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Course code: PAE 508
Course title: Diseases of Central Nervous System, Muscles and Bones

Course credit load: 2 Units

Series 1: Evaluation and Management of
CNS Infections

Part 1.1: Aetiology and Pathophysiology of CNS Infections

o Sub Part 1.1.1: Common aetiologic agents of CNS infections
o Sub Part 1.1.2: Viral and other causes of CNS infection

o Sub Part 1.1.3: Pathophysiology of CNS infections

Part 1.2: Clinical Features and Evaluation of Suspected CNS Infection
o Sub Part 1.2.1: Clinical features and signs of meningeal irritation
o Sub Part 1.2.2: Differential diagnosis of CNS infection

o Sub Part 1.2.3: Evaluation of suspected CNS infection and lumbar puncture

Part 1.3: Acute Bacterial Meningitis
o Sub Part 1.3.1: Clinical features of acute bacterial meningitis
o Sub Part 1.3.2:'Diagnosis of acute bacterial meningitis

o Sub Part 1.3.3: Management of acute bacterial meningitis

Part 1.4: Tuberculous Meningitis and Complications of CNS Infections
o _SubPart 1.4.1: Clinical features of tuberculous meningitis
o | SubPart 1.4.2: Diagnosis and management of tuberculous meningitis

o Sub Part1.4.3: Complications and prognosis of CNS infections

Introduction

Picture a two year old brought to the emergency unit with high fever, irritability, and a stiff neck,
deteriorating rapidly over a few hours, a presentation that demands urgent recognition and
treatment given the genuine risk of severe, lasting harm from a central nervous system infection
if diagnosis and treatment are delayed. This Series opens the PAE 508 course by building a
thorough understanding of the aetiology, pathophysiology, evaluation, and management of CNS
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infections in children, a foundation for the wider range of central nervous system, muscle, and
bone conditions addressed throughout this course.

The aim of this Series is to equip you with the knowledge required to understand the causes and
pathophysiology of CNS infections, evaluate a child with suspected CNS infection, and
recognise and manage acute bacterial meningitis and tuberculous meningitis.

This Series begins with the aetiology and pathophysiology of CNS infections, before turning to
their clinical features and evaluation. Next, we examine acute bacterial meningitis, before
concluding with tuberculous meningitis and the complications of CNS infections.

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

e SLO 1.1: describe the common actiologies of CNS infections,including bacterial, viral,
and other causes,

e SLO 1.2: describe the pathophysiology.of CNS infections,

e SLO 1.3: list the symptoms and signs attributed to CNS infections, including signs of
meningeal irritation,

e SLO 1.4: list the differential diagnosis of CNS infections,

e SLO 1.5: describe the evaluation of a patient with suspected CNS infection, including the
indications and contraindications for lumbar puncture,

e SLO 1.6: describe the clinical features, diagnosis, and management of acute bacterial
meningitis,

e SLO 1.7: describe the clinical features, diagnosis, and management of tuberculous
meningitis, and

e SLO 1:8: enumerate the complications and prognosis of CNS infections.

1.1 Aetiology and Pathophysiology of CNS Infections

1.1.7.common aetiologic agents of CNS infections

Bacterial, viral, and other organisms each cause a distinct picture

Central nervous system infections in children can be caused by a wide range of organisms,
broadly classified into bacterial, viral, and other causes, including fungal and parasitic
organisms, with the specific likely causative agent varying considerably according to the child's
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age, immunisation status, and immune competence, meaning these factors should always be
actively considered when evaluating a child with a suspected CNS infection.

Common bacterial causes of meningitis in children include *Streptococcus pneumoniae®,
*Neisseria meningitidis*, and, particularly in young infants, Group B Streptococcus and
*Escherichia coli*, while *Haemophilus influenzae type b*, once a leading cause, has’become
considerably less common in settings with good vaccination coverage, discussed in an earlier
course, illustrating the direct impact of immunisation programmes on the epidemiology of this
serious infection.

Fill in the blank: Common bacterial causes of meningitis include Streptococcus pneumoniae
and Neisseria

1.1.2 viral and other causes of CNS infection

Viral causes of CNS infection include enteroviruses, among the most common causes of viral
meningitis in children, herpes simplex virus, particularly important given its potential for severe
encephalitis with significant morbidity if not promptly treated, and, in specific epidemiological
contexts, other viruses such as measles virus, which can cause a delayed, serious complication
discussed in an earlier course, and various arboviruses.

Tuberculous meningitis, caused by *Myecobacterium tuberculosis*, discussed in detail in an
earlier course and again later in this Series, represents an important cause of CNS infection in
high tuberculosis burden settings, including Nigeria, and, less commonly, fungal organisms can
cause CNS infection, particularly in immunocompromised children, meaning the breadth of
possible causative. organisms genuinely requires a structured, systematic diagnostic approach
rather than assuming a single likely cause.

Fill in the blank: Herpes simplex virus is particularly important given its potential for severe
with significant morbidity.

1.1:3 pathophysiology of CNS infections

CNS infection typically begins with organisms gaining access to the central nervous system
through haematogenous spread, following bacteraemia or viraemia, or, less commonly, through
direct extension from a nearby infected structure, such as sinusitis or otitis media, or, rarely,
following direct inoculation, such as after neurosurgery or penetrating head trauma.

Once within the subarachnoid space, the resulting inflammatory response, while intended to
help clear the infection, itself contributes significantly to the pathophysiology of CNS infection,
causing cerebral oedema, raised intracranial pressure, and, in severe cases, vasculitis
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affecting the cerebral blood vessels, meaning much of the clinical picture and potential
complications of CNS infection reflect this host inflammatory response rather than direct effects
of the organism alone.

Fill in the blank: Once within the subarachnoid space, the resulting inflammatory response
contributes significantly to cerebral oedema and raised intracranial
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Figure 1.1: The meninges and subarachnoid space surrounding the brain.

Pilot questions 1.1

1./ List three common bacterial causes of meningitis in children. (Linked to SLO 1.1)

2. Explain why Haemophilus influenzae type b has become a less common cause of
meningitis. (Linked to SLO 1.1)

3.. Listtwo common viral causes of CNS infection in children. (Linked to SLO 1.1)

4. Describe the routes by which organisms gain access to the central nervous system.
(Linked to SLO 1.2)

5. Explain how the host inflammatory response contributes to the pathophysiology of CNS
infection. (Linked to SLO 1.2)
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1.2 Clinical Features and Evaluation of Suspected CNS Infection

1.2.1 clinical features and signs of meningeal irritation

Presentation varies considerably with age

Clinical features of CNS infection include fever, headache, vomiting, altered consciousness,
and irritability, though presentation in young infants is frequently non-specific, including poor
feeding, lethargy, and temperature instability, without the more classic features seen in older
children, meaning a high index of suspicion is essential when evaluating an unwell young infant
even without obvious localising features.

Signs of meningeal irritation include neck stiffness, Kernig's sign, pain and resistance on
extending the knee with the hip flexed, and Brudzinski's sign, involuntary flexion of the hips
and knees when the neck is passively flexed, though these specific signs are frequently absent or
unreliable in young infants, in whom a bulging anterior fontanelle may instead provide an
important clue to raised intracranial pressure from underlying meningitis.

Fill in the blank: A bulging anterior fontanelle in a young infant may provide an important clue
to raised pressure from underlying meningitis.

1.2.2 differential diagnosis of GNS infection

The differential diagnosis of a child with features suggestive of CNS infection includes other
causes of fever with altered consciousness or neurological symptoms, such as febrile seizure,
discussed in a later Series of this course, cerebral malaria in endemic areas, discussed in an
earlier course, and, less commonly, non-infective causes of meningeal irritation or raised
intracranial pressure, such as subarachnoid haemorrhage.

Careful clinical assessment, together with appropriate investigation discussed in the next sub-
Part, is generally required to distinguish between these possibilities, since several of these
conditions can present with genuinely overlapping clinical features, and a systematic, structured
approach to evaluation, rather than relying on a single clinical feature in isolation, is essential to
reach an accurate diagnosis promptly.

Fill in the blank: Cerebral malaria is an important differential diagnosis for CNS infection in
areas.

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



1.2.3 evaluation of suspected CNS infection and lumbar puncture

Evaluation of a child with suspected CNS infection includes a detailed history and
examination, together with laboratory investigations, including full blood count, blood
culture, and, centrally, lumbar puncture for cerebrospinal fluid analysis, which remains the
key investigation for confirming or excluding CNS infection and identifying the likely causative
organism, discussed further later in this Series.

Indications for lumbar puncture include clinical suspicion of meningitis or encephalitis in a
child without a specific contraindication, while contraindications include signs of significantly
raised intracranial pressure, cardiorespiratory instability, a bleeding disorder or low
platelet count, and local infection at the intended puncture site; since performing lumbar
puncture in the presence of significantly raised intracranial pressure carries a genuine risk of
precipitating brain herniation, a life-threatening complication.

Fill in the blank: Performing lumbar puncture with significantly raised intracranial pressure
carries a genuine risk of precipitating brain
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Figure 1.2: A clinician assessing a child for signs of meningeal irritation.

Pilot questions 1.

ications for lumbar puncture in suspected CNS infection. (Linked to SLO 1.5)
e contraindications to lumbar puncture. (Linked to SLO 1.5)
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1.3 Acute Bacterial Meningitis

1.3.1 clinical features of acute bacterial meningitis

A rapidly progressive, genuinely time-critical illness

Acute bacterial meningitis typically presents with a rapid onset of fever, headache, neck
stiffness, and vomiting, together with photophobia and, in more advanced disease, altered
consciousness, and can progress rapidly over hours, meaning prompt recognition and treatment
is genuinely time-critical to minimise the risk of significant morbidity or mortality from this
serious infection.

Meningococcal meningitis specifically may present with a characteristic non-blanching
petechial or purpuric rash, reflecting associated meningococcaemia, and the presence of this
rash in a febrile, unwell child should be treated as a genuine @mergency requiring urgent
recognition and treatment, since it suggests the possibility of rapidly progressive meningococcal
septicaemia with significant risk of shock and death if not treated immediately.

Fill in the blank: Meningococcal meningitis may present with a characteristic non-blanching
petechial or rash.

1.3.2 diagnosis of acute bacteriat meningitis

Diagnosis of acute bacterial meningitis relies on cerebrospinal fluid analysis, obtained by
lumbar puncture where not contraindicated, typically showing a markedly elevated white cell
count, predominantly neutrophils, elevated protein, and low glucose relative to a
simultaneously measured blood glucose, together with Gram stain and culture, which may
identify the specific causative organism and guide targeted antibiotic therapy.

Blood culture should also be obtained, since bacteraemia frequently accompanies bacterial
meningitis, and can occasionally yield a positive result even when cerebrospinal fluid culture is
negative, particularly if lumbar puncture is delayed until after antibiotics have already been
started, a common and appropriate clinical scenario when a child is critically unwell and
treatment cannot safely await the procedure.

Fill in the blank: Cerebrospinal fluid in bacterial meningitis typically shows elevated protein
and low relative to blood.
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1.3.3 management of acute bacterial meningitis

Management of suspected acute bacterial meningitis requires prompt empirical antibiotic
therapy, generally with a third-generation cephalosporin, started as soon as possible once the
diagnosis is suspected, since any delay in appropriate antibiotic treatment is associated with
worse outcomes, and antibiotics should never be withheld pending lumbar puncture in a
critically unwell child, since treatment can be started immediately with cerebrospinal fluid
obtained shortly afterward, or omitted if a contraindication is present.

Adjunctive corticosteroid therapy, typically with dexamethasone, given alongside or shortly
before the first dose of antibiotics, has been shown to reduce the risk of certain complications,
particularly hearing loss, in some settings and specific causative organisms, and supportive
care, including careful fluid management and monitoring for raised intracranial pressure and
seizures, is essential throughout the acute management of this serious infection.

Fill in the blank: Adjunctive corticosteroid therapy has been shown to‘reduce the risk of certain
complications, particularly loss.

Table 1.3: Typical cerebrospinal fluid findings by cause of CNS infection.

Feature Bacterial meningitis Viral meningitis Tuberculous meningitis
. Markedly elevated, Mildly to moderately

White cell count neutrophils elevated, lymphocytes Elevated, lymphocytes

Protein Elevated Normal or mildly elevated | Markedly elevated

Glucose Low Normal Low

Pilot questions 1.3

1. Describe the typical clinical presentation of acute bacterial meningitis. (Linked to SLO

1.6)

2. Describe the significance of a non-blanching petechial rash in a febrile child. (Linked to
SLO 1.6)

3. Describe the typical cerebrospinal fluid findings in acute bacterial meningitis. (Linked to
SLO 1.6)

4. Explain why antibiotics should never be withheld pending lumbar puncture in a critically
unwell child. (Linked to SLO 1.6)

5. Describe the role of adjunctive corticosteroid therapy in bacterial meningitis. (Linked to
SLO 1.6)
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1.4 Tuberculous Meningitis and Complications of CNS Infections

1.4.1 clinical features of tuberculous meningitis

A more gradual, but equally serious, presentation

Tuberculous meningitis, discussed in the context of tuberculosis more broadly.in an earlier
course, typically presents with a more gradual onset than acute bacterial meningitis, progressing
over days to weeks through recognised stages, from an early, non-specific stage with fever and
malaise, through a stage with more definite meningeal signs and altered behaviour, to an
advanced stage with coma and focal neurological deficits if not recognised and treated promptly.

Cranial nerve palsies, particularly affecting the sixth cranial nerve, are relatively characteristic
of tuberculous meningitis, reflecting the tendency for tuberculousinflammation to particularly
affect the base of the brain, and a relevant history of tuberculesis contact or known risk
factors for tuberculosis should always be actively sought in a child with a subacute presentation
suggestive of meningitis, given the specific management implications discussed in the next sub-
Part.

Fill in the blank: Tuberculous meningitis typically presents with a more gradual onset than
acute bacterial meningitis, progressing over days to

1.4.2 diagnosis and management.of tuberculous meningitis

Diagnosis of tuberculous meningitis is supported by cerebrospinal fluid analysis, typically
showing a lymphocytie pleocytosis, markedly elevated protein, and low glucose, together with
acid-fast bacilli staining and culture, though bacteriological confirmation is frequently
difficult, as discussed in the context of childhood tuberculosis in an earlier course, meaning
diagnosis often relies on a composite clinical approach, combining clinical features, relevant
contact history, and supportive cerebrospinal fluid and imaging findings.

Management requires prolonged anti-tuberculosis therapy, generally for 12 months or longer,
considerably extended compared with standard pulmonary tuberculosis treatment discussed in an
earlier course, together with adjunctive corticosteroid therapy, which has been shown to
improve outcomes in tuberculous meningitis specifically, and careful monitoring and
management of raised intracranial pressure, which can be a significant complicating feature of
this condition.

Fill in the blank: Management of tuberculous meningitis requires prolonged anti-tuberculosis
therapy, generally for months or longer.
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1.4.3 complications and prognosis of CNS infections

Complications of CNS infection include hearing loss, particularly following bacterial
meningitis, hydrocephalus, resulting from impaired cerebrospinal fluid absorption or flow due
to inflammation, seizures, both during the acute illness and, in some children, as a longer-term
consequence, and neurodevelopmental impairment, ranging from mild learning difficulty to
more significant, lasting disability, depending on the severity and cause of the underlying
infection.

Prognosis of CNS infection depends on the specific causative organism, the child's age, and,
critically, the timeliness of diagnosis and treatment, with delayed presentation or treatment
associated with considerably worse outcomes across virtually all causes of CNS infection
discussed in this Series, underscoring the genuine clinical importance of prompt recognition and
management emphasised throughout this Series.

Fill in the blank: Hydrocephalus results from impaired cerebrospinal fluid absorption or flow
due to

Figure 1.4: A child receiving intravenous antibiotic treatment for suspected bacterial
meningitis.

Pilot questions 1.4
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1. Describe the typical clinical progression of tuberculous meningitis. (Linked to SLO 1.7)

2. Describe the cranial nerve most characteristically affected in tuberculous meningitis.
(Linked to SLO 1.7)

3. Describe the duration and general approach to treatment of tuberculous meningitis.
(Linked to SLO 1.7)

4. List four complications of CNS infection. (Linked to SLO 1.8)

5. Explain why timeliness of diagnosis and treatment is a critical determinant of prognosis
in CNS infection. (Linked to SLO 1.8)

Series Summary

This Series introduced CNS infections in children, beginning with a thorough grounding in
their common bacterial, viral, and other aetiologic agents and the underlying pathophysiology by
which these organisms produce the characteristic inflammatory picture of meningitis and
encephalitis, before turning to the clinical features and structured evaluation of a child with
suspected CNS infection, including the essential recognition of meningeal signs, the relevant
differential diagnosis, and the specific indications and contraindications governing safe use of
lumbar puncture.

We then examined acute bacterial meningitis in detail, before concluding with tuberculous
meningitis and the broader complications of CNS infection. Having worked through this
Series, you should now be able to evaluate, diagnose, and manage a child with suspected CNS
infection. The next Series turns to cerebral palsy and mental retardation.

Glossary of Terms
o Kernig’s sign: pain and resistance on extending the knee with the hip flexed, a sign of meningeal
irritation.

e . Brudzinski’s sign: involuntary flexion of the hips and knees on passive neck flexion, a sign of
meningeal irritation.

e Lumbar puncture: the procedure used to obtain cerebrospinal fluid for analysis in suspected
CNS infection.

¢ Bulging anterior fontanelle: a sign of raised intracranial pressure in a young infant with
meningitis.
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e Meningococcaemia: bloodstream infection with Neisseria meningitidis, associated with a
characteristic petechial or purpuric rash.

e Cerebrospinal fluid pleocytosis: an elevated white cell count in the cerebrospinal fluid.

o Third-generation cephalosporin: the class of antibiotic generally used as first-line empirical
therapy for bacterial meningitis.

¢ Dexamethasone: the corticosteroid used as adjunctive therapy to reduce complications of
bacterial meningitis.

e Tuberculous meningitis: meningitis caused by Mycobacterium tuberculosis, typically presenting
with a gradual onset.

e Sixth cranial nerve palsy: a relatively characteristic finding in tuberculous meningitis:

e Hydrocephalus: a complication of CNS infection resulting from impaired cerebrospinal fluid
absorption or flow.

¢ Brain herniation: a life-threatening complication that can be precipitated by lumbar puncture in
the presence of significantly raised intracranial pressure.

Concept Check Questions [Series 1]
Objective questions

1. Common bacterial causes of meningitis include Streptococcus pneumoniae and Neisseria

2. A bulging anterior fontanelle in a young infant may provide an important clue to raised
pressure from underlying meningitis.
3. Meningococcal meningitis may present with a characteristic non-blanching petechial or
rash.
4. Tuberculous meningitis typically presents with a more gradual onset than acute bacterial
meningitis, progressing over days to .
5. Hydrocephalus results from impaired cerebrospinal fluid absorption or flow due to

Short-answer questions

Describe Kernig’s sign and Brudzinski’s sign.

List the indications for lumbar puncture in suspected CNS infection.

List the contraindications to lumbar puncture.

Describe the typical cerebrospinal fluid findings in acute bacterial meningitis.
10. List four complications of CNS infection.

LR NS

Long-answer questions
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11. Discuss the common aetiologic agents and pathophysiology of CNS infections. (Linked

to SLO 1.1, SLO 1.2)

12. Discuss the clinical features and evaluation of a child with suspected CNS infection.

(Linked to SLO 1.3, SLO 1.4, SLO 1.5)

13. Discuss the clinical features, diagnosis, and management of acute bacterial meningitis.

(Linked to SLO 1.6)

14. Discuss the clinical features and management of tuberculous meningitis. (Linked to SLO

1.7)

15. Discuss the complications and prognosis of CNS infections. (Linked to SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

AN e

Meningitidis.
Intracranial.
Purpuric.
Weeks.
Inflammation.

Short-answer questions

6.

Kernig’s sign is pain on knee extension with hip flexed; Brudzinski’s sign is hip and knee
flexion on neck flexion.

Clinical suspicion of meningitis or encephalitis without a specific contraindication is an
indication.

Raised intracranial pressure, cardiorespiratory instability, bleeding disorder, and local
infection are contraindications.

Markedly elevated neutrophil count, elevated protein, and low glucose relative to blood
are typical findings.

10. Hearing loss, hydrocephalus, seizures, and neurodevelopmental impairment are

complications of CNS infection.

Long-answer questions

-
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11. Basic response: CNS infections are caused by bacterial, viral, and other organisms,
gaining access through haematogenous spread, direct extension, or direct inoculation,
with the resulting inflammatory response driving much of the clinical picture.

Value-added response: Causative organisms vary by age and immune status, with vaccination
programmes having reduced the incidence of certain previously common bacterial causes.

12. Basic response: Clinical features include fever, headache, and meningeal signs, though
presentation is often non-specific in young infants, requiring evaluation/including lumbar
puncture where not contraindicated.

Value-added response: The differential diagnosis includes febrile seizure and cerebral malaria,
and careful assessment is needed to distinguish these overlapping presentations.

13. Basic response: Acute bacterial meningitis presents rapidly with fever and neck stiffness,
diagnosed by CSF analysis showing elevated neutrophilsiand low glucose, managed with
prompt empirical antibiotics.

Value-added response: Adjunctive dexamethasone reduces certain complications, and
antibiotics should never be delayed pending lumbar puncture in a critically unwell child.

14. Basic response: Tuberculousmeningitis presents more gradually, often with cranial
nerve palsies, diagnosed through a composite clinical approach given diagnostic
challenges, and treated with prolonged anti-tuberculosis therapy.

Value-added response: Adjunctive corticosteroids improve outcomes in tuberculous meningitis
specifically, and raised intracranial pressure requires careful monitoring throughout treatment.

15. Basic response: Complications of CNS infection include hearing loss, hydrocephalus,
seizures, and neurodevelopmental impairment, varying with cause and severity of the
underlying infection.

Value-added response: Prognosis depends critically on the timeliness of diagnosis and
treatment, with delayed presentation associated with considerably worse outcomes across
virtually all ecauses of CNS infection.

Answers to Pilot Questions [Series 1]

Part 1.1
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Streptococcus pneumoniae, Neisseria meningitidis, and Group B Streptococcus are
common bacterial causes.

Widespread vaccination has considerably reduced its incidence in settings with good
coverage.

Enteroviruses and herpes simplex virus are common viral causes.

Haematogenous spread, direct extension from a nearby structure, and direct inoculation
are the main routes.

The inflammatory response causes cerebral oedema, raised intracranial pressure, and
vasculitis, contributing to the clinical picture.

Part 1.2

Young infants present non-specifically with poor feeding and lethargy, while older
children show more classic features.

Kernig’s sign is pain on knee extension with hip flexed; Brudzinski’s sign is hip and knee
flexion on neck flexion.

Febrile seizure and cerebral malaria are conditions in the differential diagnosis.

Clinical suspicion of meningitis or eéncephalitis without a contraindication is the
indication.

Raised intracranial pressure, cardiorespiratory instability, bleeding disorder, and local
infection are contraindications.

Part 1.3

Rapid onset of fever, headache, neck stiffness, and vomiting, progressing over hours.

It suggests meningococcaemia and should be treated as a genuine emergency requiring
urgent treatment.

Markedly elevated neutrophil count, elevated protein, and low glucose relative to blood.
Delaying antibiotics risks worse outcomes given how rapidly bacterial meningitis can
progress.

Dexamethasone reduces the risk of certain complications, particularly hearing loss, in
some settings.

Part 1.4

It progresses gradually through stages from non-specific symptoms to meningeal signs
and, if untreated, coma.

The sixth cranial nerve is relatively characteristically affected.

Treatment requires prolonged anti-tuberculosis therapy for 12 months or longer, with
adjunctive corticosteroids.
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4. Hearing loss, hydrocephalus, seizures, and neurodevelopmental impairment are
complications.

5. Delayed diagnosis or treatment is associated with considerably worse outcomes across
virtually all causes.

References and Attributions [Series 1]

e Kliegman, R. M., St Geme, J. W., Blum, N. J., Shah, S. S., Tasker, R. C. and Wilson, K.
M. (2020). Nelson Textbook of Pediatrics (21st ed.). Elsevier.

e Kim, K. S. (2010). Acute bacterial meningitis in infants and children. The Lancet
Infectious Diseases, 10(1), 32 to 42.

e World Health Organization (2022). WHO Consolidated Guidelines on Tuberculosis:
Module 5, Management of Tuberculosis in Children and Adolesecents. WHO Press.

o Thakur, K. T. et al. (2019). Tuberculous meningitis in a high HIV prevalence setting.
Journal of Neurology, 266(2), 421 to 429.

Figures, Plates, Tables, and Boxes

o Figure 1.1: The meninges.and subarachnoid space surrounding the brain. Al-generated
using the prompt: "Create a professional educational anatomical diagram titled The
Meninges and Subarachnoid Space, showing the layered membranes surrounding the
brain with the subarachneid space labelled. Clean clinical educational diagram style,
single illustration, no text-heavy panels."

e Figure 1.2: A clinician assessing a child for signs of meningeal irritation. Al-generated
using the prompt: "A realistic, calm clinical illustration of a clinician gently assessing a
child’s neck flexibility during an examination on a hospital bed, with a caregiver present.
Single clean medical illustration, soft clinical lighting, no text overlays, no multiple
panels, respectful and accurate depiction."

o Table 1.3: Typical cerebrospinal fluid findings by cause of CNS infection. Al-generated
using the prompt: "Create a clean reference table titled Cerebrospinal Fluid Findings by
Cause of CNS Infection, comparing bacterial, viral, and tuberculous meningitis. Simple
clinical reference table style with outside border."

o Figure 1.4: A child receiving intravenous antibiotic treatment for suspected bacterial
meningitis. Al-generated using the prompt: "A realistic clinical illustration of a child
lying calmly in a hospital bed with an intravenous line, with a nurse checking the infusion
equipment nearby. Single clean medical illustration, soft clinical lighting, no text
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overlays, no multiple panels, respectful and accurate depiction, no graphic medical
detail."
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Series 2: Cerebral Palsy and Mental
Retardation

Part 2.1: Cerebral Palsy: Definition, Aetiology, and Classification
o Sub Part 2.1.1: Definition of cerebral palsy
o Sub Part 2.1.2: Aetiology of cerebral palsy
o Sub Part 2.1.3: Classification of cerebral palsy
o Part 2.2: Cerebral Palsy: Clinical Features, Management, and Prognosis
o Sub Part 2.2.1: Clinical features of cerebral palsy
o Sub Part 2.2.2: Management of cerebral palsy.
o Sub Part 2.2.3: Prognosis of cerebral palsy
o Part 2.3: Mental Retardation: Definition, Prevalence, and Aetiology
o Sub Part 2.3.1: Definition and prevalence of mental retardation
o Sub Part 2.3.2: Aetiology of mental retardation
o Sub Part 2.3.3: Predisposing factors for mental retardation

o Part 2.4: Mental Retardation: Clinical Presentation, Recurrence Risk, and
Prevention

o Sub Part 2.4.1: Clinical presentation of mental retardation
o Sub Part 2.4.2: Risk of recurrence

o Sub Part 2.4.3: Prevention of mental retardation

Introduction

In the last Series, we explored the evaluation and management of CNS infections. We now turn
to cerebral palsy and mental retardation, two important, generally lifelong neurodevelopmental
conditions that, while distinct, can coexist in the same child and both require early recognition
and structured, ongoing support. Picture a toddler with persistently increased muscle tone and
delayed motor milestones since birth, alongside a different child, now school-aged, whose
learning and adaptive skills fall considerably behind those of same-aged peers. Understanding
these two conditions, their causes, and their management is the focus of this Series.

-
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The aim of this Series is to equip you with the knowledge required to define, classify, and
understand the clinical features, management, and prognosis of cerebral palsy, and the aetiology,
presentation, and prevention of mental retardation.

This Series begins with the definition, aetiology, and classification of cerebral palsy, before
turning to its clinical features, management, and prognosis. Next, we examine the definition,
prevalence, and aetiology of mental retardation, before concluding with its clinical
presentation, recurrence risk, and prevention.

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

e SLO 2.1: define cerebral palsy and describe its aetiology,

e SLO 2.2: classify cerebral palsy by type and distribution;

e SLO 2.3: describe the clinical features of cerebral palsy,

e SLO 2.4: describe the management and prognosis of cerebral palsy,

e SLO 2.5: define mental retardation and describe its prevalence,

e SLO 2.6: describe the aetiology and predisposing factors of mental retardation,
e SLO 2.7: describe the clinical presentation of mental retardation, and

e SLO 2.8: describe the risk of recurrence and prevention of mental retardation.

2.1 Cerebral Palsy: Definition, Actiology, and Classification
2.1.1 definition of cerebral palsy
A description of a clinical picture, not a single disease

Cerebral palsy is defined as a group of permanent, though not unchanging, disorders of
movement and posture, causing activity limitation, attributed to a non-progressive
disturbance occurring in the developing fetal or infant brain, meaning the underlying brain
injury itself does not worsen over time, even though the resulting clinical picture can genuinely
evolve as the child grows and develops.

The term cerebral palsy describes a clinical syndrome rather than a single specific disease, since
the underlying cause, severity, and specific pattern of motor involvement vary considerably
between affected children, and cerebral palsy is frequently accompanied by additional
impairments, including sensory, cognitive, communication, and behavioural difficulties,

-
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together with epilepsy, discussed in a later Series of this course, and secondary musculoskeletal
problems.

Fill in the blank: Cerebral palsy is attributed to a non-progressive disturbance occurring in the
developing fetal or brain.

2.1.2 aetiology of cerebral palsy

Causes of cerebral palsy are conventionally grouped by the timing of the underlying insult into
prenatal, perinatal, and postnatal causes. Prenatal causes, the most common overall category,
include congenital brain malformations, intrauterine infection, and complications of
multiple pregnancy, while perinatal causes include birth asphyxia, hypoxic-ischaemic
encephalopathy, and severe neonatal jaundice, discussed in an earlier course, causing
kernicterus.

Postnatal causes, occurring after the immediate neonatal period; include CNS infection,
discussed in the previous Series of this course, severe head trauma, and, less commonly, other
causes of significant early brain injury, and, in a proportion of children, no clearly identifiable
specific cause is found despite thorough evaluation, meaning cerebral palsy should be
understood as resulting from a genuinely diverse range of possible underlying insults rather than
any single cause.

Fill in the blank: Perinatal causes of cerebral palsy include birth asphyxia and hypoxic-
ischaemic

2.1.3 classification of cerebral palsy

Cerebral palsy is classified by the predominant type of motor disorder into spastic, the most
common type; characterised by increased muscle tone and exaggerated reflexes, dyskinetic,
characterised by involuntary, uncontrolled movements, ataxic, characterised by impaired
coordination and balance, and mixed types, combining features of more than one category.

Cerebral palsy 1s also classified by the anatomical distribution of motor involvement into
hemiplegia, affecting one side of the body, diplegia, predominantly affecting both legs,
quadriplegia, affecting all four limbs, and, in more contemporary classification systems,
functional classification scales such as the Gross Motor Function Classification System, which
describes a child's functional motor ability on a structured, standardised scale rather than relying
solely on the traditional anatomical and type-based classification.

Fill in the blank: Spastic cerebral palsy is characterised by increased muscle tone and
exaggerated
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Figure 2.1: A physiotherapist supporting a child with cerebral palsy during a therapy
session.

Pilot questions 2.1

o Define cerebral palsy. (Linked to SLO 2.1)

o Explain why cetebral palsy is described as a non-progressive disturbance despite the
clinical picture evolving over time. (Linked to SLO 2.1)

o List two-prenatal and two perinatal causes of cerebral palsy. (Linked to SLO 2.2)

e Describe the four types of cerebral palsy by predominant motor disorder. (Linked to SLO
2.3)

 ( Describe the anatomical distribution classification of cerebral palsy. (Linked to SLO 2.3)
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2.2 Cerebral Palsy: Clinical Features, Management, and Prognosis
2.2.1 clinical features of cerebral palsy
Early signs are often subtle before becoming more obvious

Clinical features of cerebral palsy include delayed motor milestones, abnormal muscle tone,
which may be increased, or spastic, decreased, or hypotonic, particularly early on, or
fluctuating, abnormal movement patterns, and persistence of primitive reflexes, discussed in
an earlier course, beyond their normal expected age of disappearance, all of which may become
apparent only gradually as the child grows and expected milestones are not achieved.

Associated impairments are common and should be actively screened for, including
intellectual disability, present in a proportion of affected children, epilepsy, visual and hearing
impairment, communication difficulties, and feeding difficulties, related to oromotor
dysfunction, meaning comprehensive assessment of a child with cerebral palsy should always
extend well beyond the motor system alone.

Fill in the blank: Associated impairments in cerebral palsy include intellectual disability,
, and visual or hearing impairment.

2.2.2 management of cerebral palsy

Management of cerebral palsy is multidisciplinary and individualised, centred on
physiotherapy to optimise/motor function and prevent secondary musculoskeletal complications
such as contractures, occupational therapy to support daily functional activities, and speech
and language therapy, particularly relevant given the frequent feeding and communication
difficulties discussed in the previous sub-Part.

Pharmacological and surgical interventions may be used to manage specific problems,
including eral or injected muscle relaxants, such as botulinum toxin, to manage significant
spasticity, antiepileptic medication where epilepsy coexists, and orthopaedic surgery for
specific musculoskeletal complications, with the overall management goal centred on
maximising the child's functional independence and quality of life rather than attempting to
cure the underlying, non-progressive brain injury itself.

Fill in the blank: Botulinum toxin may be used as an injected muscle relaxant to manage
significant
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2.2.3 prognosis of cerebral palsy

Prognosis of cerebral palsy varies considerably according to the severity and type of motor
involvement, and the presence and severity of associated impairments, with many children with
mild cerebral palsy achieving independent ambulation and largely typical participation in
education and community life, while children with more severe disease may require lifelong,
significant support with mobility, communication, and activities of daily living.

While the underlying brain injury itself does not progress, ongoing, structured surveillance and
early intervention meaningfully improve functional outcomes over time, and life expectancy in
cerebral palsy is generally close to typical for children with milder disease, though more
significantly reduced in children with the most severe forms of the condition, particularly where
feeding difficulties or respiratory complications are significant, underscoring the genuine
importance of comprehensive, ongoing multidisciplinary care throughout childhood and beyond.

Fill in the blank: While the underlying brain injury itself does not progress, ongoing structured
surveillance and early meaningfully improve functional outcomes.

Table 2.2: Classification of cerebral palsy by type and distribution.

Category Subtype Key feature

. Increased tone, exaggerated
Type Spastic reflexes
Type Dy Involuntary, uncontrolled

movements

. Impaired coordination and

Type AN balance
. . . . . . . | One side / both legs / all

Distribution Hemiplegia / Diplegia / Quadriplegia four limbs affected

Pilot questions 2.2

1." List four clinical features suggestive of cerebral palsy. (Linked to SLO 2.3)

2. Listthree associated impairments commonly seen in children with cerebral palsy.
(Linked to SLO 2.3)

3. Describe the multidisciplinary approach to management of cerebral palsy. (Linked to
SLO 2.4)

4. Describe the role of botulinum toxin in managing cerebral palsy. (Linked to SLO 2.4)

5. Describe the general prognosis of cerebral palsy according to severity. (Linked to SLO
2.4)
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2.3 Mental Retardation: Definition, Prevalence, and Aetiology

2.3.1 definition and prevalence of mental retardation
Impairment across both intellectual and adaptive domains

Mental retardation, a term used within this course consistent with the language of the source
curriculum though now more commonly referred to as intellectual disability in contemporary
clinical practice, is defined as significantly subaverage intellectual functioning, together with
significant limitations in adaptive behaviour, the practical, everyday skills required for
independent living, with onset occurring during the developmental period, generally before 18
years of age.

Prevalence of mental retardation varies somewhat between studies and settings, but is generally
estimated at around 1 to 3 percent of the general population, with mild forms considerably more
common than severe forms, and prevalence data should be interpreted with some caution given
genuine variation in diagnostic criteria, assessment tools, and reporting practices between
different populations and healthcare settings.

Fill in the blank: Mental retardation involves significantly subaverage intellectual functioning
together with limitations in behaviour.

2.3.2 aetiology of mental retardation

Causes of mental retardation are broadly grouped into prenatal, perinatal, and postnatal
categories, similar in principle to the causal framework for cerebral palsy discussed earlier in this
Series, with prenatal causes including chromosomal abnormalities, discussed in an earlier
course, genetic syndromes, congenital infection, and maternal substance use during
pregnancy, and perinatal causes including birth asphyxia and severe prematurity.

Postnatal causes include CNS infection, discussed in the previous Series of this course,
significant head trauma, and severe, prolonged environmental deprivation or malnutrition
during critical periods of early brain development, and, as with cerebral palsy, a specific cause is
not identified in a proportion of affected children despite thorough evaluation, particularly in
cases of mild mental retardation.

Fill in the blank: Postnatal causes of mental retardation include CNS infection and significant
head

2.3.3 predisposing factors for mental retardation
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Predisposing factors for mental retardation include parental consanguinity, increasing the risk
of autosomal recessive genetic conditions, advanced maternal age, associated with increased
risk of certain chromosomal abnormalities discussed in an earlier course, poor antenatal care,
limiting the opportunity to detect and manage pregnancy complications, and significant
socioeconomic disadvantage, associated with increased exposure to several of the specific risk
factors already discussed.

Recognising these predisposing factors is clinically useful both for anticipating increased risk in
a specific pregnancy or child, and for informing broader public health strategies aimed at
reducing the population-level burden of preventable mental retardation, discussed further in the
final Part of this Series, since several of these predisposing factors are genuinely, at least
partially, modifiable through appropriate intervention.

Fill in the blank: Parental consanguinity increases the risk of recessive genetic
conditions contributing to mental retardation.

— [/

Figure 2.3: A clinician conducting a structured developmental assessment with a child.

Pilot questions 2.3
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1. Define mental retardation, including both intellectual and adaptive domains. (Linked to
SLO 2.5)

2. State the approximate prevalence of mental retardation in the general population. (Linked
to SLO 2.5)

3. List two prenatal causes of mental retardation. (Linked to SLO 2.6)

4. List two postnatal causes of mental retardation. (Linked to SLO 2.6)

5. List three predisposing factors for mental retardation. (Linked to SLO 2.6)

2.4 Mental Retardation: Clinical Presentation, Recurrence Risk, and Prevention
2.4.1 clinical presentation of mental retardation

Presentation varies with severity and often becomes apparent gradually

Clinical presentation of mental retardation varies according to severity, with mild forms often
not becoming clinically apparent until school age, when academic and social demands increase
and a child's difficulties become more noticeable relative to same-aged peers, while more severe
forms are frequently apparent earlier; through global developmental delay, discussed in an
earlier course, affecting multiple developmental domains simultaneously.

Children with mental retardation may also present with associated behavioural difficulties,
communication difficulties, and, particularly where an underlying genetic or chromosomal
cause is present, specific dysmorphic features or other physical findings characteristic of that
specific underlying condition, meaning careful, thorough clinical examination remains an
important component of evaluation even when the primary presenting concern is developmental
or cognitive in nature.

Fill in the blank: Mild mental retardation often does not become clinically apparent until
age.

2.4.2 risk of recurrence

Risk of recurrence in a future pregnancy depends heavily on the specific underlying cause
identified, if any, with genetic or chromosomal causes carrying a specific, calculable recurrence
risk depending on the precise inheritance pattern, discussed in an earlier course in the context
of genetic counselling, while acquired causes, such as birth asphyxia or postnatal CNS
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infection, generally carry a low recurrence risk unless the specific underlying circumstances that
contributed to the original episode are likely to recur.

Genetic counselling, discussed in detail in an earlier course, plays an important role in
accurately estimating and appropriately communicating recurrence risk to affected families,
supporting informed reproductive decision-making, and families should be offered access to
this specialist counselling wherever a specific underlying genetic or chromosomal cause is
identified or strongly suspected, given the genuinely significant implications for future family
planning.

Fill in the blank: Genetic counselling supports informed reproductive for families
affected by a hereditary cause of mental retardation.

2.4.3 prevention of mental retardation

Prevention of mental retardation operates across multiple levels, including primary prevention,
such as improved antenatal care, prevention of prematurity where possible, avoidance of
maternal substance use during pregnancy, and rubella vaceination to prevent congenital
rubella syndrome, and secondary prevention,including newborn screening for treatable
metabolic conditions and prompt treatment of severe neonatal jaundice to prevent kernicterus,
discussed earlier in this Series in the context of cerebral palsy.

Tertiary prevention focuses on early intervention services for children already diagnosed with
mental retardation, aiming to maximise developmental potential and functional independence,
and, at a broader population level, addressing socioeconomic determinants and improving
general access to quality antenatal, perinatal, and early childhood health services remains an
important, ongoing strategy for reducing the overall burden of preventable mental retardation,
reflecting the same population-level prevention principles emphasised throughout this course.

Fill in the blank: Prompt treatment of severe neonatal jaundice prevents kernicterus, a cause of
both cerebral palsy and mental
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Figure 2.4: A genetic counsellor discussing recurrence risk with a family.

Pilot questions 2.4

1.

-
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Describe how the clinical presentation of mental retardation varies with severity. (Linked
to SLO 2.7)

Explain why genetic or chromosomal causes of mental retardation carry a specific
recurrence risk. (Linked to SLO 2.8)

Describe the role of genetic counselling in mental retardation. (Linked to SLO 2.8)

List two primary prevention strategies for mental retardation. (Linked to SLO 2.8)
Describe the focus of tertiary prevention in mental retardation. (Linked to SLO 2.8)
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Series Summary

This Series examined cerebral palsy in depth, beginning with its definition as a non-progressive
disturbance of the developing brain and its prenatal, perinatal, and postnatal aetiological
categories, before turning to its classification by motor type and anatomical distribution, and
then its clinical features, multidisciplinary management, and prognosis, exploring how
associated impairments such as intellectual disability, epilepsy, and feeding difficulties must be
actively screened for and addressed alongside the primary motor disorder itself.

We then examined mental retardation, its definition, prevalence, and aetiology, before
concluding with its clinical presentation, recurrence risk, and prevention. Having worked
through this Series, you should now be able to define, classify, and understand the management
of cerebral palsy and mental retardation. The next Series turns to convulsions, febrile seizures,
and epilepsy.

Glossary of Terms

1. Cerebral palsy: a group of permanent disorders of movement and posture attributed to a
non-progressive disturbance in the developing brain.

2. Spastic cerebral palsy: the most common type of cerebral palsy, characterised by
increased muscle tone.

3. Dyskinetic cerebral palsy: a type of cerebral palsy characterised by involuntary,
uncontrolled movements.

4. Hemiplegia: cerebral palsy affecting one side of the body.

5. Gross Meotor Function Classification System: a standardised scale describing
functional motor ability in cerebral palsy.

6. Contracture: a secondary musculoskeletal complication of cerebral palsy that
physiotherapy aims to prevent.

7.  Botulinum toxin: an injected muscle relaxant used to manage significant spasticity in
cerebral palsy.

8. Mental retardation: significantly subaverage intellectual functioning with limitations in
adaptive behaviour, with onset during the developmental period.

9. Adaptive behaviour: the practical, everyday skills required for independent living.

10. Parental consanguinity: a predisposing factor increasing the risk of autosomal recessive
conditions contributing to mental retardation.
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11. Recurrence risk: the likelihood of a condition occurring again in a future pregnancy,
dependent on the underlying cause.

12. Kernicterus: brain injury from severe neonatal jaundice, a cause of both cerebral palsy
and mental retardation.

Concept Check Questions [Series 2]
Objective questions

o Cerebral palsy is attributed to a non-progressive disturbance occurring in the developing
fetal or brain.
e Spastic cerebral palsy is characterised by increased muscle tone and exaggerated

e Mental retardation involves significantly subaverage intellectual functioning together
with limitations in behaviour.

o Parental consanguinity increases the risk of recessive genetic conditions
contributing to mental retardation.

o Prompt treatment of severe neonatal jaundice prevents kernicterus, a cause of both
cerebral palsy and mental

Short-answer questions

List two prenatal and two perinatal causes of cerebral palsy.

List three associated impairments commonly seen in children with cerebral palsy.
State the approximate prevalence of mental retardation in the general population.
List two prenatal causes of mental retardation.

List two primary prevention strategies for mental retardation.

kv =

Long-answer questions

6. Discuss the definition, aetiology, and classification of cerebral palsy. (Linked to SLO 2.1,
SLO 2.2)

7. Discuss the clinical features, management, and prognosis of cerebral palsy. (Linked to
SLO 2.3, SLO 2.4)

8. Discuss the definition, prevalence, and aetiology of mental retardation. (Linked to SLO
2.5,SLO 2.6)

9. Discuss the clinical presentation of mental retardation and its recurrence risk. (Linked to
SLO 2.7, SLO 2.8)

10. Discuss the prevention of mental retardation. (Linked to SLO 2.8)
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Answers to Concept Check Questions [Series 2]
Objective questions

11. Infant.

12. Reflexes.
13. Adaptive.
14. Autosomal.
15. Retardation.

Short-answer questions

16. Congenital brain malformation and intrauterine infection (prenatal); birth asphyxia and
hypoxic-ischaemic encephalopathy (perinatal).

17. Intellectual disability, epilepsy, and visual or hearing impairment ate. common associated
impairments.

18. Mental retardation is generally estimated at around. 1 to 3 percent of the general
population.

19. Chromosomal abnormalities and congenital infection are prenatal causes of mental
retardation.

20. Improved antenatal care and rubella vaccination are examples of primary prevention
strategies.

Long-answer questions

21. Basic response: Cerebral palsy is a non-progressive brain disturbance causing permanent
movement disorders, classified by motor type and anatomical distribution, with causes
grouped into prenatal, perinatal, and postnatal categories.

Value-added response: A specific cause is not always identified, and cerebral palsy is
frequently accompanied by additional sensory, cognitive, and behavioural impairments requiring
comprehensive assessment.

22. Basic response: Clinical features include delayed motor milestones and abnormal tone,
managed through multidisciplinary therapy, medication, and surgery as needed, with
prognosis varying by severity.

Value-added response: Early intervention and structured surveillance meaningfully improve
functional outcomes, even though the underlying brain injury itself does not progress.
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23. Basic response: Mental retardation involves subaverage intellectual functioning and
adaptive limitations with onset in the developmental period, affecting around 1 to 3
percent of the population.

Value-added response: Causes span prenatal, perinatal, and postnatal categories, with
predisposing factors including consanguinity, advanced maternal age, and socioeconomic
disadvantage.

24. Basic response: Clinical presentation varies with severity, from early global
developmental delay in severe cases to later recognition in mild cases, with recurrence
risk depending on the specific underlying cause.

Value-added response: Genetic counselling supports informed reproductive decisions where a
hereditary cause is identified, while acquired causes generally carry lower recurrence risk.

25. Basic response: Prevention spans primary strategies such as antenatal care and
vaccination, secondary strategies such as newborn screening, and tertiary strategies such
as early intervention services.

Value-added response: Addressing broader socioeconomic determinants and improving access
to quality health services remains an important, ongoing population-level prevention strategy.

Answers to Pilot Questions [Series 2]
Part 2.1

1. Cerebral palsy is a group of permanent movement and posture disorders attributed to a
non-progressive brain disturbance.

2. The undetlying brain injury does not worsen, though the clinical picture can evolve as the
child grows and develops.

3. Congenital brain malformation and intrauterine infection are prenatal causes; birth
asphyxia and hypoxic-ischaemic encephalopathy are perinatal causes.

4.. Spastic, dyskinetic, ataxic, and mixed are the four types by predominant motor disorder.

5. Hemiplegia, diplegia, and quadriplegia describe involvement of one side, both legs, or all
four limbs.

Part 2.2

6. Delayed motor milestones, abnormal tone, abnormal movement patterns, and persistent
primitive reflexes are clinical features.
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7. Intellectual disability, epilepsy, and visual or hearing impairment are common associated
impairments.

8. Management involves physiotherapy, occupational therapy, and speech and language
therapy in a multidisciplinary approach.

9. Botulinum toxin is used as an injected muscle relaxant to manage significant spasticity.

10. Mild disease often allows independent ambulation and typical participation, while severe
disease requires significant lifelong support.

Part 2.3

11. Mental retardation is subaverage intellectual functioning with limitations in adaptive
behaviour, with onset before 18 years.

12. Prevalence is generally estimated at around 1 to 3 percent of the population.

13. Chromosomal abnormalities and congenital infection are prenatal causes.

14. CNS infection and significant head trauma are postnatal causes.

15. Parental consanguinity, advanced maternal age, and poor antenatal care are predisposing
factors.

Part 2.4

1. Mild forms often become apparent at school age, while severe forms present earlier with
global developmental delay.

2. Genetic and chromosomal ‘causes have a specific, calculable recurrence risk based on
inheritance pattern.

3. Genetic counselling estimates and communicates recurrence risk, supporting informed
reproductive decisions.

4. Improved antenatal care and rubella vaccination are examples of primary prevention.

5. Tertiary prevention focuses on early intervention services to maximise developmental
potential.
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Figures, Plates, Tables, and Boxes

1. Figure 2.1: A physiotherapist supporting a child with cerebral palsy during a therapy
session. Al-generated using the prompt: "A warm, respectful, dignified illustration of a
physiotherapist gently supporting a child during a standing exercise on a therapy mat,
with encouraging body language from both. Single clean illustration, soft natural lighting,
no text overlays, no multiple panels, sensitive and accurate depiction."

2. Table 2.2: Classification of cerebral palsy by type and distribution. Al-generated using
the prompt: "Create a clean reference table titled Classification of Cerebral Palsy, listing
category, subtype, and key feature. Simple clinical reference table style with outside
border."

3. Figure 2.3:/A clinician conducting a structured developmental assessment with a child.
Al-generated using the prompt: "A warm, respectful clinical illustration of a clinician
engaging a child with simple assessment materials at a desk, with a caregiver seated
nearby. Single clean medical illustration, soft natural lighting, no text overlays, no
multiple panels, sensitive and accurate depiction."

4. <Figure 2.4: A genetic counsellor discussing recurrence risk with a family. Al-generated
using the prompt: "A warm, respectful illustration of a genetic counsellor sitting across a
desk froma couple in a calm consultation room, engaged in a supportive discussion.
Single clean illustration, soft warm lighting, no text overlays, no multiple panels,
respectful and accurate depiction."
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Series 3: Convulsions, Febrile Seizures, and
Epilepsy

Part 3.1: Convulsions and Seizure Disorders: Classification and Pathophysiology
o Sub Part 3.1.1: Definition and classification of seizures
o Sub Part 3.1.2: Pathophysiology of seizures
o Sub Part 3.1.3: Differentiating seizures from other paroxysmal events

Part 3.2: Febrile Seizures

o Sub Part 3.2.1: Definition and classification of febrile seizures
o Sub Part 3.2.2: Evaluation of febrile seizures

o Sub Part 3.2.3: Management and prognosis of febrile seizures

Part 3.3: Epilepsy: Clinical Features and Diagnosis
o Sub Part 3.3.1: Definition and clinical features of epilepsy
o Sub Part 3.3.2: Epilepsy syndromes in children

o Sub Part 3.3.3: Diagnosis.and investigation of epilepsy

Part 3.4: Epilepsy: Management, Complications, and Prognosis
o Sub Part 3.4.1::Management of epilepsy
o Sub Part 3.4.2: Acute management of prolonged seizures

o Sub Part 3.4.3: Complications and prognosis of epilepsy

Introduction

In the last Series, we explored cerebral palsy and mental retardation. We now turn to
convulsions, febrile seizures, and epilepsy, among the most common neurological presentations
encountered in paediatric practice. Picture a two year old who develops a brief, generalised
convulsion during a high fever, a common and usually reassuring presentation, alongside an
older child with recurrent, unprovoked seizures over several months, ultimately diagnosed with
epilepsy. Distinguishing these presentations, and understanding their evaluation and
management, is the focus of this Series.

The aim of this Series is to equip you with the knowledge required to classify seizures, evaluate
and manage febrile seizures, and diagnose and manage epilepsy in children.
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This Series begins with the classification and pathophysiology of convulsions and seizure
disorders, before turning to febrile seizures. Next, we examine the clinical features and
diagnosis of epilepsy, before concluding with its management, complications, and prognosis.

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

e SLO 1.1: define convulsions and seizures, and classify seizure types;

e SLO 1.2: describe the pathophysiology of seizures,

e SLO 1.3: define febrile seizures and classify them as simple or complex,
e SLO 1.4: describe the evaluation and management of febrile seizures,

e SLO 1.5: define epilepsy and describe its clinical features,

e SLO 1.6: describe the diagnosis and investigation of epilepsy,

e SLO 1.7: describe the management of epilepsy;and

e SLO 1.8: describe the complications and prognosis of epilepsy.

3.1 Convulsions and Seizure Disordess: Classification and Pathophysiology
3.1.1 definition and classification of seizures
A single, precise vocabulary underlies a genuinely diverse group of events

A seizure is defined as a transient occurrence of signs or symptoms resulting from abnormal,
excessive, or synchronous neuronal activity in the brain, while a convulsion more specifically
refers to a seizure with prominent motor manifestations, such as rhythmic jerking movements,
and the two terms, though sometimes used interchangeably in everyday clinical speech, carry
this useful, more precise distinction worth maintaining in formal clinical description.

Seizures are broadly classified into focal seizures, originating within networks limited to one
cerebral hemisphere, which may or may not be accompanied by impaired awareness, and
generalised seizures, originating within, and rapidly engaging, networks distributed across both
cerebral hemispheres, with generalised seizures further subdivided into specific types including
tonic-clonic, absence, myoclonic, atonic, and tonic seizures, each with a distinct characteristic
clinical appearance.

Fill in the blank: Focal seizures originate within networks limited to one cerebral
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3.1.2 pathophysiology of seizures

Seizures result from a disturbance in the normal balance between excitatory and inhibitory
neurotransmission within the brain, with excessive excitatory activity, mediated principally by
the neurotransmitter glutamate, or insufficient inhibitory activity, mediated principally by
gamma-aminobutyric acid, or GABA, resulting in the abnormal, synchronised neuronal firing
that characterises a seizure event.

This disturbance can result from a wide range of underlying causes, including structural brain
abnormalities, metabolic derangements, such as hypoglycaemia or hyponatraemia,
discussed in earlier courses, CNS infection, discussed in the first Series of this course, fever
itself, discussed further in the next Part of this Series, and, in epilepsy specifically, an
underlying, persistent tendency towards recurrent, unprovoked seizures, reflecting an intrinsic
abnormality of neuronal excitability rather than a single, transient precipitating cause.

Fill in the blank: Seizures result from a disturbance in the normal balance between excitatory
and neurotransmission.

3.1.3 differentiating seizures from other paroxysmal events

A range of non-epileptic paroxysmal events can closely mimic seizures clinically, including
breath holding attacks, discussed in an earlier course, syncope, or fainting, and certain
movement disorders, meaning careful clinical assessment, particularly a detailed eyewitness
account of the event, including.its trigger, sequence, and duration, is essential to
distinguishing a true seizure from one of these important alternative explanations.

Key features favouring a true seizure include a clear postictal period, a period of drowsiness or
confusion following the event, tongue biting, and urinary incontinence during the episode,
though none of these features:is entirely specific or sensitive in isolation, meaning the overall
clinical picture, rather than any single feature alone, generally provides the most reliable basis
for distinguishing a true seizure from a mimicking event.

Fill in the blank: A period of drowsiness or confusion following a seizure is termed the
period.
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Normal versus Seizure Neuronal Activity

NORMAL NEURONAL ACTIVITY SEIZURE NEURONAL ACTIVITY
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EEG Recording: Asynchronous Activity EEG Recording: Synchronized Hyperexcntablhty
Neurons fire randomly and independently. Large groups of neurons fire together in
Normal brain function. excessive bursts. Characteristic of a seizure.

Figure 3.1: A simplified illustration of normal versus abnormal, synchronised neuronal
electrical activity.

Pilot questions 3.1

e Distinguish a seizure from a convulsion. (Linked to SLO 3.1)

o Describe the difference between focal and generalised seizures. (Linked to SLO 3.1)

o List three types of generalised seizure. (Linked to SLO 3.1)

e Describe the neurochemical basis of seizure activity. (Linked to SLO 3.2)

o List two non-epileptic events that can mimic a seizure, and describe features favouring a
true seizure. (Linked to SLO 3.2)

3.2 Febrile Seizures

3.2.1 definition and classification of febrile seizures

A common, generally benign event in a specific age window

A febrile seizure is a seizure occurring in association with fever, in a child typically between 6

months and 5 years of age, without evidence of an underlying CNS infection or other
identifiable cause, and represents one of the most common neurological events of early
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childhood, affecting a genuinely substantial proportion of children within this age range at some
point.

Febrile seizures are classified into simple febrile seizures, which are generalised, last less than
15 minutes, and do not recur within the same febrile illness, and complex febrile seizures,
which have focal features, last longer than 15 minutes, or recur within the same febrileillness,
a distinction with genuine clinical significance for both further evaluation and overall prognosis,
discussed further later in this Part.

Fill in the blank: A simple febrile seizure is generalised, lasts less than minutes, and
does not recur within the same illness.

3.2.2 evaluation of febrile seizures

Evaluation of a child with a suspected febrile seizure should identify the source of fever, since
febrile seizures are a response to fever itself rather than to any specific underlying infection, and
actively exclude CNS infection, discussed in the first Series of this course, as the underlying
cause of both the fever and the seizure, particularly important in a young infant, in whom signs
of meningitis may be genuinely subtle:

Lumbar puncture, discussed in detail in the first Series of this course, is not routinely required
for every child with a simple febrile seizure who returns promptly to a normal neurological state,
but should be actively considered in a child with complex features, incomplete recovery, or
additional clinical features suggestive of possible CNS infection, since the threshold for further
investigation should be lower in these specific circumstances.

Fill in the blank: Lumbar puncture is not routinely required for a child with a simple febrile
seizure who returns promptly to a neurological state.

3.2.3 management and prognosis of febrile seizures

Management of an acute febrile seizure follows general principles of seizure management,
including ensuring a safe position, and, for a prolonged seizure, benzodiazepine administration,
discussed further in the context of epilepsy later in this Series, together with treatment of the
underlying fever and its cause, and, importantly, reassurance and education for the family, since
febrile seizures, particularly simple febrile seizures, are generally benign.

Prognosis of febrile seizures is generally excellent, with the great majority of children
experiencing no lasting neurological consequence, though children with complex febrile
seizures, a family history of epilepsy, or recurrent febrile seizures carry a somewhat
increased, though still modest, risk of later developing epilepsy, discussed in the remaining Parts
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of this Series, information that is helpful to share sensitively with anxious families during the
counselling process.

Fill in the blank: Children with complex febrile seizures carry a somewhat increased, though
still modest, risk of later developing

Table 3.2: Comparing simple and complex febrile seizures.

Feature Simple febrile seizure Complex febrile seizure
Type Generalised May be focal
Duration Less than 15 minutes More than 15 minutes

Recurrence within
illness

Does not recur May recur

Pilot questions 3.2

Define febrile seizure and state the typical age range. (Linked to SLO 3.3)

Distinguish simple from complex febrile seizures. (Linked to SLO 3.3)

Describe the key priority in evaluating ‘a child with a febrile seizure. (Linked to SLO 3.4)
Describe the general management of an acute febrile seizure. (Linked to SLO 3.4)
Describe the general prognosis of febrile seizures and factors increasing later epilepsy
risk. (Linked to SLO 3.4)

kv -

3.3 Epilepsy: Clinical'Features and Diagnosis
3.3.1 definition‘and clinical features of epilepsy
A tendency towards recurrent, unprovoked seizures

Epilepsy is defined as a tendency towards recurrent, unprovoked seizures, generally
diagnosed after two or more unprovoked seizures occurring more than 24 hours apart, or, in
specific circumstances, after a single unprovoked seizure combined with a sufficiently high risk
of'recurrence based on other clinical or investigative findings, distinguishing it from an isolated,
single seizure or a provoked seizure occurring in the context of an identifiable, specific trigger
such as fever or a metabolic disturbance.

-
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Clinical features of epilepsy vary considerably according to the specific seizure type and
underlying epilepsy syndrome, ranging from brief episodes of impaired awareness in absence
seizures, sometimes mistaken for simple daydreaming, to dramatic, generalised tonic-clonic
seizures, and a detailed history, ideally supported by an accurate eyewitness account or, where
available, video recording of an episode, remains genuinely central to accurate diagnosis and
classification.

Fill in the blank: Epilepsy is generally diagnosed after two or more unprovoked seizures
occurring more than hours apart.

3.3.2 epilepsy syndromes in children

Several recognised epilepsy syndromes are particularly relevant in children; including
childhood absence epilepsy, presenting with frequent, brief absence seizures typically
beginning in school-age children, and generally carrying a favourable prognosis, and benign
epilepsy with centrotemporal spikes, also called benign rolandic epilepsy, characterised by
focal seizures often occurring during sleep, also generally associated with a good long-term
outcome.

Other syndromes, including certain developmental and epileptic encephalopathies, carry a
considerably less favourable prognosis, often associated with significant developmental
impairment alongside difficult-to-control seizures, meaning accurate syndrome classification,
where possible, provides valuable prognostic information beyond simply identifying the
presence of seizures alone, and.genuinely influences both counselling of the family and selection
of the most appropriate treatment approach.

Fill in the blank: Benign rolandic epilepsy is characterised by focal seizures often occurring
during

3.3.3 diagnosis and investigation of epilepsy

Diagnosis of epilepsy is primarily clinical, based on a detailed history of the seizure events
themselves, supported where possible by electroencephalography, or EEG, which records the
brain's electrical activity and can identify characteristic epileptiform discharges supporting the
diagnosis and, in some cases, helping to classify the specific epilepsy syndrome, though a normal
EEG between seizures does not exclude epilepsy, since epileptiform activity is not always
present at the time of recording.

Neuroimaging, typically magnetic resonance imaging, is used to identify any underlying
structural brain abnormality that might explain the epilepsy, particularly relevant in focal
epilepsy or where the clinical picture suggests a possible structural cause, and additional

rp
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investigations, such as metabolic or genetic testing, may be considered in specific clinical
circumstances, particularly where a specific underlying epilepsy syndrome is suspected based on
the clinical presentation.

Fill in the blank: A normal EEG between seizures does not exclude epilepsy, since epileptiform
activity is not always present at the time of

Figure 3.3: A clinician taking a detailed history from a caregiver about a child’s seizure
episode.

Pilot questions 3.3

1. Define epilepsy and distinguish it from an isolated or provoked seizure. (Linked to SLO
3.5)

2. Describe absence seizures and their typical clinical appearance. (Linked to SLO 3.5)

3." Describe two recognised childhood epilepsy syndromes and their general prognosis.
(Linked to SLO 3.5)

4. Explain why a normal EEG between seizures does not exclude epilepsy. (Linked to SLO
3.6)

5. Describe the role of neuroimaging in the investigation of epilepsy. (Linked to SLO 3.6)

o
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3.4 Epilepsy: Management, Complications, and Prognosis
3.4.1 management of epilepsy
Choosing the right medication for the right seizure type

Management of epilepsy centres on antiepileptic medication, selected according to the specific
seizure type or epilepsy syndrome, since different medications have different efficacy profiles
across different seizure types, with the treatment goal of achieving complete seizure control
wherever possible, while minimising medication side effects, and treatment is generally started
with a single agent, escalating to combination therapy only where a single agent proves
insufficient.

Non-pharmacological management options, reserved for specific, more challenging
circumstances, include the ketogenic diet, a specific, structured high-fat, low-carbohydrate diet
shown to reduce seizure frequency in certain drug-resistant epilepsies, and, in carefully selected
cases, epilepsy surgery, considered where seizures arise from a clearly identified, surgically
accessible structural abnormality and remain poorly controlled despite adequate medication
trials.

Fill in the blank: Treatment for epilepsy is generally started with a agent, escalating
to combination therapy only if needed.

3.4.2 acute management of prolonged seizures

Status epilepticus, discussed in an earlier course in the broader context of paediatric
emergencies, 1s a prolonged seizure, or repeated seizures without full recovery between episodes,
and represents a genuine medical emergency requiring prompt, structured management, typically
beginning with a benzodiazepine, given by an appropriate route, with escalation to a second-
line agent if seizures continue despite this initial treatment.

Families of children with epilepsy should be provided with a clear, individualised seizure
management plan, including guidance on when and how to administer rescue medication at
home for a prolonged seizure, and clear instructions on when to seek emergency medical
attention, since prompt, appropriate action by a well-prepared family can genuinely reduce the
risk of’complications from a prolonged seizure occurring outside the hospital setting.

Fill in the blank: Families of children with epilepsy should be provided with a clear,
individualised seizure management
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3.4.3 complications and prognosis of epilepsy

Complications of epilepsy include the direct risks of injury during a seizure, particularly
relevant for seizures occurring during activities such as swimming or climbing, status
epilepticus, discussed in the previous sub-Part, and, in some children, psychosocial impact,
including stigma, and effects on schooling, self-esteem, and social participation, meaning
comprehensive epilepsy care should always extend beyond seizure control alone to address these
broader dimensions of the child's wellbeing.

Prognosis of epilepsy varies considerably by syndrome and underlying cause, discussed earlier
in this Series, with many childhood epilepsy syndromes, particularly the‘more benign ones,
showing an excellent long-term outlook, often with eventual remission and successful
discontinuation of medication, while other, less favourable syndromes carry a more persistent
course, and, as with several other conditions discussed in this course, prognosis is genuinely best
communicated to families in the context of the specific underlying diagnosis rather than epilepsy
as a single, uniform condition.

Fill in the blank: Many childhood epilepsy syndromes show an excellent long-term outlook,
often with eventual and successful discontinuation of medication.

=

Figure 3.4: A caregiver administering oral antiepileptic‘m

=~ Ll -

edication to a child at home.
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Pilot questions 3.4

1. Describe the general approach to selecting and starting antiepileptic medication. (Linked
to SLO 3.7)

2. Describe two non-pharmacological management options for drug-resistant epilepsy.
(Linked to SLO 3.7)

3. Describe the initial management of a prolonged seizure or status epilepticus. (Linked to
SLO 3.7)

4. List two complications of epilepsy beyond seizures themselves. (Linked to SLO 3.8)

5. Describe how the prognosis of epilepsy varies according to syndrome. (Linked to SLO
3.8)

-
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Series Summary

This Series began by building a precise vocabulary and structured classification for convulsions
and seizure disorders, distinguishing seizures from convulsions, focal from generalised
seizures, and exploring the underlying pathophysiological imbalance between excitatory and
inhibitory neurotransmission that produces abnormal, synchronised neuronal activity, before
turning specifically to febrile seizures, examining how the distinction between simple and
complex febrile seizures shapes both the intensity of further evaluation required and-the
counselling given to anxious families about the child’s longer-term outlook.

We then examined the clinical features and diagnosis of epilepsy, before concluding with its
management, complications, and prognosis. Having worked through this Series, you should
now be able to classify seizures, evaluate and manage febrile seizures, and diagnose and manage
epilepsy in children. The next Series turns to coma, headaches; and neurobehavioural
disorders in children.

Glossary of Terms

1. Seizure: a transient occurrence of signs or symptoms from abnormal, excessive, or
synchronous neuronal activity:

2. Focal seizure: a seizure originating within networks limited to one cerebral hemisphere.

3. Generalised seizure: a seizure originating within, and rapidly engaging, networks
distributed across both cerebral hemispheres.

4. Postictal period: a period of drowsiness or confusion following a seizure.

5. Febrile seizure: a seizure occurring in association with fever, without evidence of CNS
infection, typically between 6 months and 5 years.

6. Simple febrile seizure: a generalised febrile seizure lasting less than 15 minutes, without
recurrence within the same illness.

7. Complex febrile seizure: a febrile seizure with focal features, lasting more than 15
minutes, or recurring within the same illness.

8. Epilepsy: a tendency towards recurrent, unprovoked seizures.

9. Absence seizure: a generalised seizure type presenting with brief episodes of impaired
awareness.

10. Electroencephalography (EEG): a test recording the brain’s electrical activity, used to
support the diagnosis of epilepsy.
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11. Status epilepticus: a prolonged seizure or repeated seizures without full recovery
between episodes, a medical emergency.

12. Ketogenic diet: a high-fat, low-carbohydrate diet used as a non-pharmacological
treatment for drug-resistant epilepsy.

Concept Check Questions [Series 3]
Objective questions

e Focal seizures originate within networks limited to one cerebral

e A simple febrile seizure is generalised, lasts less than minutes, and does not
recur within the same illness.

o Epilepsy is generally diagnosed after two or more unprovoked seizures occurring more
than hours apart.

e A normal EEG between seizures does not exclude epilepsy, since epileptiform activity is
not always present at the time of

o Treatment for epilepsy is generally started with a agent, escalating to
combination therapy only if needed.

Short-answer questions

1. List three types of generalised seizure.

2. Distinguish simple from complex febrile seizures.

3. Describe the general prognosis of febrile seizures and factors increasing later epilepsy
risk.

4. Describe two recognised childhood epilepsy syndromes and their general prognosis.

5. List two complications of epilepsy beyond seizures themselves.

Long-answer questions

6. Discuss the classification and pathophysiology of seizures. (Linked to SLO 3.1, SLO 3.2)

7. Discuss the definition, classification, evaluation, and management of febrile seizures.
(Linked to SLO 3.3, SLO 3.4)

8. Discuss the clinical features and diagnosis of epilepsy in children. (Linked to SLO 3.5,
SLO 3.6)

9. Discuss the management of epilepsy, including acute management of prolonged seizures.
(Linked to SLO 3.7)

10. Discuss the complications and prognosis of epilepsy. (Linked to SLO 3.8)
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Answers to Concept Check Questions [Series 3]
Objective questions

11. Hemisphere.
12. 15.

13. 24.

14. Recording.
15. Single.

Short-answer questions

16. Tonic-clonic, absence, myoclonic, atonic, and tonic are types of generalised seizure.

17. Simple febrile seizures are generalised, under 15 minutes, and do not recur; complex
seizures have focal features, last longer, or recur.

18. Prognosis is generally excellent; complex features, family history of epilepsy, and
recurrence increase later epilepsy risk.

19. Childhood absence epilepsy and benign rolandic epilepsy are examples, both generally
with a favourable prognosis.

20. Risk of injury during a seizure and psychosocial impact, including stigma and effects on
schooling, are complications.

Long-answer questions

21. Basic response: Scizures are classified as focal or generalised, resulting from an
imbalance between excitatory glutamate and inhibitory GABA neurotransmission.

Value-added response: Various underlying causes, including structural, metabolic, and
infective causes, can precipitate seizures, and careful history helps distinguish true seizures from
mimicking events,

22. Basic response: Febrile seizures occur with fever in young children, classified as simple
or complex, with evaluation focused on excluding CNS infection and management
centred on reassurance and treating the fever.

Value-added response: Complex febrile seizures, family history of epilepsy, and recurrence
increase the modest risk of later epilepsy, important information for family counselling.

23. Basic response: Epilepsy is diagnosed after recurrent unprovoked seizures, with clinical
features varying by seizure type and syndrome, supported by EEG and neuroimaging.
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Value-added response: Syndrome classification, such as childhood absence epilepsy or benign
rolandic epilepsy, provides important prognostic information beyond simply confirming seizures.

24. Basic response: Management uses antiepileptic medication selected by seizure type,
starting with a single agent, with non-pharmacological options for drug-resistant cases.

Value-added response: Status epilepticus requires prompt benzodiazepine treatment, ‘and
families should have a clear seizure management plan for prolonged seizures at home.

25. Basic response: Complications include injury risk and psychosocial impact, with
prognosis varying considerably according to the specific epilepsy syndrome.

Value-added response: Many childhood epilepsy syndromes achieve eventual remission, while
others follow a more persistent course, making individualised counselling essential.
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Answers to Pilot Questions [Series 3]
Part 3.1

1. A seizure is the broader term for abnormal neuronal activity; a convulsion specifically
refers to prominent motor manifestations.

2. Focal seizures originate in one hemisphere; generalised seizures rapidly engage both
hemispheres.

3. Tonic-clonic, absence, and myoclonic seizures are examples of generalised seizures.

4. An imbalance between excitatory glutamate and inhibitory GABA neurotransmission
underlies seizure activity.

5. Breath holding attacks and syncope can mimic seizures; a postictal period and tongue
biting favour a true seizure.

Part 3.2

6. A febrile seizure occurs with fever, typically between 6 months and 5 years of age,
without CNS infection.

7. Simple seizures are generalised, brief, and non-recurrent; complex seizures have focal
features, are prolonged, or recur.

8. Excluding CNS infection as the underlying cause of fever and seizure is a key priority.

9. Safe positioning, benzodiazepine for prolonged seizures, and treating the underlying
fever are key management steps.

10. Prognosis is generally excellent, though complex features and family history increase the
modest risk of later/epilepsy.

Part 3.3

11. Epilepsy is a tendency towards recurrent, unprovoked seizures, distinct from an isolated
or provoked single seizure.

12, Absence seizures present as brief episodes of impaired awareness, sometimes mistaken
for daydreaming.

13. Childhood absence epilepsy and benign rolandic epilepsy are examples, both generally
with favourable prognosis.

14. Epileptiform activity is not always present at the time of recording, so a normal EEG
does not exclude epilepsy.

15. Neuroimaging identifies underlying structural abnormalities, particularly relevant in focal

epilepsy.
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Part 3.4

1. Medication is selected according to seizure type or syndrome, starting with a single agent
and escalating if needed.

2. The ketogenic diet and epilepsy surgery are non-pharmacological options for drug-
resistant epilepsy.

3. A benzodiazepine is given first, with escalation to a second-line agent if seizures
continue.

4. Risk of injury during a seizure and psychosocial impact are complications beyond
seizures themselves.

5. Prognosis varies by syndrome, with many benign syndromes achieving remission and
others following a more persistent course.
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Figures, Plates, Tables, and Boxes

1. Figure 3.1: A simplified illustration of normal versus abnormal, synchronised neuronal
electrical activity. Al-generated using the prompt: "Create a professional educational
diagram titled Normal versus Seizute Neuronal Activity, showing two simple wave
pattern illustrations side by side representing normal irregular activity and synchronised
seizure activity. Clean clinical educational diagram style, single illustration, no text-
heavy panels."

2. Table 3.2: Comparing simple'and complex febrile seizures. Al-generated using the
prompt: "Create a clean reference table titled Simple versus Complex Febrile Seizures,
comparing type, duration, and recurrence. Simple clinical reference table style with
outside border."

3. Figure 3.3:/A clinician taking a detailed history from a caregiver about a child’s seizure
episode. Al-generated using the prompt: "A calm, realistic clinical illustration of a
clinician sitting attentively with a caregiver, listening and taking notes during a
consultation, with a child present nearby. Single clean medical illustration, soft clinical
lighting, no text overlays, no multiple panels, respectful and accurate depiction."

4. <Figure 3.4: A caregiver administering oral antiepileptic medication to a child at home.
Al-generated using the prompt: "A warm, realistic illustration of a caregiver giving a
child a dose of oral liquid medication with a measuring spoon at a home kitchen table.
Single clean illustration, soft natural lighting, no text overlays, no multiple panels,
respectful and accurate depiction."
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Series 4: Coma, Headaches, and
Neurobehavioural Disorders in Children

Part 4.1: Coma: Pathophysiology, Grading, and the Glasgow Coma Scale
o Sub Part 4.1.1: Definition and pathophysiology of coma
o Sub Part 4.1.2: Causes of coma

o Sub Part 4.1.3: Grading of coma and the Glasgow Coma Scale

Part 4.2: Coma: Diagnostic Approach, Investigation, and Treatment
o Sub Part 4.2.1: Diagnostic approach to the comatose child
o Sub Part 4.2.2: Investigation of the comatose child

o Sub Part 4.2.3: Treatment of coma

Part 4.3: Headaches in Children and Intracranial Hypertension
o Sub Part 4.3.1: History taking and types of headache
o Sub Part 4.3.2: Migraine and tension-type headache

o Sub Part 4.3.3: Intracranial hypertension

Part 4.4: Attention Deficit Hyperactivity Disorder and Variation in Intelligence
o Sub Part 4.4.1:Clinical features of attention deficit hyperactivity disorder
o Sub Part 4.4.2: Diagnosis and management of ADHD

o Sub Part 4.4.3: Variation in intelligence in children

Introduction

In the last Series, we explored convulsions, febrile seizures, and epilepsy. We now turn to coma,
headaches, and neurobehavioural disorders, a genuinely varied group of presentations unified by
their origin in disturbed brain function. Picture an unresponsive child brought to the emergency
unit following a severe head injury, a presentation demanding urgent, structured assessment,
alongside a school-aged child with recurrent headaches affecting attendance, and a different
child struggling with inattention and hyperactivity at school. Recognising and appropriately
evaluating each of these presentations is the focus of this Series.

The aim of this Series is to equip you with the knowledge required to assess and manage a
comatose child, evaluate headaches and intracranial hypertension, and recognise attention deficit
hyperactivity disorder and variation in intelligence in children.
i
-
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This Series begins with the pathophysiology, grading, and Glasgow Coma Scale for assessing
coma, before turning to its diagnostic approach, investigation, and treatment. Next, we
examine headaches in children, including migraine, tension headache, and intracranial
hypertension, before concluding with attention deficit hyperactivity disorder and variation
in intelligence.

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

e SLO 1.1: define coma and describe its pathophysiology,

e SLO 1.2: describe the grading of coma, including the Glasgow Coma Scale,

e SLO 1.3: describe the diagnostic approach and investigation of a comatose child,

e SLO 1.4: describe the treatment of coma,

e SLO 1.5: describe history taking and the types of headache in children, including
migraine and tension headache,

e SLO 1.6: describe intracranial hypertension, including its investigation and treatment,

e SLO 1.7: describe the clinical features, diagnosis, and management of attention deficit
hyperactivity disorder, and

e SLO 1.8: describe variation in.intelligence in children.

4.1 Coma: Pathophysiology, Grading, and the Glasgow Coma Scale
4.1.1 definition and pathophysiology of coma
A state requiring disruption of two specific brain regions

Coma is defined as a state of unarousable unresponsiveness, in which a child does not open
the eyes, speak, or purposefully move even in response to vigorous stimulation, representing the
most severe end of the spectrum of altered consciousness, and reflects a significant disturbance
of normal brain function affecting the specific structures responsible for maintaining wakeful
awareness.

Normal consciousness depends on intact function of both cerebral hemispheres together with an
intact ascending reticular activating system, a network of neurons within the brainstem
responsible for maintaining wakefulness, meaning coma results from either widespread,

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



bilateral cerebral hemisphere dysfunction, or brainstem dysfunction affecting this specific
arousal system, or, in severe cases, a combination of both.

Fill in the blank: Coma results from either widespread, bilateral cerebral hemisphere
dysfunction or dysfunction affecting the arousal system.

4.1.2 causes of coma

Causes of coma in children are broadly grouped into structural causes, including significant
head trauma, intracranial haemorrhage, and brain tumour, and metabolic or diffuse causes,
including severe hypoglycaemia, discussed in an earlier course, diabeti¢ ketoacidesis, also
discussed in an earlier course, CNS infection, discussed in the first Series of this course, and
severe poisoning, discussed in an earlier course.

This broad classification is clinically useful, since structural causes often present with focal
neurological signs, or asymmetry between the two sides of the body, while metabolic or diffuse
causes more typically present with symmetrical findings, and this distinction meaningfully
guides both the initial diagnostic approach @nd the'specific, targeted investigations required,
discussed further in the next Part of this Series:

Fill in the blank: Structural causes of coma often present with focal neurological signs, or
between the two sides of the body.

4.1.3 grading of coma and the Glasgow Coma Scale

The Glasgow Coma Scale, abbreviated GCS, is the standard, structured tool used to grade the
depth of impaired consciousness, assessing three components: eye opening, verbal response,
and motor response, cach scored on a defined numerical scale, with the three component scores
summed to give a total score ranging from 3, indicating the deepest level of unresponsiveness, to
15, indicating a fully alert, orientated individual.

A paediatric-adapted version of the Glasgow Coma Scale is used for infants and young
children who cannot cooperate with the standard verbal component, substituting age-appropriate
criteria, such as assessing for a normal cry or spontaneous movements, and a GCS of 8 or less is
generally considered to indicate a level of impaired consciousness requiring urgent, active
airway protection, given the significantly increased risk of airway compromise at this level of
unresponsiveness.

Fill in the blank: A GCS of 8 or less is generally considered to indicate a level requiring urgent,
active airway
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Table 4.1: Components of the Glasgow Coma Scale.

Component Best response Score
Eye opening Spontaneous 4
Verbal response Orientated 5
Motor response Obeys commands 6

Pilot questions 4.1

e Define coma. (Linked to SLO 4.1)

o Describe the role of the ascending reticular activating system in maintaining
consciousness. (Linked to SLO 4.1)

e List two structural and two metabolic causes of coma. (Linked to SLO 4.1)

e Describe the three components of the Glasgow Coma‘Scale. (Linked to SLO 4.2)

e Explain the clinical significance of a GCS of 8§ or less. (Linked to SLO 4.2)

4.2 Coma: Diagnostic Approach, Investigation, and,Treatment
4.2.1 diagnostic approach to the comatose child
Stabilisation and diagnosis proceed together, not sequentially

Assessment of a comatose child follows the general ABCDE approach discussed in an earlier
course, with immediate stabilisation of airway, breathing, and circulation proceeding
alongside, rather than strictly before, a focused history and examination aimed at identifying the
likely underlyingcause, since prompt recognition of a specific, treatable cause can itself be
genuinely life-saving.

Pupillary examination, assessing size, symmetry, and reactivity to light, provides valuable
diagnostic information, since specific pupillary findings can suggest particular underlying
causes, and a detailed history, including the speed of onset, any preceding illness, trauma, or
toxin exposure, and relevant background medical history, remains essential, obtained from
any available witness or caregiver where the child cannot provide this information directly.

Fill in the blank: Pupillary examination assesses size, symmetry, and to light.

4.2.2 investigation of the comatose child

-
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Investigation of a comatose child should be targeted according to the likely underlying cause
suggested by the history and examination, and typically includes blood glucose, given the ease
of rapid testing and the genuine reversibility of hypoglycaemic coma, full blood count,
electrolytes, and blood culture where infection is suspected, together with neuroimaging,
typically computed tomography or, where more readily available and appropriate, magnetic
resonance imaging, particularly where a structural cause is suspected.

Lumbar puncture, discussed in detail in the first Series of this course, may be considered where
CNS infection is suspected, but only once significantly raised intracranial pressure has been
excluded or appropriately managed, given the same risks discussed in that earlier Series, and
further, more specific investigations, such as toxicology screening or metabolic testing; are
guided by the specific clinical picture rather than performed indiscriminately in every case.

Fill in the blank: Blood glucose testing is important in a comatese child given the genuine
reversibility of hypoglycaemic

4.2.3 treatment of coma

Treatment of coma centres on addressing the underlying cause wherever identified, such as
glucose correction for hypoglycaemia, antibioties for suspected CNS infection, or
decompression for a significant structural mass lesion, together with general supportive care,
including careful airway protection; appropriate positioning, and monitoring for signs of
deterioration throughout the course of illness.

Management of raised intracranial pressure, where present, may include specific measures
such as elevation of the head of the bed, careful fluid management, and, in severe cases,
osmotic therapy or other specific interventions guided by specialist input, and, given the
genuinely wide range of possible underlying causes discussed earlier in this Series, management
of a comatose child generally tequires close multidisciplinary collaboration, particularly with
paediatric intensive care and neurology or neurosurgery where available.

FilLin the blank: Management of raised intracranial pressure may include elevation of the head
of the bed and careful fluid
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Pilot questions 4.2

1.
2.
3.
4.

Describe the general approach to assessing a comatose child. (Linked to SLO 4.3)
Explain the value of pupillary examination in a comatose child. (Linked to SLO 4.3)
List three investigations typically performed in a comatose child. (Linked to SLO 4.3)
Describe when lumbar puncture may be appropriate in a comatose child. (Linked to SLO
4.3)

5. Describe the general principles of treating coma. (Linked to SLO 4.4)

4.3 Headaches in Children and Intracranial Hypertension
4.3.1 history taking and types of headache
Pattern and associated features distinguish the common causes

Headache is a common presenting complaint in children, and a focused history should establish
the onset, frequency, duration, location, character, and associated symptoms, together with
any triggers or relieving factors, and specific red flag features, discussed further later in this
Part, that might suggest a more serious underlying cause requiring urgent further evaluation.

D)
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Common types of primary headache in children include migraine and tension-type headache,
discussed in detail in the following sub-Parts of this Part, while secondary headache, resulting
from an underlying, identifiable cause such as intracranial hypertension, discussed later in this
Part, sinusitis, or, rarely, an underlying structural lesion, generally requires a somewhat
different, more targeted diagnostic and management approach.

Fill in the blank: A focused headache history should establish onset, frequency, duration,
location, character, and associated

4.3.2 migraine and tension-type headache

Migraine in children classically presents with recurrent, moderate to severe, often throbbing
headache, frequently unilateral, though bilateral presentation is also common in children,
associated with nausea, vomiting, and sensitivity to light and sound, or photophobia and
phonophobia, and typically improved by rest in a quiet, dark environment, with a proportion of
affected children experiencing a preceding aura, transient neurelogical'symptoms preceding the
headache itself.

Tension-type headache, by contrast, typically presents.as a bilateral, band-like, or pressing
sensation, generally milder in intensity than migraine, and without the prominent associated
features of nausea or marked light and sound sensitivity, and, while both conditions are generally
benign, accurate distinction between them meaningfully informs the most appropriate
management approach for a givenchild.

Fill in the blank: Migraine typically presents with headache that improves with rest in a quiet,
dark

4.3.3 intracranial hypertension

Intracranial hypertension, or raised intracranial pressure, presents with headache that is
characteristically worse in the morning or on waking, worsened by coughing, straining, or
lying flat, and associated with vomiting, often without preceding nausea, and, in more
established cases, papilloedema, swelling of the optic disc visible on fundoscopic examination,
an important clinical sign requiring active assessment in any child with headache features
suggestive of raised intracranial pressure.

Investigation of suspected intracranial hypertension includes neuroimaging, typically magnetic
resonance imaging, to identify any underlying structural cause, such as a mass lesion or
hydrocephalus, and, where imaging is normal, further evaluation for idiopathic intracranial
hypertension, and treatment depends entirely on the underlying cause, ranging from surgical
intervention for a structural cause to medical management for idiopathic disease, underscoring
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why accurate diagnosis of the underlying cause is essential before treatment can be appropriately
directed.

Fill in the blank: Intracranial hypertension is characteristically associated with headache that is
worse in the

Pilot questions 4.3

1. List the key components of a focused headache history. (Linked to SLO 4.5)

2. Describe the typical clinical features of migraine in children. (Linked to SLO 4.5)

3. Distinguish tension-type headache from migraine. (Linked to SLO 4.5)

4." Describe the clinical features suggestive of intracranial hypertension. (Linked to SLO
4.6)

5. Describe the investigation and general treatment approach for intracranial hypertension.
(Linked to SLO 4.6)

4.4 Attention Deficit Hyperactivity Disorder and Variation in Intelligence
4.4.1 clinical features of attention deficit hyperactivity disorder

-
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A pattern of symptoms across two related domains

Attention deficit hyperactivity disorder, abbreviated ADHD, is a neurodevelopmental
disorder characterised by a persistent pattern of inattention, hyperactivity, and impulsivity
that is inconsistent with the child's developmental level and significantly interferes with
functioning across multiple settings, such as home, school, and social relationships,
distinguishing it from the normal, age-appropriate degree of energy and occasional
inattentiveness seen in typically developing children.

Inattentive features include difficulty sustaining attention, being easily distracted, and
difficulty with organisation, while hyperactive and impulsive features include excessive
fidgeting, difficulty remaining seated, and interrupting others or acting without adequate
forethought, and children may present predominantly with inattentive, predominantly
hyperactive-impulsive, or combined presentations, reflecting the relative balance of these two
symptom domains in a given child.

Fill in the blank: ADHD symptoms must be inconsistent with the child’s developmental level
and significantly interfere with across multiple settings.

4.4.2 diagnosis and management of ADHD

Diagnosis of ADHD requires that symptoms be present in multiple settings, have an onset
before 12 years of age, and cause‘significant functional impairment, based on structured
clinical assessment, ideally incorporating information from multiple sources, such as parents
and teachers, since behaviour can genuinely vary across different settings and a single source of
information may net capture the full clinical picture.

Management of ADHD generally combines behavioural interventions, including structured
parent training and classrooem accommodations, with, in many cases, pharmacological
treatment, most commonly stimulant medication, which has a well established evidence base
for reducing core ADHD symptoms, with the specific combination and intensity of treatment
individualised according to the child's age, symptom severity, and family and school context.

Fill in the blank: Management of ADHD generally combines behavioural interventions with, in
many cases, treatment.
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4.4.3 variation in intelligence in children

Intelligence in children shows genuine, normal variation across the general population;
generally following an approximately normal distribution, with most children falling within an
average range, and smaller proportions of children falling at either the higher or lower end of
this distribution, reflecting the combined influence of genetic factors and environmental
factors, including nutrition, stimulation, and educational opportunity, discussed in an earlier
course in the context of normal development.

Formal intelligence testing, using standardised, validated assessment tools administered by an
appropriately trained professional, may be used to characterise a child's cognitive ability where
clinically indicated, such as when significant developmental or learning concerns are present,
though the result of such testing should always be interpreted within the broader clinical
context, considering the child's overall functioning, rather than being viewed as a single,
definitive, standalone measure of a child's worth or potential.

Fill in the blank: Intelligence in children generally follows an approximately normal
across the general population.
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Pilot questions 4.4

1. Define ADHD and inattentive from hyperactive-impulsive features. (Linked

to SLO 4.
2. Describe th ia required for a diagnosis of ADHD. (Linked to SLO 4.7)

agement approach for ADHD. (Linked to SLO 4.7)
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Series Summary

This Series began with a detailed examination of coma, establishing a precise definition and
exploring the underlying pathophysiological requirement for either widespread bilateral cerebral
hemisphere dysfunction or brainstem dysfunction affecting the ascending reticular activating
system, before introducing the structured Glasgow Coma Scale used to grade its depth, and then
turning to the diagnostic approach, targeted investigation, and treatment of the comatose
child, emphasising how stabilisation and diagnosis must proceed together rather than
sequentially given the genuinely wide range of potential underlying causes.

We then examined headaches in children, including migraine, tension-type headache, and
intracranial hypertension, before concluding with attention deficit hyperactivity disorder and
variation in intelligence. Having worked through this Series, you should now beable to assess a
comatose child, evaluate headaches, and recognise ADHD and variation in intelligence. The next
Series turns to osteomyelitis, septic arthritis, and orthopaedic problems in children.

Glossary of Terms

1. Coma: a state of unarousable unresponsiveness, the most severe end of the spectrum of
altered consciousness.

2. Ascending reticular activating system: a brainstem network of neurons responsible for
maintaining wakefulness:

3. Glasgow Coma Scale: a structured tool assessing eye opening, verbal response, and
motor response to grade impaired consciousness.

4. Papilloedema: swelling of the optic disc, a sign of raised intracranial pressure.

5. Migraine: a primary headache disorder presenting with recurrent, often unilateral,
throbbing headache with associated nausea and light sensitivity.

6. Tension-type headache: a primary headache disorder presenting as a bilateral, band-like,
generally mild headache.

7. Intracranial hypertension: raised intracranial pressure, presenting with headache worse
on waking and associated with vomiting.

8: Idiopathic intracranial hypertension: raised intracranial pressure without an
identifiable structural cause on imaging.

9. Attention deficit hyperactivity disorder (ADHD): a neurodevelopmental disorder
characterised by inattention, hyperactivity, and impulsivity.
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10. Stimulant medication: the most common pharmacological treatment for ADHD, with a
well established evidence base.

11. Normal distribution: the statistical pattern followed by intelligence in the general
population, with most falling within an average range.

12. Formal intelligence testing: standardised assessment used to characterise cognitive
ability where clinically indicated.
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Concept Check Questions [Series 4]
Objective questions

o Coma results from either widespread, bilateral cerebral hemisphere dysfunction or
dysfunction affecting the arousal system.
e A GCS of 8 or less is generally considered to indicate a level requiring urgent, ‘active
airway
e Migraine typically presents with headache that improves with rest in a quiet, dark

o Intracranial hypertension is characteristically associated with headache that is wotse in
the .

o Intelligence in children generally follows an approximately normal across the
general population.

Short-answer questions

List two structural and two metabolic causes of coma.

Describe the three components‘of the Glasgow Coma Scale.

Distinguish tension-type headache from migraine.

Describe the clinical features suggestive of intracranial hypertension.

Define ADHD and distinguish inattentive from hyperactive-impulsive features.

AN e

Long-answer questions

6. Discuss the definition, pathophysiology, and grading of coma. (Linked to SLO 4.1, SLO
4.2)

7. Discuss the diagnostic approach, investigation, and treatment of a comatose child.
(Linked to SLO 4.3, SLO 4.4)

8. Discuss thetypes of headache in children, including migraine and tension-type headache.
(Linked to SLOA4.5)

9. Discuss intracranial hypertension, including its investigation and treatment. (Linked to
SLO 4.6)

10. Discuss the clinical features, diagnosis, and management of ADHD, and variation in
intelligence in children. (Linked to SLO 4.7, SLO 4.8)

Answers to Concept Check Questions [Series 4]

Objective questions

-
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11. Brainstem.
12. Protection.
13. Environment.
14. Morning.

15. Distribution.

Short-answer questions

16. Head trauma and intracranial haemorrhage are structural causes; hypoglycaemia and CNS
infection are metabolic or diffuse causes.

17. Eye opening, verbal response, and motor response are the three components; each scored
numerically.

18. Tension-type headache is bilateral, band-like, and milder, without the nausea and light
sensitivity typical of migraine.

19. Headache worse in the morning, worsened by coughing or lying flat, associated vomiting,
and papilloedema are suggestive features.

20. ADHD is a neurodevelopmental disorder with inattentive features such as distractibility,
and hyperactive-impulsive features‘such as fidgeting.

Long-answer questions

21. Basic response: Coma is unarousable unresponsiveness resulting from bilateral cerebral
or brainstem dysfunction, graded using the Glasgow Coma Scale summing eye, verbal,
and motor scores.

Value-added response: A paediatric-adapted GCS is used in young children, and a score of 8 or
less indicates a level requiring urgent airway protection.

22. Basic response: Assessment of a comatose child follows the ABCDE approach alongside
a focused history and examination, with investigations targeted according to the
suspected cause.

Value-added response: Treatment addresses the underlying cause where identified, combined
with general supportive care and multidisciplinary collaboration given the wide range of possible
causes.

23. Basic response: Migraine presents with recurrent, often unilateral, throbbing headache
with nausea and light sensitivity, while tension-type headache is bilateral and milder.

Value-added response: Accurate history taking, including red flag features, helps distinguish
these primary headaches from secondary causes requiring further evaluation.
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24. Basic response: Intracranial hypertension presents with morning headache, vomiting,
and papilloedema, investigated with neuroimaging and treated according to the
underlying cause.

Value-added response: Idiopathic intracranial hypertension is considered when imaging is
normal, with treatment differing from that of a structural cause.

25. Basic response: ADHD involves inattention, hyperactivity, and impulsivity across
multiple settings, diagnosed through structured assessment and managed with
behavioural and often pharmacological treatment.

Value-added response: Intelligence follows a normal distribution in the population, and test
results should always be interpreted within the broader clinical context rather than in isolation.

Answers to Pilot Questions [Series 4]
Part 4.1

1. Coma is a state of unarousable unresponsiveness, the most severe form of altered
consciousness.

2. It maintains wakefulness, and its dysfunction, along with bilateral hemisphere
dysfunction, can cause coma.

3. Head trauma and intracranial haemorrhage are structural causes; hypoglycaemia and CNS
infection are metabolic causes.

4. Eye opening, verbal response, and motor response are the three components of the GCS.

5. Ttindicates a level of impaired consciousness requiring urgent airway protection.

Part 4.2

6./ The ABCDE approach is followed alongside a focused history and examination to
identify the likely cause.

7. Specific pupillary findings can suggest particular underlying causes of coma.

Blood glucose, full blood count, and neuroimaging are typically performed.

9.  Lumbar puncture may be appropriate once raised intracranial pressure has been excluded
or managed.

10. Treatment addresses the underlying cause with general supportive care and monitoring.

e

Part 4.3
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11. Onset, frequency, duration, location, character, and associated symptoms are key history
components.

12. Recurrent, throbbing, often unilateral headache with nausea and light or sound sensitivity
is typical of migraine.

13. Tension-type headache is bilateral, band-like, and milder, without prominent nausea or
light sensitivity.

14. Headache worse in the morning, worsened by coughing or lying flat, with vomiting and
papilloedema.

15. Neuroimaging identifies a structural cause; treatment depends on whether a structural or
idiopathic cause is found.

Part 4.4

1. ADHD is a neurodevelopmental disorder with inattentive features like distractibility and
hyperactive-impulsive features like fidgeting.

2. Symptoms must occur in multiple settings, begin before 12 years, and cause significant
functional impairment.

3. Management combines behavioural interventions with;, in many cases, stimulant
medication.

4. Most children fall within an average range, with smaller proportions at the higher or
lower ends.

5. Results should be considered alongside overall functioning rather than as a single
definitive measure.
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Figures, Plates, Tables, and Boxes

1. Table 4.1: Components of the Glasgow Coma Scale. Al-generated using the prompt:
"Create a clean reference table titled Components of the Glasgow Coma Scale, listing
component, best response, and score. Simple clinical reference table style with outside
border."

2. Figure 4.2: A clinician assessing pupillary response in an unresponsive child. Al-
generated using the prompt: "A realistic clinical illustration of a clinician gently assessing
a child’s pupillary response with a small pen torch in an emergency department setting.
Single clean medical illustration; clinical lighting, no text overlays, no multiple panels,
respectful and accurate depiction, no graphic detail."

3. Figure 4.3:/A clinician taking a detailed headache history from a child and caregiver. Al-
generated using the prompt: "A calm, respectful clinical illustration of a clinician sitting
attentively with a child and caregiver during a consultation, listening and taking notes.
Single clean medical illustration, soft clinical lighting, no text overlays, no multiple
panels, respectful and accurate depiction."

4. <Figure 4.4: A child engaged in a structured classroom activity, observed supportively by
a teacher. Al-generated using the prompt: "A warm, respectful illustration of a child
working at a classroom desk with a teacher standing supportively nearby, in a bright,
everyday classroom setting. Single clean illustration, natural daylight, no text overlays,
no multiple panels, encouraging and accurate depiction."
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Series 5: Osteomyelitis, Septic Arthritis, and
Orthopaedic Problems in Children

e Part 5.1: Anatomy, Physiology, and Pathophysiology of Osteomyelitis and Septic
Arthritis

o Sub Part 5.1.1: Brief anatomy and physiology relevant to bone and joint infection
o Sub Part 5.1.2: Definition of osteomyelitis and septic arthritis
o Sub Part 5.1.3: Pathophysiology of osteomyelitis and septic arthritis
o Part 5.2: Aetiology and Clinical Features of Osteomyelitis and Septic Arthritis
o Sub Part 5.2.1: Aetiology of osteomyelitis and septic arthritis
o Sub Part 5.2.2: Clinical features of osteomyelitis
o Sub Part 5.2.3: Clinical features of septic arthritis
o Part 5.3: Investigation, Differential Diagnesis, and Management
o Sub Part 5.3.1: Investigation of osteomyelitis and septic arthritis
o Sub Part 5.3.2: Differential diagnosis
o Sub Part 5.3.3: Management of osteomyelitis and septic arthritis

o Part 5.4: Complications, Outcome, Prognosis, and Orthopaedic Problems in
Children

o Sub.Part 5.4.1: Complications of osteomyelitis and septic arthritis
o SubPart 5.4.2: Outcome and prognosis
o Sub Part 5:4.3: Orthopaedic problems in children

Introduction

In the last Series, we explored coma, headaches, and neurobehavioural disorders. We now turn to
osteomyelitis and septic arthritis, important bone and joint infections of childhood, before
concluding this final Series of the course with a brief overview of common orthopaedic problems
in children. Picture a four year old with a limping gait and refusal to bear weight on one leg,
together with fever and localised bone tenderness, findings that demand prompt recognition
given the genuine risk of lasting joint or bone damage if these infections are not diagnosed and
treated in a timely manner.

-

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



The aim of this Series is to equip you with the knowledge required to understand the anatomy,
pathophysiology, and aetiology of osteomyelitis and septic arthritis, and to recognise, diagnose,
and manage these conditions, together with an awareness of common orthopaedic problems in
children.

This Series begins with the anatomy, physiology, and pathophysiology of osteomyelitis-and
septic arthritis, before turning to their aetiology and clinical features. Next, we examine their
investigation, differential diagnosis, and management, before concluding with their
complications, outcome, and prognosis, and common orthopaedic problems in children.

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

e SLO 1.1: describe the anatomy and physiology relevant to osteomyelitis and septic
arthritis,

e SLO 1.2: define osteomyelitis and septic arthritis,

e SLO 1.3: describe the pathophysiology-of osteomyelitis and septic arthritis,

e SLO 1.4: describe the actiology of esteomyelitis and septic arthritis,

e SLO 1.5: enumerate the clinical features of osteomyelitis and septic arthritis,

e SLO 1.6: describe the investigation and differential diagnosis of osteomyelitis and septic
arthritis,

e SLO 1.7: describe the management of osteomyelitis and septic arthritis, and

e SLO 1.8: list the complications, outcome, and prognosis of osteomyelitis and septic
arthritis, and describe common orthopaedic problems in children.

5.1 Anatomy, Phys$iology, and Pathophysiology of Osteomyelitis and Septic Arthritis
5.1.1 brief anatomy and physiology relevant to bone and joint infection
The growing bone has a uniquely vulnerable blood supply pattern

The long bones of children consist of the epiphysis, the rounded end of the bone, the growth
plate, or physis, responsible for longitudinal bone growth, the metaphysis, the flared region
adjacent to the growth plate, and the diaphysis, the central shaft, with the metaphysis possessing
a distinctive vascular anatomy, characterised by slow-flowing, looping capillaries, that
meaningfully predisposes this specific region to bacterial seeding and subsequent infection.

-
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Joints are surrounded by a synovial membrane, which produces synovial fluid to lubricate and
nourish the joint, and, in young infants, blood vessels crossing the growth plate can directly
connect the metaphysis to the joint space in certain locations, meaning osteomyelitis and septic
arthritis can, in this specific age group, coexist or spread directly from one to the other, a
relationship that becomes anatomically less likely as the child grows older and this vascular
connection is lost.

Fill in the blank: The metaphysis possesses slow-flowing, looping capillaries that predispose
this region to bacterial

5.1.2 definition of osteomyelitis and septic arthritis

Osteomyelitis is defined as infection of bone, most commonly affecting the metaphysis of a
long bone in children, reflecting the specific vascular predisposition discussed in the previous
sub-Part, while septic arthritis is defined as infection within a joint space, most commonly
affecting a single, large joint, such as the hip or knee, though any joint:.can potentially be
affected.

Both conditions represent genuine orthopaedi¢ emergencies in children, since prompt diagnosis
and treatment is essential to prevent significant, potentially permanent bone or joint damage,
and, while they are distinct conditions with somewhat different typical presentations, discussed
further later in this Series, their shared potential to cause lasting harm if not promptly recognised
and treated is a theme that will recur throughout this Series.

Fill in the blank: Septic arthritis 1s defined as infection within a space.
5.1.3 pathophysiology of osteomyelitis and septic arthritis

Osteomyelitis typically begins with bacterial seeding of the metaphyseal vasculature, most
commonly via haematogenous spread following bacteraemia, leading to a localised
inflammatory response with pus formation, which can raise intraosseous pressure and, if
untreated, compromise local blood supply, potentially leading to bone necrosis, and pus may
also track through the bone cortex to form a subperiosteal abscess.

Septic arthritis similarly typically results from haematogenous spread of bacteria into the joint
space, though it can also arise from direct extension from adjacent osteomyelitis, particularly
relevant in young infants given the vascular connections discussed earlier in this Series, or, less
commonly, following direct inoculation, and the resulting inflammatory response within the
confined joint space can rapidly damage the articular cartilage, meaning septic arthritis, if
untreated, can cause genuinely rapid, permanent joint damage.
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Fill in the blank: The resulting inflammatory response within the confined joint space can

rapidly damage the articular
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Figure 5.1: The anatomical regionsof a growing long bone.

Pilot questions 5.1

o Describe the anatomical regions of a growing long bone. (Linked to SLO 5.1)
o Explain why the metaphysis is particularly predisposed to osteomyelitis. (Linked to SLO

5.1)

o Defineosteomyelitis and septic arthritis. (Linked to SLO 5.2)
e Describe the pathophysiology of osteomyelitis, including the formation of a subperiosteal

abscess. (Linked'to SLO 5.3)

o | Describe the pathophysiology of septic arthritis and why it can rapidly damage articular

cartilage. (Linked to SLO 5.3)

-
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5.2 Aetiology and Clinical Features of Osteomyelitis and Septic Arthritis

5.2.1 aetiology of osteomyelitis and septic arthritis
One organism dominates, but age and context shift the picture

*Staphylococcus aureus™ is the most common causative organism for both osteomyeélitis and
septic arthritis across all paediatric age groups, though other organisms are important in specific
circumstances, including *Streptococcus pyogenes*, *Kingella kingae*, particularly relevant
in young children, and, in neonates specifically, Group B Streptococcus and Gram-negative
organisms.

Risk factors for both conditions include recent bacteraemia, from any source, skin or soft
tissue infection, providing a potential source for bacterial seeding, immunocompromise, and,
for septic arthritis specifically, a pre-existing joint abnormality, and awareness of these risk
factors, together with age-related organism patterns, meaningfully informs both clinical
suspicion and the choice of empirical antibiotic therapy discussed later in this Series.

Fill in the blank: Staphylococcus aureus is the most common causative organism for both
osteomyelitis and arthritis.

5.2.2 clinical features of osteomyelitis

Osteomyelitis typically presents with localised bone pain, tenderness, warmth, and swelling
over the affected site, together with fever and reluctance to use or bear weight on the affected
limb, and, in young infants, presentation can be considerably more subtle, sometimes limited to
irritability, reduced limb movement, or pseudoparalysis, in which the infant appears to hold
the limb still due to pain, without more obvious localising signs.

The metaphysis of long bones, particularly around the knee, discussed earlier in this Series as
the site-of characteristic'vascular predisposition, is the most commonly affected site, and a
careful, gentle examination, avoiding excessive movement of a painful limb, together with
careful comparison with the unaffected side, helps localise the specific site of infection
accurately.

Fill in the blank: In young infants, osteomyelitis can present with pseudoparalysis, in which the
infant appears to hold the limb still due to
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5.2.3 clinical features of septic arthritis

Septic arthritis typically presents with acute onset of a painful, swollen, warm joint, held in a
position of comfort, generally flexed and, for the hip specifically, externally rotated, since this
position minimises pressure within the joint capsule, together with marked reluctance to move
the affected joint, termed pseudoparalysis in this context as well, and significant pain on any
attempted movement, whether active or passive.

Systemic features, including fever and general unwellness, are typically more prominent in
septic arthritis than in some cases of osteomyelitis, and any child presenting with an acutely
painful, swollen joint and refusal to bear weight should be evaluated urgently for possible septic
arthritis, given the genuine time-sensitivity of appropriate treatment discussed further later in this
Series.

Fill in the blank: The hip in septic arthritis is typically held flexed and externally to
minimise pressure within the joint capsule.

Table 5.2: Comparing osteomyelitis and Septic arthritis.

Feature Osteomyelitis Septic arthritis

Site of infection Bone, typically metaphysis Joint space

Typical organism Staphylococcus aureus Staphylococcus aureus

Key clinical sign Localised bone tenderness Swollen joint held in a position of
comfort

Weight bearing Often reduced Marked refusal, significant pain on

movement

Pilot questions 5.2

1. Name the most common causative organism of osteomyelitis and septic arthritis. (Linked
to SLO 5.4)

List two risk factors for osteomyelitis or septic arthritis. (Linked to SLO 5.4)

Describe the typical clinical presentation of osteomyelitis. (Linked to SLO 5.5)

Describe pseudoparalysis and its significance in a young infant. (Linked to SLO 5.5)
Describe the typical clinical presentation of septic arthritis, including the position of the
affected joint. (Linked to SLO 5.5)

Y diad .

-

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



5.3 Investigation, Differential Diagnosis, and Management
5.3.1 investigation of osteomyelitis and septic arthritis
Imaging findings evolve, so a normal early scan does not exclude disease

Investigation includes full blood count and inflammatory markers, such as C-reactive protein
and erythrocyte sedimentation rate, which are typically elevated, though not entirely specific,
together with blood culture, which may identify the causative organism even before any local
sample is obtained, and, for suspected septic arthritis, joint aspiration, both diagnostic,
confirming infection and identifying the organism, and therapeutic, relieving pressure within the
joint.

Imaging includes plain radiographs, which may appear normal early in the disease course,
since radiographic changes in osteomyelitis typically take 7 to 10 days to become apparent,
meaning a normal early radiograph does not exclude the diagnosis, together with ultrasound,
particularly useful for detecting a joint effusion in suspected septic arthritis, and magnetic
resonance imaging, the most sensitive imaging modality for detecting early osteomyelitis,
where available.

Fill in the blank: Radiographic changes in osteomyelitis typically take 7 to days to
become apparent.

5.3.2 differential diagnosis

The differential diagnosis of a child with a painful limb or joint and refusal to bear weight
includes transient synovitis, a common, generally benign, self-limiting inflammatory condition
of the hip, particularly important to distinguish from septic arthritis given their overlapping
presentation but very different management and urgency, trauma, including fracture, and, less
commonly, malignancy, discussed in an earlier course, presenting with bone pain.

Several clinical prediction tools have been developed to help distinguish septic arthritis from
transient synovitis, incorporating factors such as fever, inability to bear weight, and specific
laboratory findings, though clinical judgement, informed by the overall clinical picture rather
than any single tool or feature in isolation, remains essential, and a low threshold for further
evaluation, including joint aspiration where genuinely uncertain, is generally appropriate given
the significant consequences of a missed diagnosis of septic arthritis.

Fill in the blank: Transient synovitis is a common, generally benign, self-limiting inflammatory
condition of the
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5.3.3 management of osteomyelitis and septic arthritis

Management of both conditions requires prompt empirical antibiotic therapy, generally
intravenous initially, targeting the most likely causative organisms based on the child's age and
local resistance patterns, with de-escalation to a more targeted antibiotic once culture and
sensitivity results are available, and transition to oral therapy once the child has shown clear
clinical improvement, with overall treatment duration considerably longer for osteomyelitis than
for many other bacterial infections, often several weeks in total.

Septic arthritis typically requires surgical drainage of the affected joint, both to relieve
pressure and to reduce the bacterial and inflammatory burden within the joint space, and
osteomyelitis may also require surgical intervention, particularly where a subperiosteal
abscess has formed, discussed earlier in this Series, with the specific decision regarding surgery
guided by the clinical response to initial antibiotic therapy and-any relevant imaging findings.

Fill in the blank: Septic arthritis typically requires surgical of the affected joint.

Clinician palpating
joint line

Caregiver
present for
reassurance

Examination
couch

Figure 5.3: A clinician gently examining a child’s knee for signs of joint swelling.
Pilot questions 5.3

1. List the key investigations for suspected osteomyelitis or septic arthritis. (Linked to SLO
5.6)
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2. Explain why a normal early radiograph does not exclude osteomyelitis. (Linked to SLO
5.6)

3. Describe transient synovitis and its clinical significance as a differential diagnosis.
(Linked to SLO 5.6)

4. Describe the general approach to antibiotic therapy for osteomyelitis and septic arthritis.
(Linked to SLO 5.7)

5. Describe the role of surgical drainage in septic arthritis. (Linked to SLO 5.7)

5.4 Complications, Outcome, Prognosis, and Orthopaedic Problems imChildren
5.4.1 complications of osteomyelitis and septic arthritis

Delay in treatment is the single greatest determinant of complication risk

Complications of osteomyelitis include chronic osteomyelitis, a persistent, relapsing infection
that can be considerably more difficult to treat than the initial acute episode, growth
disturbance, resulting from damage to the growth plate discussed earlier in this Series,
potentially causing limb length discrepancy or angular deformity, and pathological fracture
through weakened, infected bone.

Complications of septic arthritis include articular cartilage destruction, potentially leading to
permanent joint damage and, in severe cases, avascular necrosis, particularly relevant to the
hip joint, given its specific blood supply pattern, and both conditions share the risk of sepsis
and, rarely, death, if diagnosis and treatment are significantly delayed, underscoring the genuine,
time-critical importance of prompt recognition emphasised throughout this Series.

Fill in the blank: Complications of septic arthritis include articular cartilage destruction and, in
severe cases, avascular

5.4.2 outcome and prognosis

Outcome and prognosis for both osteomyelitis and septic arthritis are generally favourable with
prompt diagnosis and appropriate treatment, with the great majority of children achieving full
recovery without lasting functional impairment, though outcomes are considerably less
favourable where diagnosis or treatment is significantly delayed, or where the causative
organism is particularly aggressive or resistant to standard therapy.

-
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Long-term follow up is important, particularly in young children where growth plate
involvement has occurred, given the potential for growth disturbance to become apparent only
later, as the child continues to grow, meaning ongoing monitoring, sometimes extending over
several years, remains an important component of comprehensive care even after successful
initial treatment of the acute infection.

Fill in the blank: Long-term follow up is important given the potential for growth disturbance to
become apparent only

5.4.3 orthopaedic problems in children

Beyond osteomyelitis and septic arthritis, several other orthopaedic problems are commonly
encountered in general paediatric practice, including developmental dysplasia of the hip, a
spectrum of abnormal hip joint development identified throughroutine newborn and infant
screening, in-toeing and out-toeing, common, generally benign variations in gait that often
resolve with growth, and scoliosis, an abnormal lateral curvature of the'spine, which may be
identified on routine screening or examination.

Limping in a child, beyond the specific infective causes discussed throughout this Series, has a
genuinely broad differential diagnosis that varies considerably by age, including trauma,
developmental hip conditions, and, less commonly, inflammatory or neoplastic causes,
meaning a structured, age-appropriate approach to evaluating any limping child, considering this
full range of possibilities rather than assuming a single likely cause, remains an important,
practical general paediatric skill.

Fill in the blank: Developmental dysplasia of the hip is identified through routine newborn and
infant
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Figure 5.4: A child attending a follow-up physiotherapy session after treatment for a bone
or joint infection.

Pilot questions 5.4

1.

List two complications of osteomyelitis and two complications of septic arthritis. (Linked
to SLO 5.8)

Describe the general outcome and prognosis of osteomyelitis and septic arthritis with
prompt treatment. (Linked to SLO 5.8)

Explain why long-term follow up is important after successful treatment. (Linked to SLO
5.8)

Describe developmental dysplasia of the hip. (Linked to SLO 5.8)

Describe the general approach to evaluating a limping child. (Linked to SLO 5.8)
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Series Summary

This final Series examined osteomyelitis and septic arthritis, beginning with the anatomy and
physiology of the growing bone and joint, including the distinctive metaphyseal vascular pattern
that predisposes children specifically to these infections, and the underlying pathophysiology by
which haematogenous bacterial seeding progresses to bone necrosis or rapid articular cartilage
destruction if untreated, before turning to their aetiology and clinical features, exploring how
Staphylococcus aureus predominates across age groups while specific organisms and
presentations vary with the child’s age and clinical context.

We then examined their investigation, differential diagnosis, and management, before
concluding with their complications, outcome, and prognosis, and common orthopaedic
problems in children. Having worked through this Series, and indeed this entire course, you
should now be equipped with a comprehensive foundation in the.diseases of the central nervous
system, muscles, and bones covered throughout PAE 508, from CNS infections and
neurodevelopmental conditions through seizure disorders, coma, and headache, to the bone and
joint infections and orthopaedic problems addressed in this final Series.

Glossary of Terms
1. Metaphysis: the flared region of a long bone adjacent to the growth plate, particularly
predisposed to osteomyelitis.
2. Osteomyelitis: infection of bone, most commonly affecting the metaphysis in children.
3. Septic arthritis: infection within a joint space, most commonly affecting a single large
joint.
4. Subperiosteal abscess: a collection of pus that has tracked through the bone cortex in

osteomyelitis.

5./ Kingella kingae: an organism particularly relevant as a cause of bone and joint infection
in young children.

6. Pseudoparalysis: apparent reluctance to move a limb due to pain, seen in both
osteomyelitis and septic arthritis.

7., Transient synovitis: a common, benign, self-limiting inflammatory hip condition, an
important differential diagnosis for septic arthritis.

8. Joint aspiration: a diagnostic and therapeutic procedure used in suspected septic
arthritis.
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9. Chronic osteomyelitis: a persistent, relapsing form of bone infection, a complication of
inadequately treated acute osteomyelitis.

10. Avascular necrosis: bone death from disrupted blood supply, a complication of septic
arthritis particularly relevant to the hip.

11. Developmental dysplasia of the hip: a spectrum of abnormal hip joint development
identified through routine infant screening.

12. Growth plate: the region of a long bone responsible for longitudinal growth, vulnerable
to damage from osteomyelitis.

Concept Check Questions [Series 5]
Objective questions

o The metaphysis possesses slow-flowing, looping capillaries.that predispose this region to

bacterial

o Septic arthritis is defined as infection within a space.

o Staphylococcus aureus is the most common causative organism for both osteomyelitis
and arthritis.

e Radiographic changes in osteomyelitis typically take 7 to days to become
apparent.

o Septic arthritis typically requires surgical of the affected joint.

Short-answer questions

1. Explain why the metaphysis is particularly predisposed to osteomyelitis.

2. Describe the typical clinical presentation of septic arthritis, including the position of the
affected joint.

3. ~Describe transient synovitis and its clinical significance as a differential diagnosis.

4. List two complications of osteomyelitis and two complications of septic arthritis.

5. Describe developmental dysplasia of the hip.

Long-answer questions

6. Discuss the anatomy, physiology, and pathophysiology of osteomyelitis and septic
arthritis. (Linked to SLO 5.1, SLO 5.2, SLO 5.3)

7. Discuss the aetiology and clinical features of osteomyelitis and septic arthritis. (Linked to
SLO 5.4,SLO5.5)
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8. Discuss the investigation and differential diagnosis of osteomyelitis and septic arthritis.
(Linked to SLO 5.6)

9. Discuss the management of osteomyelitis and septic arthritis. (Linked to SLO 5.7)

10. Discuss the complications, outcome, and prognosis of osteomyelitis and septic arthritis,
and common orthopaedic problems in children. (Linked to SLO 5.8)

Answers to Concept Check Questions [Series 5]
Objective questions

11. Seeding.
12. Joint.

13. Septic.
14. 10.

15. Drainage.

Short-answer questions

16. The metaphysis has slow-flowing, looping capillaries that predispose it to bacterial
seeding.

17. A painful, swollen, warm joint held in.a position of comfort, generally flexed, with
marked reluctance to move.

18. Transient synovitis is a benign, self-limiting hip condition that must be distinguished
from septic arthritis given differing urgency.

19. Chronic osteomyelitis and growth disturbance (osteomyelitis); articular cartilage
destruction and avascular necrosis (septic arthritis).

20. A spectrum of abnormal hip joint development identified through routine newborn and
infant screening.

Long-answer questions

21. Basic response: The metaphysis has a vascular pattern that predisposes it to
osteomyelitis, while septic arthritis results from haematogenous or direct spread of
infection into the joint space, causing rapid cartilage damage.

Value-added response: In young infants, vascular connections across the growth plate can
allow osteomyelitis and septic arthritis to coexist or spread directly between the two.

-
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22. Basic response: Staphylococcus aureus is the most common cause of both conditions
across age groups, presenting with localised bone tenderness in osteomyelitis and a
swollen, painful joint in septic arthritis.

Value-added response: Presentation can be subtle in young infants, sometimes limited to
pseudoparalysis or irritability without more obvious localising signs.

23. Basic response: Investigation includes inflammatory markers, blood culture, and
imaging, with differential diagnosis including transient synovitis, trauma, and
malignancy.

Value-added response: A normal early radiograph does not exclude osteomyelitis, and a low
threshold for joint aspiration is appropriate given the consequences of a missed septic arthritis
diagnosis.

24. Basic response: Management requires prompt empirical-antibiotics, with septic arthritis
typically also requiring surgical drainage and osteomyelitis sometimes requiring drainage
of a subperiosteal abscess.

Value-added response: Treatment duration is considerably longer for osteomyelitis,
transitioning from intravenous to oral therapy once clear clinical improvement is seen.

25. Basic response: Complications include chronic osteomyelitis, growth disturbance, and
cartilage destruction, with generally favourable outcomes when treatment is prompt.

Value-added response: Long-term follow up is important given delayed growth disturbance,
and awareness of other orthopaedic problems, such as developmental dysplasia of the hip,
remains an important general paediatric skill.
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Answers to Pilot Questions [Series 5]

Part 5.1
1. The epiphysis, growth plate, metaphysis, and diaphysis are the anatomical regions of a
growing long bone.
2. TIts slow-flowing, looping capillaries predispose it to bacterial seeding.
3. Osteomyelitis is infection of bone; septic arthritis is infection within a joint space.
4. Pus formation raises intraosseous pressure and can track through the cortex to form a
subperiosteal abscess.
5. The confined joint space allows the inflammatory response to rapidly damage. the
articular cartilage.
Part 5.2
6. Staphylococcus aureus is the most common causative organism:
7. Recent bacteraemia and skin or soft tissue inféction are risk factors.
8. Localised bone pain, tenderness, warmth, swelling, fever, and reluctance to bear weight
are typical features.
9. Pseudoparalysis is apparent reluctance to move a limb due to pain, an important,
sometimes subtle, sign in infants.
10. A painful, swollen, warm joint held flexed, with the hip externally rotated, and marked
reluctance to move.
Part 5.3
11. Full blood count, inflammatory markers, blood culture, joint aspiration, and imaging are
key investigations.
12. Radiographic changes. in osteomyelitis typically take 7 to 10 days to become apparent.
13. It is a benign, self-limiting hip condition that must be distinguished from septic arthritis
given differing urgency.
14. Prompt empirical intravenous antibiotics are given, de-escalated once culture results are
available, with a longer course for osteomyelitis.
15. Surgical drainage relieves pressure and reduces the bacterial and inflammatory burden
within the joint.
Part 5.4
1. Chronic osteomyelitis and growth disturbance are complications of osteomyelitis;

cartilage destruction and avascular necrosis are complications of septic arthritis.
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2. Outcomes are generally favourable with full recovery in the majority of children when
treatment is prompt.

3. Growth disturbance may only become apparent later as the child continues to grow.

4. Ttis a spectrum of abnormal hip joint development identified through routine newborn
and infant screening.

5. A structured, age-appropriate approach considering trauma, infection, and other causes,
rather than assuming one likely cause.
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Figures, Plates, Tables, and Boxes

1. Figure 5.1: The anatomical regions of a growing long bone. Al-generated using the
prompt: "Create a professional educational anatomical diagram titled Regions of a
Growing Long Bone, labelling the épiphysis, growth plate, metaphysis, and diaphysis.
Clean clinical educational diagtam style, single illustration, no text-heavy panels."

2. Table 5.2: Comparing osteomyelitis and septic arthritis. Al-generated using the prompt:
"Create a clean reference table titled Comparing Osteomyelitis and Septic Arthritis,
listing feature, osteomyelitis, and septic arthritis. Simple clinical reference table style
with outside border."

3. Figure 5.3: A clinician.gently examining a child’s knee for signs of joint swelling. Al-
generated using the prompt: "A calm, respectful clinical illustration of a clinician gently
examininga child’s knee joint on an examination couch, with a caregiver present. Single
clean medical illustration, soft clinical lighting, no text overlays, no multiple panels,
sensitive and accurate depiction."”

4. Figure 5.4: A child attending a follow-up physiotherapy session after treatment for a bone
or joint infection. Al-generated using the prompt: "A warm, respectful illustration of a
physiotherapist gently supporting a child during a walking exercise in a bright therapy
room, with encouraging body language. Single clean illustration, soft natural lighting, no
text overlays, no multiple panels, supportive and accurate depiction."
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