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Abstract

Both artificial intelligence, in partnership with the machine and deep learning, and the concepts
embraced by neural networks bring notable benefits to neonatal and perinatal care. They are of
particular value in situations and conditions demanding immediate action. Insofar as the training
and validation of such artificial systems can make use of clinical and other medical records, the
accumulated storage is also of considerable importance for an affiliation. The resulting depth of
information afforded by these artificial systems can show up and make the best use of many hidden
properties revealed through the process and analysis that might otherwise have been missed, in
turn providing the physician with access to more extensive and conformant information that may
be provided by the time pressure constraints that so often accompany medical diagnostics. Key
benefits and particular advances stem from the ability to confront important problems in neonatal
and perinatal care, alerting physicians to potential complications, and then quickly and directly
indicating appropriate steps to be taken. These advantages can be applied to neonates in the
delivery room, neonates in the neonatal intensive care unit, and neonates who grow up to become
young children and continue to experience major health problems, primarily due to acquired
diseases. Application across this wide age range demonstrates the true potential of these advanced
digital technologies for neonatal and perinatal care.
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1. Introduction

The promise of Al in healthcare is being actualized: an increasing number of startups and
established companies are bringing Al to almost every aspect of the health industry, from
diagnostics to medical imaging to drug discovery. In the neonatal and perinatal spaces, Al
represents an incredible opportunity to assist care providers in the prevention and early diagnosis
of a whole portfolio of infant diseases. Al can predict which mothers are at the most risk during
pregnancy and which infants are at the most risk of developing infection as they are being born.
This increased predictability can help to reduce the long-term impact of such diseases by early
prevention or prompt treatment. The rapidly falling costs of computing power are democratizing
access to one of the most powerful Al tools: deep learning — a type of machine learning where
neural networks running on modern GPUs enable machines to process unstructured information
like text, images, and sound as well as we do. This change has led to an explosion of new
algorithms and companies, all aimed at using deep learning to democratize Al capabilities and
deliver on the promise of increasing and democratizing access to healthcare. This piece will
introduce progress in deep learning and its application to predictive diagnostics of neonatal and
perinatal diseases.

a b

Deep Learning

Fig 1 : Future of neonatal intensive care units with artificial intelligence

1.1. Background and Significance
For preterm infants, complications causing long-term injury and death are usually attributed to
prematurity. These catastrophic outcomes are more amenable to treatment if detected early since
existing interventions are significantly more effective in averting severe harm in premature infants
when initiated before structural injury is established. Unfortunately, identification of long-ter
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injury before it is already markedly advanced remains elusive. This is specifically the case for
hypoxic-ischemic encephalopathy, a form of hypoxic-ischemic brain injury affecting term
newborns, who are more likely to enjoy excellent outcomes if recognized early and benefit from
selective head cooling. While numerous diagnostic tests are frequently conducted as part of the
workup, none of these tests alone is unequivocally predictive of outcome. The effect of head
cooling on long-term neurodevelopment is time-dependent and requires a long, expansive device
that is heavy. These combined limitations mean that the device is only available in a few hospitals
that are equipped to handle complex cases, and only up to 5% of neonates could be treated.

To overcome these limitations of access, current devices, and the need for trained personnel, we
created an affordable, portable, easy-to-use, noninvasive, continuous monitoring device based on
a stand-alone system powered by an artificial intelligence chipset that can predict, in under four
hours of hypothermia initiation, the effect that early treatment will have on the hypoxic-ischemic
newborn’'s long-term neurodevelopment outcome, reaffirming a promising potential to expand the
use of cooling therapy. The device developed and utilized by artificial intelligence rapidly provides
effective clinical feedback and guidance on early treatment options based on identified selective
brain cooling time but bypasses limitations such as hospitals shuttling multiple high-end devices
and lack of sufficient resources in hospitals located remotely or away from specialized growing
neonatology units. To achieve great disconnection, the system only requires a simple
electroencephalographic sensor. Our stand-alone device can send time-critical test results to a
cloud server from a large number of neonatal units in digital format. The analysis is completed
within a few hours.

Equation 1 : Predictive Diagnostics for Neonatal Health
Where:

e P Predictive diagnostic score.

F: Clinical features.

T': Temporal data.

FE': Environmental factors.

P;= f(F,T,E,N)

N: Neural network output.
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1.2. Research Aim and Objectives

Over the next three years, we aim to work in close partnership with the project partners to (i)
develop innovative artificial intelligence, deep learning, and neural network techniques that can
identify patterns in complex data sets and undertake predictive diagnostics in neonatal and
perinatal care; (i) optimize extensive high-frequency data sets through the application of
appropriate data management, data wrangling, and data quality analytics; and (iii) apply the models
and algorithms on a localized server that can significantly increase response times. These three
work packages specifically interact to achieve our overall aim of harnessing Al, deep learning, and
neural networks for predictive diagnostics in neonatal and perinatal care. Our work complements
project partners' involvement and complementary work on developing novel diagnostic tests,
sensitive microbiome profiling tools, and multilayer predictive analytics through machine
learning.

We propose the following work package aims and objectives: (1) Develop innovative artificial
neural network and deep learning techniques that can identify patterns in complex data sets,
provided this is written by different partners working with other labs and that collect real routine
measurements. (2) Predictive tests will be used to enhance early markers of severe diseases and as
outcome criteria for more severe infections. Collecting and sorting this amount of data at this speed
is a real challenge, and the tool is currently under development and needs validation. Such models
can help to further enhance early markers of severe diseases and be used as outcome criteria in
terms of severe infections. The time of a positive screen will be analyzed against the maximum or
minimum value severity criteria and not as slg corrosivity alone.

2. Current Challenges in Neonatal and Perinatal Care
Despite the considerable advances in maternal-fetal healthcare that have allowed some degree of
survival among extremely premature and extremely low birth weight newborns, major challenges
remain, contributing to still unacceptable rates of mortality, morbidity, and long-lasting
neurodevelopmental disabilities. Some of these problems, such as severe retinopathy and
bronchopulmonary dysplasia, are related to the particular vulnerabilities of preterm newborns to
secondary factors related to the acute and long-term management in the neonatal period, and
strategies to reduce their incidence are continuously developing. Interestingly, predictive
modalities have typically relied on factors such as gestational age, gender, being small for
gestational age, and some early postnatal events, but rarely directly focused and designed for each
specific adverse event. The constantly increasing ability to use large amounts of different kinds of
data can be used to address this issue, foster accurate, preemptive actions, and both reduce and
individualize discrimination. This work also describes the background to the widespread intere
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in the topics of artificial intelligence, neural networks, and deep learning to provide novel,
innovative approaches for early prediction of adverse perinatal events. The use of such advanced
models to accurately predict the risk of some of the most important adverse perinatal outcomes
would allow for the individual identification of preterm newborns that are at the highest risk of
developing such problems, and define much more personalized stratification and management
strategies to reduce their incidence. Importantly, these models should be easy to use and integrate
into daily perinatal care, so that tailored recommendations could be conveyed to the vast majority
of hospital units caring for preterm newborns, and that the fragile temporal window during which
these adverse events develop would be effectively covered.

ARTIFICIAL
INTELLIGENCE

[ I 1
Fig 2 : Artificial intelligence in early detection and prediction of pediatric

2.1. Overview of Neonatal and Perinatal Health Issues
The perinatal period represents the largest window of both potential risk and potential opportunity
in the human life cycle due to the rapid pace of growth, development, and organ maturation
occurring during this time. The perinatal period includes the last prenatal trimester of pregnancy,
the time of birth, and the first week of the extra-uterine newborn period, also known as the neonatal
period. Threats to fetal health and survival during the perinatal period are the primary driving
factors in perinatal and neonatal medicine. During the perinatal period, rapid growth,
differentiation, and functional maturation result in the overall composition of the fetal body, both
structural and non-structural, changing and becoming progressively more like those of the more
mature neonatal newborn. Given the strengths and limitations of the currently available techniques
to assess neonatal fitness to tolerably complete the transition at birth and achieve homeostasis, the
ability to utilize evolving technologies to expand upon traditional neonatal medical diagnostics,
continuous life monitoring, and treatment methods is of interest.

Human perinatal health has always been of interest and importance to humankind, especially to
expectant mothers and their unborn or newly born offspring. The association between medical
science advances and improvements in maternal and newborn health outcomes is well known.
These have resulted in more informed decision-making by parents through better recognition an
understanding by physicians of early-life and neonatal unfavorable signals during prenatal
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postnatal diagnostic work-up and neonatal care following delivery. The continual observation and
methodology improvement to guide obstetric management and progress through labor and
childbirth experiences—part and parcel of the work of expectant mothers and their care
providers—added supportive knowledge to make labor and birth safer for mothers and babies.
Rather than replacing physicians, evolving technologies in the perinatal field can provide real-time
or near-time notification to healthcare providers of activities and their timing, particularly
abnormal ones, thus permitting patient-specific focused assessment, diagnosis, prompt
intervention, and, if feasible, treatment to allow the best health outcomes.

2.2. Limitations of Traditional Diagnostic Approaches

Traditional neonatal and perinatal diagnostics are limited by the human factor, both in inpatient
and outpatient settings. In hospitals, the need to transport preterm infants for diagnostic imaging
procedures can result in adverse short-term and long-term outcomes. The human factor and the
delay in diagnosing and addressing life-threatening conditions span the out-of-hospital setting. As
babies are discharged without undergoing proactive testing or without digitized data being
onboarded for review, critical tracking and management information gaps result during the full
course of infant development and until the onset of chronic respiratory morbidities. Vital biometric
monitoring through wearable devices may soon be capable of fulfilling this need; however, their
use is limited for two primary reasons: the volume of the data streaming and the lack of solutions
to deliver this data in real-time to design a more accurate predictive solution.

3. Artificial Intelligence in Healthcare
Many industries have advanced and transformed through the utilization of technologies and
driving innovation. Over the past few decades, healthcare has seen an incredible change in
evolution with revolutionizing medical practices and methodologies, leading to the growth and
expansion of treatment. Artificial intelligence has made its presence known in various fields,
revolutionizing day-to-day lives, and earning a major share of attention and funding in the
technology domain. The magnitude of data present in healthcare, compounded with a slowdown
in the development of therapeutic pharmaceutical agents as well as the rise of drug-resistant
virulent pathogens, makes Al a more attractive market. From personalized medicine and novel
preventative therapeutics to predictive diagnostics and improved disease management, it has had
and continues to revolutionize the healthcare industry.

Al simplifies the lives of healthcare professionals immensely, along with aiding clinical data
insights, improving patient outcomes, and accelerating progress in drug composition and clinical
trials. Professionals in healthcare are now looking to invest successively in Al to do things mo
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efficiently. Some of the core deliverables from Al implementation in healthcare are evidence-
based treatment, prediction of patient outcomes, predictive trends, and reducing the cost of
treatment. To realize these gains, laws and regulations will have to undergo significant adaptation
and change. Large companies in the space are using the research to provide results in strengthening
other parts of healthcare. While the problem is significant, and the landscape is littered with
expected pitfalls, the size of the end market means that we still have to try. Artificial intelligence
has been in use for a long time, and people in certain sectors have been working on research in the
healthcare industry for predicting diagnoses or finding a cure for any disease central to medical
genetics.

MACHINE
LEARNING

1950's 1960's 1970 1980's 1990s 2000's 2010’

Fig 3 : Application of Artificial Intelligence-Based Technologies in the Healthcare Industry

3.1. Definition and Types of Artificial Intelligence
The term "artificial intelligence™ increasingly refers to the realistic behaviors of the most powerful
modern computer programs. The most promising direction of research into Al is to develop
methodologies and techniques that cause the machine to learn from experience, just like human
beings. The ultimate aim of Al is to produce a machine that can simulate thinking, creativity, and
imagination. Artificial neural networks are one type of system structure with practical value. They
use numerous simple structures, called artificial neurons, to create new decision models for human
learning and recognition. After analyzing artificial systems developed by humans, theoretical and
heuristic systems are deduced from these patterns to represent the regularity of various types of
problems. Types of artificial intelligence: There are four types of Al. These are systems that think
like humans, systems that act like humans, systems that think rationally, and systems that act
rationally. The systems that think like humans should have the ability to recognize, understand,
and motivate various human behaviors, and to show flexible and adaptive reasoning, as well as
problem-solving skills and the ability to learn from experience. Systems that act like humans
should possess human-like attributes, for example, artificial systems that correspond to the five
senses, including speech recognition, visual perception, and motion control. Such systems can
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deliver logical reasoning, problem-solving, and learning capabilities, and are independent of
human cognitive patterns and consciousness.

3.2. Applications of Al in Healthcare

The application of Al in healthcare is the revolution that will change the way we deliver medical
care in the future. Traditional digital health tools such as EMRs have provided immense power to
healthcare professionals by providing an easy repository of clinical documentation, but Al aims to
provide something more — real-time predictive analytics. Since Al deals with machines
programmed to act like humans and perform tasks that require human intelligence, machines
through the intuition of Al will predict future events such as drug resistance in infectious diseases,
damage to new biotech artificial organs, emphysema in lungs, different types of cancers, heart
diseases, diabetes, ALS, multiple sclerosis, and more for the rest of the human body. Current
healthcare delivery systems cannot handle chronic diseases that are associated with long-term
morbidity and mortality, nor are they able to predict future events in one's health.

In an era of EMRs that produce a mount of digitized information on healthcare, Big Data, and Al
enable modern computational systems to handle large volumes of data and perform routine
analysis. Inferring meaning from such data not only benefits research and education but also could
help in developing home monitoring tools with Al that help predict and avoid diseases before they
happen. Patients and doctors of the future will have more options, and autonomy, and will be
agents in preventive healthcare and medical care. Computer algorithms allow patient and physician
teams to benefit collectively from all the tailored best practices extracted from other patient-doctor
interactions and their Big Data after performing population health management analytics on
billions of patient-physician records.

4. Deep Learning and Neural Networks
The unpredictable nature of which infants will become ill makes the study of neonatal care
difficult. Currently, neonates experience a large array of individual care plans designed to
intervene when the infant's physiologic condition strays from normal without knowing when or
what these aberrations of normal are. Near-instant access to predictive diagnostics would provide
the needed information to individualize care and enable the medical community to deliver the right
care at the right time for sensitive infants in the newborn period. Around 8% of infants admitted
to Neonatal Intensive Care Units are sensitive preterm infants, while the birth to three-month
period is the highest cost time in the lifecycle for infants with congenital heart defects. Confusing
the issue is the inefficient way in which data are utilized to provide care. Despite the significant
development from methods using limited statistical models, the study of neonatal intensive care j
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still only experienced through an interactive graphic display by clinicians for a non-automated data
approach. Current predictive systems use only a single point in time for predicting future events
which, in complex systems such as human physiology, are especially prone to error. Data are first
modeled, then predictions are made based on a trained neural network or deep learning model
technique that relies on estimating the target function. The goal of these models is to reduce the
number of possible labels so that the model generates meaningful, useful data or predictions of
future event values. Data inputted to these models can be of any size or dimension unseen or
untouched from the training dataset, with the percentage of input affecting their predictions. These
techniques have created revolutionary advancements in numerous fields, with scalable
architectures that continue to break new ground. With innovative techniques and data-driven
research becoming the current driving force of the fourth industrial revolution, neonatal research
also stands to benefit from developing better diagnostic models. Introducing scalable deep learning
models can, therefore, create new perspectives and novel applications.

Deep learning application

+ Disease classification

+ Target recognition

* Representation
leaming

+ Disease prediction

+ Drug-Target prediction

' DNN
Clinical imaging CNN

Medications

Diagnoses RNN
DNA sequences LSTM
Protein sequences

Fig 4 : Intelligent Health Care: Applications of Deep Learning in Computational Medicine

4.1. Fundamentals of Deep Learning
With the evolution of algorithms in recent years and the possibility of parallel processing, the
development of deep learning models has expanded and revolutionized different areas of research.
In particular, the interest in computer vision, speech, and natural language understanding has
created a space of innovation and transformation. This new branch uses the design of architectures
inspired by the structure and functioning of the human brain, which has been powerful in emulating
computational processes.

The most famous reference paradigm used is called artificial neural networks. Deep neural
networks, better known as deep learning, are characterized by having more than one hidden layer
of neurons, allowing us to differentiate the values in the patterns with a high level of abstraction.
They have parameters used in the learning process, which can be supervised or unsupervised, and
which has as its foundation the notion of cost or loss function. As in any learning process, it must
minimize the global cost function through optimization. Hyperparameters are those used
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configure the DNN during training, for example, the number of layers, neurons per layer, type of
activation function, or the optimization algorithm used.

Equation 2 : Neural Network Model for Neonatal Mortality Prediction
Where:

e M,,: Neonatal mortality risk.
* o Sigmoid activation function.
e w; Weight for input .

I e 1;: Input feature.

ﬂf—ﬂ = a ET_UI':I?I' + b
1=1

b: Bias term.

k: Mumber of features.

4.2. Types of Neural Networks
The most popular neural networks are types of artificial neural networks. Especially widely used
types are Convolutional Neural Networks and, to some extent, their modifications - fully
convolutional and deconvolutional neural networks, Recursive Neural Networks, and Long Short
Term Memory neural networks, which are an improvement of Recursive Neural Networks. Also
popular are four types of neural networks based on CNN types - Stacked Denoising Autoencoders,
Deep Belief Networks, Stacked Autoencoders, and Convolutional Boltzmann Machines. Adult
Neural Networks and Childish Neural Networks are a kind of hybrid neural networks. These types
of neural networks can use the properties of different traditionally known neural networks,
depending on the active part of their network. Knowing and realizing how to use these types of
neural networks is the key to designing equipment for advanced artificial intelligence.

The least used, but sometimes the most efficient, are Neuromorphic Neural Networks. These
peerless neural networks bring computations closer to the architecture of the human brain, as the
neuron is the building block. By using spikes as an information vector and implementing cortical
structures and inhibitory synapses, they promise to enhance the performance of the human brain.
Other rarely approached types are Inverse Neural Networks, which are treated in a specific way,
called Generative Adversarial Networks, Laguerre Neural Networks, and Functionally Recurrent
Neural Networks. So the field is wide, and the choices are various.
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4.3. Advantages and Limitations

While the potential of Al in medicine is immense, the path to incorporating the technology comes
with a few obstacles, including accuracy, verification, validation, understanding the black box
issues, establishing regulations and ethical guidelines, addressing privacy issues, and establishing
interoperability. In neonatology, Al applications should be able to deal with high market demands,
be easily retrained in the face of dynamic changes in the population of interest, and have the
capability of integrating new data definitions and schemas, which are critically important as new
data sources and wearables become increasingly available. The neonatal population is unique due
to the different comorbidities, including surfactant deficiency, pneumonia, muscle weakness, and
other conditions at birth, which frequently result in the need for admission to the NICU or direct
respiratory problems associated with preterm birth.

Al has not been particularly successful in treating infants with glaring issues. It is difficult to solve
the problems that are linked to newborns who often present with early sepsis at birth, leading to
poor performance in monitoring and treating these infants at the time of delivery. Developing
intelligent computer systems and tools to neutralize neonatal levels could help address issues
related to the identification and prevention of neonatal death, and neonatal hypothermia, support
adjustment to neonatal deliveries, and improve neonatal safety. It is widely acknowledged that
medical practitioners favor neonatal care technology that contains some form of decision support.
Typically, this type of support comes by way of adequate training, guidelines, protocols, courses,
audits, and a clear change of practice support.

5. Integration of Al, Deep Learning, and Neural Networks in Neonatal and Perinatal Care

In specifying Al applications for neonatal and perinatal care, we note multiple potential entry
points along the care continuum, driven both by their health impact and the available evidence.
Fetal ultrasound provides the first visualization of an absent or abnormal neural tube, cardiac
malformation, or cleft lip/palate. Its primary use, however, is to estimate gestational age and fetal
growth; identify, diagnose, and monitor malformations and fetomaternal hemorrhages; and guide
invasive testing and interventions such as amniocentesis, cordocentesis, and fetal surgery. By 20
weeks gestation, it can discern the texture and development of parenchymal organs such as the
liver, kidneys, and lungs. For early detection of lymphatic, renal, or other serious conditions
detected in utero, newborns may benefit from specialized postnatal imaging. Both fetal scans and
postnatal ultrasound are currently interpreted by humans who may be subject to bias, fatigue, local
shortages, or lack of specialization. They may therefore benefit from developing Al algorithms as
second readers for initial scans within underserved regions.
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Al is advancing the analysis and precision of ultrasound in multiple clinical disciplines. It is used
for 3D/4D fetal and neonatal imaging and heart rate estimation, 2D identification of congenital
and acquired malformations and lesions, and texture/quantitative analysis of specific organs. It
matches and, in some cases, outperforms seasoned pediatric and fetal ultrasonographers in Doppler
flow velocity and volume quantification. Its applications are moving from pets to human
preclinical studies to multicenter human trials. Deep learning, the training of many-layered neural
networks in health applications, has placed these algorithms in some instances beyond human
levels of ability in unenhanced image recognition and segmentation tasks. Its changes in intensive
care units are turning initial attention to challenges of bias, limited generalizability, reliance on
ethical and transparent data, and issues of workflow adaptation and expectation. The sensitivity of
Al to user input may additionally diminish sonographer experience, as such human overreliance
reduces the performance and identification of the remaining most difficult cases. These Al
applications may be combined as a ready resource for less experienced operators and as additional
and rapid verification of the areas of initial concern. Executing such second reads may further
increase sonographer utility within the skill sets of high-performing, less time-intensive ultrasound

applications.
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Fig 5 : Artificial intelligence for precision medicine in neurodevelopmental disorders

5.1. Predictive Diagnostics in Neonatology
Interestingly, machine learning has the potential to revolutionize the way perinatal and neonatal
care delivery systems look today. Similar to other healthcare settings, state-of-the-art Al systems
can use gestational, birth, and the integration of electronic medical records to predict complex,
neonatal-specific outcome measures, including neonatal mortality and morbidity, cost, a
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hospitalization parameters. Consequently, the severity of the illness of a certain neonate might be
diagnosed as early as the prenatal period, a term known as predictive diagnostics in neonatology.
Upon such a diagnosis high-risk, preemptive, and prognostic actions could be taken to improve
the health outcomes of this critically ill group, especially early gestational neonates. Currently, the
most promising neonatal candidate outcomes for Al predictive models include
neurodevelopmental disabilities, perinatal or postnatal mortality, neonatal morbidities, and other
medical, economic, and psychological burdens to the family and/or society. Among these
candidate outcomes, neonatal mortality is naturally of most concern for rearing families and the
public. Such a genuine concern envelops the entire pregnancy duration. On the first visit to an
obstetric clinic, nearly half of the pregnant women would like to find out whether their baby is
healthy or not, and the rate of late-term abortions due to fetal problems has increased over the past
several decades. The rate of late-term abortions and neonatal mortalities of extremely preterm
neonates has reduced in recent years due to advanced medical technologies. These technologies
are not only rescue efforts but also allow appropriate preparation time since they are elective
interventions.

5.2. Monitoring and Early Intervention Systems
Intelligent real-time monitoring and management systems improve the orbit trajectories of troubled
maternal-fetal unit states and ultimately infant health outcomes, representing the ‘brave new
world’ of neonatal-perinatal medicine. Advanced technology usually precedes but does not replace
advances in knowledge. They co-exist. On the near horizon, such monitoring systems will start to
appear both in the maternal-fetal and in the naive neonate, appropriate for their developmental age
and clinical impact. The key to improving outcome indices is to catch early subtle physiological
changes and limit the cascade of necessary invasive procedures before they happen. This aim is
very relevant for preterm neonates, where fewer encounters with advanced neonatal intensive care
unit technology are better, considering their subsequent brain development. The goal will be to
develop unsupervised learning models to unequivocally recognize stress and encephalopathy,
preventing the cascade of damage that characterizes encephalopathy of prematurity.

Many current iterations of the technology exist as one-off prototypes or subjects of private
communications. Indeed, our system received an award as well as being a finalist in a competition,
the recipient of an award for Outstanding Service in the Public Interest, and a finalist in a healthcare
platform competition. Some of the technology is also the recipient of an award and in a medical
technology competition. Principal capabilities to be developed and tested include continuous
evaluation of autonomic nervous system integrity, prediction of status epilepticus, early
recognition of late neonatal sepsis, and respiratory instability profiles. Subperiods include ear
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prediction of deliveries, cerebral blood flow in risky premature infants, minimally invasive
perinatal and neonatal glucose monitoring, as well as cerebral, renal, and whole-body monitoring.

5.3. Ethical and Legal Considerations

Ethical considerations accompany any discussion of artificial intelligence. Owing to the intensive
medical consumerism in the form of cost pressures at the patient, hospital, and healthcare insurance
levels, the prospects of bringing intelligence to medical diagnosis are worthwhile. Statistics reveal
that the current hospital admission of newborns and early postnatal term SGA neonates, with a
majority of cases being of the false alarm category, incurs a huge cost to both healthcare machinery
and parents. The availability of a predictive application, based on the clinical parameters, may
reasonably reduce the burden of unnecessary antibiotic exposure. Establishing fairness and ethical
considerations of data inputs and the interpretations by artificial intelligence algorithms deserve
serious attention. Responsible disclosure and transparency can build public trust, although artificial
intelligence is possibly resistant to laws and limits. It may be argued that the fear of risk of error
should not exceed the risk of error in the current practices. Implementation in newborn healthcare
may serve as a bellwether for ethical frameworks, thus creating a roadmap under such situations.
The best answer is time, experience, and collaborative goodwill from all concerned either
individually or collectively. The guiding principle in neonatal intelligence is that the human touch
should be testable and talented enough to help.

6. Case Studies and Success Stories
6.1. Case Studies

This section presents demonstrations of how advances in technology are being used to
revolutionize diagnostic, prognostic, and therapeutic decision-making that improves health
outcomes and lowers healthcare costs — three major aims that have been driving personalized
predictive, preventive medicine using big data, artificial intelligence, and systems biology
advances. These next-generation diagnostic, prognostic, and therapeutic decision-making
techniques harness the enormous predictive power of big data. These big data are then aggregated
and anonymized so that globally accessible machine learning and deep learning diagnostic,
prognostic, and therapeutic decision support tools can be built and made available to everyone,
irrespective of their local resources.

6.1.1. Predictive Antenatal Diagnostics in a Low Resource Setting

At a medical school in Singapore, a machine learning-based biomarker prediction tool for
gestational diabetes is being piloted. Women are at risk of developing gestational diabetes if they
are overweight, of advanced maternal age, of certain ethnic backgrounds, live a sedentary lifesty
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with a diet high in fast food and sugary drinks, and have a family history of diabetes. Managing
diabetes during pregnancy is important because it is harmful to both mother and baby if the
mother’s diabetes is poorly controlled. Risks to the mother include excessive birth weight, difficult
delivery with a potential for birth canal trauma, dystocia, and cesarean section, exponential
progression of the mother’s retinopathy, increased rates of type 2 diabetes after pregnancy,
pregnancy-induced preeclampsia, and the risk factors associated with preeclampsia, and morbidity
from infections. High-risk preterm labor and delivery, and a mother requiring intensive care during
the pregnancy or delivery period. Risks to the baby include stillbirth, macrosomia (large body
size), birth lividity and hypoglycemia (low blood glucose), respiratory distress syndrome, neonatal
jaundice, labor, preterm birth, nerve damage, and even death. The only similar system is the first-
trimester Down syndrome risk calculator, where you input the nuchal translucency ultrasound
finding alongside known risk factors like maternal age, and it comes up with a probability of the
presence of a genetic abnormality. In contrast to the nuchal translucency-derived Down syndrome
response that is invasive, this machine learning model uses non-invasive abdominal parameters
like the calculated risk score alongside routine diagnostics like the glucose challenge test and need
for insulin at 28 weeks, and can therefore be readily initiated from around the globe, irrespective
of the clinical setting.

6.1.2. Predictive Neonatal Diagnostics with Personalized Prognostics in a Low Resource Setting
At an institute, a three-dimensional convolutional neural network, Machine Learning Gestational
Age Prediction (MLGAP), can predict whether a pregnant woman is going to experience a preterm
delivery with an 87 percent positive predictive value. Since infants born preterm are known to
suffer complications that would benefit from prompt corrective procedures if caregivers were
alerted to their presence, getting the right intervention in this precritical window can significantly
improve morbidity and mortality in their long-term prognosis. Another neural network can predict
long-term growth trajectory using fetal ultrasound scans. Since the resulting predictability reduces
the uncertainty regarding future neural network training decisions, counselors can offer invaluable
personal risk discussions to parents, allowing them to make informed decisions.
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Fig 6 : Attention-guided deep learning for gestational age prediction using fetal brain MR
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6.1. Real-world Applications of Al in Neonatal Care

Real-world applications of Al technologies in neonatology have increased in recent years, driven
by the need for improving infant health outcomes through early recognition of pathologies and
clinical deterioration. Predictive analytics engines are being developed to anticipate treatment
responses and direct the course of therapy to improve patient outcomes by promoting early
mobilization, progression to enteral feedings, and minimizing ventilator-induced lung damage.
Early sepsis detection could prevent progression from sepsis to severe sepsis and septic shock,
including critical organ dysfunction and death in neonates. Hospital costs could be reduced if
artificial intelligence-assisted early recognition of clinical instability could prevent escalation of
care, decreasing the need for more aggressive monitoring and even reducing unnecessary medical
errors. Over the next few decades, technologies will continue to advance with artificial intelligence
models to support clinical decision-making, identify patient-specific patterns, interpret multimodal
information, incorporate real-time predictions, and balance treatment strategies to improve the
odds of desired clinical outcomes such as improved oxygenation and support rapid weaning.
Moreover, this information can be provided to physicians in the form of predictive diagnostics,
identifying pathophysiologic derangements early in their trajectory before derangements manifest
or have an even more deleterious effect. Increments in the accuracy of prediction can be expected
for abnormalities that present with milder manifestations or have clearer trajectories, which enable
easier development of predictors to detect. Impediments to clinical acceptance of these
technologies will exist but erode as these technologies continue to gain trust in clinical applications
by demonstrating that early predictions can create better diagnostic and therapeutic plans to
improve clinical outcomes in terms of survival, growth, and neurodevelopmental outcomes.

6.2. Impact on Infant Health Outcomes
Neonatal and perinatal clinical care remains suboptimal despite advances in prenatal diagnostics
and care. Innovative technologies born in the past decade provide new, noninvasive tools and
approaches that tap massive datasets derived from both the patient’s genome and maternal
placental biology, plus real-time data capturing infant clinical health from biopotential monitors
used in the neonatal intensive care unit. These technologies derive the physiological, biological,
and genomic parameters and other vital signs of the fetus or neonate to generate predictions,
diagnoses, and a host of other insights on an individual baby’s health status. Each approach uses
innovative predictive diagnostic algorithms that harness increasingly sophisticated multi-level
integrated machine learning and deep learning methods developed in the closely aligned fields of
artificial intelligence, neural network technology, and computer science. Together, the spectrum
of predictive diagnostic technologies can drive significant improvements in neonate and infa
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health care, narrowing knowledge gaps and guiding the development of clinical protocols to
enhance clinical outcomes of seriously ill neonates and other infants.

Prematurity, related morbidities such as hypoxic encephalopathy, and their complications account
for the majority of the staggering annual global five million infant deaths in our analysis. Emerging
noninvasive technologies are advancing neonatal health care and developing a silent revolution in
perinatal diagnostics. The predictive diagnostics applications of these technologies are
revolutionizing clinical care of the fetus in utero (noninvasively) and every minute that the
newborn spends in the neonatal intensive care unit. A variety of predictive diagnostic algorithms
use multi-level integrated machine learning and deep learning that are derived from the various
rapidly evolving subfields of artificial intelligence, neural network technology, and computer
science. With the initial newborn screen (or the various screens typically done within the first 24
hours), a genetic (or genomic) screen might be indicated to look for gene alterations for therapeutic
interventions to reduce readmissions, preview individualized responses, identify infectious disease
risk, or link to long-term maladies such as asthma, obesity, even cancer, and cardiovascular
diseases later in life.

7. Future Directions and Challenges
We are only at the beginning of what will surely be a substantial integration of Al, DL, and NN
involvement in neonatal medicine. The potential uses of Al, DL, and NN in this field are numerous,
ranging from diagnostics, therapeutic decisions, drug development, prediction of adverse long-
term neurodevelopmental outcomes, and myriad other facets addressing the unique perinatal issues
during the fetal, perinatal, and neonatal life cycle. Advances in real-time automated biosignal
analysis in animal models will facilitate the translation to human research and ultimately help
streamline future clinical trials and the introduction of therapies for the developing brain. These
technologies will be uniquely poised to address some of our current challenges, including the lack
of specificity and sensitivity of routine and novel biomarkers commonly thought to be robust in
identifying neurological injury and the unpredictable long-term neurodevelopmental sequelae.

Artificial intelligence-based technology may also be used to recognize developmental phenotypes
at risk for prematurity that can prompt specific monitoring during critical gestational windows to
time interventions aimed at preventing neurological complications. Equally, the current pandemic
has sparked a new interest in prolonged monitoring of high-risk neonates to avoid unnecessary
contact between providers and premature patients within the traditional neonatal intensive care
unit. In utero computational technologies would allow less invasive methods to monitor the fetal
patient and identify perinatal stress via noninvasive means. Artificial intelligence, DL, and NN
may allow early identification of the pathological insults and neonatal brain maturation betwe
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different clinical phenotypes at term equivalent to gestation, obviating the need for repeated MRIs.
Ultimately, the lower variability in the analysis of monitoring tools will permit the identification
of temporal-spatial patterns of injury and recovery that are associated with specific risk factors,
therapy, and long-term neurological outcomes. The use of neural networks may help discern
modifiable behaviors associated with prematurity and the potential for long-term neurological
complications.
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Fig 7 : Development of prognostic model for preterm birth using machine learning

7.1. Emerging Technologies and Trends
The healthcare marketplace is continually innovating and expanding. Introducing a new
technology into an existing or new healthcare environment might be a relatively straightforward
process from a technological perspective, but it must accomplish a future-proof business case at
the same time. There is a vast number of emerging technologies that could influence and contribute
to business models in neonatal and perinatal care, with digital care being particularly prominent.
Several issues and challenges come into the picture from both a technological and a business
perspective, i.e., from supporting, securing, and managing large technology camps at the business
intersection to pressing needs coupled with virtually overriding concerns trying to improve and/or
create value in the healthcare sector. However, the ultimate aim of emerging technologies in
neonatal and perinatal care is to enhance patient health outcomes.

The medical research community has acknowledged that artificial intelligence of several types is
to make the biggest impact on biomedical applications, where traditional computational methods
have failed to deliver the same level of capability. Modern machine learning approaches, including
deep learning and other neural network variants, are capable of comprehending interactions among
multiple system parameters, establishing insights, and making predictions no human modeler
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comprehend, by design. Even though this is an exciting time for healthcare Al, the transfer to real-
world clinical use of developed Al technology can be slow. Indeed, the relationship between Al-
derived clinical algorithms and improved health outcomes might not always be obvious, and quite
the opposite. Algorithms may encounter significant barriers if not designed with the user’s specific
demands, context, skills, know-how, and preferences in mind. An additional complicating factor
is the processing of vast arrays of biomedical data sources. In contrast to other domains where Al
has been deployed in the past, in healthcare, the majority of data is unstructured with an absence
of suitable biomedical annotations for harmonizing heterogeneous Al inputs. Also, clinical
decisions and, therefore, patient care, are sensitive to numerous factors. Al models need to be
successfully embedded in a non-experimental, real-world clinical environment devoid of any bias
to guarantee that behavior from creation to validation and deployment is ethical and effective
before any patient engagement. In any case, Al is bound to fundamentally transform clinical
practice by streamlining hospital operations, performing intricate medical diagnostics, enhancing
patient disease management, and ultimately, liberating available healthcare resources, such as
hospital beds, physicians, and nurses.

Equation 3 : Infant Health Outcome Prediction using Deep Learning
Where:
e H_:Predicted health cutcome.
e w;: Weight for feature <.

e 1;: Input feature.
il

Hf;—Zw.i-:Lz-+b

i=1 s 71 Mumber of features.

b: Bias term.

7.2. Key Challenges and Areas for Further Research
Several significant challenges remain for the refinement and further development of Al-based
predictive diagnostics and monitoring systems and their integration into clinical practices for
improved infant health outcomes. First and foremost, optimization and tailoring of the Al-based
algorithmic models are needed to develop and identify sensitive, specific, precise, and stable multi-
modal predictive analytics suitable for neonatal and perinatal care that can robustly accommodate
real-world data. Standardizations for Al model hyperparameters should allow improved cross-
validation and validation of reliable practices in the design of algorithms to assess and enhance
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their performance. Both atopic and supervised learning-based Al models should be trained to
prioritize solving perinatal problems rather than focusing solely on prediction.

For neural network-based Al learning models for neonatal and perinatal care, determinations of
self-training adjustments, the generation of synthetic datasets, and the conduction of differential
tasking should follow. More efficient network parameter initialization to accelerate methods and
optimization of weight initialization and scalable computational resources should be established.
Additionally, the training and evaluation of efficient and improved networks with either modified
or sparse models for edge devices, sensors, actuators, or implantables should be optimized. The
flexibility and reconstruction performance of the networks for uncertainty quantifications and
missing data imputations should also be optimized. Moreover, the deployment of cost-effective
complex models, the selection of a reduction of complexity, and the transfer of either edge or cloud
knowledge should also be pursued. Furthermore, more extensive research in an inclusive
environment, incorporating newborn pediatric emotional speech recognition, deep learning,
natural language processing, automated early childhood home interventions, servicing, and the
development of longer-running models are warranted.

8. Conclusion

The breathtaking advances in Al, DL, and ML, combined with the infinite potential of NNs,
provide an audacious opportunity to revolutionize neonatal and perinatal care. The sophistication
of tools such as autoencoder NNs, coupled with huge databases of clinical and bioinformatic data,
facilitates prognostication, predictive diagnostics, and the personalized tailoring of drug therapy
and care to optimize outcomes. The synthesis of information from multimodal medical data, such
as electronic health records, high-throughput nucleotide sequencing, and imaging studies, will
further enhance the performance of NNs. The probability is that, armed with these tools, we will
find minimum sample sizes that enable self-learning and do not require expensive and specific
imaging. We will have readily available real-time, point-of-care evidence-based guidelines that
improve the cost-effectiveness of perinatal medicine as well as infant and long-term child
outcomes. The efficiency and precision of training NNs are expected to rise, as the self-learning
of trainees becomes more popular. This hope leads to substantial research efforts to quickly push
neonatal care to the new era of the Fourth Industrial Revolution.

8.1. Summary of Findings
This study indirectly demonstrates the importance of considering the contribution of parental
genetic risk in combination with that of infant genetics to perinatal outcomes. While genetics are
immutable, ancestry is not, with environmental factors potentially providing actionable areas th
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may be considered when looking to optimize perinatal outcomes in high-risk individuals. We
demonstrate a novel approach that could be used to examine many conditions for which genetics
are relevant and where a single family member impacted has outcomes that are of high medical,
personal, and/or public interest. Challenging as it is to think about the second trimester of
pregnancy as "late™ in this game, this approach becomes powerful and relevant for conditions with
progressive pathophysiology for which earlier diagnosis and intervention may lead to better
outcomes. Although this application is not particularly innovative relative to genomics or imaging
technologies, it does illustrate a way to use data to optimize available technologies in the current
clinical setting.

By looking at the relationship between a parental trait and a rare infant state, this study avoids
many common complications connected to predicting common pregnancy outcomes within its
potential for practice, while also highlighting concerns that accompany a focus on pediatric
outcomes and work with infants. We expect this method to be much more broadly useful in practice
than the specific question it answers. At a fundamental level, to understand rare newborn states
that can be addressed non-invasively via a single urine sample from a parent's perspective, this
research contributes. This provides a high-level overview of the roadmap to the set of
methodological and substantive questions illuminated by its two applications.
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Fig 8 : Innovative Machme Learnmg Strategles for Early Detectlon and Prevention of
Pregnancy Loss

8.2. Implications for Clinical Practice and Policy
Finally, recent research illustrates that patterns and networks within perinatal-specific data sets,
such as electronic fetal monitoring during the final stages of pregnancy and parturition, are
associated with a wide range of perinatal and neurodevelopmental outcomes. This has major
implications for neonatal and perinatal care, as such data are routinely collected and are the
foundation of obstetrical practice. As a result, a fetal Al tool could be incorporated into labor and
delivery management, potentially enhancing electronic fetal monitoring by providing addition
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analysis and clinical risk stratification. As many of the underlying disease processes will have
more easily and less consequential interventions before birth than after, such an approach may
offer the opportunity for fetal/neonatal treatments to mitigate disease risk through a precision
intervention approach before the high-risk period of postnatal vulnerability. Although by the time
of birth, a large proportion of brain injury may have occurred and contributed to subsequent
morbidity and long-term disability, there is no current option to address this intervention void.
An electronic fetal monitoring-classified almost-timed-effect subtype of a perinatal brain injury
provides substantial prognostic information about sensorimotor function, language function, and
autonomic function and the risk of developing neurological diseases, such as cerebral palsy,
seizures, and several other neurological disorders in post-preterm infants. Such electronic fetal
monitoring-related biomarkers could allow real-time perinatal risk stratification in preterm infants
before they have their outcomes assessed, thus enabling the stratification of multilevel patient
populations for targeted perinatal and neonatal clinical trials and preterm infusion care. Based on
the biomarker that minimizes further harm, such guided therapeutic management could decrease
the fraction of patients who could be disabled. The identification of an electronic fetal monitoring
cord transitional heart rate pattern also presents promising potential as a tool for rapid and
noninvasive risk stratification for neonatal disease. This provides an early diagnosis of hypoxic
ischemia in preterm infant placental tissues, allowing for more specific and timely treatment
modalities, thereby protecting human lives.
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