¢
2

2ok

L]
f
-

""'v‘:.
.'.ro[
el

PAE 509

NEONATOLOGY
AND GENETICS

Al

o g
v < )
v .J\‘

nload o

. App Store o

Course video is available on our app lanetonline.com

s NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



Course code: PAE 509
Course title: Neonatology and Genetics

Course credit load: 2 Units

Series 1: Introduction to Neonatology, the
Normal Newborn, and Changes at Birth

Part 1.1: Introduction to Neonatology and Vital Statistics
o Sub Part 1.1.1: Defining neonatology and the neonatal period
o Sub Part 1.1.2: Key vital statistics in neonatology
o Sub Part 1.1.3: The significance of neonatal statistics for clinical practice

Part 1.2: The Normal Newborn: Assessment and-Characteristics

o Sub Part 1.2.1: Immediate assessment©f the newborn at birth
o Sub Part 1.2.2: Assessment of gestational age

o Sub Part 1.2.3: Characteristic features of the normal term newborn

Part 1.3: Physiological Changes at Birth: Respiratory and Cardiovascular Transition
o Sub Part 1.3.1: Respiratory changes at birth
o Sub Part 1.3.2:'Cardiovascular changes at birth

o Sub Part 1.3.3: Clinical significance of the fetal to neonatal circulatory transition

Part 1.4: Physiological Changes at Birth: Thermoregulation and Metabolic Adaptation
o _SubPart 1.4.1: Thermoregulation in the newborn
o | SubPart 1.4.2: The physiological basis of neonatal heat production
o Sub Part1.4.3: Metabolic adaptations required at birth

Introduction

Picture the moment a baby is born: within seconds, a series of dramatic physiological changes
must occur for the newborn to survive independently outside the womb, from the first breath that
expands previously fluid-filled lungs to the rerouting of blood flow away from the placenta. This
Series opens the PAE 509 course by introducing neonatology as a discipline and building a
thorough understanding of the normal newborn and the remarkable physiological transition that
occurs at birth, a foundation that underpins everything else you will study in this course.
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The aim of this Series is to equip you with the knowledge required to understand key neonatal
vital statistics, assess a normal newborn at birth, and understand the physiological changes that
occur as the newborn transitions from intrauterine to extrauterine life.

This Series begins with an introduction to neonatology and vital statistics, before turning to
the assessment and characteristics of the normal newborn. Next, we examine the respiratory
and cardiovascular changes at birth, before concluding with thermoregulation and other
metabolic adaptations at birth.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: define neonatology and the neonatal period,

e SLO 1.2: describe key vital statistics used in neonatology, including birth rate, neonatal
mortality rate, and perinatal mortality rate,

e SLO 1.3: describe the normal assessment of a newborn at birth, including the Apgar
score and gestational age assessment,

e SLO 1.4: describe the characteristic physical features of a normal term newborn,

e SLO 1.5: describe the physiological changes in the respiratory system at birth,

e SLO 1.6: describe the physiological changes in the cardiovascular system at birth,
including the transition from fetal to neonatal circulation,

e SLO 1.7: describe thermoregulation and the mechanisms of heat loss in the newborn, and

e SLO 1.8: describe the metabolic adaptations required of the newborn immediately after
birth.

1.1 Introduction to,Neonatology and Vital Statistics

1.1:1 defining neonatology and the neonatal period

Ashort period with outsized clinical importance

Neonatology is the branch of paediatrics concerned with the medical care of the newborn
infant, particularly those who are unwell or at increased risk due to prematurity, low birth
weight, or complications arising during pregnancy or delivery. The neonatal period is defined
as the first 28 completed days of life, further subdivided into the early neonatal period, the first
7 days, and the late neonatal period, from day 8 to day 28, a distinction that matters because the
risk and pattern of illness and death differ considerably between these two windows.

-

a-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



The neonatal period, though brief, is a time of disproportionately high risk, since the
physiological transition from intrauterine to extrauterine life, discussed later in this Series,
together with the vulnerability of a newly born infant to infection, temperature instability, and
feeding difficulties, means a substantial proportion of all childhood deaths occur within this
narrow window, making neonatal care a particularly high-yield area of paediatric practice.

Fill in the blank: The neonatal period is defined as the first completed days of life.
1.1.2 key vital statistics in neonatology

Several vital statistics are used to describe and compare neonatal and perinatal health outcomes
across populations and over time. The birth rate refers to the number of live births per 1,000
population per year, while the neonatal mortality rate refers to the number of deaths occurring
within the first 28 days of life per 1,000 live births, a key indicator of the quality and
accessibility of newborn care within a given health system.

The perinatal mortality rate combines stillbirths occurring after a defined gestational age
threshold with early neonatal deaths, occurring within the first 7 days of life, per 1,000 total
births, reflecting the combined burden ‘of pregnancy, delivery, and immediate newborn
complications, while the infant mortality rate, a broader measure, includes all deaths in the first
year of life, of which neonatal deaths typically make up a substantial proportion.

Fill in the blank: The perinatal mortality rate combines stillbirths with early neonatal deaths
occurring within the first days of life.

1.1.3 the significance 'of neonatal statistics for clinical practice

Understanding these vital statistics is not merely an academic exercise, since neonatal mortality
rate trends within a health facility or region provide an important marker of the overall quality of
antenatal, intrapartum, and newborn care being delivered, and can help identify specific
areas, such as delayed resuscitation, inadequate thermal care, or delayed recognition of neonatal
sepsis, where targeted quality improvement efforts might meaningfully reduce preventable
neonatal deaths.

In'many low and middle income settings, including much of Nigeria, the neonatal mortality
rate remains considerably higher than in high income settings, and a large proportion of these
deaths are attributable to a relatively small number of preventable or treatable causes, including
prematurity and its complications, intrapartum-related complications such as birth
asphyxia, and neonatal infection, each of which will be explored in greater depth across this
course.

-
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Fill in the blank: A large proportion of neonatal deaths in low and middle income settings are
attributable to a relatively small number of or treatable causes.

Table 1.1: Key neonatal and perinatal vital statistics.

Statistic Definition

Birth rate Number of live births per 1,000 population per year
Neonatal mortality rate Deaths within the first 28 days of life per 1,000 live births
Perinatal mortality rate f;:;llbégtrltlﬁsplus early neonatal deaths (first 7 days) per 1,000
Infant mortality rate Deaths within the first year of life per 1,000 live births

Pilot questions 1.1

Define neonatology and the neonatal period. (Linked to SLO1.1)

Distinguish the early from the late neonatal period. (Linked to SLO 1.1)

Define neonatal mortality rate and perinatal mortality rate. (Linked to SLO 1.2)

Explain why neonatal mortality rate is a useful indicator of the quality of newborn care.
(Linked to SLO 1.2)

5. List three leading causes of neonatal death in low and middle income settings. (Linked to
SLO 1.2)

=

1.2 The Normal Newborn: Assessment and Characteristics

1.2.1 immediate assessmentof the newborn at birth

The first minutes setthe tone for.everything that follows

Immediate assessment of the newborn at birth focuses on three key questions: is the baby
breathing or crying; does the baby have good tone, and is the baby term gestation, since a
baby who answers all three favourably can generally remain with the mother for routine care,
while a baby who does not requires prompt further assessment and, where needed, resuscitation,
following the principles you will encounter in greater detail elsewhere in your paediatric training.

The Apgar score, assessed at 1 minute and 5 minutes after birth, and repeated at 5 minute
intervals if the initial score remains low, provides a structured, rapid assessment of the newborn's
condition, scoring heart rate, respiratory effort, muscle tone, reflex irritability, and colour,
each from 0 to 2, with a total score out of 10, and, while useful as a communication tool and a
marker of response to resuscitation, is not intended to be used in isolation to guide the decision
of whether resuscitation is required.

-
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Fill in the blank: The Apgar score is assessed at 1 minute and minutes after birth.
1.2.2 assessment of gestational age

Accurate assessment of gestational age is essential, since many aspects of expected newborn
appearance, behaviour, and risk of complications are gestational age-dependent, and while
antenatal ultrasound dating, particularly performed in early pregnancy, is generally the most
accurate method where available, a postnatal clinical assessment, such as the New Ballard
Score, can be used to estimate gestational age when antenatal dating is unavailable or uncertain.

The New Ballard Score combines assessment of neuromuscular maturity, including posture,
joint flexibility, and muscle tone, with physical maturity, including skin texture, lanugo, and ear
cartilage development, each scored and summed to give a total that correlates with an estimated
gestational age, allowing classification of the newborn as preterm, term, or post-term, a
classification with important implications for expected clinical course and'risk of complications.

Fill in the blank: The New Ballard Score combines assessment of neuromuscular maturity with
maturity.

1.2.3 characteristic features of the normal term.newborn

A normal term newborn typically has a birth weight between 2.5 and 4.0 kilograms, a heart
rate between 120 and 160 beats per minute, and a respiratory rate between 30 and 60 breaths
per minute, together with characteristic physical features including vernix caseosa, a white,
waxy coating protecting the skin in utero, lanugo, fine downy hair which is more prominent in
preterm infants and largely absent by term, and, in many newborns, a period of physiological
jaundice appearing after the first 24 hours of life.

Other common, entirely normal findings include caput succedaneum, diffuse scalp swelling
from the birth process that resolves within days, Mongolian spots, benign bluish skin
pigmentation, and breast engorgement or, in female infants, minor vaginal discharge, both
reflecting the effects of maternal hormone withdrawal after birth, findings that, while sometimes
alarming to new parents, are entirely normal and require only reassurance rather than
intervention.

Fill in the blank: A normal term newborn typically has a birth weight between 2.5 and
kilograms.

Box 1.2: The five components of the Apgar score.

‘ The Apgar score: five components, each scored 0 to 2
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Heart rate: absent (0), less than 100 (1), 100 or more (2).

Respiratory effort: absent (0), weak or irregular (1), good, crying (2).

Muscle tone: limp (0), some flexion (1), active motion (2).

Reflex irritability: no response (0), grimace (1), cough or sneeze (2).

Colour: blue or pale (0), body pink, extremities blue (1), completely pink (2).

Pilot questions 1.2

1.

nkwb

List the three key questions asked in immediate assessment of a newborn at birth.
(Linked to SLO 1.3)

List the five components of the Apgar score. (Linked to SLO 1.3)

Describe the New Ballard Score and its clinical use. (Linked to SLO 1.3)

List three characteristic physical features of a normal term newborn. (Linked to SLO 1.4)
Describe two normal, benign findings that can be reassuringly explained to new parents.
(Linked to SLO 1.4)

1.3 Physiological Changes at Birth:'Respiratory and Cardiovascular

Transition

1.3.1 respiratory changes atbirth

The first breath transforms the'lung from fluid-filled to air-filled

In utero, the fetal lungs-are filled with fetal lung fluid rather than air, and gas exchange occurs
entirely across the placenta rather than the lungs. At birth, this fluid must be rapidly cleared,
partly through mechanical compression of the chest during vaginal delivery, and partly through

active resorption via the pulmonary lymphatics and, to a lesser extent, the pulmonary
capillaries, a process that occurs more efficiently after vaginal delivery than after caesarean
section without labour, explaining the somewhat higher incidence of transient respiratory
difficulty in this group.

The first breath requires the newborn to generate substantial negative intrathoracic pressure to

overcome the surface tension within previously fluid-filled alveoli, aided by surfactant, a
substance produced by type II pneumocytes that reduces alveolar surface tension and prevents
alveolar collapse at the end of expiration, with adequate surfactant production typically
established by around 34 to 36 weeks of gestation, explaining why more preterm infants are at
particular risk of respiratory difficulty at birth.

-
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Fill in the blank: Surfactant is produced by type pneumocytes and reduces alveolar
surface tension.

1.3.2 cardiovascular changes at birth

Fetal circulation is characterised by three important shunts that divert blood away from the non-
functioning fetal lungs: the ductus venosus, which allows oxygenated blood from the placenta to
largely bypass the fetal liver, the foramen ovale, an opening between the right and left atria that
allows blood to bypass the fetal lungs, and the ductus arteriosus, which allows blood to flow
directly from the pulmonary artery to the aorta, again largely bypassing the fetal lungs.

At birth, clamping of the umbilical cord removes the low-resistance placental circulation, while
lung expansion and the first breaths dramatically reduce pulmonary vascular resistance,
together causing a rise in systemic vascular resistance and a fall.in pulmonary vascular
resistance that reverses the pressure gradient across the fetal shunts, promoting their functional
closure over the following hours to days, with anatomical closure occurring more gradually
over subsequent weeks to months.

Fill in the blank: At birth, lung expansion and the first breaths dramatically reduce pulmonary
vascular

1.3.3 clinical significance of the fetal to nheonatal circulatory transition

This transition explains several important clinical phenomena: the ductus arteriosus, while
normally closing functionally within the first day or two of life, can be kept open
pharmacologically in certain duct-dependent congenital heart lesions to maintain adequate
blood flow until definitive treatment is available, using medications that inhibit the normal
closure process, illustrating how understanding normal physiology directly informs clinical
management of specific pathological conditions.

Failure of this normal transition, termed persistent pulmonary hypertension of the newborn,
occurs when pulmonary vascular resistance fails to fall appropriately after birth, causing
continued right to left shunting across the fetal pathways and resulting in significant
hypexaemia, a condition that, while beyond the scope of this introductory Series, underscores
the clinical importance of the normal transition process described here functioning correctly.

Fill in the blank: Failure of pulmonary vascular resistance to fall appropriately after birth is
termed persistent pulmonary of the newborn.

-
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TRANSITION FROM FETAL TO NEONATAL CIRCULATION

FETAL CIRCULATION

High pulmonary vascular resistance
shunting umblicad vein ast close: to
Low placental resistance
High placental resistance

PLACENTA

DUCTUS ARTERIOSUS
Shunting blood from Pulmonary

DUCTUS Artery to Aorta

VENOSUS
shunting umbilical
vein blood past

the liver to ING) FORAMEN OVALE
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KEY CHANGES AT BIRTH:

NEONATAL CIRCULATION (Postnatal)

PULMONARY

DUCTUS ARTERIOSUS

DUCTUS VENOSUS {Ligamentum Arteriosum)
(Ligamentum Venosum)
FORAMEN OVALE |5~ SYSTEMIC
{Closed)

Umbilical vessels

1. Umbilical cord clamped (Placenta removed)
2. First breath (Lungs expand, Pulmonary Resistance decreases)
3. Ductus Venosus, Foramen Ovale, and Ductus Arteriosus close.

Figure 1.3: The transition from fetal to neonatal circulation.

Pilot questions 1.3

b=

transition at birth. (Linked to SLO 1.6)

Describe how fetal lung fluid is eleared at birth. (Linked to SLO 1.5)

Explain the role of surfactant in the first breath. (Linked to SLO 1.5)

Name the three fetal circulatory shunts and their function. (Linked to SLO 1.6)

Explain how clamping the umbilical cord and lung expansion together drive circulatory

5. Defing persistent pulmonary hypertension of the newborn. (Linked to SLO 1.6)
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1.4 Physiological Changes at Birth: Thermoregulation and Metabolic
Adaptation

1.4.1 thermoregulation in the newborn

Newborns are uniquely vulnerable to heat loss

Newborn infants are particularly vulnerable to heat loss immediately after birth, due to a large
surface area to body weight ratio, minimal subcutaneous fat, particularly in preterm infants,
and being born wet from amniotic fluid, all of which combine to make rapid cooling a genuine
risk if appropriate thermal care is not provided promptly after delivery.

Heat is lost from the newborn through four mechanisms: evaporation, loss of heat as amniotic
fluid evaporates from wet skin, conduction, direct heat loss to.a.cooler surface in contact with
the skin, convection, loss of heat to cooler surrounding air currents, and radiation, loss of heat
to cooler nearby objects or surfaces without direct contact, understanding of which directly
informs practical measures such as immediate drying, skin-to-skin contact, and avoiding
draughts in the delivery area.

Fill in the blank: Heat loss to cooler surrounding air currents is termed
1.4.2 the physiological basis of neenatalheat production

Unlike older children and adults, newborn infants have a limited capacity to generate heat
through shivering, and instead rely predominantly on non-shivering thermogenesis, occurring
principally within brown adipose tissue, a specialised fat deposit found particularly around the
neck, between the shoulder blades, and around the kidneys and adrenal glands, which generates
heat through a distinct metabolic process rather than through muscular activity.

This process is metabolically demanding and depends on adequate glucose and oxygen
availability, meaning a hypoxic, hypoglycaemic, or significantly preterm infant, who has
reduced brown fat stores relative to a term infant, has a correspondingly reduced capacity to
maintain body temperature even under otherwise similar environmental conditions, illustrating
the interconnected nature of thermal and metabolic adaptation discussed further in the next sub-
Part.

Fill in the blank: Newborn infants rely predominantly on non-shivering thermogenesis
occurring principally within adipose tissue.
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1.4.3 metabolic adaptations required at birth

At birth, the newborn must transition from a continuous transplacental supply of glucose to an
intermittent feeding pattern, requiring the rapid establishment of glycogenolysis, breakdown. of
stored glycogen, and, once glycogen stores are depleted, gluconeogenesis, to maintain adequate
blood glucose between feeds, a transition that infants with limited glycogen reserves, such as
preterm or growth-restricted infants, or increased glucose demand, such as infants of diabetic
mothers, may struggle to achieve safely.

Adequate calcium and magnesium homeostasis must also be established independently after
birth, since the newborn no longer receives the continuous transplacental supply of these
minerals, and interruption of normal adaptation in any of these interconnected metabolic
pathways, glucose, calcium, or magnesium, can result in the specific neonatal. metabolic
problems that will be explored in detail later in this course.

Fill in the blank: After birth, the newborn must transition from a continuous supply of glucose
to an feeding pattern.

MECHANISMS OF NEONATAL HEAT LOSS
1. EVAPORATION 3. CONVECTION

Heat loss from moisture Heat loss to moving air currents
vaporization on skin (e.g., drafts, air conditioning)

; \ Radian .
.b »v % waarr?]e: \ \ p s ’\‘__:4/7 S

2. CONDUCTION 4. RADIATION
Heat loss from direct contact with

g ; Heat loss from body to cooler !
cold surfaces (e.g., mattress, scale surfaces not in direct contact 3% g

t48te
KEY PRINCIPLES:

p \ 2 o~
1. Keep newborn dry. O N : A
2. Avoid direct contact with cold surfaces.
3. Minimize drafts.

4. Insulate from cold environments.

Ragiant Warmer

——

Heat loss from direct contact with ; ;
cold surfaces (e.g., mattress, scale) Goal: Prevent Hypothermia. surfaces not in dirdow, cold walls)

Heat loss from body to cooler solid

Figure 1.4: The four mechanisms of neonatal heat loss.

Pilot questions 1.4
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1. List three reasons newborns are particularly vulnerable to heat loss. (Linked to SLO 1.7)

2. Describe the four mechanisms of neonatal heat loss. (Linked to SLO 1.7)

3. Explain the role of brown adipose tissue in neonatal thermoregulation. (Linked to SLO
1.7)

4. Describe the metabolic transition required to maintain glucose homeostasis after birth.
(Linked to SLO 1.8)

5. Explain why preterm or growth-restricted infants are at increased risk of metabolic
instability after birth. (Linked to SLO 1.8)

-
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Series Summary

This Series introduced neonatology as a discipline, beginning with key vital statistics and their
clinical significance, before turning to the assessment and characteristics of the normal
newborn, including the Apgar score and gestational age assessment.

We then examined the respiratory and cardiovascular changes that occur at birth, before
concluding with thermoregulation and metabolic adaptation in the newborn. Having worked
through this Series, you should now understand the normal newborn and the physiological
transition at birth. The next Series turns to the outsized baby: preterm, low birth weight, and
macrosomia.

Glossary of Terms

e Neonatal period: the first 28 completed days of life:

¢ Neonatal mortality rate: the number of deaths within the first 28 days of life per 1,000 live
births.

¢ Perinatal mortality rate: stillbirths plus early neonatal deaths per 1,000 total births.

e Apgar score: a structured score assessing heart rate, respiratory effort, tone, reflex irritability,
and colour at 1 and 5 minutes after birth.

¢ New Ballard Score: a postnatal clinical assessment used to estimate gestational age.

e Vernix caseosa: a white, waxy coating protecting fetal skin in utero.

¢ Surfactant: a substance produced by type Il pneumocytes that reduces alveolar surface tension.
¢ Ductus arteriosus: a fetal circulatory shunt connecting the pulmonary artery to the aorta.

e Foramen ovale: a fetal circulatory shunt allowing blood to pass between the right and left atria.

¢ Non-shivering thermogenesis: heat production occurring principally within brown adipose
tissue in the newborn.

e Brown adipose tissue: a specialised fat deposit responsible for non-shivering thermogenesis in
the newborn.

e . Gluconeogenesis: the metabolic production of glucose, required once glycogen stores are
depleted after birth.

Concept Check Questions [Series 1]

Objective questions
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1. The neonatal period is defined as the first completed days of life.

2. The Apgar score is assessed at 1 minute and minutes after birth.

3. Surfactant is produced by type pneumocytes and reduces alveolar surface
tension.

4. Failure of pulmonary vascular resistance to fall appropriately after birth is termed
persistent pulmonary of the newborn.

5. Newborn infants rely predominantly on non-shivering thermogenesis occurring
principally within adipose tissue.

Short-answer questions

6. Distinguish neonatal mortality rate from perinatal mortality rate.

7. List the five components of the Apgar score.

8. List three characteristic physical features of a normal term newborn.
9. Name the three fetal circulatory shunts and their function.

10. Describe the four mechanisms of neonatal heat loss.

Long-answer questions

11. Discuss the key vital statistics used in neonatology and their clinical significance.
(Linked to SLO 1.1, SLO 1.2)

12. Discuss the assessment of a newborn at birth, including the Apgar score and gestational
age assessment. (Linked to' SLO 1.3)

13. Discuss the respiratory changes that occur at birth. (Linked to SLO 1.5)

14. Discuss the cardiovascular changes that occur at birth, including the fetal circulatory
shunts. (Linked.to SLO 1.6)

15. Discuss thermoregulation and metabolic adaptation in the newborn. (Linked to SLO 1.7,
SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

1. 28.

20 5.

3. 1L

4. Hypertension.
5. Brown.

-
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Short-answer questions

6. Neonatal mortality rate covers deaths in the first 28 days per 1,000 live births, while
perinatal mortality rate combines stillbirths and early neonatal deaths per 1,000 total
births.

7. Heart rate, respiratory effort, muscle tone, reflex irritability, and colour.

*®

Vernix caseosa, lanugo, and physiological jaundice are characteristic features.

9. The ductus venosus bypasses the liver, the foramen ovale bypasses the lungs at the atrial
level, and the ductus arteriosus bypasses the lungs at the great vessel level.

10. Evaporation, conduction, convection, and radiation.

Long-answer questions

11. Basic response: Key vital statistics include birth rate, neonatal mortality rate, perinatal
mortality rate, and infant mortality rate, each with a precise definition used to describe
population-level newborn health.

Value-added response: These statistics help identify quality gaps in antenatal, intrapartum, and
newborn care and guide targeted efforts to reduce preventable neonatal deaths.

12. Basic response: Newborn assessment includes the three key questions at birth, the Apgar
score at 1 and 5 minutes, and gestational age assessment using tools such as the New
Ballard Score.

Value-added response: The Apgar score is useful as a communication tool and marker of
resuscitation response but should not be used in isolation to decide whether resuscitation is
needed.

13. Basic response: At birth, fetal lung fluid is cleared through mechanical compression and
resorption, and surfactant from type II pneumocytes reduces surface tension to allow the
first breath.

Value-added response: Adequate surfactant production is typically established by 34 to 36
weeks, explaining why preterm infants are at particular risk of respiratory difficulty at birth.

14, Basic response: Cord clamping and lung expansion raise systemic vascular resistance
and lower pulmonary vascular resistance, reversing the pressure gradient and promoting
closure of the fetal shunts.

Value-added response: This same physiology explains why certain duct-dependent congenital
heart lesions require the ductus arteriosus to be pharmacologically kept open until definitive
treatment.
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15. Basic response: Newborns lose heat through evaporation, conduction, convection, and
radiation, and generate heat mainly through non-shivering thermogenesis in brown
adipose tissue.

Value-added response: Newborns must also establish independent glucose, calcium, and
magnesium homeostasis after birth, with preterm or growth-restricted infants at particular risk of
metabolic instability.

Answers to Pilot Questions [Series 1]
Part 1.1

1. Neonatology is the branch of paediatrics concerned with newborn care; the neonatal
period is the first 28 completed days of life:

2. The early neonatal period is the first 7 days, and the late neonatal period is day 8 to day
28.

3. Neonatal mortality rate is deaths in the first 28 days per 1,000 live births; perinatal
mortality rate combines stillbirths and early neonatal deaths per 1,000 total births.

4. Ttreflects the quality and aceessibility of antenatal, intrapartum, and newborn care within
a health system.

5. Prematurity and its complications, intrapartum-related complications, and neonatal
infection are leading causes.

Part 1.2

1. Is the baby breathing or crying, does the baby have good tone, and is the baby term
gestation.

2./ Heart rate, respiratory effort, muscle tone, reflex irritability, and colour.

3. The New Ballard Score is a postnatal clinical assessment combining neuromuscular and
physical maturity to estimate gestational age.

4. Vernix caseosa, lanugo, and physiological jaundice are examples of characteristic
features.

5. Caput succedaneum and Mongolian spots are normal, benign findings requiring only
reassurance.

Part 1.3
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1. Fetal lung fluid is cleared through mechanical compression during delivery and active
resorption via the lymphatics.

2. Surfactant reduces alveolar surface tension, allowing the newborn to generate the
pressure needed for the first breath.

3. The ductus venosus bypasses the liver, the foramen ovale bypasses the lungs at atrial
level, and the ductus arteriosus bypasses the lungs at great vessel level.

4. Cord clamping removes the low-resistance placental circuit while lung expansion lowers
pulmonary vascular resistance, reversing the pressure gradient and closing the shunts.

5. Persistent pulmonary hypertension of the newborn is failure of pulmonary vascular
resistance to fall appropriately after birth.

Part 1.4

1. Large surface area to weight ratio, minimal subcutaneous. fat, and being born wet.

2. Evaporation, conduction, convection, and radiation are the four mechanisms.

3. Brown adipose tissue generates heat through non-shivering thermogenesis, a
metabolically demanding process.

4. The newborn transitions from continuous transplacental glucose supply to intermittent
feeding, requiring glycogenolysis and gluconeogenesis.

5. They have reduced glycogen and brown fat reserves or increased glucose demand,
impairing safe metabolic adaptation.

References and Attributions[Series 1]
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Figures, Plates, Tables, and Boxes
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o Table 1.1: Key neonatal and perinatal vital statistics. Al-generated using the prompt:
"Create a clean reference table titled Key Neonatal and Perinatal Vital Statistics, listing
statistic and definition. Simple clinical reference table style with outside border."

e Box 1.2: The five components of the Apgar score. Al-generated using the prompt:
"Create a simple single-column reference box titled The Apgar Score: Five Components.
Clean clinical reference box style."

e Figure 1.3: The transition from fetal to neonatal circulation. Al-generated using the
prompt: "Create a professional educational diagram titled Transition from Fetal to
Neonatal Circulation, showing the three fetal shunts and postnatal circulation side by
side. Clean clinical educational diagram style."

o Figure 1.4: The four mechanisms of neonatal heat loss. Al-generated using the prompt:
"Create a professional educational diagram titled Mechanisms of Neonatal Heat Loss,
illustrating evaporation, conduction, convection, and radiation in a delivery room setting.
Clean clinical educational diagram style."
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Series 2: The Outsized Baby: Preterm, Low
Birth Weight, and Macrosomia

Part 2.1: Preterm Birth: Definitions and Classification

o Sub Part 2.1.1: Definition and classification of preterm birth
o Sub Part 2.1.2: Definition and classification of low birth weight

o Sub Part 2.1.3: Causes and risk factors for preterm birth and low birth weight

Part 2.2: Problems and Management of the Preterm and Low Birth Weight Infant
o Sub Part 2.2.1: Respiratory and thermal problems of the preterm infant

o Sub Part 2.2.2: Feeding, infection, and neurological problems of the preterm
infant

o Sub Part 2.2.3: General principles of management of the preterm and low birth
weight infant

Part 2.3: Macrosomia: Definitions and Problems

o Sub Part 2.3.1: Definition and causes of macrosomia
o Sub Part 2.3.2: Intrapartum problems associated with macrosomia

o Sub Part 2.3.3: Metabolic and other problems associated with macrosomia

Part 2.4: Management of the Macrosomic Infant
o Sub Part 2.4.1: Immediate assessment and monitoring of the macrosomic infant
o SubPart 2.4.2: Management of hypoglycaemia in the macrosomic infant

o Sub Part 2:4.3: Ongoing care and follow up of the macrosomic infant

Introduction

In the last Series, we explored the normal newborn and the physiological changes that occur at
birth. We now turn to newborns at either end of the size spectrum, beginning with the preterm
and low birth weight infant, and concluding with the opposite extreme, the macrosomic, or
unusually large, infant. Picture a baby born at 30 weeks gestation weighing just over a kilogram,
alongside a baby born at term weighing almost 5 kilograms after a pregnancy complicated by
maternal diabetes. Both babies, though at opposite extremes, share an increased risk of
complications that require you to understand their specific problems and management.

r;j
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The aim of this Series is to equip you with the knowledge required to classify and understand the
causes of preterm birth, low birth weight, and macrosomia, and to recognise and manage the
problems associated with each.

This Series begins with the definitions and classification of preterm birth, before turning to
the problems and management of the preterm and low birth weight infant. Next, we
examine the definitions and problems of macrosomia, before concluding with its
management.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: define preterm birth and classify newborns by gestational age category,

e SLO 1.2: define low birth weight and classify newborns by birth weight category,

e SLO 1.3: describe the causes and risk factorsof preterm birth-and low birth weight,

e SLO 1.4: describe the common problems encountered in the preterm or low birth weight
infant,

e SLO 1.5: describe the general principles of management of the preterm or low birth
weight infant,

¢ SLO 1.6: define macrosomia,

e SLO 1.7: describe the causes and problems associated with macrosomia, and

e SLO 1.8: describe the management of the macrosomic infant.

2.1 Preterm Birth: Definitions and Classification
2.1.1 definition and classification of preterm birth
Gestational age drives risk more than any other single factor

Preterm birth is defined as birth occurring before 37 completed weeks of gestation, and is
further subdivided into categories that carry progressively increasing risk of complications: late
preterm, from 34 to less than 37 weeks, moderately preterm, from 32 to less than 34 weeks,
very preterm, from 28 to less than 32 weeks, and extremely preterm, before 28 weeks, a
classification system that reflects the strong, graded relationship between gestational age at birth
and the likelihood of significant neonatal complications.

-
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Preterm birth remains the leading cause of neonatal death worldwide, and a substantial
contributor to childhood morbidity even among survivors, meaning accurate classification by
gestational age is not simply descriptive but has direct, practical implications for anticipating the
specific problems a given infant is likely to face and planning appropriate care accordingly.

Fill in the blank: Preterm birth is defined as birth occurring before completed weeks
of gestation.

2.1.2 definition and classification of low birth weight

Low birth weight, defined as a birth weight below 2,500 grams regardless of gestational age, is
similarly subdivided by severity into very low birth weight, below 1,500 grams, and extremely
low birth weight, below 1,000 grams, and, while low birth weight often results from preterm
birth, it is important to recognise that a baby can be low birth weight while born at term, if
growth has been restricted in utero, or can be born preterm with a weight appropriate for
gestational age.

This distinction matters clinically, since a term, growth-restricted infant faces a different
pattern of risk, related to the underlying cause of growth restriction and reduced nutritional
reserves, compared with a preterm, appropriately grown infant, whose problems relate
predominantly to organ immaturity, meaning both gestational age and birth weight should
always be considered together, using a growth chart, rather than either factor being interpreted
in isolation.

Fill in the blank: Very low birth weight is defined as a birth weight below grams.
2.1.3 causes and risk factors for preterm birth and low birth weight

Causes of preterm birth are frequently multifactorial and include maternal infection,
particularly of the genital tract, multiple pregnancy, pre-eclampsia or other hypertensive
disorders of pregnancy, antepartum haemorrhage, and, in a substantial proportion of cases,
no clearly identifiable cause, reflecting the genuinely complex and incompletely understood
biology of normal labour initiation and its premature triggering.

Risk factors for low birth weight, whether through preterm birth or growth restriction, include
maternal malnutrition, maternal smoking or substance use, maternal short stature, young
or advanced maternal age, short interpregnancy interval, and chronic maternal illness,
many of which are potentially modifiable through improved access to antenatal care, nutrition
support, and broader public health measures targeting maternal health before and during
pregnancy.

r;j
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Fill in the blank: A substantial proportion of preterm births have no clearly identifiable

Figure 2.1: Physical appearance o erm infant compared with a term infant.

Pilot questions 2.1

irth a s four gestational age subcategories. (Linked to SLO 2.1)
nal age classification has direct clinical relevance. (Linked to SLO

e Define pret

.2 Problems and Management of the Preterm and Low Birth Weight Infant
2.2.1 respiratory and thermal problems of the preterm infant

R
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Immaturity affects nearly every organ system to some degree

The preterm infant is at particular risk of respiratory distress syndrome, resulting from
insufficient surfactant production, discussed in the previous Series, and causing progressive
respiratory difficulty in the hours after birth, together with apnoea of prematurity, pauses in
breathing related to immaturity of the central respiratory drive, both of which become
progressively less common as gestational age at birth increases.

Preterm infants are also at particular risk of thermal instability, given the mechanisms of heat
loss discussed in the previous Series combined with reduced subcutaneous fat and brown
adipose tissue reserves, meaning appropriate thermal care, including the use of an incubator or
radiant warmer, is an essential component of routine preterm care rather than an optional
consideration reserved only for the most unstable infants.

Fill in the blank: Respiratory distress syndrome in the preterm infant results from insufficient
production.

2.2.2 feeding, infection, and neurological problems of the preterm infant

Feeding difficulties are common in preterm infants, since the coordination of sucking,
swallowing, and breathing required for safe oral feeding 1s typically not well established before
around 34 weeks of gestation, meaning many preterm infants require nasogastric tube feeding,
either exclusively or to supplement oral feeds, until this coordination matures sufficiently for
safe, exclusive oral intake.

Preterm infants also have an immature immune system, increasing susceptibility to neonatal
infection, and are at increased risk of specific complications including intraventricular
haemorrhage, bleeding into the fluid-filled spaces of the brain related to the fragility of the
preterm cerebral vasculature; and, in the most immature infants, necrotising enterocolitis, a
serious inflammatory bowel condition, both of which carry significant implications for long-term
neurodevelopmental outcome if severe.

Fill in the blank: Coordination of sucking, swallowing, and breathing required for safe oral
feeding 1s typically not well established before around weeks.

2.2.3 general principles of management of the preterm and low birth weight
infant

Management of the preterm or low birth weight infant is fundamentally supportive, addressing
each of the specific problems described above as they arise, and includes appropriate
respiratory support, ranging from supplemental oxygen to more advanced forms of ventilatory
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support depending on severity, careful thermal care, and a structured, gradual approach to
establishing enteral feeding, often beginning with small volumes of trophic feeds even in the
sickest infants, since complete bowel rest is now recognised to carry its own risks to gut
development.

Kangaroo mother care, involving prolonged skin-to-skin contact between the infant a
parent, has been shown to improve thermal stability, breastfeeding rates, and survival,
particularly in resource-limited settings where advanced incubator technology ma
available, and is now recommended as a core component of preterm care glob
how a low-cost, low-technology intervention can meaningfully improve outco
more resource-intensive medical care.

Fill in the blank: Kangaroo mother care involves prolonged skin-to-skin act between the
infant and a

\%&angaroo mother care being provided to a preterm infant.

ilot questions 2.2

1. Describe two respiratory problems commonly seen in the preterm infant. (Linked to SLO
2.4)

-
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2. Explain why many preterm infants require nasogastric tube feeding. (Linked to SLO 2.4)

Define intraventricular haemorrhage and necrotising enterocolitis. (Linked to SLO 2.4)

4. Describe the general principles of management of the preterm infant. (Linked to SLO
2.5)

5. Describe kangaroo mother care and its benefits. (Linked to SLO 2.5)

[98)

2.3 Macrosomia: Definitions and Problems
2.3.1 definition and causes of macrosomia
Too much growth carries its own distinct risks

Macrosomia is generally defined as a birth weight above 4,000 grams, regardless of gestational
age, though some definitions use a threshold of 4,500 grams or a'birth weight above the 90th
centile for gestational age, termed large for gestational age, a related but distinct concept that
accounts for gestational age rather than using a fixed weight cut-off.

The most common and clinically important cause of macrosomia is maternal diabetes, whether
pre-existing or gestational diabetes, since maternal hyperglycaemia crosses the placenta and
stimulates excess fetal insulin production, which acts as a potent fetal growth hormone, and
other causes include maternal obesity, excessive gestational weight gain, multiparity, and,
less commonly, certain genetic overgrowth syndromes.

Fill in the blank: Macrosomia is generally defined as a birth weight above grams.
2.3.2 intrapartum problems associated with macrosomia

Macrosomia significantly increases the risk of intrapartum complications, most importantly
shoulder dystocia, in which the fetal shoulders become impacted behind the maternal pelvic
bones after delivery of the head, a genuine obstetric emergency that can result in brachial plexus
injury, clavicular fracture, or, in severe cases, birth asphyxia if not managed promptly and
appropriately by an experienced delivery team.

Macrosomia also increases the likelihood of prolonged or obstructed labour, instrumental
delivery, and caesarean section, and, even when vaginal delivery proceeds without shoulder
dystocia, macrosomic infants remain at somewhat increased risk of birth trauma more generally
compared with appropriately grown infants, reflecting the simple mechanical challenge of
delivering a larger than average infant through the maternal pelvis.

-
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Fill in the blank: Shoulder dystocia occurs when the fetal shoulders become impacted behind

the maternal pelvic

2.3.3 metabolic and other problems associated with macrosomia

Infants of diabetic mothers, a common cause of macrosomia, are at particular risk of neonatal
hypoglycaemia immediately after birth, since the high fetal insulin levels that drove excess
growth in utero persist for a period after birth while the maternal glucose supply has.abruptly
ceased, meaning routine glucose monitoring is essential in this group even in an otherwise

well-appearing infant.

Macrosomic infants, particularly those born to diabetic mothers, are also at increased risk of

polycythaemia, an abnormally high red blood cell concentration, hyperbilirubinaemia, and,
less commonly, hypertrophic cardiomyopathy, a thickening of the heart muscle that is usually
transient and resolves over the following weeks to months as the excess insulin stimulus resolves

after birth.

Fill in the blank: Infants of diabetic mothers are at particular risk of neonatal

immediately after birth.

Table 2.3: Classification of birth weight and gestational age categories.

Category Definition
Low birth weight Birth weight below 2,500 grams
Very low birth weight Birth weight below 1,500 grams

Extremely low birth weight

Birth weight below 1,000 grams

Late preterm

34 to less than 37 completed weeks of gestation

Very preterm

28 to less than 32 completed weeks of gestation

Macrosomia

Birth weight above 4,000 grams

Pilot questions 2.3

1. Define macrosomia and large for gestational age. (Linked to SLO 2.6)
2. Describe the most common and clinically important cause of macrosomia. (Linked to

SLO 2.7)

3. Define shoulder dystocia and list two possible complications. (Linked to SLO 2.7)
4. Explain why infants of diabetic mothers are at risk of neonatal hypoglycaemia. (Linked to

SLO 2.7)

5. List two other metabolic or cardiac complications associated with macrosomia. (Linked

to SLO 2.7)

-
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2.4 Management of the Macrosomic Infant

2.4.1 immediate assessment and monitoring of the macrosomic infant
Anticipating problems before they become emergencies

Immediate assessment of a macrosomic infant should include careful examination for evidence
of birth trauma, particularly brachial plexus injury, assessed by examining arm-movement
and grip on the affected side, and clavicular fracture, assessed by palpating for tenderness,
swelling, or crepitus along the clavicle, both of which should be actively sought given the
increased risk in this group, even in an infant who otherwise appears well.

Routine blood glucose monitoring should be established promptly, typically before the first
feed and then at regular intervals over the following 24 to 48 heurs, particularly in infants of
diabetic mothers, since asymptomatic hypoglycaemia is common in this gtoup and can be
identified and corrected before it becomes clinically significantif monitored proactively rather
than only in response to symptoms.

Fill in the blank: Blood glucose monitoring in'a macrosomic mfant should typically be
established before the first

2.4.2 management of hypoglycaemia in the macrosomic infant

Where hypoglycaemia is identified, management depends on severity and the infant's clinical
condition, with early, frequent breastfeeding or, where needed, supplemental formula or
expressed breast milk, generally sufficient for mild, asymptomatic hypoglycaemia, while more
significant or symptomatic hypoglyecaemia, presenting with jitteriness, poor feeding, lethargy,
or, in severe cases, seizutes, requires more active treatment, potentially including intravenous
dextrose.

The overall goal of glucose management is to maintain blood glucose above the locally accepted
threshold while minimising unnecessary separation of mother and infant or interruption of
breastfeeding wherever the infant's clinical condition safely allows, reflecting a broader shift in
neonatal practice towards supporting normal mother-infant bonding and breastfeeding
establishment wherever compatible with safe clinical care.

Fill in the blank: The overall goal of glucose management is to maintain blood glucose above
the locally accepted

2.4.3 ongoing care and follow up of the macrosomic infant

-
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Beyond the immediate postnatal period, macrosomic infants, particularly those born to mothers
with diabetes, should be monitored for resolution of transient complications such as
polycythaemia and hyperbilirubinaemia, discussed earlier in this Part, and, where hypertrophic
cardiomyopathy was identified, followed up to confirm its expected gradual resolution over the
following weeks to months.

Longer term, infants born macrosomic, particularly to a mother with diabetes, carry a modestly
increased lifelong risk of obesity and type 2 diabetes themselves, meaning general paediatric
follow up should include ongoing attention to healthy growth trajectory and lifestyle factors as
the child grows, reflecting the way early life exposures identified in this Series can have
implications reaching well beyond the immediate newborn period.

Fill in the blank: Infants born macrosomic to a mother with diabetes carry a modestly increased
lifelong risk of obesity and type 2

Figure 2.4: Examination of a newborn for brachial plexus injury following a macrosomic
delivery.

Pilot questions 2.4

1. Describe the immediate assessment of a macrosomic infant for possible birth trauma.
(Linked to SLO 2.8)

2. Describe the general timing and frequency of glucose monitoring in a macrosomic infant.
(Linked to SLO 2.8)

-
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3. Describe the management of mild, asymptomatic neonatal hypoglycaemia. (Linked to
SLO 2.8)

4. Describe the management of significant or symptomatic neonatal hypoglycaemia.
(Linked to SLO 2.8)

5. Describe the longer-term risks associated with having been born macrosomic to a diabetic
mother. (Linked to SLO 2.8)

-
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Series Summary

This Series examined the outsized baby, beginning with the definitions and classification of
preterm birth and low birth weight, before turning to their common problems and general
principles of management.

We then examined macrosomia, its definitions and associated problems, before concluding with
its management, including the assessment and treatment of neonatal hypoglycaemia. Having
worked through this Series, you should now be able to classify and manage newborns at either
extreme of size. The next Series turns to neonatal sepsis and tetanus.

Glossary of Terms

P LD

. Preterm birth: birth occurring before 37 completed weeks of gestation.

Low birth weight: a birth weight below 2,500 grams, regardless of gestational age.
Very low birth weight: a birth weight below 1,500 grams.

Respiratory distress syndrome: respiratory difficulty in a preterm infant resulting from
insufficient surfactant.

Apnoea of prematurity: pauses in breathing related to immaturity of the central
respiratory drive in a preterm infant.

Necrotising enterocolitis: a serious inflammatory bowel condition particularly affecting
the most preterm infants.

Kangaroo mother care: prolonged skin-to-skin contact between a preterm infant and a
parent, improving thermal stability and outcomes.

Macrosomia: a birth weight generally defined as above 4,000 grams, regardless of
gestational age.

Large for gestational age: a birth weight above the 90th centile for gestational age.

10. Shoulder dystocia: impaction of the fetal shoulders behind the maternal pelvic bones

after delivery of the head.

11. Brachial plexus injury: nerve injury to the arm, a possible complication of shoulder

dystocia.

12. Infant of a diabetic mother: an infant born to a mother with pre-existing or gestational

-

diabetes, at increased risk of macrosomia and hypoglycaemia.
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Concept Check Questions [Series 2]

Objective questions

e Preterm birth is defined as birth occurring before completed weeks of
gestation.

e Very low birth weight is defined as a birth weight below grams.

o Respiratory distress syndrome in the preterm infant results from insufficient
production.

e Macrosomia is generally defined as a birth weight above grams.

o Infants of diabetic mothers are at particular risk of neonatal immediately after
birth.

Short-answer questions

List the four gestational age subcategories of preterm birth.

Distinguish a term, growth-restricted infant from a preterm, appropriately grown infant.
List two respiratory or thermal problems of the preterm infant.

Define shoulder dystocia and list one possible complication.

Describe the management of mild, asymptomatic neonatal hypoglycaemia.

AR e

Long-answer questions

6. Discuss the classification of preterm birth and low birth weight. (Linked to SLO 2.1, SLO
2.2)

7. Discuss the causes and risk factors for preterm birth and low birth weight. (Linked to
SLO 2.3)

8. Discuss the common problems of the preterm or low birth weight infant and their general
management. (Linked.to SLO 2.4, SLO 2.5)

9. Discuss the causes and problems associated with macrosomia. (Linked to SLO 2.6, SLO
2.7)

10. Discuss the management of the macrosomic infant, including glucose monitoring.
(Linked to SLO 2.8)

Answers to Concept Check Questions [Series 2]
Objective questions

11.37.

-
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12. 1,500.

13. Surfactant.

14. 4,000.

15. Hypoglycaemia.

Short-answer questions

16. Late preterm, moderately preterm, very preterm, and extremely preterm.

17. A term, growth-restricted infant has reduced nutritional reserves from in utero growth
restriction, while a preterm, appropriately grown infant has problems mainly related to
organ immaturity.

18. Respiratory distress syndrome and apnoea of prematurity, or thermal instability.

19. Shoulder dystocia is impaction of the fetal shoulders behind the maternal pelvic bones; a
complication is brachial plexus injury.

20. Early, frequent breastfeeding or supplemental feeding is generally sufficient for mild,
asymptomatic hypoglycaemia.

Long-answer questions

21. Basic response: Preterm birth is classified into late, moderately, very, and extremely
preterm categories, while low birth weight 1s ¢lassified into low, very low, and extremely
low birth weight.

Value-added response: Both gestational age and birth weight should be considered together
using a growth chart, since a term infant can be low birth weight through growth restriction
independent of prematurity.

22. Basic response: Causes of preterm birth include maternal infection, multiple pregnancy,
and pre-eclampsia, often with no clearly identifiable cause, while low birth weight risk
factors include maternal malnutrition and smoking.

Value-added response: Many of these risk factors are potentially modifiable through improved
antenatal care and maternal health support, offering opportunities for prevention.

23. Basic response: Preterm infants face respiratory distress syndrome, apnoea, feeding
difficulties, infection risk, and complications such as intraventricular haemorrhage or
necrotising enterocolitis, managed supportively.

Value-added response: Kangaroo mother care is a low-cost intervention that improves thermal
stability, breastfeeding, and survival, and is recommended as a core component of preterm care
globally.

-
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24. Basic response: Macrosomia is most commonly caused by maternal diabetes, and
increases the risk of shoulder dystocia, birth trauma, and prolonged or obstructed labour.

Value-added response: Infants of diabetic mothers are also at risk of hypoglycaemia,
polycythaemia, hyperbilirubinaemia, and transient hypertrophic cardiomyopathy after birth.

25. Basic response: Management of the macrosomic infant includes assessment for birth
trauma and routine glucose monitoring, with treatment of hypoglycaemia guided by
severity and symptoms.

Value-added response: Longer-term follow up should address the modestly increased lifelong
risk of obesity and type 2 diabetes in infants born macrosomic to a diabetic mother.

Answers to Pilot Questions [Series 2]
Part 2.1

1. Preterm birth is birth before 37 weeks; subcategories are late, moderately, very, and
extremely preterm.

2. Gestational age classification helps anticipate the specific problems a given infant is
likely to face.

3. Low birth weight is below 2,500 g, very low birth weight below 1,500 g, and extremely
low birth weight below 1,000 g.

4. A term, growth-restricted infant has reduced reserves from in utero restriction, while a
preterm, appropriately grown infant’s problems relate to organ immaturity.

5. Maternal malnutrition, smoking, and chronic maternal illness are risk factors.

Part 2.2

6./ Respiratory distress syndrome and apnoea of prematurity are common respiratory
problems.

7. Coordination of sucking, swallowing, and breathing is typically not established before
around 34 weeks.

8. Intraventricular haemorrhage is bleeding into the brain’s fluid spaces; necrotising
enterocolitis is a serious inflammatory bowel condition.

9. Management is supportive, addressing respiratory support, thermal care, and gradual
establishment of feeding.

10. Kangaroo mother care is skin-to-skin contact that improves thermal stability,
breastfeeding, and survival.

-
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Part 2.3

11. Macrosomia is birth weight above 4,000 g; large for gestational age is above the 90th
centile for gestational age.

12. Maternal diabetes, through fetal hyperinsulinism, is the most common and important
cause.

13. Shoulder dystocia is impaction of the shoulders behind the maternal pelvis; complications
include brachial plexus injury.

14. Persistent fetal insulin after birth, combined with abrupt loss of maternal glucose supply,
causes hypoglycaemia.

15. Polycythaemia and hyperbilirubinaemia, or transient hypertrophic cardiomyopathy, are
further complications.

Part 2.4

1. Assessment includes checking arm movement for brachial plexus injury and palpating the
clavicle for fracture.

2. Glucose monitoring should begin before the first feed and continue over the following 24
to 48 hours.

3. Early, frequent breastfeeding or supplemental feeding is generally sufficient for mild,
asymptomatic cases.

4. Symptomatic hypoglycaemiarequires more active treatment, potentially including
intravenous dextrose.

5. A modestly increased lifelong risk of obesity and type 2 diabetes.

-
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Figures, Plates, Tables, and Boxes

1. Figure 2.1: Physical appearance of a preterm infant compared with a term infant. Al-
generated using the prompt: "A realistic, respectful clinical illustration showing a preterm
newborn infant lying in an incubatot, with thin translucent skin and minimal
subcutaneous fat, next to a term newborn infant for size and appearance comparison.
Single clean medical illustration, soft clinical lighting, no text overlays, no multiple
panels, accurate anatomical proportions."

2. Figure 2.2: Kangaroo mother care being provided to a preterm infant. Al-generated using
the prompt: "A warm, realistic clinical illustration of a parent providing kangaroo mother
care, holding a small preterm infant skin-to-skin, upright against their bare chest, both
wrapped gently in a light blanket. Single clean medical illustration, soft warm lighting, no
text overlays, no multiple panels, respectful and accurate depiction."”

3. Table 2.3: Classification of birth weight and gestational age categories. Al-generated
using the prompt: "Create a clean reference table titled Birth Weight and Gestational Age
Classification, listing category and definition. Simple clinical reference table style with
outside border."

4. <Figure 2.4: Examination of a newborn for brachial plexus injury following a macrosomic
delivery. Al-generated using the prompt: "A realistic clinical illustration of a clinician
gently examining a newborn infant’s arm and shoulder movement on an examination
table, checking for symmetry of movement, in a calm nursery setting. Single clean
medical illustration, soft clinical lighting, no text overlays, no multiple panels, accurate
and respectful depiction."
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Series 3: Neonatal Sepsis and Tetanus

Part 3.1: Neonatal Sepsis: Definition, Classification, and Risk Factors
o Sub Part 3.1.1: Definition and classification of neonatal sepsis
o Sub Part 3.1.2: Causative organisms of neonatal sepsis

o Sub Part 3.1.3: Risk factors for neonatal sepsis

Part 3.2: Clinical Features, Diagnosis, and Management of Neonatal Sepsis
o Sub Part 3.2.1: Clinical features of neonatal sepsis
o Sub Part 3.2.2: Diagnosis and investigation of neonatal sepsis

o Sub Part 3.2.3: Management of neonatal sepsis

Part 3.3: Neonatal Tetanus: Pathophysiology and Clinical Features
o Sub Part 3.3.1: Causative organism and-pathophysiology of neonatal tetanus
o Sub Part 3.3.2: Clinical features of neonatal tetanus

o Sub Part 3.3.3: Differential diagnosis and complications of neonatal tetanus

Part 3.4: Prevention and Management of Neonatal Tetanus
o Sub Part 3.4.1: Prevention of neonatal tetanus using the levels of prevention
o Sub Part 3.4.2: Specific interventions for the prevention of neonatal tetanus

o Sub Part 3.4:3: Management of neonatal tetanus

Introduction

In the last Series, we explored the outsized baby, preterm, low birth weight, and macrosomic
infants. We now turn to two of the most important infective causes of neonatal death worldwide,
neonatal sepsis and neonatal tetanus. Picture a five day old infant brought in because he has
stopped feeding well and feels unusually cool to touch, alongside a different infant, delivered at
home with an unhygienic cord practice, who now presents with an inability to open his mouth to
feed. Both presentations, though caused by different organisms, reflect the profound
vulnerability of the newborn to infection, and recognising and treating them promptly can be
genuinely life-saving.

The aim of this Series is to equip you with the knowledge required to recognise, diagnose, and
manage neonatal sepsis and neonatal tetanus, and to understand the preventive strategies that
reduce the burden of both conditions.

r;j
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This Series begins with the definition, classification, and risk factors of neonatal sepsis,
before turning to its clinical features, diagnosis, and management. Next, we examine the
pathophysiology and clinical features of neonatal tetanus, before concluding with its
prevention and management.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: define neonatal sepsis and classify it by time of onset,

e SLO 1.2: describe the risk factors for neonatal sepsis,

e SLO 1.3: describe the clinical features of neonatal sepsis,

e SLO 1.4: describe the diagnosis and investigation of neonatal sepsis,

e SLO 1.5: describe the management of neonatal sepsis,

e SLO 1.6: describe the pathophysiology of neonatal tetanus,

e SLO 1.7: recognise the clinical features of neonatal tetanus, and

e SLO 1.8: describe the prevention and management of neonatal tetanus.

3.1 Neonatal Sepsis: Definition, Classificationgand Risk Factors
3.1.1 definition and classification of neonatal sepsis

Timing of onset points strongly towards the likely source

Neonatal sepsis.is defined as a clinical syndrome of systemic illness caused by bacterial, and
less commonly viral or fungal, infection occurring within the first 28 days of life, and remains
one of the leading causes of neonatal death worldwide, particularly in low resource settings
whereaccess to prompt recognition and treatment may be limited. The condition can progress
rapidly, since the newborn's immune system is relatively immature compared with that of an
older child, meaning what begins as a localised or subtle infection can escalate to overwhelming
systemic illness, including septic shock, within a matter of hours if not identified and treated
promptly, making a high index of clinical suspicion essential in any unwell-appearing newborn.

Neonatal sepsis is classified by time of onset into early-onset sepsis, presenting within the first
72 hours of life, and late-onset sepsis, presenting from 72 hours up to 28 days of life, a
distinction that carries genuine clinical importance because the two categories differ
considerably in their likely underlying source and causative organism. Early-onset sepsis
typically reflects vertical transmission from the mother, whether during pregnancy, labour, or
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delivery, while late-onset sepsis more often reflects horizontal transmission acquired from the
postnatal environment, such as the hospital nursery or the home, a distinction that directly
informs both the differential diagnosis and the choice of empirical antibiotic therapy discussed
later in this Series.

Fill in the blank: Early-onset neonatal sepsis presents within the first hours of life.
3.1.2 causative organisms of neonatal sepsis

The causative organisms of neonatal sepsis differ somewhat by setting and by category of onset,
though Group B Streptococcus and Escherichia coli remain among the most important causes
of early-onset sepsis in many parts of the world, reflecting organisms commonly present within
the maternal genital tract that can ascend into the amniotic fluid or be acquired during passage
through the birth canal. In many low and middle income settings, including much of sub-Saharan
Africa, a broader range of Gram-negative organisms also contributes substantially to the
overall burden of early-onset disease, reflecting differences in maternal.colonisation patterns,
intrapartum practices, and access to preventive interventions such as-intrapartum antibiotic
prophylaxis where indicated.

Late-onset sepsis is more commonly associated with organisms acquired from the postnatal
environment, including coagulase-negative staphylococci, particularly relevant in hospitalised,
and especially preterm, infants exposed to invasive devices such as intravenous lines, together
with Staphylococcus aureus, various Gram-negative organisms, and, particularly in preterm
infants, fungal organisms such-as Candida species, especially where prolonged broad-spectrum
antibiotic use has already disrupted normal protective flora and created an opportunity for fungal
overgrowth to occur.

Fill in the blank: Group B Streptococcus and remain among the most important
causes of early-onset neonatal sepsis.

3.1.3 risk factors for neonatal sepsis

Risk factors for early-onset sepsis relate predominantly to the maternal and intrapartum period,
and include maternal Group B Streptococcus colonisation, particularly where intrapartum
antibiotic prophylaxis was not given or was inadequate, prolonged rupture of membranes,
generally defined as longer than 18 hours before delivery, maternal fever during labour,
suggesting possible chorioamnionitis, and prematurity itself, which independently increases
susceptibility to infection through both reduced maternal antibody transfer, which occurs
predominantly in the third trimester, and general immune immaturity affecting nearly every arm
of the neonatal immune response.
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Risk factors for late-onset sepsis relate more to the postnatal environment and include prolonged
hospitalisation, particularly in a neonatal intensive care unit, the presence of invasive devices
such as central lines, umbilical catheters, or endotracheal tubes, each providing a potential route
of entry for organisms, prolonged parenteral nutrition, and, more broadly, poor hand hygiene
practices among caregivers and healthcare staff, all of which increase the opportunity for
horizontal transmission of organisms into an already vulnerable infant.

Fill in the blank: Prolonged rupture of membranes is generally defined as longer than
hours before delivery.

Table 3.1: Comparing early-onset and late-onset neonatal sepsis.

Feature Early-onset sepsis Late-onset sepsis
Timing Within 72 hours of birth 72-hours to 28 days of life
Usual source Vertical, maternal transmission Hor} Zggal, poStltatal
environment
Tvpical oreanisms Group B Streptococcus, Coagulase-negative
yp & Escherichia coli staphylococci, Candida species
Maternal GBS colonisation, Invasive devices, prolonged

Key risk factors prolonged rupture of membranes | hospitalisation

Pilot questions 3.1

o Define neonatal sepsis-and distinguish early-onset from late-onset by timing. (Linked to
SLO 3.1)

o Explain why the newborn is particularly vulnerable to rapid progression of sepsis.
(Linked to SLO 3.1)

o Name two.organisms commonly responsible for early-onset neonatal sepsis. (Linked to
SLO 3.2)

o List threetisk factors for early-onset neonatal sepsis. (Linked to SLO 3.3)

List three risk factors for late-onset neonatal sepsis. (Linked to SLO 3.3)

3.2 Chnical Features, Diagnosis, and Management of Neonatal Sepsis
3:2.1 clinical features of neonatal sepsis
Signs are frequently subtle and non-specific

The clinical features of neonatal sepsis are frequently non-specific, meaning the presentation can
closely mimic other, non-infective causes of newborn illness, and can include temperature
instability, presenting as either fever or, particularly in preterm infants, hypothermia, lethargy

-
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or irritability, poor feeding, respiratory distress, apnoea, tachycardia or, in more advanced
illness, bradycardia, poor perfusion, and abdominal distension, with the specific combination
and severity of features varying considerably between infants and evolving over the course of the
illness.

Because these features are so frequently subtle and easily attributable to other causes,
particularly in the early stages, a high index of clinical suspicion is essential in any newborn
who simply does not look well, or whose caregiver reports a change in behaviour,.even in the
absence of a single, clearly localising sign, since a delay in recognition and treatment of neonatal
sepsis carries a genuinely serious risk of rapid deterioration, and clinicians caring for newborns
should maintain a consistently low threshold for further evaluation whenever sepsis is even a
reasonable possibility.

Fill in the blank: Temperature instability in neonatal sepsis can-present as fever or, particularly
in preterm infants,

3.2.2 diagnosis and investigation of neonatal sepsis

Diagnosis of neonatal sepsis relies on a combination of clinical suspicion, supported by relevant
risk factors and clinical features, together with laberatory investigation, most importantly
blood culture, obtained ideally before starting antibiotics wherever this does not meaningfully
delay treatment, since identifying the causative organism and its antibiotic sensitivity pattern is
essential for guiding and, where possible, narrowing subsequent therapy. A full blood count,
assessing the total and differential white cell count together with the platelet count, and C-
reactive protein or other inflammatory markers, provide additional supporting evidence,
though none of these tests is sufficiently sensitive or specific to be relied upon in isolation to rule
sepsis in or out.

Where clinically indicated, further investigations may include lumbar puncture to assess for
meningitis, a serious and relatively common complication of neonatal sepsis given how readily
infection can spread to.the central nervous system in this age group, urine culture, particularly
relevant in late-onset disease, and a chest radiograph where respiratory symptoms are
prominent, with the specific combination of investigations tailored to the individual infant's
presenting features and risk profile rather than following a single, rigid protocol applied
uniformly to every case.

Fill in the blank: A lumbar puncture is performed in suspected neonatal sepsis to assess for

3.2.3 management of neonatal sepsis
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Management of suspected neonatal sepsis requires prompt empirical antibiotic therapy,
generally with a combination covering the most likely causative organisms for the relevant
category of onset, started as soon as possible after appropriate cultures have been obtained, since
delaying treatment while awaiting culture results carries a genuine and potentially serious risk
given how rapidly the condition can progress in this age group. Empirical choices are typically
guided by local antimicrobial resistance patterns and adjusted once culture and sensitivity
results become available, allowing therapy to be appropriately narrowed or, where a specific
resistant organism is identified, broadened as needed.

Alongside antibiotic therapy, supportive care is essential, including careful attention to thermal
regulation, fluid and electrolyte balance, respiratory support where needed, and, in infants
with evidence of poor perfusion or shock, circulatory support, since the overall outcome of
neonatal sepsis depends not only on appropriate antimicrobial choice but equally on the quality
of this broader supportive care provided throughout the acute illness and recovery period.

Fill in the blank: Empirical antibiotic therapy for neonatal sepsis 1s typically guided by local
antimicrobial patterns.

Figure 3.2: A newborn infant showing clinical signs of sepsis.
Pilot questions 3.2

1. List five clinical features suggestive of neonatal sepsis. (Linked to SLO 3.3)
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2. Explain why a high index of suspicion is essential when evaluating a newborn for sepsis.
(Linked to SLO 3.3)

3. Describe the role of blood culture in diagnosing neonatal sepsis. (Linked to SLO 3.4)

4. Explain why lumbar puncture may be performed in suspected neonatal sepsis. (Linked. to
SLO 3.4)

5. Describe the general principles of managing suspected neonatal sepsis. (Linked to SLO
3.5)

3.3 Neonatal Tetanus: Pathophysiology and Clinical Features
3.3.1 causative organism and pathophysiology of neonatal tetanus

A toxin, not the organism itself, causes the clinical picture

Neonatal tetanus is caused by Clostridium tetani, an anaerobic, spore-forming bacterium
found widely in soil and, importantly for this condition, capable of contaminating the umbilical
stump when unhygienic delivery practices or traditional cord care methods, such as applying
soil, ash, or animal dung to the freshly cut cord, introduce spores into the wound. Once
introduced into an anaerobic environment such as devitalised umbilical tissue, the spores
germinate, and the resulting vegetative bacteria produce a potent exotoxin, tetanospasmin,
which is responsible for essentially all of the clinical manifestations of the disease rather than the
bacterium itself causing direct tissue invasion or systemic spread.

Tetanospasmin travels along peripheral motor nerve axons to reach the central nervous
system, where it blocks the release of inhibitory neurotransmitters, particularly glycine and
gamma-aminobutyric acid, at the level of the spinal cord, and this loss of normal inhibitory
control results in unopposed; sustained muscle contraction, producing the characteristic
generalised rigidity and severe, often triggered, muscle spasms that define the clinical picture of
tetanus; @ mechanism that also explains why the disease, once toxin has reached and bound to
nerve tissue, cannot be reversed simply by killing the remaining bacteria alone.

Fillin the blank: The tetanus toxin, tetanospasmin, blocks the release of inhibitory
neurotransmitters, particularly glycine and

3.3.2 clinical features of neonatal tetanus
Neonatal tetanus classically presents within the first 3 to 14 days of life, most commonly around

the end of the first week, in an infant who was initially feeding and behaving normally, a pattern
that reflects the time required for toxin production, transport, and binding after the initial
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umbilical contamination. The earliest and most characteristic feature is progressive difficulty
feeding, or inability to suck, resulting from trismus, or lockjaw, caused by rigidity of the
muscles of mastication, and this feeding difficulty, in a previously well infant with a history of
an unhygienic delivery or cord care practice, should immediately raise strong suspicion for the
diagnosis.

As the disease progresses, the infant develops generalised muscle rigidity, a characteristic facial
appearance termed risus sardonicus, in which sustained facial muscle spasm produces a fixed,
grimacing expression, and opisthotonus, severe arching of the back due to sustained spasm of
the spinal extensor muscles, together with intermittent, often violently painful spasms, which
can be spontaneous or triggered by minimal external stimuli such as touch, light, or sound, and,
in severe cases, can compromise breathing sufficiently to cause life-threatening respiratory
failure.

Fill in the blank: Difficulty feeding in neonatal tetanus results from trismus, caused by rigidity
of the muscles of

3.3.3 differential diagnosis and complications of neonatal tetanus

The differential diagnosis of neonatal tetanus includes other causes of neonatal seizures or
abnormal movements, such as hypocalcaemia or hypeglycaemia, discussed further in the next
Series, neonatal sepsis or meningitis, and other, rarer causes of generalised rigidity, though the
characteristic clinical picture of preserved consciousness, trismus, and spasms triggered by
minimal stimulation, together with the relevant history of unhygienic cord care, generally allows
a confident clinical diagnosis without the need for extensive additional investigation in a typical
presentation.

Complications of severe neonatal tetanus include respiratory failure from spasm affecting the
muscles of respiration, aspiration pneumonia, related to feeding difficulty and impaired airway
protection during spasms, autonomic instability, including significant fluctuations in blood
pressure and heart rate in more severe disease, and, without access to appropriate supportive
carey particularly mechanical ventilation where needed, a genuinely high risk of death,
underscoring why neonatal tetanus, despite being entirely preventable, remains a significant
contributor to neonatal mortality in settings where preventive measures have not been fully
implemented.

Fill in the blank: A key differential diagnosis for neonatal tetanus is hypocalcaemia,
hypoglycaemia, or neonatal
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Figure 3.3: Characteristic facial appearance and posture of a newborn with tetanus.

Pilot questions 3.3

1. Describe how Clostridium tetani typically contaminates the umbilical stump. (Linked to
SLO 3.6)

2. Explain the mechanism by which tetanospasmin causes muscle rigidity and spasm.
(Linked to SLO 3.6)

3. Describe the typical timing and earliest feature of neonatal tetanus. (Linked to SLO 3.7)

4./ Define risus sardonicus and opisthotonus. (Linked to SLO 3.7)

5. List two important differential diagnoses for neonatal tetanus. (Linked to SLO 3.7)

34 Prevention and Management of Neonatal Tetanus

3.4.1 prevention of neonatal tetanus using the levels of prevention
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Prevention operates at several distinct levels

Prevention of neonatal tetanus is best understood through the classic framework of five levels of
prevention. Primordial prevention addresses the broadest underlying social determinants, such
as improving general access to skilled birth attendance and health education within a community.
Primary prevention includes maternal tetanus toxoid immunisation during pregnancy or,
ideally, before pregnancy, which allows protective maternal antibodies to cross the placenta
and protect the infant during the vulnerable neonatal period, together with promotion. of clean
delivery practices, particularly clean cord care, avoiding the application of any traditional
substances to the umbilical stump.

Secondary prevention involves early detection of cases and prompt treatment to prevent
progression and complications once early symptoms have appeared, discussed further in the next
sub-Part, while tertiary prevention focuses on minimising disability and supporting
rehabilitation in infants who survive severe disease, and quaternary prevention, avoiding
unnecessary or excessive medical intervention, is relevant in ensuring management remains
proportionate to genuine clinical need rather than exposing recovering infants to avoidable
additional risk, together forming a comprehensive framework spanning from broad community
level measures through to individual patient care.

Fill in the blank: Maternal tetanus toxoid immunisation is an example of prevention.
3.4.2 specific interventions for the prevention of neonatal tetanus

The single most impactful specific intervention for preventing neonatal tetanus is maternal
tetanus toxoid vaccination, delivered as a structured schedule of doses during pregnancy, or
ideally established through routine childhood and adolescent immunisation well before
pregnancy occurs, since adequately immunised mothers transfer sufficient protective antibody to
their infants to prevent the disease even if some degree of cord contamination occurs during
delivery, making maternal immunisation coverage one of the single most important population-
level determinants of neonatal tetanus incidence in any given setting.

Alongside maternal immunisation, promotion of clean delivery practices remains essential,
including delivery by a skilled birth attendant wherever possible, use of a clean delivery kit
containing a sterile blade and clean materials for cord cutting and tying, and clear public health
messaging actively discouraging the application of traditional substances such as ash, soil, or
animal dung to the umbilical stump, a combination of interventions that, where consistently
implemented, has allowed many countries and regions to achieve maternal and neonatal
tetanus elimination as a public health problem.
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Fill in the blank: A clean delivery kit typically contains a sterile blade and clean materials for
cord

3.4.3 management of neonatal tetanus

Management of confirmed or strongly suspected neonatal tetanus requires hospital admission,
ideally to a quiet, dimly lit environment with minimal external stimulation, since noise, light,
and unnecessary handling can readily trigger painful spasms in an affected infant, and includes
human tetanus immunoglobulin, where available, to neutralise any circulating, unbound toxin,
together with wound care of the umbilical stump to remove the ongoing source of toxin
production, and appropriate antibiotic therapy, typically metronidazole, directed against
Clostridium tetani itself.

Muscle relaxants, such as diazepam, are used to control spasms.and rigidity, with careful,
individualised dose titration, and supportive care is critical throughout, including careful
attention to feeding, often requiring nasogastric tube feeding given the trismus and risk of
aspiration, fluid balance, and, in the most severe cases with significant respiratory compromise,
mechanical ventilation, since with appropriate, intensive supportive care in a suitably resourced
setting, survival and full recovery is achievable even m infants who present with significant
disease severity.

Fill in the blank: Human tetanus immunoglobulin is given, where available, to neutralise any
circulating, unbound
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Figure 3.4: Clean cord care being demonstrated to a new mother.

Pilot questions 3.4

1. List the five levels of prevention and give an example of each as applied to neonatal
tetanus. (Linked to SLO 3.8)

2. Describe the single most impactful specific intervention for preventing neonatal tetanus.
(Linked to SLO 3.8)

3. List the components of a clean delivery kit and their purpose. (Linked to SLO 3.8)

4. Describe the role of human tetanus immunoglobulin in the treatment of neonatal tetanus.
(Linked to SLO 3.8)

5.. Describe the supportive care required for an infant with severe neonatal tetanus. (Linked

to SLO 3.8)
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Series Summary

This Series examined neonatal sepsis, beginning with its definition, classification by time of
onset, and risk factors, before turning to its clinical features, diagnosis, and management.

We then examined neonatal tetanus, its underlying pathophysiology and clinical features,
before concluding with its prevention, using the five levels of prevention, and management.
Having worked through this Series, you should now be able to recognise, diagnose, and manage
neonatal sepsis and neonatal tetanus, and understand the preventive strategies that reduce their
burden. The next Series turns to common neonatal metabolic problems.

Glossary of Terms

1.

10.

11.

Neonatal sepsis: a clinical syndrome of systemic illness caused by infection occurring
within the first 28 days of life.

Early-onset sepsis: neonatal sepsis presenting within the first 72 hours of life, typically
from vertical transmission.

Late-onset sepsis: neonatal sepsis presenting from 72 hours to 28 days of life, typically
from horizontal transmission.

Group B Streptococcus: a leading cause of early-onset neonatal sepsis, transmitted from
the maternal genital tract.

Prolonged rupture of membranes: rupture of membranes longer than 18 hours before
delivery, atisk factor for early-onset sepsis.

Clostridium tetani: the anaerobic, spore-forming bacterium that causes tetanus.

Tetanospasmin: the potent exotoxin produced by Clostridium tetani, responsible for the
clinical features of tetanus.

Trismus: lockjaw, or rigidity of the muscles of mastication, an early feature of neonatal
tetanus.

Risus sardonicus: a fixed, grimacing facial expression resulting from sustained facial
muscle spasm in tetanus.

Opisthotonus: severe arching of the back due to sustained spasm of the spinal extensor
muscles.

Maternal tetanus toxoid vaccination: immunisation of the mother that transfers
protective antibody to the infant, preventing neonatal tetanus.
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12. Clean delivery Kkit: a kit containing a sterile blade and clean materials to reduce infection
risk during delivery.

Concept Check Questions [Series 3]

Objective questions

o Early-onset neonatal sepsis presents within the first hours of life.
e Prolonged rupture of membranes is generally defined as longer than hours
before delivery.

e The tetanus toxin, tetanospasmin, blocks the release of inhibitory neurotransmitters,
particularly glycine and

» Difficulty feeding in neonatal tetanus results from trismus, caused by rigidity of the
muscles of

e Human tetanus immunoglobulin is given, where available, to neutralise any circulating,
unbound

Short-answer questions

Distinguish early-onset from late-onset neonatal sepsis by usual source.

List three risk factors for early-onset neonatal sepsis.

List four clinical features suggestive of neonatal sepsis.

Define risus sardonicus and opisthotonus.

Describe the single most impactful specific intervention for preventing neonatal tetanus.

AN e

Long-answer questions

6. Discuss theclassification, causative organisms, and risk factors of neonatal sepsis.
(Linked to SLO 3.1, SLO 3.2)

7.. Discuss the clinical features, diagnosis, and management of neonatal sepsis. (Linked to
SLO 3.3, SLO 3.4, SLO 3.5)

8. Discuss the pathophysiology and clinical features of neonatal tetanus. (Linked to SLO
3.6, SLO 3.7)

9. Discuss the prevention of neonatal tetanus using the five levels of prevention. (Linked to
SLO 3.8)

10. Discuss the management of confirmed neonatal tetanus. (Linked to SLO 3.8)

-
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Answers to Concept Check Questions [Series 3]

Objective questions

11.72.

12. 18.

13. Gamma-aminobutyric acid.
14. Mastication.

15. Toxin.

Short-answer questions

16. Early-onset sepsis typically results from vertical, maternal transmission, while late-onset
sepsis results from horizontal, postnatal environmental transmission.

17. Maternal Group B Streptococcus colonisation, prolonged rupture of membranes, and
maternal fever during labour.

18. Temperature instability, lethargy, poor feeding, respiratory distress, and poor perfusion.

19. Risus sardonicus is a fixed, grimacing facial expression, and opisthotonus is severe
arching of the back from spinal extensot spasm.

20. Maternal tetanus toxoid vaccination, which transfers protective antibody to the infant.

Long-answer questions

21. Basic response: Neonatal sepsis is classified as early-onset, within 72 hours from
vertical transmission, or late-onset, from 72 hours to 28 days from horizontal
transmission, with organisms and risk factors differing accordingly.

Value-added response: Group B Streptococcus and Escherichia coli predominate in early-onset
disease, while coagulase-negative staphylococci and Candida species are more typical of late-
onset disease acquired in hospital settings.

22. Basie response: Clinical features of neonatal sepsis are non-specific, including
temperature instability, lethargy, and poor feeding, diagnosed using blood culture, full
blood count, and inflammatory markers, and managed with prompt empirical antibiotics.

Value-added response: Lumbar puncture may be needed to assess for meningitis, and
supportive care, including thermal, fluid, and respiratory support, is equally important alongside
antimicrobial therapy.

23. Basic response: Neonatal tetanus is caused by Clostridium tetani contaminating the
umbilical stump, with the toxin tetanospasmin blocking inhibitory neurotransmission and
causing rigidity and spasms.

3-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION
STUDENTS



Value-added response: The disease classically presents within 3 to 14 days with trismus and
feeding difficulty, progressing to risus sardonicus, opisthotonus, and potentially life-threatening
spasms affecting respiration.

24. Basic response: Prevention operates across five levels, from broad primordial measures
through maternal tetanus toxoid vaccination and clean delivery practices as primary
prevention, to prompt treatment and rehabilitation.

Value-added response: Maternal immunisation is the single most impactful specific
intervention, since adequately immunised mothers transfer protective antibody that prevents
disease even with some cord contamination.

25. Basic response: Management of neonatal tetanus requires a quiet, minimal-stimulation
environment, human tetanus immunoglobulin, wound care, antibiotics, and muscle
relaxants to control spasms.

Value-added response: Supportive care, including nasogastric feeding and, in severe cases,
mechanical ventilation, is essential, and full recovery is achievable with appropriate intensive
care even in severe disease.

Answers to Pilot Questions [Series 3]
Part 3.1

1. Neonatal sepsis 1s systemic illness from infection within the first 28 days; early-onset is
within 72 hours, late-onset from 72 hours to 28 days.

2. The newborn immune system is relatively immature, allowing rapid progression from
subtle infection to overwhelming systemic illness.

3. Group B Streptococcus and Escherichia coli are common causes of early-onset sepsis.

4./ Maternal GBS colonisation, prolonged rupture of membranes, and maternal fever are risk
factors for early-onset sepsis.

5. Prolonged hospitalisation, invasive devices, and prolonged parenteral nutrition are risk
factors for late-onset sepsis.

Part 3.2

6. Temperature instability, lethargy, poor feeding, respiratory distress, apnoea, and poor
perfusion are clinical features.

7. Features are often subtle and non-specific, so delayed recognition risks rapid, serious
deterioration.
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8. Blood culture identifies the causative organism and sensitivity pattern, guiding and
narrowing antibiotic therapy.

9. Lumbar puncture assesses for meningitis, a serious and relatively common complication
of neonatal sepsis.

10. Management requires prompt empirical antibiotics after cultures, alongside supportive
care for thermal, fluid, and respiratory needs.

Part 3.3

11. Clostridium tetani spores contaminate the umbilical stump through unhygienic delivery
or traditional cord care practices.

12. Tetanospasmin blocks inhibitory neurotransmitters at the spinal cord, causing unopposed,
sustained muscle contraction.

13. Neonatal tetanus typically presents within 3 to 14 days, with difficulty feeding from
trismus as the earliest feature.

14. Risus sardonicus is a fixed, grimacing facial expression; opisthotonus is severe arching of
the back.

15. Hypocalcaemia or hypoglycaemia, and neonatal sepsis or meningitis, are important
differential diagnoses.

Part 3.4

1. Primordial prevention improves general access to skilled care; primary prevention
includes maternal immunisation.and clean cord care; secondary prevention is prompt
treatment; tertiary prevention supports rehabilitation.

2. Maternal tetanus toxoid vaccination is the single most impactful specific intervention.

3. A clean delivery kit containsa sterile blade and clean materials for safe cord cutting and
tying.

4. Human tetanus immunoglobulin neutralises circulating, unbound toxin that has not yet
bound to nerve tissue.

5. ~Supportive caredincludes a quiet environment, nasogastric feeding, fluid balance, and, in
severe cases, mechanical ventilation.
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Figures, Plates, Tables, and Boxes
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Table 3.1: Comparing early-onset and late-onset neonatal sepsis. Al-generated using the
prompt: "Create a clean reference table titled Early-Onset versus Late-Onset Neonatal
Sepsis, comparing timing, source, organisms, and risk factors. Simple clinical reference
table style with outside border."

Figure 3.2: A newborn infant showing clinical signs of sepsis. Al-generated using the
prompt: "A realistic clinical illustration of an unwell-looking newborn infant lying in a
hospital cot, showing pale colour and lethargic posture, with a clinician gently assessing
the infant with a stethoscope. Single clean medical illustration, soft clinical lighting, no
text overlays, no multiple panels; respectful and accurate depiction."

Figure 3.3: Characteristic facial appearance and posture of a newborn with tetanus. Al-
generated using the prompt: "A realistic, respectful clinical illustration of a newborn
infant with a fixed grimacing facial expression and mild arching of the back, lying in a
dimly lit, quiet hospital cot appropriate for minimal-stimulation tetanus care. Single clean
medical illustration, no text overlays, no multiple panels, accurate and sensitively
depicted."

Figure 3.4: Clean cord care being demonstrated to a new mother. Al-generated using the
prompt: "A warm, realistic clinical illustration of a health worker gently demonstrating
clean umbilical cord care to a new mother holding her newborn infant, in a clean, well-lit
clinic setting. Single clean medical illustration, soft natural lighting, no text overlays, no
multiple panels, respectful and accurate depiction."
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Series 4: Common Neonatal Metabolic
Problems

Part 4.1: Introduction and Pathophysiology of Neonatal Metabolic Problems
o Sub Part 4.1.1: The shared physiological basis of neonatal metabolic adaptation
o Sub Part 4.1.2: General risk factors for neonatal metabolic problems

o Sub Part 4.1.3: The principle of screening at-risk infants

Part 4.2: Neonatal Hypoglycaemia
o Sub Part 4.2.1: Definition and causes of neonatal hypoglycaemia
o Sub Part 4.2.2: Clinical features of neonatal hypoglycaemia

o Sub Part 4.2.3: Diagnosis and management of neonatal hypoglycaemia

Part 4.3: Neonatal Hypocalcaemia
o Sub Part 4.3.1: Definition and causes of neonatal hypocalcaemia
o Sub Part 4.3.2: Clinical features of neonatal hypocalcaemia

o Sub Part 4.3.3: Diagnosis.and management of neonatal hypocalcaemia

Part 4.4: Neonatal Hypomagnesaemia
o Sub Part 4.4.1: Definition and causes of neonatal hypomagnesaemia
o Sub Part 4.4.2: The relationship between magnesium and calcium homeostasis

o Sub Part 4.4.3: Clinical features, diagnosis, and management of neonatal
hypomagnesaemia

Introduction

In the last Series, we explored neonatal sepsis and tetanus, two of the most important infective
threats to the newborn. We now turn to a different, but equally important, category of newborn
vulnerability, the metabolic problems that can arise as the infant establishes independent glucose,
calcium, and magnesium homeostasis after birth. Picture a newborn who becomes jittery and
unusually irritable within hours of delivery, and consider how you would distinguish this from
the many other possible explanations for an unsettled newborn. This Series builds the knowledge
required to recognise and manage the common metabolic disturbances of the neonatal period.
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The aim of this Series is to equip you with the knowledge required to understand the
pathophysiology of neonatal metabolic adaptation, and to recognise, diagnose, and manage
neonatal hypoglycaemia, hypocalcaemia, and hypomagnesaemia.

This Series begins with an introduction to the pathophysiology of neonatal metabolic
problems, before turning to neonatal hypoglycaemia. Next, we examine neonatal
hypocalcaemia, before concluding with neonatal hypomagnesaemia.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: describe the general pathophysiology of neonatal metabolic adaptation and its
disturbance,

e SLO 1.2: list the risk factors for common neonatal metabolic problems,

e SLO 1.3: define neonatal hypoglycaemia and describe its causes and clinical features,

e SLO 1.4: describe the diagnosis and management of neonatal hypoglycaemia,

e SLO 1.5: define neonatal hypocalcaemia and describe its causes and clinical features,

e SLO 1.6: describe the diagnosis and management of neonatal hypocalcaemia,

e SLO 1.7: define neonatal hypomagnesaemia and describe its causes and clinical features,
and

e SLO 1.8: describe the diagnosis and management of neonatal hypomagnesaemia.

4.1 Introduction and Pathophysiology of Neonatal Metabolic Problems
4.1.1 the shared physiological basis of neonatal metabolic adaptation

Three minerals, one common transition to independence

As introduced in Series 1 of this course, the newborn must rapidly establish independent
metabolic homeostasis immediately after birth, having previously relied on a continuous
transplacental supply of glucose, calcium, and magnesium throughout intrauterine life. This
abrupt transition from continuous maternal supply to intermittent, self-regulated intake and
endogenous production represents a genuine physiological challenge, and any infant whose
regulatory mechanisms are immature, overwhelmed, or otherwise impaired is at risk of failing
to maintain adequate levels of one or more of these substances during the vulnerable early
neonatal period.

-
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Although glucose, calcium, and magnesium homeostasis are regulated through distinct
hormonal and metabolic pathways, they share important clinical overlap, since disturbance of
any one of these three substances can produce remarkably similar, non-specific neurological
features in the newborn, including jitteriness, irritability, poor feeding, and, in more severe
cases, seizures, meaning clinicians must maintain a broad, structured approach to investigation
in any newborn presenting with these features rather than assuming a single specific cause based
on clinical presentation alone.

Fill in the blank: The newborn transitions from a continuous transplacental supply to an
intermittent, self-regulated intake of glucose, calcium, and

4.1.2 general risk factors for neonatal metabolic problems

Several groups of infants share an increased risk across all three. metabolic disturbances
discussed in this Series, reflecting overlapping underlying mechanisms of vulnerability. Preterm
infants have reduced substrate reserves, including glycogen, fat, and mineral stores, since the
majority of transplacental nutrient and mineral transfer occurs in the third trimester, meaning
an infant born before this period has missed a substantial proportion of normal accumulation.
Infants of diabetic mothers face a distinct but related risk, since chronic fetal hyperinsulinism,
discussed in the previous Series in the context of macrosomia, predisposes specifically to
hypoglycaemia and also increases the risk of hypocalcaemia and hypomagnesaemia through less
well understood, though clinically well recognised; mechanisms.

Growth-restricted infants, infants with perinatal asphyxia, and infants born to mothers with
significant antenatal illness, including poorly controlled maternal diabetes or maternal vitamin
D deficiency, are similarly recognised to carry increased risk, meaning a structured assessment
of an unwell or high-risk newborn should routinely include consideration of these three
metabolic disturbances as part of a broader, systematic evaluation rather than treating them as
separate, unrelated possibilities to be considered only in isolation.

Fill in the blank: The majority of transplacental nutrient and mineral transfer to the fetus occurs
in the trimester.

4.1.3 the principle of screening at-risk infants

Given the frequently subtle or entirely absent clinical features of early or mild metabolic
disturbance, particularly hypoglycaemia, proactive screening of recognised at-risk infants,
rather than relying solely on the appearance of symptoms, is a central principle of good neonatal
practice, allowing detection and correction of a developing problem before it becomes clinically
significant or, in severe cases, causes lasting harm, particularly to the developing brain, which is
especially vulnerable to the effects of these metabolic disturbances during the neonatal period.
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This principle of proactive, structured screening in defined at-risk groups, discussed in more
specific detail for each individual metabolic disturbance later in this Series, reflects a broader
theme in neonatal care: because the newborn's compensatory reserves are limited and clinical
deterioration can occur rapidly, anticipating a likely problem in a recognised at-risk infant is
generally a considerably safer and more effective clinical strategy than waiting to react to
symptoms once they have already developed.

Fill in the blank: Proactive screening of recognised at-risk infants is generally safer than waiting
to react to established

.
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Figure 4.1: An at-risk newborn undergoing routine metabolic screening.

Pilot questions 4.1

o  Describe the shared physiological basis of neonatal glucose, calcium, and magnesium
homeostasis. (Linked to SLO 4.1)

e Explain why disturbances of glucose, calcium, and magnesium can produce overlapping
clinical features. (Linked to SLO 4.1)

o List three groups of infants at increased risk of neonatal metabolic problems. (Linked to
SLO 4.2)

-
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o Explain why preterm infants have reduced substrate and mineral reserves. (Linked to
SLO 4.2)

o Explain the rationale for proactive screening of at-risk infants rather than waiting for
symptoms. (Linked to SLO 4.2)

4.2 Neonatal Hypoglycaemia
4.2.1 definition and causes of neonatal hypoglycaemia

Definitions vary, but the underlying principle does not

Neonatal hypoglycaemia does not have a single, universally agreed numerical threshold, since
normal glucose values genuinely vary with postnatal age in'the first hours of life, but
operationally, a blood glucose persistently below approximately 2.6 millimoles per litre is
widely used as a threshold prompting active clinical concern and intervention in most settings
and clinical guidelines, particularly beyond the first few hours after birth when this lower
physiological range is expected to have resolved.

Causes of neonatal hypoglycaemia are generally grouped into increased glucose utilisation, as
seen in infants of diabetic mothers due to fetal hyperinsulinism, and in sepsis or hypothermia,
where increased metabolic demand outpaces glucose supply, and decreased glucose
availability, as seen in preterm or growth-restricted infants with limited glycogen reserves, or
infants with inadequate or delayed feeding, with some infants, particularly the growth-
restricted, experiencing a combination of both increased utilisation and reduced reserve
simultaneously.

Fill in the blank: Neonatal hypoglycaemia is operationally defined in most settings as a blood
glucose persistently below approximately millimoles per litre.

4.2.2 clinical features of neonatal hypoglycaemia

Many episodes of neonatal hypoglycaemia are entirely asymptomatic, particularly if mild and
promptly cortected, which is precisely why proactive screening in at-risk infants, as discussed in
the previous Part of this Series, is so clinically important rather than relying on clinical suspicion
alone. When symptoms do occur, they are frequently non-specific, and include jitteriness or
tremor, irritability, poor feeding, lethargy, hypotonia, temperature instability, and apnoea,
with more severe or prolonged hypoglycaemia potentially progressing to seizures.

-
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It is worth noting that jitteriness, one of the most commonly observed features, is itself a
genuinely non-specific finding, seen in numerous other neonatal conditions including
hypocalcaemia, discussed later in this Series, meaning glucose testing should be considered a
routine, low-threshold part of the evaluation of virtually any jittery or unsettled newborn, rather
than being reserved only for infants with an obvious identified risk factor for hypoglycaemia
specifically.

Fill in the blank: Jitteriness is a genuinely non-specific finding that also occurs in ,
among other neonatal conditions.

4.2.3 diagnosis and management of neonatal hypoglycaemia

Diagnosis relies on capillary or venous blood glucose measurement, with bedside glucose
meters providing a rapid initial screening result that should generally be confirmed by
laboratory testing where the result is low or the infant is symptomatic, since point-of-care
devices, while useful for rapid screening, can be less accurate at the lower end of the glucose
range where clinical decisions are most critical.

Management depends on severity and symptoms: asymptomatie, mild hypoglycaemia is
generally managed by encouraging early, frequent feeding, whether breast or formula, with
repeat glucose testing to confirm response, while symptomatic or more significant
hypoglycaemia typically requires intravenous dextrose, with the specific concentration and
rate calculated carefully according to the infant's weight and clinical severity, and ongoing
monitoring to guide gradual weaning of intravenous support as oral or enteral feeding becomes
established and glucose levels stabilise.

Fill in the blank: A low or symptomatic point-of-care glucose result should generally be
confirmed by testing.
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Figure 4.2: A jittery newborn infant.being assessed for hypoglycaemia.

Pilot questions 4.2

1.

State the operational blood.glucose threshold commonly used to define neonatal
hypoglycaemia. (Linked to SLO 4.3)

List two causes of increased glucose utilisation and two causes of decreased glucose
availability. (Linked to SLO 4.3)

List five clinical features of neonatal hypoglycaemia. (Linked to SLO 4.3)

Describe the initial diagnostic approach to suspected neonatal hypoglycaemia. (Linked to
SLO 4.4)

Describe the management of asymptomatic mild hypoglycaemia compared with
symptomatic hypoglycaemia. (Linked to SLO 4.4)

4.3 Neonatal Hypocalcaemia

4.3.1 definition and causes of neonatal hypocalcaemia

Early and late presentations point to different mechanisms

Neonatal hypocalcaemia is generally defined as a total serum calcium below 1.8 to 2.0
millimoles per litre in a term infant, or a lower threshold in preterm infants reflecting their
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generally lower normal range, and is classified by timing into early-onset, occurring within the
first 72 hours of life, and late-onset, occurring after the first week, a distinction that, as with
neonatal sepsis discussed earlier in this course, points towards a different underlying mechanism
and group of likely causes.

Early-onset hypocalcaemia is most commonly seen in preterm infants, reflecting reduced
third trimester mineral accretion discussed earlier in this Series, infants of diabetic mothers,
and infants with perinatal asphyxia, while late-onset hypocalcaemia is more often related to
dietary factors, such as feeding with cow's milk-based formula with an inappropriately high
phosphate content relative to calcium, or, less commonly, underlying hypoparathyroidism,
including as part of specific genetic syndromes such as DiGeorge syndrome.

Fill in the blank: Early-onset neonatal hypocalcaemia occurs within the first hours of
life.

4.3.2 clinical features of neonatal hypocalcaemia

Like hypoglycaemia, neonatal hypocalcaemia frequently produces non-specific neurological
features, including jitteriness, irritability, increased muscle tone or, in some presentations,
frank tetany, and, in more severe cases, seizures, meaning that, as discussed earlier in this
Series, calcium should be actively considered alongside glucose whenever a newborn presents
with these overlapping features rather than testing for only one substance in isolation.

Certain specific clinical signs are more particularly associated with hypocalcaemia than with
hypoglycaemia, including Chvostek's sign, twitching of the facial muscles elicited by tapping
over the facial nerye, and Trousseau's sign, carpal spasm induced by inflating a blood pressure
cuff above systolic pressure for several minutes, both reflecting increased neuromuscular
excitability in the hypocalcaemic state, though these specific signs are used more frequently in
older children‘and adults and-are less commonly and reliably elicited in the newborn.

Fill in_the blank: Twitching of the facial muscles elicited by tapping over the facial nerve is
called 's sign.

4.3.3 diagnosis and management of neonatal hypocalcaemia

Diagnosis of neonatal hypocalcaemia requires serum total and, ideally, ionised calcium
measurement, since ionised calcium represents the biologically active fraction and can
occasionally be low even when total calcium appears within a borderline normal range,
particularly relevant in an unwell or acidotic infant where protein binding of calcium may be
altered, together with serum phosphate, magnesium, given the overlap discussed in the next
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Part of this Series, and, where indicated, parathyroid hormone to help clarify the underlying
mechanism.

Management of significant or symptomatic hypocalcaemia requires intravenous calcium
gluconate, administered carefully and slowly with continuous cardiac monitoring given the risk
of bradycardia or arrhythmia with overly rapid administration, while milder, asymptomatic
cases may be managed with oral or enteral calcium supplementation alongside careful
attention to feeding composition, and any underlying cause, such as an inappropriate feeding
regimen or an identified magnesium deficiency, discussed further in the following Part, should
be actively identified and corrected alongside direct calcium replacement.

Fill in the blank: Intravenous calcium gluconate must be given slowly with continuous cardiac

monitoring due to the risk of

Table 4.3: Comparing neonatal hypoglycaemia, hypocalcaemia, and hypomagnesaemia.

Feature Hypoglycaemia Hypocalcaemia Hypomagnesaemia
Common threshold | Below 2.6 mmol/L i WRE Below 0.6 10 0.7
mmol/L (term) mmol/L
. Preterm, IDM, growth- | Preterm, IDM, IDM, growth-
Key at-risk groups . . . restricted,
restricted perinatal asphyxia .
malabsorption

Typical acute
treatment

Intravenous dextrose

Intravenous calcium
gluconate

Intramuscular or
Intravenous
magnesium sulfate

Shared clinical
feature

Jitteriness, seizures

Jitteriness, tetany,
seizures

Jitteriness, tremor,
seizures

Pilot questions 4.3

1. State the threshold used to define neonatal hypocalcaemia in a term infant. (Linked to

SLO4.5)

2. Distinguish the typical causes of early-onset from late-onset hypocalcaemia. (Linked to

SLO 4.5)

3. Describe Chvostek's sign and Trousseau's sign. (Linked to SLO 4.5)

4. Describe the investigations used to confirm and characterise neonatal hypocalcaemia.
(Linked to SLO 4.6)
5. Describe the management of significant, symptomatic neonatal hypocalcaemia. (Linked

to SLO 4.6)

-
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4.4 Neonatal Hypomagnesaemia
4.4.1 definition and causes of neonatal hypomagnesaemia
Often overlooked, but closely linked to calcium regulation

Neonatal hypomagnesaemia is generally defined as a serum magnesium below approximately
0.6 to 0.7 millimoles per litre, and, while less commonly discussed than hypoglycaemia or
hypocalcaemia, is clinically important both in its own right and because of its close physiological
relationship with calcium homeostasis, discussed further in the next sub-Part, meaning
magnesium status deserves active consideration whenever hypocalcaemia is identified or
suspected rather than being treated as an entirely separate, unrelated possibility.

Common causes of neonatal hypomagnesaemia include being an.infant of a diabetic mother,
reflecting shared mechanisms of mineral disturbance with the hypocalcaemia and hypoglycaemia
already discussed in this Series, intrauterine growth restriction, maternal magnesium
deficiency, and intestinal malabsorption, whether from an underlying gastrointestinal disorder
or, in preterm infants, general gastrointestinal immaturity affecting normal mineral absorption
from feeds.

Fill in the blank: Neonatal hypomagnesaemia is generally defined as a serum magnesium below
approximately millimoles per litre.

4.4.2 the relationship between magnesium and calcium homeostasis

Magnesium plays an essential role in normal parathyroid hormone secretion and peripheral
parathyroid hormone action, meaning significant magnesium deficiency can impair the body's
normal compensatory response to a falling calcium level, producing a state of functional
hypoparathyroidism even when the parathyroid gland itself is structurally entirely normal, a
mechanism that explains a clinically important and frequently underappreciated phenomenon
discussed further below.

This close physiological relationship explains why hypocalcaemia that is refractory to
standard calcium replacement, meaning it fails to correct adequately despite apparently
appropriate calcium supplementation, should always prompt active consideration and, where
appropriate, correction of an underlying, previously unrecognised magnesium deficiency, since
caleium levels will typically remain persistently low or difficult to stabilise until adequate
magnesium status has also been restored, making magnesium testing an important, easily
overlooked step in any case of unexpectedly refractory neonatal hypocalcaemia.
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Fill in the blank: Refractory hypocalcaemia despite appropriate calcium replacement should
prompt consideration of underlying deficiency.

4.4.3 clinical features, diagnosis, and management of neonatal hypomagnesaemia

Clinical features of neonatal hypomagnesaemia closely overlap with those of hypocalcagmia
already discussed, including jitteriness, tremor, increased neuromuscular irritability, and, in
more severe cases, seizures, reinforcing the recurring theme of this Series that these three
metabolic disturbances cannot be reliably distinguished on clinical grounds alone and require
laboratory confirmation through serum magnesium measurement, generally requested
alongside glucose and calcium testing in any newborn presenting with these overlapping
neurological features.

Management of significant or symptomatic hypomagnesaemia requires magnesium
replacement, typically as intramuscular or carefully monitored intravenous magnesium
sulfate, with close attention to the rate of administration given the risk of hypotension or, if
given carelessly rapidly, respiratory depression, while milder cases. may respond to oral
magnesium supplementation alongside dietary review, and, as discussed in the previous sub-
Part, any coexisting, refractory hypocalcaemia‘should be expected to improve once magnesium
status has been adequately corrected.

Fill in the blank: Intramuscular or carefully monitored intravenous magnesium sulfate is the
typical treatment for significant ne¢onatal

Figure 4.4: A newborn infant receiving monitored intravenous mineral replacement
therapy.
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Pilot questions 4.4

1. State the threshold used to define neonatal hypomagnesaemia. (Linked to SLO 4.7)

2. List two causes of neonatal hypomagnesaemia. (Linked to SLO 4.7)

3. Explain the physiological link between magnesium deficiency and functional
hypoparathyroidism. (Linked to SLO 4.7)

4. Explain why refractory hypocalcaemia should prompt testing for hypomagnesaemia.
(Linked to SLO 4.7)

5. Describe the management of significant, symptomatic neonatal hypomagnesaemia.
(Linked to SLO 4.8)

Series Summary

This Series examined the common neonatal metabolic problems, beginning with an
introduction to their shared pathophysiological basis and general risk factors, before turning in
depth to neonatal hypoglycaemia.

We then examined neonatal hypocalcaemia and its close physiological relationship with
neonatal hypomagnesaemia, discussed in the concluding Part of this Series. Having worked
through this Series, you should now be able to recognise, diagnose, and manage these common
neonatal metabolic disturbances. The next Series turns to prenatal diagnosis, genetic
counselling, and chromosomal abnormalities.

Glossary of Terms

1. Neonatal hypoglycaemia: a blood glucose persistently below approximately 2.6
mmol/L, prompting clinical concern in most settings.

2. Infant of a diabetic mother: an infant at increased risk of hypoglycaemia,
hypocalcaemia, and hypomagnesaemia due to maternal diabetes.

3. Jitteriness: a non-specific tremor-like sign seen in hypoglycaemia, hypocalcaemia, and
hypomagnesaemia.

4. Neonatal hypocalcaemia: a total serum calcium below approximately 1.8 to 2.0 mmol/L
in a term infant.

5. Chvostek's sign: facial muscle twitching elicited by tapping over the facial nerve,
associated with hypocalcaemia.

-
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6. Trousseau's sign: carpal spasm induced by inflated blood pressure cuff, associated with
hypocalcaemia.

7. DiGeorge syndrome: a genetic syndrome that can cause hypoparathyroidism and
neonatal hypocalcaemia.

8. Neonatal hypomagnesaemia: a serum magnesium below approximately 0.6 to 0.7
mmol/L.

9. Functional hypoparathyroidism: impaired parathyroid hormone secretion or action
caused by magnesium deficiency.

10. Refractory hypocalcaemia: hypocalcaemia that fails to correct despite appropriate
calcium replacement, often due to coexisting magnesium deficiency.

11. Magnesium sulfate: the typical treatment for significant, symptomatic neonatal
hypomagnesaemia.

12. Ionised calcium: the biologically active fraction of serum calcium, which may be low
even when total calcium is borderline.
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Concept Check Questions [Series 4]
Objective questions

o Neonatal hypoglycaemia is operationally defined in most settings as a blood glucose

persistently below approximately millimoles per litre.
o Early-onset neonatal hypocalcaemia occurs within the first hours of life.
o Twitching of the facial muscles elicited by tapping over the facial nerve is.called
's sign.

o Neonatal hypomagnesaemia is generally defined as a serum magnesium below
approximately millimoles per litre.

e Refractory hypocalcaemia despite appropriate calcium replacement should prompt
consideration of underlying deficiency.

Short-answer questions

1. Explain why disturbances of glucose, calcium, and magnesium can produce overlapping
clinical features.

List three groups of infants at increased risk of neonatal metabolic problems.

List five clinical features of neonatal hypoglycaemia.

Describe Chvostek's sign and Trousseau's sign.

nk Wb

Explain the physiological link between magnesium deficiency and functional
hypoparathyroidism.

Long-answer questions

6. Discuss the shared pathophysiological basis and general risk factors of neonatal
metabolic problems. (Linked to SLO 4.1, SLO 4.2)

7. Discuss the causes, clinical features, diagnosis, and management of neonatal
hypoglycaemia. (Linked to SLO 4.3, SLO 4.4)

8. Discuss the causes, clinical features, diagnosis, and management of neonatal
hypocalcaemia. (Linked to SLO 4.5, SLO 4.6)

9." Discuss the causes, clinical features, diagnosis, and management of neonatal
hypomagnesaemia. (Linked to SLO 4.7, SLO 4.8)

10. Discuss the relationship between magnesium and calcium homeostasis in the newborn.
(Linked to SLO 4.7)

-
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Answers to Concept Check Questions [Series 4]

Objective questions

11.2.6.

12. 72.

13. Chvostek.
14.0.6 t0 0.7.
15. Magnesium.

Short-answer questions

16. Glucose, calcium, and magnesium homeostasis, though regulated differently, all become
independently established after birth, and disturbance of any produces similar non-
specific neurological features.

17. Preterm infants, infants of diabetic mothers, and growth-restricted infants are at increased
risk.

18. Jitteriness, irritability, poor feeding; lethargy, and apnoea are clinical features of
hypoglycaemia.

19. Chvostek's sign is facial twitching on tapping the facial nerve; Trousseau's sign is carpal
spasm on cuff inflation, both reflecting hypocalcaemia.

20. Magnesium is required for normal parathyroid hormone secretion and action, so
deficiency impairs the calcium-raising response, producing functional
hypoparathyroidism.

Long-answer questions

21. Basic response: Glucose, calcium, and magnesium homeostasis must all be
independently established after birth, and at-risk groups such as preterm and diabetic
mother infants share overlapping vulnerability across all three.

Value-added response: Proactive screening in recognised at-risk groups is a central principle of
neonatal care, since clinical features are often subtle and deterioration can occur rapidly if
disturbance goes unrecognised.

22, Basic response: Hypoglycaemia results from increased utilisation or decreased
availability of glucose, presenting with jitteriness and poor feeding, diagnosed by glucose
testing and managed with feeding or intravenous dextrose.

Value-added response: Point-of-care results should be confirmed by laboratory testing when
low or symptomatic, and management intensity is guided by severity and symptom status.
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23. Basic response: Hypocalcaemia is classified as early or late onset with different typical
causes, presenting with jitteriness and tetany, diagnosed with calcium and related
investigations, and managed with calcium replacement.

Value-added response: Intravenous calcium must be given slowly with cardiac monitoring due
to arrhythmia risk, and any underlying cause, including magnesium deficiency, should be
identified and corrected.

24. Basic response: Hypomagnesaemia results from causes overlapping with hypocalcacmia,
presenting similarly with jitteriness and seizures, diagnosed by serum magnesium, and
managed with magnesium replacement.

Value-added response: Magnesium deficiency impairs parathyroid hormone function, so
refractory hypocalcaemia should prompt magnesium testing and correction alongside calcium
replacement.

25. Basic response: Magnesium is essential for normal parathyroid hormone secretion and
peripheral action, linking magnesium status directly to effective calcium regulation.

Value-added response: This relationship explains why hypocalcaemia that fails to respond to
calcium alone often reflects an underlying, previously unrecognised magnesium deficiency
requiring specific correction.

Answers to Pilot Questions [Series 4]
Part 4.1

1. All three require establishment of independent regulation after birth, following
continuous transplacental supply in utero.

2. Disturbanceof any of the three substances produces similar non-specific neurological
features such as jitteriness and seizures.

3./ Preterm infants, infants of diabetic mothers, and growth-restricted infants are at increased
risk.

4. Most transplacental transfer of nutrients and minerals occurs in the third trimester, which
preterm infants miss.

5. Anticipating problems in at-risk infants allows correction before clinical deterioration,
since compensatory reserves are limited.

Part 4.2

6. A blood glucose persistently below approximately 2.6 mmol/L is the commonly used
operational threshold.
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7. Sepsis and hypothermia increase utilisation; prematurity and growth restriction decrease
availability.

8. lJitteriness, irritability, poor feeding, lethargy, and apnoea are clinical features.

9. Bedside glucose testing provides rapid screening, confirmed by laboratory testing if low
or symptomatic.

10. Mild asymptomatic cases are managed with early feeding; symptomatic cases require
intravenous dextrose.

Part 4.3

11. A total serum calcium below 1.8 to 2.0 mmol/L defines hypocalcaemia in a term infant.

12. Early-onset relates to prematurity, diabetic mothers, and asphyxia; late-onset relates to
diet or hypoparathyroidism.

13. Chvostek's sign is facial twitching on tapping the facial nerve; Trousseau's sign is carpal
spasm on cuff inflation.

14. Serum total and ionised calcium, phosphate, magnesium; and parathyroid hormone are
used to investigate.

15. Intravenous calcium gluconate, given slowly with cardiac monitoring, is used for
symptomatic cases.

Part 4.4

1. A serum magnesium below approximately 0.6 to 0.7 mmol/L defines hypomagnesaemia.

2. Infant of a diabetic mother and intrauterine growth restriction are causes.

3. Magnesium is requited for noermal parathyroid hormone secretion and action, so
deficiency impairs the calcium response.

4. Because calcium levels remain difficult to stabilise until coexisting magnesium
deficiency is corrected.

5. Intramuscular or carefully monitored intravenous magnesium sulfate is used for
significant; symptomatic cases.
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Figures, Plates, Tables, and Boxes

1. Figure 4.1: An at-risk newborn undergoing routine metabolic screening. Al-generated
using the prompt: "A realistic, gentle clinical illustration of a nurse performing a heel-
prick blood sample on a newborn infant in‘a hospital nursery, with the infant calm and
well supported. Single clean medical illustration, soft clinical lighting, no text overlays,
no multiple panels, respectful and accurate depiction."

2. Figure 4.2: A jittery newborn infant being assessed for hypoglycaemia. Al-generated
using the prompt: "A realistic clinical illustration of a newborn infant showing mild
tremor of the limbs while being gently held and assessed by a clinician holding a bedside
glucose testing device,in.a calm nursery setting. Single clean medical illustration, soft
clinical lighting, no'text overlays, no multiple panels, respectful and accurate depiction."

3. Table 4.3: Comparing neonatal hypoglycaemia, hypocalcaemia, and hypomagnesaemia.
Al-generated using the prompt: "Create a clean reference table titled Comparing Neonatal
Hypoglycaemia, Hypocalcaemia, and Hypomagnesaemia, listing threshold, at-risk
groups, treatment, and shared features. Simple clinical reference table style with outside
border."

4. <Figure 4.4: A newborn infant receiving monitored intravenous mineral replacement
therapy. Al-generated using the prompt: "A realistic clinical illustration of a newborn
infant in an incubator connected to a small intravenous infusion, with a nurse carefully
checking the infusion pump and the infant’s monitor readings nearby. Single clean
medical illustration, soft clinical lighting, no text overlays, no multiple panels, respectful
and accurate depiction."
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Series 5: Prenatal Diagnosis, Genetic
Counselling, and Chromosomal
Abnormalities

e Part 5.1: Prenatal Diagnosis
o Sub Part 5.1.1: Purpose and overview of prenatal diagnosis
o Sub Part 5.1.2: Methods of prenatal diagnosis
o Sub Part 5.1.3: Indications for prenatal diagnostic testing
o Part 5.2: Genetic Counselling
o Sub Part 5.2.1: Definition and principles of genetic counselling
o Sub Part 5.2.2: The process of a genetic counselling session
o Sub Part 5.2.3: Psychosocialaspects of genetic counselling
e Part 5.3: Review Physiology: Normal Chromosome Structure and Inheritance
o Sub Part 5.3.1: Normal chromosome structure
o Sub Part 5.3.2: Principles of inheritance
o Sub Part 5.3.3: Mechanisms of chromosomal abnormality
o Part 5.4: Common Chromoesomal Abnormalities
o SubPart5.4.1: Common chromosomal abnormalities of number
o Sub®Part 5.4.2: Common chromosomal abnormalities of structure

o /Sub Part 5.4.3: Clinical features and general management of chromosomal
abnormalities

Introduction

In the last Series, we explored the common neonatal metabolic problems. We now turn to a
different, but closely related, aspect of newborn care, the diagnosis and counselling of families
facing a genetic or chromosomal condition, whether identified before or after birth. Picture a
couple attending an antenatal appointment after a screening test suggests an increased risk of a
chromosomal abnormality in their unborn child, uncertain what this means or what happens next.
This final Series of the course equips you with the knowledge to guide such families through
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prenatal diagnosis, genetic counselling, and an understanding of the common chromosomal
abnormalities themselves.

The aim of this Series is to equip you with the knowledge required to understand the purpose and
methods of prenatal diagnosis, the principles of genetic counselling, and the common
chromosomal abnormalities encountered in paediatric practice.

This Series begins with prenatal diagnosis, before turning to genetic counselling. Next, we
review the physiology of normal chromosomes as an introduction to chromosomal
abnormalities, before concluding with the common chromosomal abnormalities themselves.

Series Learning Outcomes
At the end of this Series, you should be able to:

e SLO 1.1: describe the purpose and methods of prenatal diagnosis,

e SLO 1.2: describe the indications for prenatal diagnostic testing,

e SLO 1.3: define genetic counselling and describe its guiding principles,

e SLO 1.4: describe the process and components of a genetic counselling session,

e SLO 1.5: review the physiology of normal chromosome structure and inheritance,

e SLO 1.6: describe common chromosomal abnormalities of number,

¢ SLO 1.7: describe common chromosomal abnormalities of structure, and

e SLO 1.8: describe the clinical features and general management approach to
chromosomal abnormalities.

5.1 Prenatal Diagnosis
5.1.1 purpose and overview of prenatal diagnosis

Diagnosis before birth changes what is possible after

Prenatal diagnosis refers to the range of investigations used to detect structural,
chromosomal, or genetic abnormalities in a fetus before birth, allowing parents and the
healthcare team to plan appropriately for the remainder of the pregnancy, the delivery itself, and,
where relevant, the immediate newborn period. Prenatal diagnosis is broadly divided into
screening tests, which estimate the probability of a condition being present, and diagnostic
tests, which aim to confirm or exclude a specific condition with much greater certainty.

The purpose of prenatal diagnosis extends beyond simply providing information, since a
confirmed diagnosis can allow planning for delivery at an appropriately resourced centre, early
treatment in some conditions where intervention before or immediately after birth changes
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outcome, and, importantly, gives parents the opportunity to make informed decisions about the
pregnancy, supported by genetic counselling, discussed later in this Series.

Fill in the blank: Prenatal diagnosis is broadly divided into screening tests and tests.
5.1.2 methods of prenatal diagnosis

Screening methods include maternal serum screening, measuring specific biochemical
markers whose levels vary with certain chromosomal abnormalities, and detailed antenatal
ultrasound, which can identify structural anomalies and certain soft markers associated with
increased chromosomal risk, such as increased nuchal translucency in early pregnancy..Non-
invasive prenatal testing, analysing small fragments of fetal DNA circulating in maternal blood,
has become an increasingly accurate screening option for common chromosomal abnormalities
in many settings.

Diagnostic methods are more definitive but carry a small procedural risk, and include chorionic
villus sampling, performed earlier in pregnancy, and amniocentesis, performed slightly later,
both allowing direct fetal chromosomal or genetic analysis, and, less commonly, fetal blood
sampling for specific indications requiring direct fetal blood testing.

Fill in the blank: Chorionic villus sampling and amniocentesis both allow direct fetal
chromosomal or genetic

5.1.3 indications for prenatal diagnostic testing

Indications for diagnostic, rather than screening, testing include a high-risk result on prior
screening, advanced maternal age, since the risk of certain chromosomal abnormalities rises
with maternal age, a structural abnormality identified on ultrasound, a family history of a
known geneti¢ or chromosomal condition, and, in some cases, parental carrier status for a
specific inherited condition identified before or during the pregnancy.

Because diagnostic testing carries a small risk of miscarriage, the decision to proceed should
always follow appropriate counselling, ensuring parents understand both the potential benefits of
a definitive diagnosis and the procedural risks involved, allowing a genuinely informed and
voluntary decision about whether to proceed with testing.

Fillin the blank: Diagnostic prenatal testing carries a small risk of
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Figure 5.1: An amniocentesis procedure being performed under ultrasound guidance.

Pilot questions 5.1

o Distinguish screening tests from diagnostic tests in prenatal diagnosis. (Linked to SLO
5.1)

e List two purposes of prenatal diagnosis beyond simply providing information. (Linked to
SLO 5.1)

o List two prenatal screening methods. (Linked to SLO 5.2)

o Distinguish‘chorionic villus sampling from amniocentesis. (Linked to SLO 5.2)

o List three indications for diagnostic prenatal testing. (Linked to SLO 5.2)

5.2 Genetie,Counselling
5.2.1 definition and principles of genetic counselling
Information delivered without pressure or judgement

Genetic counselling is defined as the process of helping individuals or families understand and
adapt to the medical, psychological, and familial implications of a genetic contribution to
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disease, delivered by an appropriately trained professional. It is guided by the core principle of
non-directiveness, meaning the counsellor provides accurate, balanced information and support
without steering the family towards a particular decision, respecting their autonomy to reach
their own conclusions.

Genetic counselling is relevant across a wide range of situations, including before conception in
couples with a known family history, during pregnancy following an abnormal screening or
diagnostic result, and after the birth of a child found to have a genetic or chromosomal condition,
meaning it is a service offered at multiple points along the reproductive and paediatric care
pathway rather than confined to a single moment.

Fill in the blank: Genetic counselling is guided by the core principle of , meaning the
counsellor does not steer the family towards a particular decision.

5.2.2 the process of a genetic counselling session

A genetic counselling session typically begins with taking a detailed family history, often
recorded as a pedigree or family tree, to identify patterns suggestive of an inherited condition,
together with a review of relevant medical history and any available test results. The counsellor
then explains the nature of the condition in question, including its inheritance pattern where
relevant, in clear, accessible language appropriate to the family's level of understanding.

The session also addresses the recurrence risk for future pregnancies where relevant, available
testing options, and the range of reproductive choices available to the family, and closes with
an opportunity for the family to ask questions and, often, a follow-up plan, since processing this
kind of information frequently takes more than a single conversation.

Fill in the blank: A genetic counselling session typically begins with taking a detailed family
history, often recorded as a

5.2.3 psychosocial aspects of genetic counselling

Families receiving genetic counselling may experience a wide range of emotional responses,
including shock, guilt, particularly where a condition is inherited, grief, and anxiety about the
future, meaning the counsellor's role extends well beyond simply conveying accurate medical
information to providing genuine emotional support throughout the process, delivered with
empathy and sensitivity to the family's individual circumstances.

Access to ongoing psychosocial support, including connection with relevant support groups or
organisations for a specific condition where available, is an important component of
comprehensive genetic counselling, since the implications of a genetic diagnosis frequently
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extend well beyond the initial counselling session itself and into the family's longer-term
adjustment and ongoing care.

Fill in the blank: Guilt is a common emotional response in genetic counselling, particularly
where a condition is

Figure 5.2: A genetic counsellor discussing test results with a family.

Pilot questions 5.2

1. ~Define genetic counselling and explain the principle of non-directiveness. (Linked to
SLO'5.3)

List two situations in which genetic counselling may be offered. (Linked to SLO 5.3)
Describe the key components of a genetic counselling session. (Linked to SLO 5.4)
Explain why a pedigree is constructed during genetic counselling. (Linked to SLO 5.4)
Describe the psychosocial role of the genetic counsellor. (Linked to SLO 5.4)
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5.3 Review Physiology: Normal Chromosome Structure and Inheritance
5.3.1 normal chromosome structure
Chromosomes package the entire genetic blueprint

Each normal human cell contains 46 chromosomes, arranged as 23 pairs, comprising 22 pairs
of autosomes and one pair of sex chromosomes, XX in a female or XY in a male. Each
chromosome consists of tightly coiled DNA, organised into a short arm, termed p, and a long
arm, termed q, joined at a central constriction called the centromere, with chromosomes
visually distinguished from one another by their size and centromere position.

A karyotype is a standardised visual arrangement of an individual's chromosomes, generated
from a sample of dividing cells, conventionally arranged from largest to smallest, and is the
standard laboratory method used to identify numerical or larger structural chromosomal
abnormalities, discussed later in this Series.

Fill in the blank: A normal human cell contains chromosomes, arranged as 23 pairs.
5.3.2 principles of inheritance

Genetic conditions follow recognised patterns of inheritance, including autosomal dominant,
in which a single copy of an altered gene on a non-sex chromosome causes the condition,
autosomal recessive, requiring two altered copies, one from each parent, X-linked, involving
genes located on the X chromosome, and mitochondrial inheritance, passed exclusively from
mother to offspring through mitochondrial DNA.

Understanding these patterns allows a genetic counsellor to calculate recurrence risk for future
pregnancies and to identify which other family members might usefully be offered testing,
forming the practical foundation on which the counselling process, discussed in the previous Part
of this Series, is built.

Fill in the blank: X-linked inheritance involves genes located on the chromosome.
5.3.3 mechanisms of chromosomal abnormality

Chromosomal abnormalities arise through two broad mechanisms: abnormalities of number, in
which a cell contains an incorrect total number of chromosomes, most commonly through non-
disjunction, a failure of chromosome pairs to separate correctly during cell division, and
abnormalities of structure, in which chromosome material is rearranged, duplicated, deleted, or
exchanged between chromosomes.
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Non-disjunction occurs more frequently with increasing maternal age, explaining the well
recognised association between advanced maternal age and certain trisomies, discussed in the
next Part of this Series, while structural abnormalities can occur spontaneously or be inherited
from a parent carrying a balanced rearrangement, who is themselves typically unaffected butat
increased risk of having an affected child.

Fill in the blank: A failure of chromosome pairs to separate correctly during cell division is
termed

Table 5.3: Normal karyotype composition and common patterns of inheritance.

Feature Description

Total chromosomes 46, arranged as 23 pairs

Autosomes 22 pairs, not determining sex

Sex chromosomes 1 pair, XX (female) or XY (male)

Autosomal dominant One altered gene copy causes the condition

Autosomal recessive Two altered gene copies, one from each parent, required
X-linked Gene located on the X chromosome

Pilot questions 5.3

Describe the normal compaosition of the human karyotype. (Linked to SLO 5.5)

Define a karyotype and describe its clinical use. (Linked to SLO 5.5)

List the four major patterns of inheritance. (Linked to SLO 5.5)

Define non-disjunction and its relevance to maternal age. (Linked to SLO 5.5)
Distinguish numerical from structural chromosomal abnormalities. (Linked to SLO 5.5)

A e

5.4 Common Chromosomal Abnormalities
5.4.1 common chromosomal abnormalities of number
Trisomies are the most familiar numerical abnormalities

Trisomy 21, or Down syndrome, resulting from an extra copy of chromosome 21, is the most
common chromosomal abnormality compatible with survival, characterised by recognisable
facial features, hypotonia, and variable degrees of intellectual disability, together with an
increased risk of specific associated conditions, including congenital heart disease and
hypothyroidism, both requiring active screening after diagnosis.

-
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Trisomy 18, or Edwards syndrome, and Trisomy 13, or Patau syndrome, are less common
and generally associated with considerably more severe clinical features and a significantly
poorer prognosis than Down syndrome, while abnormalities of the sex chromosomes, such as
Turner syndrome, a single X chromosome in a female, and Klinefelter syndrome, an
additional X chromosome in a male, discussed in Series 2 of the earlier PAE 507 course, tend to
follow a comparatively milder clinical course.

Fill in the blank: Down syndrome results from an extra copy of chromosome
5.4.2 common chromosomal abnormalities of structure

Structural chromosomal abnormalities include deletions, loss of a chromosome segment, such as
in 22q11 deletion syndrome, associated with congenital heart disease, immune deficiency, and
characteristic facial features, duplications, an extra copy of a chromosome segment,
translocations, exchange of material between two chromosomes, which may be balanced, with
no net loss or gain of material and typically no clinical effect on the carrier, or unbalanced, with
clinical consequences, and inversions, in which a chromosome segment is reversed in
orientation.

Structural abnormalities are generally identified through karyotyping, though smaller deletions
or duplications may require more sensitive techniques such as microarray analysis or
fluorescence in situ hybridisation, since standard karyotyping has a limited resolution and may
miss subtle structural changes below a certain size threshold.

Fill in the blank: An exchange of material between two chromosomes with no net loss or gain is
termed a balanced

5.4.3 clinical features and general management of chromosomal abnormalities

Children with chromosomal abnormalities frequently share certain broad clinical features,
including dysmorphic facial features, growth abnormalities, variable degrees of
developmental delay or intellectual disability, and an increased risk of specific congenital
malformations, particularly affecting the heart, meaning a structured, condition-specific
approach to screening for known associated problems is an essential part of ongoing care once a
diagnosis is confirmed.

General management is multidisciplinary, involving paediatricians, clinical geneticists, and
relevant specialists according to the specific associated problems identified, together with early
intervention services, developmental support, and ongoing family support, including
connection with condition-specific support organisations, reflecting the same holistic, family-
centred approach to genetic conditions introduced earlier in this Series.
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Fill in the blank: General management of chromosomal abnormalities is , involving
paediatricians and relevant specialists.

Figure 5.4: A paediatrician examining an infant with Down syndrome during a routine

developmental review.

Pilot questions 5.4

1. Describe the characteristic clinical features of Down syndrome. (Linked to SLO 5.6)

2. Compare the general prognosis of Trisomy 18 and Trisomy 13 with Down syndrome.
(Linked to SLO 5.6)

3. Distinguish a balanced from an unbalanced translocation. (Linked to SLO 5.7)

4. Describe two techniques used to identify structural chromosomal abnormalities. (Linked
to SLO 5.7)

5.. Describe the general approach to management of a child with a chromosomal
abnormality. (Linked to SLO 5.8)
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Series Summary

This Series examined prenatal diagnosis, its purpose, methods, and indications, before turning
to the principles and process of genetic counselling.

We then reviewed the physiology of normal chromosome structure and inheritance, before
concluding with the common chromosomal abnormalities, of both number and structure,
encountered in paediatric practice. Having worked through this Series, and indeed this course,
you should now be equipped with a foundation in neonatal care and genetics that will support
your continued paediatric training.

Glossary of Terms

1.

10.

11.

12.

Prenatal diagnosis: investigations used to detect structural, chromosomal, or genetic
abnormalities in a fetus before birth.

Amniocentesis: a diagnostic prenatal test involving sampling of amniotic fluid for fetal
chromosomal or genetic analysis:

Non-invasive prenatal testing: a screening method analysing fetal DNA circulating in
maternal blood.

Genetic counselling: the process of helping families understand and adapt to the
implications of a genetic contribution to disease.

Non-directiveness: the guiding principle that a genetic counsellor should not steer a
family towards a particular decision.

Pedigree: a family tree used in genetic counselling to identify patterns of inheritance.
Karyotype: a standardised visual arrangement of an individual’s chromosomes.

Non-disjunction: a failure of chromosome pairs to separate correctly during cell
division, causing numerical chromosomal abnormalities.

Trisomy 21: Down syndrome, resulting from an extra copy of chromosome 21.

Balanced translocation: an exchange of material between two chromosomes with no net
loss or gain, typically without clinical effect on the carrier.

22q11 deletion syndrome: a structural chromosomal abnormality associated with
congenital heart disease and immune deficiency.

Microarray analysis: a sensitive technique used to detect small chromosomal deletions
or duplications below the resolution of standard karyotyping.
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Concept Check Questions [Series 5]

Objective questions

o Prenatal diagnosis is broadly divided into screening tests and tests.
e Genetic counselling is guided by the core principle of
e A normal human cell contains chromosomes, arranged as 23 pairs.

e A failure of chromosome pairs to separate correctly during cell division is.termed

e Down syndrome results from an extra copy of chromosome
Short-answer questions

Distinguish chorionic villus sampling from amniocentesis.
List three indications for diagnostic prenatal testing.

Describe the key components of a genetic counselling session.
List the four major patterns of inheritance.

Distinguish a balanced from an unbalanced translocation.

bk wh =

Long-answer questions

6. Discuss the purpose, methods; and indications of prenatal diagnosis. (Linked to SLO 5.1,
SLO 5.2)

7. Discuss the principles and process of genetic counselling. (Linked to SLO 5.3, SLO 5.4)

8. Review the physiology of normal chromosome structure and inheritance. (Linked to SLO
5.5)

9. Discuss the common chromosomal abnormalities of number and structure. (Linked to
SLO 5.6, SLO 5.7)

10. Discuss the clinical features and general management approach to chromosomal
abnormalities. (Linked to SLO 5.8)

Answers to Concept Check Questions [Series 5]
Objective questions

11. Diagnostic.

12. Non-directiveness.
13. 46.

14. Non-disjunction.

-
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15.21.
Short-answer questions

16. Chorionic villus sampling is performed earlier in pregnancy, while amniocentesis is
performed slightly later.

17. A high-risk screening result, advanced maternal age, and a structural abnormality on
ultrasound.

18. Family history taking, explanation of the condition and inheritance pattern, recurrence
risk, testing options, and reproductive choices.

19. Autosomal dominant, autosomal recessive, X-linked, and mitochondrial inheritance.

20. A balanced translocation has no net loss or gain of material, while an unbalanced
translocation has clinical consequences.

Long-answer questions

21. Basic response: Prenatal diagnosis includes screening tests, such as maternal serum
screening and ultrasound, and diagnostic tests, such as chorionic villus sampling and
amniocentesis, offered based on specifie indications.

Value-added response: Diagnostic testing carries a small miscarriage risk, so appropriate
counselling ensures parents make a genuinely informed decision before proceeding.

22. Basic response: Genetic counselling helps families understand the implications of a
genetic condition, guided by non-directiveness, and follows a structured process from
family history through to recurrence risk and options.

Value-added response: The counsellor also provides emotional support, since families may
experience shock, guilt, or anxiety, and should facilitate access to ongoing psychosocial support
where needed.

23. Basic response: A normal karyotype contains 46 chromosomes as 23 pairs, and genetic
conditions follow autosomal dominant, autosomal recessive, X-linked, or mitochondrial
inheritance patterns.

Value-added response: Understanding inheritance patterns allows calculation of recurrence risk
and identification of other family members who might benefit from testing.

24. Basic response: Numerical abnormalities, such as trisomies, arise from non-disjunction,
while structural abnormalities include deletions, duplications, translocations, and
inversions.
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Value-added response: Non-disjunction becomes more frequent with increasing maternal age,
explaining the association between maternal age and conditions such as Down syndrome.

25.

Basic response: Children with chromosomal abnormalities often share dysmorphic
features, growth abnormalities, developmental delay, and increased risk of congenital
malformations, particularly cardiac.

Value-added response: Management is multidisciplinary, involving paediatricians, geneticists,
and early intervention services, reflecting a holistic, family-centred approach to‘ongoing care.

Answers to Pilot Questions [Series 5]

Part 5.1

Screening tests estimate probability of a condition, while diagnostic tests aim to confirm
or exclude it with certainty.

2. Planning for delivery at an appropriate centre and enabling informed parental decision-
making.
3. Maternal serum screening and detailed antenatal ultrasound are prenatal screening
methods.
4. Chorionic villus sampling is performed earlier in pregnancy, amniocentesis performed
slightly later, both allowing direct fetal genetic analysis.
5. High-risk screeningtesult, advanced maternal age, and a structural abnormality on
ultrasound are indications.
Part 5.2
6. Genetic counselling helps families understand genetic disease implications; non-
directiveness means the counsellor does not steer decisions.
7.. Before conception with a family history, or after an abnormal prenatal screening or
diagnostic result.
8. Family history taking, explanation of the condition, recurrence risk, testing options, and
reproductive choices.
9. A pedigree identifies patterns suggestive of an inherited condition within the family.
10. The counsellor provides emotional support for responses such as shock, guilt, and anxiety
throughout the process.
Part 5.3
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11. The normal karyotype has 46 chromosomes, arranged as 22 pairs of autosomes and one
pair of sex chromosomes.

12. A karyotype is a standardised arrangement of chromosomes, used to identify numerical
or structural abnormalities.

13. Autosomal dominant, autosomal recessive, X-linked, and mitochondrial inheritance are
the major patterns.

14. Non-disjunction is failure of chromosome pairs to separate correctly, becoming more
frequent with increasing maternal age.

15. Numerical abnormalities involve an incorrect chromosome count, while structural
abnormalities involve rearranged chromosome material.

Part 5.4

1. Down syndrome features include characteristic facial features, hypotonia, and variable
intellectual disability.

2. Trisomy 18 and Trisomy 13 are generally associated with moresevere features and a
poorer prognosis than Down syndrome.

3. A balanced translocation has no net material loss or gain, while an unbalanced
translocation has clinical consequences.

4. Microarray analysis and fluorescence in situ hybridisation are techniques used to identify
structural abnormalities.

5. Management is multidisciplinary, involving paediatricians, geneticists, and early
intervention and family support services.
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Figures, Plates, Tables, and Boxes
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Figure 5.1: An amniocentesis procedure being performed under ultrasound guidance. Al-
generated using the prompt: "A realistic, respectful clinical illustration of an obstetrician
performing an amniocentesis on a pregnant woman lying on an examination table, with
an ultrasound machine and scréen visible beside them. Single clean medical illustration,
soft clinical lighting, no text overlays, no multiple panels, accurate depiction."

Figure 5.2: A genetic counsellor discussing test results with a family. Al-generated using
the prompt: "A warm, realistic clinical illustration of a genetic counsellor sitting across a
desk from a couple in a calm consultation room, with a simple family tree diagram on
paper between them. Single clean medical illustration, soft warm lighting, no text
overlays, no multiple panels, respectful and accurate depiction."

Table 5.3: Normal karyotype composition and common patterns of inheritance. Al-
generated using the prompt: "Create a clean reference table titled Normal Karyotype and
Patterns of Inheritance, listing feature and description. Simple clinical reference table
style with outside border."

Figure 5.4: A paediatrician examining an infant with Down syndrome during a routine
developmental review. Al-generated using the prompt: "A warm, respectful, realistic
clinical illustration of a paediatrician gently examining a calm infant on an examination
table during a routine check-up, with a parent standing supportively nearby. Single clean
medical illustration, soft warm lighting, no text overlays, no multiple panels, dignified
and accurate depiction."
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