neonatal survival in
the field. Response times are critical; observational studies report increased risk of death or prolonged
admission with every 30-second delay in initiating positive pressure ventilation (PPV). Earlier initiation of
ventilation, ideally within the "Golden Minute," is strongly associated with improved neonatal outcomes.
However, real-world data indicate that many resuscitations exceed that timeframe, highlighting challenges
in practice (Patterson et al., 2025).

Comparative data show that neonates receiving paramedic intervention for resuscitation have better survival
rates than those without such support. Meta-analyses of neonatal resuscitation training (NRT) programs for
providers, including paramedics, demonstrate significant reductions in stillbirths, early neonatal mortality,
and perinatal mortality, with pooled relative risk reductions of 21% to 50% across outcomes. This suggests
that trained paramedics applying resuscitation protocols directly contribute to improved survival (Patel et
al., 2017).

Quality of ventilation and cardiopulmonary resuscitation (CPR) is a major determinant of success. Studies
assessing ventilation devices highlight that bag-valve mask (BVM) ventilation by trained professionals
achieves the highest number of effective inflations, crucial for oxygenation in neonates. Simulation-based
education (SBE) enhances paramedics' technical skills and teamwork, boosting compliance with NRP
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guidelines and reducing hypoxic-ischemic encephalopathy incidents. Protocol-driven care and regular
simulation training have been linked to better adherence to resuscitation steps and fewer errors (Restin et
al., 2023).

Case series and audits from global EMS systems reveal diverse challenges but also underscore paramedic
efficacy in neonatal resuscitation. Complex scenarios such as prehospital deliveries and transfers involve
fluid teams and require adaptable, well-coordinated care. Audits report improved decision-making and
reduced ventilation errors with increased skill acquisition and protocol use by paramedics. Despite some
variability in outcomes due to contextual factors, the preponderance of evidence supports paramedics’ vital
role in early neonatal survival in the field (Bhagwan & Ashokcoomar, 2021).

10. Innovations and Future Directions in Neonatal Resuscitation in the Field

Advancements in technology and clinical practice continue to transform neonatal resuscitation, especially
for paramedics providing care in field settings. Several innovative tools and approaches hold promise to
improve early survival by optimizing respiratory support, enhancing real-time decision-making, and
expanding specialized neonatal care capabilities.

10.1 Portable Neonatal Ventilators and CPAP Devices for Field Use

Portable neonatal ventilators have become increasingly sophisticated, specifically engineered to support
vulnerable neonates during transport and emergency care. Devices like the HAMILTON-T1 neonatal
ventilator and the pNeuton mini NEO ventilator are lightweight, compact, and feature capabilities including
invasive and non-invasive ventilation, built-in oxygen mixing, and patient alarms. These devices are
designed for use in ambulances or remote settings, offering precise timing and pressure controls essential
for fragile newborns weighing as little as 400 grams up to 20 kg. The pNeuton mini NEO ventilator is
uniquely pneumatic, eliminating reliance on electrical power, which is advantageous in field scenarios, and
is MRI-compatible, enhancing clinical versatility. Continuous Positive Airway Pressure (CPAP) devices
also play a critical role in neonatal respiratory support. Novel CPAP systems optimized for low-resource
settings integrate turbine-operated modules with portable oxygen concentrators, enabling oxygen-enriched
gas delivery without dependency on compressed air or external oxygen tanks, addressing challenges in
unstable electrical and resource-limited environments. These innovations facilitate effective non-invasive
respiratory support during prehospital care, critical for reducing neonatal morbidity and mortality associated
with respiratory distress (Sofia et al., 2024).

10.2 Real-Time Teleconsultation with Neonatologists

Telemedicine is revolutionizing neonatal resuscitation by enabling remote real-time consultation between
paramedics in the field and specialized neonatologists. Teleneonatology programs allow audio-video
communication, supporting paramedics with expert guidance during complex resuscitations. Studies have
demonstrated improved quality of neonatal resuscitation with teleconsultation, including enhanced
monitoring of temperature, glucose, and blood gases, and reduced adverse outcomes. Teleneonatology not
only improves provider performance during resuscitation but also increases collaborative communication
and ensures adherence to best practices when pediatric specialists are not physically present. This
technology expands access to expert neonatal care in rural or resource-constrained settings, ultimately
contributing to improved neonatal survival and safety (Gentle et al., 2025).

10.3 Integration of Wearable Thermal Monitoring

Maintaining normothermia is crucial for neonatal survival, as hypothermia significantly increases mortality
risk in newborns. Recent advances in wearable monitoring technology offer continuous, non-invasive
thermal monitoring for neonates even in remote settings. Devices like the BEMPU TempWatch are small
silicone bands equipped with thermistors and alarms that detect body temperatures below 36.5°C, signaling
early hypothermia. These wearable devices provide real-time data to caregivers and remote monitoring
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systems, enabling early interventions and thermal care management. Validation studies show high
sensitivity and specificity in detecting hypothermia among low birth weight infants, with evidence
indicating reduced mortality and improved weight gain where these devices are used. Such innovation
empowers paramedics and families alike, enhancing neonatal temperature regulation in the prehospital
environment (McAbee et al., 2023).

10.4 AI-Supported Decision Aids in Neonatal Emergencies

Artificial intelligence (Al) is emerging as a valuable adjunct in neonatal emergency care, harnessing
machine learning to analyze clinical data and provide decision support. Al tools can predict risks for
conditions like neonatal sepsis with early warning alerts prior to clinical symptom onset. Large language
models (LLMs), like those based on ChatGPT architecture, demonstrate high adherence to neonatal clinical
guidelines and support real-time, just-in-time decision-making. These Al systems integrated into electronic
health records assist paramedics and clinicians in standardizing care, reducing variability, and reinforcing
evidence-based protocols. Although expert oversight remains essential, ongoing Al validation suggests
future roles for these tools in improving diagnostic accuracy, clinical efficiency, and neonatal outcomes in
both hospital and field settings (Sullivan et al., 2023).

10.5 Expanded Roles for Specialized Neonatal Paramedic Teams

Specialized neonatal paramedic teams are increasingly recognized as critical for high-quality prehospital
neonatal care. These teams undergo focused training to perform advanced assessments, stabilization, and
interventions tailored to neonates, including airway management, intravenous therapy, and appropriately
dosed medication administration. Neonatal EMTs and paramedics collaborate closely with neonatal nurses,
respiratory therapists, and neonatologists, particularly during transports to neonatal intensive care units.
Some emergency services develop dedicated neonatal and pediatric response units equipped with
specialized tools and medications, ensuring rapid and expert care for critically ill newborns. Furthermore,
neonatal paramedics contribute to educating and training general EMTs on neonatal-specific emergency
care, amplifying system-wide preparedness and expertise in neonatal resuscitation (Rajapreyar et al., 2022).

Conclusion

Neonatal resuscitation in the field is a critical, life-saving intervention that directly impacts early neonatal
survival, especially in the context of unplanned out-of-hospital births. Paramedics play an essential role in
bridging the gap between immediate neonatal needs and definitive hospital care, often under challenging
conditions with limited equipment and resources. Their ability to deliver effective ventilation, maintain
normothermia, and recognize early signs of neonatal distress significantly improves outcomes. Evidence
shows that timely and skilled resuscitation, supported by standardized training such as the Neonatal
Resuscitation Program (NRP), reduces morbidity and mortality rates.

Despite ongoing challenges, including limited exposure to neonatal cases, equipment shortages,
environmental constraints, and complex coordination with hospital teams, innovations such as portable
neonatal devices, telemedicine support, and Al-assisted decision aids are enhancing the quality and
timeliness of prehospital neonatal care. Moving forward, investments in training, simulation-based
education, specialized neonatal paramedic teams, and system-wide preparedness will be key to
strengthening early survival outcomes for newborns worldwide.
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