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Course code: PAE 501
Course title: Introduction to Paediatrics and Child Health

Course credit load: 2 Units

Series 1: Communication and Clinical Skills

Part 1.1: Foundations of Communication in Paediatric Practice

o Sub Part 1.1.1: Principles of effective communication with children and families
o Sub Part 1.1.2: Communicating with children at different developmental stages

o Sub Part 1.1.3: Barriers to effective communication in paediatric practice

Part 1.2: Communicating with Parents and Caregivers
o Sub Part 1.2.1: Building rapport and trust with parents
o Sub Part 1.2.2: Breaking difficult news to parents
o Sub Part 1.2.3: Communicating across language and cultural differences

Part 1.3: Core Clinical SKkills in Paediatric Practice

o Sub Part 1.3.1: The clinical approach to the sick child
o Sub Part 1.3.2: Informed consent and assent in children
o Sub Part 1.3.3: Confidentiality and safeguarding in paediatric practice

Part 1.4: Professionalism and Teamwork in Paediatric Care

o Sub Part 1.4.1: Professionalism in paediatric practice
o / Sub Part 1.4.2: Working within the multidisciplinary team

o Sub Part 1.4.3: Self-reflection and continuing professional development

Introduction

Picture a busy paediatric ward. A toddler is crying, clinging tightly to her mother's arm as you
approach with your stethoscope. Her mother looks exhausted and frightened, having already
been told by another clinician that her daughter's blood test 'doesn't look quite right'. In this
single moment, you will need to reassure a frightened child, communicate clearly and honestly
with an anxious parent, and gather the clinical information you need, all at once, and all before
you have even begun to examine the child properly. This is the everyday reality of paediatric
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practice, and it is exactly why communication sits right at the very foundation of everything
else you will learn in this course.

Unlike much of adult medicine, where the person in front of you is usually also your primary
informant, paediatrics almost always involves at least three people in the room: the child, who
may be too young to describe her own symptoms, frightened, or simply unwilling to cooperate
with a stranger in a white coat, and the parent or caregiver, whose account, concerns, and
emotional state shape everything from the history you take to how confidently a management
plan will actually be followed once you leave the room. Learning to navigate this three-way
relationship skilfully, while remaining a competent, professional clinician throughout, is a skill
in its own right, deserving just as much deliberate attention as learning to interpret a chest X-ray
or recognise the signs of respiratory distress.

This Series introduces the foundations of communication in paediatric practice, how to
communicate with parents and caregivers, particularly in emotionally difficult situations, the
core clinical skills that underpin safe, ethical paediatric care,and the broader professionalism
and teamwork expected of every clinician working with children.

Series Learning Outcomes

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

e SLO 1.1: describe the principles of effective communication with children and families,

¢ SLO 1.2: adapt communication style to a child's developmental stage,

e SLO 1.3: describe strategies for building rapport with parents and caregivers,

¢ SLO 1.4: describe an appropriate approach to breaking difficult news to parents,

¢ SLO 1.5: describe the clinical approach to the acutely sick child,

e SLO 1.6: distinguish informed consent from assent in children,

e <SLO 1.7: describe the principles of confidentiality and safeguarding in paediatric practice, and

e SLO 1.8:describe the professionalism and teamwork expected of a paediatric clinician.
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1.1 Foundations of Communication in Paediatric Practice

1.1.1 principles of effective communication with children and families

The building blocks of good communication

Good communication in paediatrics rests on a handful of simple but genuinely demanding
principles: active listening, giving your full attention rather than mentally composing your next
question while the parent is still speaking; empathy, acknowledging the fear or frustration in the
room rather than moving straight past it toward your clinical agenda; clarity, using plain, jargon-
free language that a worried parent, however educated, can genuinely absorb in a stressful
moment; and honesty, never promising an outcome you cannot guarantee; even when the
temptation to offer false reassurance feels almost irresistible in the face of visible distress.

These principles apply whether you are speaking to a first-time mother anxious about a mild
fever, or a seasoned parent of a child with a chronic condition-who, by now, likely knows more
about her child's illness than you do at this point in your training. Respecting that expertise,
rather than defaulting to a purely instructive tone, considerably strengthens the working
relationship you build with families over time, and genuinely improves how well your advice is
actually followed once the consultation ends.

Fill in the blank: Active listening means giving your full attention rather than mentally
composing your next while the parent 1s still speaking.

1.1.2 communicating with children at different developmental stages

A two-year-old, an eight-year-old, and a sixteen-year-old each require a genuinely different
communication approach, reflecting their differing cognitive and emotional development. With
infants and toddlers, communication is largely non-verbal, relying on a calm tone of voice,
gentle handling, and often involving the parent directly in any physical contact, such as asking
the mother to hold the child during examination rather than separating them unnecessarily. With
school-age children, simple, concrete explanations, sometimes supported by play or
demonstration on a toy or doll, help make an unfamiliar examination feel considerably less
frightening.

Adolescents occupy a genuinely distinct category, often wanting, and indeed being entitled to, a
degree of privacy and autonomy separate from their parents, meaning part of a good adolescent
consultation usually involves speaking with the young person alone for at least part of the visit,
while still respecting the parent's legitimate concern and involvement, a balance that takes real
practice and sensitivity to get right consistently.

Fill in the blank: With infants and toddlers, communication is largely , relying on tone
of voice and gentle handling.
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1.1.3 barriers to effective communication in paediatric practice

Common barriers include time pressure in a busy clinic or ward, language differences,
particularly relevant in a linguistically diverse country such as Nigeria, health literacy gaps,
where a parent may not fully understand medical terminology even when it is explained
carefully, and the emotional state of a frightened or exhausted parent, which can genuinely
impair how much information they are able to absorb and retain, regardless of how clearly a
clinician believes they have explained something.

Recognising these barriers is the first, essential step toward working around them, whether that
means slowing down and checking understanding through simple, non-judgemental questions,
using an available interpreter rather than relying on a young sibling to translate sensitive
medical information, or simply writing down key instructions for a parent to take home and
refer back to later, once the immediate stress of the consultation has passed and they are better
able to process what was actually said.

Fill in the blank: A parent's emotional state can genuinely impair how much information they
are able to absorb and

ﬂige Group HAéproach

Use soothing tone, gentle touch, and non-verbal cues; rely on parental

Infant .
- involvement.
Simple words, short sentences, play-based interaction, reassurance
Toddler . .
— through familiar objects.
Preschool Storytelling, visual aids, demonstrations, and allowing questions;
Child emphasize trust-building.
School-Age Clear explanations, step-by-step guidance, encourage participation,
Child respect growing independence.
Adolescent Honest, direct communication, respect privacy, involve them in decision-

making, acknowledge concerns.

Table 1.1: Communication approaches by developmental stage.
Pilot questions 1.1

1. Describe the four core principles of effective communication in paediatric practice. (Linked to
SLO 1.1)

2. Explain why respecting a parent's existing expertise strengthens the clinical relationship. (Linked
to SLO 1.1)
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3. Describe how communication with an infant or toddler differs from communication with a
school-age child. (Linked to SLO 1.2)

4. Explain why part of an adolescent consultation is usually conducted without the parent present.
(Linked to SLO 1.2)

5. Describe the common barriers to effective communication in paediatric practice and how€ach
may be addressed. (Linked to SLO 1.1)

1.2 Communicating with Parents and Caregivers

1.2.1 building rapport and trust with parents

Small actions that build a working relationship

Rapport is built through a series of small, consistent actions: introducing yourself clearly,
crouching or sitting to be at eye level with both the child and, where possible, the parent, rather
than towering over the bed while speaking, using the child's actual- name rather than referring to
them generically, and taking a genuine moment to'acknowledge a parent's worry before moving
straight into clinical questioning, since'a parent who feels heard is considerably more likely to
trust, and honestly engage with, everything you say and recommend afterward.

Trust, once established, makes every subsequent interaction easier, from obtaining an accurate
history to securing genuine cooperation with treatment, and it is worth remembering that trust,
once damaged through a rushed, dismissive, or condescending interaction, is considerably harder
to rebuild than it was to establishiin the first place, meaning the time invested in these small
relational courtesies is never genuinely wasted, however busy the clinic might feel in the
moment.

Fill in the blank: Crouching or sitting to be at eye level with the child and parent is a small but
important way-of building

1.2.2 breaking difficult news to parents

Delivering difficult or distressing news to a parent, whether a serious new diagnosis, an
unexpected complication, or the death of a child, is one of the most demanding tasks in all of
paediatric practice, and structured approaches, such as the widely used SPIKES protocol, help
clinicians deliver such news with genuine clarity and compassion, covering the setting, assessing
the parent's existing perception, obtaining an invitation to share information, providing
knowledge in clear, manageable steps, responding to emotion with empathy, and agreeing a
strategy for what happens next.

Whatever specific framework is used, certain principles remain constant: choosing a private,
quiet setting, allowing enough time without visibly rushing toward the door, avoiding excessive
medical jargon at precisely the moment a parent is least able to process it, and, crucially,
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allowing genuine silence for the news to settle before continuing, rather than filling every pause
anxiously with further information the parent is simply not yet ready to receive.

Fill in the blank: The SPIKES protocol for breaking bad news includes setting, perception,
invitation, knowledge, emotion, and

1.2.3 communicating across language and cultural differences

In a country as linguistically and culturally diverse as Nigeria, clinicians will frequently
encounter families who speak a different first language, or who hold health beliefs shaped by
cultural or religious tradition that may differ meaningfully from a purely biomedical framework,
and effective communication requires genuine cultural humility, approaching these differences
with curiosity and respect rather than assuming your own framework is automatically correct or
superior.

Where a language barrier exists, using a trained interpreter, whether in person or via
telephone, is always preferable to relying on family members, particularly children, to translate
sensitive medical information, since this risks both inaccuracy and placing an inappropriate
emotional burden on someone who is themselves a member of the affected family, a practice that
should genuinely be avoided wherever an alternative exists.

Fill in the blank: Approaching cultural or linguistic differences with curiosity and respect rather
than assumption is called cultural

|Step

S Setting up the Interview

P— Assessing Patient’s Perception

|K — Giving Knowledge and Information

|E — Addressing'Emotions with Empathy

|
|
|
- Obtaining the Patient’s Invitation ‘
|
|
|

S — Strategy and Summary

Box 1.2: The SPIKES protocol for breaking difficult news.
Pilot questions 1.2

1. Describe the small actions that help build rapport and trust with parents. (Linked to SLO 1.3)

2.. Explain why trust, once damaged, is harder to rebuild than it was to establish. (Linked to SLO
1.3)

3. Describe the SPIKES protocol for breaking difficult news to parents. (Linked to SLO 1.4)

4. Discuss the general principles that remain constant regardless of which framework is used for
breaking bad news. (Linked to SLO 1.4)
-
D
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5. Discuss the approach to communicating across language and cultural differences in paediatric
practice. (Linked to SLO 1.3)

1.3 Core Clinical Skills in Paediatric Practice

1.3.1 the clinical approach to the sick child
The ABCDE approach in the acutely unwell child

The structured ABCDE approach, assessing Airway, Breathing, Circulation, Disability, and
Exposure in strict sequence, provides a systematic, reliable framework for the initial assessment
of an acutely sick child, ensuring immediately life-threatening problems are identified and
addressed before moving on to a more detailed history and examination, rather than risking a
critical finding being missed while attention is focused on a less urgent, though perhaps more
visually obvious, complaint.

Applying this approach consistently, even to a child who appears only mildly unwell at first
glance, builds a genuinely reliable clinical habit that will serve you well throughout your career,
since children, unlike many adults, can.compensate physiologically for a surprising period
before suddenly and rapidly deteriorating, meaning a structured, repeatable assessment approach
catches early warning signs that a more casual, unsystematic examination might otherwise miss
until deterioration has already begun.

Fill in the blank: The ABCDE approach assesses Airway, Breathing, Circulation, Disability,
and in strict sequence.

1.3.2 informed consent and assent in children

Informed consent for a child's treatment is generally obtained from a parent or legal guardian,
who must be given clear, honest information about the proposed intervention, its benefits, risks,
and reasonable alternatives, in order to make a genuinely voluntary and informed decision on the
child's behalf, exactly as‘an adult patient would be expected to receive for their own care.

Assent, distinct from formal legal consent, refers to a child's own agreement to a procedure or
treatment, sought wherever the child's age and developmental stage allow meaningful
understanding, and, while assent does not carry the same legal weight as parental consent,
actively seeking it respects the child as a person in their own right and, in practice, considerably
improves cooperation compared with a procedure simply imposed upon a frightened,
unconsulted child.

Fill in the blank: Assent refers to a child's own agreement to a procedure, sought wherever the
child's age and allow meaningful understanding.
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1.3.3 confidentiality and safeguarding in paediatric practice

Confidentiality in paediatric practice is genuinely more nuanced than in adult medicine, since
information is typically shared with parents as the child's legal decision-makers, though
adolescents, in particular, may reasonably expect a degree of confidentiality regarding certain
sensitive matters, such as sexual health, that a younger child would not, meaning clinicians must
exercise careful judgement about what is shared, with whom, and when, always guided by the
child's best interests rather than a rigid, one-size-fits-all rule applied regardless of age or
circumstance.

Safeguarding, the responsibility to protect children from abuse, neglect, or harm, overrides
confidentiality whenever a genuine child protection concern arises, meaning every clinician
working with children must know their local safeguarding referral pathway and act on
legitimate concerns promptly, since hesitating out of misplaced deference to parental authority,
or fear of being wrong, can have genuinely serious and lasting consequences for a vulnerable
child.

Fill in the blank: Safeguarding overrides confidentiality whenever a genuine child protection
arises.

THE ABCDE APPROACH TO THE ACUTELY SICK CHILD

A Systematic Sequential Assessment for Pediatric Emergencies
[ INITIAL ASSESSMENT ]

Patient Identification, History, Brief Exam

A - Airway & Cervical Spine Control et
» s the airway patent? W e A : )
* Signs of obstruction (stridor, drooling, cyanosis)? A AIRWAY + Signs of obstruction (stridor, drooling, cyanosis)?

* Manual opening, suction, intubation if necessary

+ C-spine stabilization

. i ilati o + Bresith sounds + Oxygen therapy
FResB‘;f;ﬁ?;?ge& Justiation B - BREATHING + Breath sounds ¢ Ne{;ulizers

* Res i[atory rate [tachypnea[bmdycardia) G Oxygen satufation (SpO?.) ¢ Bag'val\’E'MaSk Venmaﬁon

.\go r?f breadthing h(retractions, lg(;lrur;ﬁng, nasal flaring ;
* Breath sounds (wheezing, crackles & « Heart rate (tachycardia/bradycardia) « Intravenous (IV)/Intraosseous (10) access
* Oxygen saturatgon (Sp02) C CIRCU',-AHON. -Capaliary:éﬁuti?ne ye -Fluidmsusci(tat]ion )
+ Cyanosis & Hemodynamlc Stablllty * Peripheral pulses (strength) * Blood products
+ Skin color/temperature, Bleeding  « Control bleeding )
' @ D - Disability & Neurological Status N =T
<o | *Levelof Consciousness (AVPU scale / GCS) D - DISABILITY & “Trogt sl ypogly
5|+ Pupil response toliﬁht ~ Neurological Status reat seizures
+ Blood Glucose Level \ * Rapid neurological assessment

|

E - Exposure & Environmental Control

[~ s * Undress the child carefull
L 4 f * Full body examination : e + Maintain warmth (warm b¥ankets heater)
P : ITr:eirJlr?:srature (fever/hypothermia), Rash, Bruising + Document findings
REASSESS & ESCALATE
(Cycle back if status changes, call for help/senior support)

Figure 1.3: The ABCDE approach to the acutely sick child.
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Pilot questions 1.3

1. Describe the ABCDE approach to the acutely sick child. (Linked to SLO 1.5)

2. Explain why a structured assessment approach is particularly important in children. (Linked to
SLO 1.5)

3. Distinguish informed consent from assent in the context of paediatric care. (Linked to SLO 1.6)

4. Explain why actively seeking a child's assent matters even though it lacks the legal- weight of
parental consent. (Linked to SLO 1.6)

5. Discuss the principles of confidentiality and safeguarding in paediatric practice. (Linked to SLO
1.7)

1.4 Professionalism and Teamwork in Paediatric Care

1.4.1 professionalism in paediatric practice

What professionalism looks like day to day

Professionalism in paediatric practice encompasses punctuality, appropriate dress and
demeanour, maintaining clear professional boundaries with families you may come to know
very well over a long period of chronic illness management, and, perhaps above all, consistently
placing the child's best interests at the centre of every clinical decision, even where this
occasionally creates tension with a parent's own wishes or preferences for their child's care.

Professionalism also means being honest about the limits of your own knowledge and
experience, seeking senior advice or support when a case exceeds your current competence,
rather than proceeding alone out of misplaced pride or a reluctance to appear uncertain in front of
a family, since a willingness to ask for help is, in reality, a mark of genuine professional maturity
rather than any kind of personal weakness or inadequacy.

Fill in the blank: Professionalism includes being honest about the limits of your own knowledge
and seeking advice when needed.

1.4.2 working'within the multidisciplinary team

Paediatric care is genuinely rarely delivered by a single clinician working alone, instead
depending on a multidisciplinary team including nurses, dietitians, physiotherapists, social
workers, and, for children with complex or chronic conditions, a range of paediatric
subspecialists, each bringing a distinct and valuable perspective to a child's overall care that no
single discipline could fully provide on its own.
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Effective teamwork requires clear, respectful communication among team members, a genuine
willingness to listen to and value the observations of colleagues, including nurses who often
spend considerably more continuous time at the bedside than any individual doctor does, and
active participation in shared decision-making for complex cases, rather than a hierarchical
model where information and authority flow in only one direction from doctor to everyone else
involved in the child's care.

Fill in the blank: Nurses often spend considerably more continuous at the bedside
than any individual doctor does.

1.4.3 self-reflection and continuing professional development

Self-reflection, honestly reviewing your own clinical encounters, including the ones that did not
go particularly well, is an essential habit for continuous improvement throughout a paediatric
career, helping identify genuine gaps in knowledge or skill, and, just as importantly,
communication patterns worth adjusting for future encounters with children and families, rather
than simply moving on to the next patient without ever pausing to’ consider what could have gone
better.

Continuing professional development, through structured reading, attending relevant courses,
seeking regular feedback from senior colleagues, and staying genuinely current with evolving
paediatric guidelines, ensures that the skills.and knowledge you begin building in this Series
continue to grow and mature throughout your entire career, rather than remaining frozen at
whatever level you happened to reach by the end of your formal training.

Fill in the blank: Self-reflection helps identify genuine gaps in knowledge, skill, and
patterns worth adjusting.

Framework Element

Description of the Encounter

Feelings and Emotional Response
Evaluation of What Went Well
Analysis of Challenges

Conclusion and Lessons Learned

Action Plan for Future Practice

Box 1.4: A simple framework for reflecting on a clinical encounter.

Pilot questions 1.4

1. Describe what professionalism looks like in day-to-day paediatric practice. (Linked to SLO 1.8)
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2. Explain why acknowledging the limits of your own knowledge is a mark of professional maturity.
(Linked to SLO 1.8)

3. Describe the composition and value of the multidisciplinary paediatric team. (Linked to SLO 1.8)

4. Discuss what effective teamwork requires among members of the paediatric team. (Linked to
SLO 1.8)

5. Describe the role of self-reflection and continuing professional development in paediatric
practice. (Linked to SLO 1.8)
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Series Summary

This opening Series of the course introduced the foundations of communication and clinical
skill that underpin all paediatric practice, beginning with the core principles of effective
communication and how these must be adapted to a child's developmental stage, before turning
to the particular skills needed for communicating with parents and caregivers, including the
sensitive task of breaking difficult news and navigating language and cultural differences.

We then examined the core clinical skills of paediatric practice, including the structured
ABCDE approach to the acutely sick child, the distinction between consent and assent, and the
principles of confidentiality and safeguarding, before concluding with the professionalism
and teamwork expected of every clinician working with children. Having worked through this
Series, you should now be able to communicate effectively with children and families and apply
the core clinical skills that will support everything covered in the remainder of this course. The
next Series turns to history taking and physical examination in the paediatric patient.

Glossary of Terms

e Active listening: giving full attention to a speaker rather than preparing a response while they are
still talking.

e Cultural humility: approaching cultural or linguistic differences with curiosity and respect rather
than assumption.

e SPIKES protocol: a structured framework for breaking difficult news, covering setting,
perception, invitation, knowledge, emotion, and strategy.

¢ Rapport: a trusting, respectful working relationship built through small, consistent
communication behaviours.

e ABCDE approach: a structured sequence assessing Airway, Breathing, Circulation, Disability,
and Exposure in the acutely sick child.

¢ Informed consent: voluntary agreement to treatment given by a parent or guardian after
receiving clear-information.

e Assent: a child's own agreement to a procedure, sought where their age and understanding allow,
though it lacks the legal weight of consent.

¢  Confidentiality: the principle of protecting a patient's information, applied with particular
nuance in paediatric practice.

e Safeguarding: the responsibility to protect children from abuse, neglect, or harm, which
overrides confidentiality when a concern arises.

e  Multidisciplinary team: the group of professionals, including nurses, dietitians, and specialists,
who together deliver paediatric care.
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o Professionalism: consistent, ethical conduct that places the child's best interests at the centre of
clinical decision-making.

o Self-reflection: honest review of one's own clinical encounters to identify areas for improvement.

Concept Check Questions [Series 1]

Objective questions

1. With infants and toddlers, communication is largely , relying.on tone of voice and
gentle handling.

2. The SPIKES protocol for breaking bad news includes setting, perception, invitation, knowledge,
emotion, and

3. The ABCDE approach assesses Airway, Breathing, Circulation; Disability, and
4. Safeguarding overrides confidentiality whenever a genuine child protection arises.

5. Professionalism includes being honest about the limits of your own knowledge and seeking
advice.

Short-answer questions

6. Describe the four core principles of effective communication in paediatric practice. (Linked to
SLO 1.1)

7. Describe the SPIKES protocol for breaking difficult news to parents. (Linked to SLO 1.4)
8. Describe the ABCDE approach to the acutely sick child. (Linked to SLO 1.5)
9. Distinguishinformed consent from assent in the context of paediatric care. (Linked to SLO 1.6)

10. Describe what professionalism looks like in day-to-day paediatric practice. (Linked to SLO 1.8)

Long-answer questions

11. Discuss the principles of effective communication in paediatric practice and how these must be
adapted to a child's developmental stage. (Linked to SLO 1.1, SLO 1.2)

12. Discuss the approach to communicating with parents and caregivers, including breaking difficult
news and navigating cultural differences. (Linked to SLO 1.3, SLO 1.4)

13. Describe the ABCDE approach to the acutely sick child and explain its importance. (Linked to
SLO 1.5)
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14. Discuss the principles of consent, assent, confidentiality, and safeguarding in paediatric practice.
(Linked to SLO 1.6, SLO 1.7)

15. Discuss the professionalism and teamwork expected of a paediatric clinician, including the role of
self-reflection. (Linked to SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

1. Non-verbal.
2. Strategy.

3. Exposure.
4. Concern.

5. Senior.

Short-answer questions

6. Active listening, empathy, clarity, and honesty.

7. Setting, perception, inyitation, knowledge, emotion, and strategy, delivered with clarity and
compassion.

8. A structured sequence assessing Airway, Breathing, Circulation, Disability, and Exposure to
identify life-threatening problems first.

9. Consent is legally binding agreement from a parent or guardian; assent is a child's own
agreement,Sought where understanding allows but lacking legal weight.

10. Punctuality, appropriate demeanour, professional boundaries, honesty about limits of knowledge,
and placing the child's best interests first.

Long-answer questions

11. Basic response: Effective communication rests on active listening, empathy, clarity, and honesty,
adapted according to whether the child is an infant, school-age, or adolescent.

Value-added response: Respecting a parent's existing expertise, particularly for chronic
conditions, strengthens the working relationship and improves adherence to advice.
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12. Basic response: Communicating with parents requires building rapport through small consistent
actions, using structured approaches such as SPIKES for difficult news, and cultural humility
across language and belief differences.

Value-added response: Using a trained interpreter rather than a family member protects both
accuracy and the wellbeing of any child who might otherwise be asked to translate.

13. Basic response: The ABCDE approach systematically assesses Airway, Breathing, Circulation,
Disability, and Exposure, ensuring life-threatening problems are identified first.

Value-added response: Children can compensate physiologically before rapidly deteriorating,
making a structured, repeatable approach particularly important in this age group.

14. Basic response: Consent is obtained from a parent or guardian, while assent reflects a child's
own agreement; confidentiality is applied with nuance, and safeguarding overrides it when
concerns arise.

Value-added response: Seeking a child's assent, though not legally binding, respects them as a
person and improves cooperation with care,

15. Basic response: Professionalism includes punctuality, appropriate boundaries, and prioritising
the child's best interests, supported by effective multidisciplinary teamwork.

Value-added response: Ongoing self-reflection and ongoing professional development ensure
skills continue to mature throughout an entire career.

Answers to Pilot Questions [Series 1]
Part 1.1

1.  Active listening, empathy, clarity, and honesty.
2. A parent who feels heard is more likely to trust and engage genuinely with clinical advice.

3. Communication with infants and toddlers is largely non-verbal, while school-age children benefit
from simple, concrete explanations, often supported by play.

4. Adolescents are entitled to a degree of privacy and autonomy separate from their parents.

5. Time pressure, language differences, health literacy gaps, and emotional state, addressed by
slowing down, using interpreters, and writing down key points.

Part 1.2
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1. Introducing yourself, being at eye level, using the child's name, and acknowledging worry before
clinical questioning.

2. A rushed or dismissive interaction damages trust that then takes considerably more effort to
rebuild.

3. Setting, perception, invitation, knowledge, emotion, and strategy, delivered with clarity and
compassion.

4. A private setting, adequate time, avoiding excessive jargon, and allowing silence for news to
settle.

5. Approaching differences with cultural humility and using trained interpreters rather than family
members.

Part 1.3

1. A structured sequence assessing Airway, Breathing, Circulation, Disability, and Exposure to
identify life-threatening problems first.

2. Children can compensate physiologically before deteriorating rapidly, so structured assessment
catches early warning signs.

3. Consent is legally binding parental agreement; assent is the child's own agreement, sought where
understanding allows.

4. It respects the child as a person and improves cooperation, even though it lacks the legal weight
of consent.

5. Information is generally shared with parents, though adolescents may expect confidentiality on
sensitive matters; safeguarding overrides confidentiality when concerns arise.

Part 1.4

1. Punctuality, appropriate demeanour, professional boundaries, and prioritising the child's best
interests.

2./ Asking for help reflects genuine professional maturity rather than weakness or inadequacy.

3." Nurses, dietitians, physiotherapists, social workers, and subspecialists, each bringing a distinct
valuable perspective.

4. Clear respectful communication, valuing colleagues' observations, and shared decision-making
for complex cases.

5. It identifies gaps in knowledge, skill, and communication patterns worth adjusting, supported by
ongoing professional development.
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Figures, Plates, Tables, and Boxes

e Table 1.1: Communication approaches by developmental stage. Al-generated using the prompt:
"Create a clean reference table titled Communication Approaches by Developmental Stage,
listing age group and approach. Simple clinical reference table style with outside border."

¢ Box 1.2: The SPIKES protocol for breaking difficult news. Al-generated using the prompt:
"Create a simple single-column reference box titled The SPIKES Protocol for Breaking Difficult
News, listing each step. Clean clinical reference box style."

e Figure 1.3: The ABCDE approach to the acutely sick child. Al-generated using the prompt:
"Create a professional medical flowchart titled The ABCDE Approach to the Acutely Sick Child,
showing the sequential assessment steps. Clean clinical educational diagram style."

¢ Box 1.4: A simple framework for reflecting on a clinical encounter. Al-generated using the
prompt: "Create a simple single-column reference box titled A Simple Framework for Reflecting
on a Clinical Encounter. Clean clinical reference box style."
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Series 2: History Taking and Examination

Part 2.1: Principles of Paediatric History Taking
o Sub Part 2.1.1: Structure of the paediatric history
o Sub Part 2.1.2: The presenting complaint and history of presenting illness

o Sub Part 2.1.3: Past medical, birth, and developmental history

Part 2.2: Family, Social, and Nutritional History
o Sub Part 2.2.1: Family history and pedigree
o Sub Part 2.2.2: Social history and the child's environment

o Sub Part 2.2.3: Nutritional and immunisation history

Part 2.3: General Physical Examination of the Child
o Sub Part 2.3.1: General inspection and vital signs
o Sub Part 2.3.2: Growth assessment and anthropometry

o Sub Part 2.3.3: Examination technique adapted to age

Part 2.4: Systemic Examination of the Child
o Sub Part 2.4.1: Respiratory and cardiovascular examination
o Sub Part 2.4:2: Abdominal and neurological examination

o Sub Part 2.4.3: Documenting and presenting findings

Introduction

In the last Series, we explored how to communicate effectively with children and their families,
and the core clinical skills that underpin safe, ethical paediatric care. We now put those
communication skills directly to work, turning to the practical business of history taking and
physical examination in children, the twin foundations upon which every subsequent clinical
decision you make will actually rest.

You will find that paediatric history taking and examination differ from their adult equivalents in
some genuinely important ways. The history is very often obtained largely, or entirely, from a
parent or caregiver rather than the child, requiring you to gather accurate information second-
hand while remaining alert to details the parent may not think to mention unprompted. The
examination, meanwhile, must be adapted continuously to a child's age, mood, and cooperation,

r;j
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often requiring creativity and patience that simply is not needed in most adult consultations.
Mastering both skills takes real, deliberate practice, and this Series will give you a structured
foundation to build that practice upon.

This Series covers the principles of paediatric history taking, the family, social, and
nutritional history, general physical examination of the child, and systemic examination,
along with how findings are properly documented and presented.

Series Learning Outcomes

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

e SLO 2.1: describe the structure of a comprehensive paediatric history,

e SLO 2.2: elicit a clear presenting complaint and history of presenting illness,

e SLO 2.3: describe the elements of past medical, birth, and developmental history,

e SLO 2.4: describe the components of family, social, and nutritional history,

e SLO 2.5: perform a general physical examination and growth assessment of a child,
e SLO 2.6: adapt examination technique to a child's age and cooperation,

e SLO 2.7: perform a systemic examination of a child, and

e SLO 2.8: document and present paediatric clinical findings clearly.

2.1 Principles of Paediatric History Taking

2.1.1 structure of the paediatric history
Building a comprehensive picture

A comprehensive paediatric history follows a broadly similar overall structure to an adult
history, beginning with biodata, including the child's name, age, and sex, followed by the
presenting complaint, history of presenting illness, past medical history, birth history,
developmental history, immunisation history, nutritional history, family history, and social
history, though the relative emphasis placed on each section shifts considerably depending on
the child's age, with birth and developmental history, for instance, carrying far greater weight in
an infant than in an older adolescent.

-
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Working through this structure systematically, rather than jumping haphazardly between sections
as information happens to emerge, ensures nothing important is inadvertently missed, and, just as
usefully, gives an anxious parent a genuine sense that their concerns are being addressed
thoroughly and methodically, rather than through a rushed, disorganised conversation that can
leave them wondering afterward whether anything important was actually covered at all.

Fill in the blank: Birth and developmental history carry far greater weight in an than
in an older adolescent.

2.1.2 the presenting complaint and history of presenting illness

The presenting complaint should be recorded, wherever possible, in the parent's or child's own
words, such as 'fever for three days', rather than immediately translated into formal medical
terminology, since this preserves exactly how the family themselves understand and describe the
problem, information that can genuinely matter later if their own interpretation of severity or
urgency differs from the clinical picture you subsequently uncover:

The history of presenting illness then explores this complaintin careful detail, covering onset,
duration, progression, associated symptoms, any treatment already given, whether at home
or by another provider, and the impact of the illness on the child's normal activity, feeding, and
behaviour, since a previously active toddler whe has become unusually quiet and withdrawn is
telling you something clinically important, even if that particular symptom was never
specifically volunteered by the parent without your direct, deliberate prompting.

Fill in the blank: The history of presenting illness explores onset, duration, progression,
associated symptoms, and already given.

2.1.3 past medical, birth, and developmental history

Past medical history covers previous illnesses, hospital admissions, surgeries, and known
allergies, while birth history, particularly important in infants and younger children, covers
antenatal, intrapartum, and postnatal details, including gestational age at delivery, mode of
delivery, birth weight, and any complications or need for special care immediately after birth, all
of which can carry genuine relevance to a child's current presentation, even years later.

Developmental history assesses whether the child has achieved expected motor, language,
social, and cognitive milestones at an appropriate age, since developmental delay or regression
can itself'be the presenting problem, or an important clue pointing toward an underlying
condition that has not yet been formally diagnosed, meaning this section deserves genuine,
unhurried attention rather than being treated as a quick, routine checklist to move past.

Fill in the blank: Developmental history assesses motor, language, social, and
milestones.
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History Section

Patient Identification

Presenting Complaint

History of Presenting Complaint
Past Medical History

Birth and Neonatal History
Developmental History

Nutritional History

Immunization History

Family History

Social History

Systems Review

Box 2.1: Structure of a comprehensive paediatric history.

Pilot questions 2.1

o Describe the overall structure of a comprehensive paediatric history. (Linked to SLO 2.1)

e Explain why birth and developmental history carry particular weight in a young infant.

(Linked to SLO 2.1)

e Describe how the presenting complaint should be recorded and why. (Linked to SLO 2.2)

o Describe the elementsexplored within the history of presenting illness. (Linked to SLO

2.2)

e Describe the components of birth history and developmental history. (Linked to SLO 2.3)

2.2 Family, Soeial, and'Nutritional History

2.2.1 family history and pedigree

Why family patterns matter in children

Family history carries particular importance in paediatrics, since many conditions presenting in
childhood have a genuine genetic or familial component, and a carefully constructed pedigree,
or family tree, covering at least three generations where possible, can reveal patterns of inherited
conditions, consanguinity, or recurrent childhood illness within the family that a simple verbal

question alone might easily overlook or fail to prompt a parent to mention.

-
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Specific enquiry should always include any history of consanguineous marriage, relevant in
parts of Nigeria and many other settings where this remains culturally common, since it
meaningfully increases the likelihood of certain autosomal recessive conditions, as well as any
family history of childhood deaths, congenital abnormalities, or chronic illness, each of
which may point toward a diagnosis that would otherwise remain considerably harder to reach
from the child's presentation alone.

Fill in the blank: Consanguineous marriage meaningfully increases the likelihood of certain
autosomal conditions.

2.2.2 social history and the child's environment

Social history explores the child's living environment and circumstances, including who lives in
the household, the family's socioeconomic situation, access to clean water and sanitation, and
the home environment more broadly, all of which can meaningfully influence both a child's risk
of certain illnesses and the practical feasibility of any treatment plan you might otherwise
consider entirely straightforward from a purely clinical perspective.

This section also provides a genuine opportunity to screen sensitively for safeguarding
concerns, such as signs of neglect or an unsafe home environment, though such enquiry must
always be conducted with appropriate tact and professional judgement, recognising that most
families are simply doing their honest best within real and often considerable constraints, rather
than approaching every social history as an implicit search for parental wrongdoing.

Fill in the blank: Social history provides an opportunity to sensitively screen for
concerns such as neglect.

2.2.3 nutritional and immunisation history

Nutritional history covers current feeding pattern, including whether an infant is exclusively
breastfed, mixed fed, or formula fed, the timing and nature of complementary feeding
introduction, and, in older children, a general assessment of dietary variety and adequacy, all
directly relevant given how common both undernutrition and, increasingly, overnutrition
remain among children in many settings, including Nigeria.

Immunisation history should be checked directly against the child's immunisation card
wherever possible, rather than relying solely on parental recall, which can genuinely be
naccurate or incomplete, since confirming actual vaccination status directly affects both your
assessment of a child's risk for vaccine-preventable disease and, where gaps are identified, the
opportunity to catch up on missed immunisations before the consultation ends.

Fill in the blank: Immunisation history should be checked directly against the child's
Immunisation wherever possible.
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(Category HContent

Hereditary diseases, consanguinity, chronic illnesses in parents/siblings,

Family History family structure and support systems.

Living conditions, schooling, caregivers, exposure to tobacco/alcohol,

Social History . . .
socioeconomic background, cultural practices.

Nutritional Breastfeeding and weaning practices, dietary intake, feeding difficulties,
History food allergies, growth monitoring.

Table 2.2: Key components of family, social, and nutritional history.

Pilot questions 2.2

1. Explain why family history and pedigree construction carry particular importance in
paediatrics. (Linked to SLO 2.4)

2. Describe the specific enquiries that should always be included in a paediatric family
history. (Linked to SLO 2.4)

3. Describe the components of social history and their clinical relevance. (Linked to SLO
2.4)

4. Discuss how social history can be used to sensitively screen for safeguarding concerns.
(Linked to SL.O.2.4)

5. Describe the components of nutritional history and why immunisation status should be
verified against a card. (Linked to SLO 2.4)

2.3‘General Physical Examination of the Child

2.3.1 general inspection and vital signs

What a good general inspection reveals

General inspection, often best conducted before you have even touched the child, reveals a
great deal: whether the child appears well or unwell, alert or lethargic, in respiratory distress,
pale, jaundiced, or dehydrated, and how the child is interacting with their surroundings and

-
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caregiver, observations that experienced paediatricians learn to make almost automatically the
moment they walk into the room, well before formal examination has properly begun.

Vital signs, including respiratory rate, heart rate, temperature, and blood pressure where
indicated, must always be interpreted against age-appropriate normal ranges, since a heart rate
or respiratory rate that would be entirely normal in an adult may represent significant tachyecardia
or tachypnoea in a young infant, meaning genuinely knowing these age-specific ranges, rather
than applying adult reference values by habit, is an essential and non-negotiable paediatric skill.

Fill in the blank: Vital signs must always be interpreted against normal ranges rather
than adult reference values.

2.3.2 growth assessment and anthropometry

Anthropometry, measuring weight, length or height, and head circumference in younger
children, and plotting these measurements on an appropriate growth chart, is a genuinely
essential part of every paediatric assessment, since growth reflects‘a child's overall health and
nutritional status over time in a way that a single clinical snapshot simply cannot capture on its
own.

A single measurement provides usefuldnformation, but serial measurements over time,
showing whether a child is tracking consistently along their own established growth centile or
beginning to cross centile lines in either direction, are considerably more valuable, since
faltering growth, weight crossing downward across centile lines over successive visits, can be
among the earliest and most sensitive indicators of an underlying problem, sometimes appearing
well before any other clinical sign becomes apparent.

Fill in the blank: Faltering growth, weight crossing downward across lines, can be
among the earliest indicators of an underlying problem.

2.3.3 examination technique adapted to age

Examination technique must be genuinely flexible and responsive to the child in front of you.
With a young infant, examining while the child rests on the parent's lap, and leaving the more
distressing components, such as ear or throat examination, until last, generally works
considerably better than insisting on a fixed, adult-style examination sequence performed in
strict head-to-toe order regardless of how the child actually responds along the way.

With a toddler, playful engagement, demonstrating a step on yourself or a toy first, and genuine
patience with an initially uncooperative child, considerably improve your chances of completing
a useful examination, while older children and adolescents can generally be examined in a
manner closer to the conventional adult sequence, though privacy, dignity, and, particularly for
adolescents, an appropriate chaperone, remain genuinely important considerations throughout.

Fill in the blank: With a young infant, examining while the child rests on the parent's
generally works better than a fixed adult-style sequence.
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A Standard Weight-for-Age Growth Chart

14 Boys age 0-24 months
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Figure 2.3: A standard weight-for-age growth chart with serial measurements plotted.

Pilot questions 2.3

1. Describe what a good general inspection of a child can reveal before formal examination
begins. (Linked to SLO 2.5)

2. Explain why vital signs must always be interpreted against age-appropriate normal
ranges.(Linked to SLO.2.5)

3. Describe the components of anthropometry and their assessment on a growth chart.
(Linked to SLO2.5)

4. Explain why serial growth measurements are more valuable than a single measurement.
(Linked to SLO 2.5)

5. Discuss how examination technique should be adapted for infants, toddlers, and older
children. (Linked to SLO 2.6)
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2.4 Systemic Examination of the Child

2.4.1 respiratory and cardiovascular examination
Adapting inspection, palpation, and auscultation

Respiratory examination follows the familiar sequence of inspection, palpation, percussion,
and auscultation, though inspection carries particular weight in children, since signs such as
nasal flaring, subcostal or intercostal recession, grunting, and visible tracheal tug can be
observed without ever needing to touch the child, an important practical advantage when
examining a frightened infant who may cry, and thereby obscure genuine auscultation findings,
the moment your stethoscope actually makes contact with their chest.

Cardiovascular examination similarly begins with careful inspection for eyanosis, clubbing,
though genuinely rare in children, and signs of cardiac failure, before proceeding to pulse
assessment, including femoral pulses to help exclude coarctation of the aorta, and
auscultation, remembering that innocent, entirely benign murmurs are considerably more
common in children than in adults, meaning not every murmur heard in a well child necessarily
indicates structural heart disease requiring further urgent investigation.

Fill in the blank: Femoral pulses are assessed to help exclude of the aorta.
2.4.2 abdominal and neurological examination

Abdominal examination in children benefits considerably from a relaxed, cooperative child,
achieved through distraction, warm hands, and, where possible, examining on the parent's lap
rather than a cold examination couch, since a tense, crying child makes it genuinely difficult to
distinguish true guarding from simple resistance to an unfamiliar and uncomfortable stranger
touching their abdomen.

Neurological examination is adapted considerably according to age, relying heavily on
observation of spontaneous movement, tone, and developmental reflexes appropriate to the
child's age in infants, such as the Moro or grasp reflex, while older, cooperative children can
undergo-an examination considerably closer to the conventional adult neurological assessment,
including formal testing of power, tone, reflexes, and coordination.

Fill in the blank: Neurological examination in infants relies heavily on developmental
appropriate to the child's age.

2.4.3 documenting and presenting findings

Clear documentation of history and examination findings should be contemporaneous, legible,
and structured, recording both positive and genuinely relevant negative findings, since a
negative finding, such as the clear absence of respiratory distress in a febrile child, carries real
clinical meaning and should never simply be assumed or left unrecorded on the basis that
'nothing was found'.
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Presenting findings to a senior colleague follows a similarly structured, logical sequence,
typically beginning with a brief summary statement, followed by the presenting complaint,
relevant history, examination findings, and your own impression or differential diagnosis,
delivered clearly and concisely rather than as an unstructured recounting of everything you
happened to observe in the order you happened to notice it during the consultation itself.

Fill in the blank: Documentation should be contemporaneous, legible, and structured, recording
both positive and relevant findings.

|Presentation Element

|Patient Identification

|Presenting Complaint

|Hist0rv Summary

|Investigations

|Diagnosis or Differential

|Management Plan

|
|
|
|
|Examinati0n Findings |
|
|
|
|

|Follow-up and Prognosis

Box 2.4: A structured approach to presenting paediatric findings.

Pilot questions 2.4

1.

-
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Describe the components of respiratory examination and why inspection carries particular
weight in children. (Linked to SLO 2.7)

Discuss cardiovascular examination in children, including the significance of innocent
murmurs. (Einked to SLO 2.7)

Describe how a relaxed, cooperative child improves the reliability of abdominal
examination. (Linked to SLO 2.7)

Describe how neurological examination differs between infants and older, cooperative
children. (Linked to SLO 2.7)

Describe the principles of documenting and presenting paediatric clinical findings.
(Linked to SLO 2.8)

STUDENTS
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Series Summary

This Series worked through the practical foundations of paediatric history taking and
examination, beginning with the overall structure of the paediatric history and how to elicit a
clear presenting complaint, before turning to the important roles of family, social, and
nutritional history in understanding a child's presentation fully.

We then examined general physical examination, including the value of careful inspection,
age-appropriate vital signs, and growth assessment, before considering how examination
technique must be adapted across different ages, and, finally, systemic examination of the
respiratory, cardiovascular, abdominal, and neurological systems, alongside clear
documentation and presentation of findings. Having worked through this Series, you should
now be able to take a comprehensive paediatric history and perform a systematic, age-
appropriate examination. The next Series turns to the fluids and equipment used in everyday
paediatric practice.

Glossary of Terms

1. Presenting complaint: the problem prompting the consultation, recorded in the parent's
or child's own words.

2. Developmental history: assessment of a child's achievement of motor, language, social,
and cognitive milestones.

3. Pedigree: a structured family tree used to identify patterns of inherited or familial
conditions.

4. Consanguinity: marriage between close blood relatives, which increases the risk of
certain recessive conditions.

5. Complementary feeding: the introduction of foods alongside breast milk or formula in
an infant'sdiet.

6. Anthropometry: measurement of weight, length or height, and head circumference to
assess growth.

7. Growth chart: a chart plotting a child's growth measurements against age-based centile
lines over time.

8. Faltering growth: weight crossing downward across centile lines over successive
measurements.

9. Subcostal recession: inward movement of the tissue below the ribs during breathing, a
sign of respiratory distress in children.
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10. Innocent murmur: a benign heart murmur not indicating structural heart disease,
common in children.

11. Moro reflex: a developmental reflex present in infants, assessed as part of neurological
examination.

12. Contemporaneous documentation: clinical notes recorded at, or very close to, the time
of the consultation.

Concept Check Questions [Series 2]

Objective questions

o Birth and developmental history carry far greater weight in an than in an older
adolescent.

o Consanguineous marriage meaningfully increases the likelihood of certain autosomal

conditions.
o Vital signs must always be interpreted against normal ranges.
o Femoral pulses are assessed to-help exclude of the aorta.
e Documentation should record both positive and relevant findings.

Short-answer questions

1. Describethe overall structure of a comprehensive paediatric history. (Linked to SLO 2.1)

2. Describe the specific enquiries that should always be included in a paediatric family
history. (Linked.to SLO 2.4)

3. Explain why serial growth measurements are more valuable than a single measurement.
(Linked to SLO 2.5)

4. Discuss how examination technique should be adapted for infants and toddlers. (Linked
to SLO 2.6)

5. Describe the principles of documenting and presenting paediatric clinical findings.
(Linked to SLO 2.8)

-
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Long-answer questions

6. Describe the structure of a comprehensive paediatric history, including the presenting
complaint and past, birth, and developmental history. (Linked to SLO 2.1, SLO 2.2, SLO
2.3)

7. Discuss the components and clinical relevance of family, social, and nutritional history in
paediatric assessment. (Linked to SLO 2.4)

8. Describe the general physical examination of a child, including growth assessment.
(Linked to SLO 2.5)

9. Discuss how examination technique should be adapted according to a child's age. (Linked
to SLO 2.6)

10. Describe the systemic examination of a child and the prineiples of documenting and
presenting findings. (Linked to SLO 2.7, SLO 2.8)

Answers to Concept Check Questions [Series 2]

Objective questions

11. Infant.

12. Recessive.

13. Age-appropriate.
14. Coarctation.

15. Negative:

Short-answer questions

16. Biodata, presenting complaint, history of presenting illness, past medical, birth,
developmental, immunisation, nutritional, family, and social history.

17. Consanguinity, childhood deaths, congenital abnormalities, and chronic illness within the
family.

18. Serial measurements show whether a child is tracking along their centile or crossing
lines, revealing faltering growth earlier than a single snapshot.

-
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19. Examining on the parent's lap, leaving distressing components until last, and using
playful, patient engagement.

20. Contemporaneous, legible, structured notes recording both positive and relevant negative
findings, presented in a clear, logical sequence.

Long-answer questions

21. Basic response: A comprehensive paediatric history follows a structured sequence from
presenting complaint through past medical, birth, and developmental history, with
emphasis shifting according to the child's age.

Value-added response: Recording the presenting complaint in the family's own words preserves
how they themselves understand the problem's severity and urgency.

22. Basic response: Family history identifies inherited patterns and consanguinity; social
history reveals environmental and safeguarding factors; nutritional history assesses
feeding and immunisation status.

Value-added response: Verifying immunisation status against the child's card, rather than
relying on parental recall, directly affects assessment of vaccine-preventable disease risk.

23. Basic response: General physical examination includes inspection, age-appropriate vital
signs, and anthropometry plotted on a growth chart to assess overall health and nutritional
status.

Value-added response: Faltering growth can be among the earliest indicators of an underlying
problem, sometimes appearing before any other clinical sign.

24. Basic response: Examination technique is adapted according to age, using the parent's
lap and playful engagement for younger children, and a more conventional sequence for
older children.

Value-added response: Leaving distressing components, such as ear examination, until last
improves overall cooperation and the reliability of the whole examination.

25. Basie response: Systemic examination covers respiratory, cardiovascular, abdominal,
and neurological systems, adapted for age, with findings documented contemporaneously
and presented in a structured sequence.

Value-added response: Innocent murmurs are common in children and do not automatically
indicate structural heart disease requiring further investigation.
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Answers to Pilot Questions [Series 2]

Part 2.1

1. Biodata, presenting complaint, history of presenting illness, past medical, birth,
developmental, immunisation, nutritional, family, and social history.

2. Birth and developmental problems are more likely to be directly relevant to a young
infant's current presentation.

3. In the parent's or child's own words, preserving how the family understands and describes
the problem.

4. Onset, duration, progression, associated symptoms, treatment already given, and impact
on normal activity.

5. Birth history covers antenatal, intrapartum, and postnatal details; developmental history
assesses milestone achievement.

Part 2.2

6. Many childhood conditions have a genetic or familial component that a pedigree can help
reveal.

7. Consanguinity, childhood deaths, congenital abnormalities, and chronic illness within the
family.

8. Household composition, socioeconomic situation, water and sanitation access, and home
environment.

9. Tactful enquiry into living circumstances can reveal signs of neglect or an unsafe
environment.

10. Feeding pattern and complementary feeding timing; immunisation status is verified
against the child's card rather than recall alone.

Part 2.3

11. Whether the child appears well or unwell, alert or lethargic, in distress, pale, jaundiced, or
dehydrated.

12. A heart or respiratory rate normal in an adult may represent significant tachycardia or
tachypnoea in an infant.

13. Weight, length or height, and head circumference, plotted on an age-based growth chart.
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14. Serial measurements reveal whether growth is tracking normally or crossing centile lines,
which a single measurement cannot show.

15. Infants are examined on the parent's lap with distressing steps last; toddlers benefit from
playful engagement; older children follow a more adult-style sequence.

Part 2.4

1. Inspection, palpation, percussion, and auscultation, with inspection revealing signs like
recession without needing to touch the child.

2. Innocent murmurs are common in children and do not automatically indicate structural
heart disease.

3. Arelaxed child allows true guarding to be distinguished from simple resistance to being
touched.

4. Infants rely on observation of movement, tone, and developmental reflexes; older
children undergo a more conventional formal‘assessment.

5. Contemporaneous, legible, structured documentation and a clear, logical presentation
sequence from summary to impression.

References and Attributions [Series 2]
1. Lissauer, Toand Carroll, W. (2021). Illustrated Textbook of Paediatrics (6th ed.). Elsevier.

2. World Health Organization (2006). WHO Child Growth Standards.

3. Gill, D. and O'Brien, N. (2007). Paediatric Clinical Examination Made Easy (5th ed.).
Churchill Livingstone.

4. Nelson, W. E., Kliegman, R. M. et al. (2020). Nelson Textbook of Pediatrics (21st ed.).
Elsevier.

Figures, Plates, Tables, and Boxes

1. Box 2.1: Structure of a comprehensive paediatric history. Al-generated using the prompt:
"Create a simple single-column reference box titled Structure of a Comprehensive
Paediatric History, listing each section in order. Clean clinical reference box style."

-
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2. Table 2.2: Key components of family, social, and nutritional history. Al-generated using
the prompt: "Create a clean reference table titled Key Components of Family, Social, and
Nutritional History, listing category and content. Simple clinical reference table style
with outside border."

3. Figure 2.3: A standard weight-for-age growth chart with serial measurements plotted:. Al-
generated using the prompt: "Create a clean growth chart diagram titled A Standard
Weight-for-Age Growth Chart, showing centile lines and an example plotted trajectory.
Clinical educational diagram style."

4. Box 2.4: A structured approach to presenting paediatric findings. Al-generated using the
prompt: "Create a simple single-column reference box titled A Structured Approach to
Presenting Paediatric Findings. Clean clinical reference box style."

-
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Series 3: Fluids and Equipment in Practice

Part 3.1: Principles of Fluid Therapy in Children
o Sub Part 3.1.1: Body fluid compartments and paediatric fluid physiology
o Sub Part 3.1.2: Maintenance fluid requirements in children

o Sub Part 3.1.3: Assessing fluid and hydration status

Part 3.2: Types and Composition of Fluids
o Sub Part 3.2.1: Crystalloids and their composition
o Sub Part 3.2.2: Colloids and their uses
o Sub Part 3.2.3: Oral rehydration fluids

Part 3.3: Intravenous Fluids in Clinical Practice

o Sub Part 3.3.1: Common intravenous fluids and their indications
o Sub Part 3.3.2: Fluid resuscitation in the acutely unwell child

o Sub Part 3.3.3: Monitoring and complications of intravenous fluid therapy

Part 3.4: Common Instruments and Equipment in Paediatric Practice
o Sub Part 3.4.1: Equipment for vascular access and fluid administration
o Sub Part 3.4.2: Airway and respiratory support equipment

o Sub Part 3.4.3: Other essential paediatric equipment

Introduction

Having built your history-taking and examination skills in the last Series, we now turn to two
genuinely practical pillars of everyday paediatric care: fluids and equipment. Getting fluid
therapy right, and knowing your way around the instruments you will use daily, is every bit as
much a core clinical skill as taking a good history.

Children are not simply small adults when it comes to fluids. Their body composition, losses,
and tolerance for error all differ, so prescribing fluids safely means understanding these
differences rather than scaling down adult regimens.

-
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This Series covers the principles of paediatric fluid physiology, the types and composition of
fluids, their clinical use, and the common instruments and equipment you will rely on
throughout your paediatric training.

Series Learning Outcomes

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

e SLO 3.1: describe paediatric body fluid compartments and maintenance fluid
requirements,

e SLO 3.2: assess a child's fluid and hydration status clinically,
e SLO 3.3: describe the composition and uses of common ¢rystalloids and colloids,
e SLO 3.4: describe the composition and uses of oral rehydration fluids,

e SLO 3.5: describe the indications for common intravenous fluids used in paediatric
practice,

e SLO 3.6: describe the approach to fluid resuscitation in the acutely unwell child,
e SLO 3.7: describe the monitoring and complications of intravenous fluid therapy, and

e SLO 3.8: identify common instruments and equipment used in paediatric practice.

3.1 Principles of Fluid Therapy in/Children

3.1.1 body fluid compartments and paediatric fluid physiology
Why children are physiologically different

Total body water, and its distribution across the intracellular and extracellular fluid
compartments, differs considerably between children and adults, and even between children of
different ages, with a newborn comprising roughly seventy-five per cent water by body weight,
falling to around sixty per cent by the time a child reaches adolescence, a proportional decline
that reflects genuine, ongoing physiological maturation rather than any error or inconsistency in
measurement, and one that every clinician prescribing fluids for a child must keep firmly in
mind, since a fluid regimen appropriate for an adult, scaled down purely by body weight without
any further adjustment, will very often be seriously inappropriate for an infant or young child.

This difference matters enormously in practice, because children, and particularly infants, have a
considerably higher surface-area-to-volume ratio than adults, meaning they lose relatively

-
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more fluid through insensible losses, evaporation from the skin and respiratory tract, and their
kidneys are genuinely less able to concentrate urine efficiently in the first months of life, all of
which combine to make infants and young children considerably more vulnerable to rapid
dehydration than an adult facing an equivalent illness or period of reduced fluid intake, a
vulnerability that should inform how quickly, and how seriously, you respond to reports of
reduced feeding or output in a young child.

Fill in the blank: A newborn comprises roughly per cent water by body weight,
falling to around sixty per cent by adolescence.

3.1.2 maintenance fluid requirements in children

Maintenance fluid requirements, the volume needed simply to replace ongoing normal losses
and support normal physiological function in a child who is neither dehydrated nor fluid
overloaded, are most commonly calculated using the widely taught Holliday-Segar formula,
which allocates one hundred millilitres per kilogram per day for the first ten kilograms of body
weight, fifty millilitres per kilogram per day for the next ten kilograms, and twenty millilitres per
kilogram per day for each kilogram thereafter, a formula worth genuinely memorising, since you
will apply it repeatedly throughout your paediatric career whenever prescribing maintenance
fluids for a child who is not currently able to.meet'their own needs orally.

It is worth remembering that these calculated maintenance requirements represent a reasonable
starting estimate for a well child with normal ongoing losses, rather than a fixed, universally
applicable prescription, since a febrile-child loses additional fluid through increased insensible
losses, a child with diarrhoea or vomiting has ongoing abnormal losses that must be separately
estimated and added on top of maintenance, and a child in cardiac or renal failure may need
considerably less fluid than the standard formula would otherwise suggest, meaning clinical
judgement must always be layered on top of the formula itself, rather than the formula being
applied mechanically without regard to the individual child's actual clinical circumstances.

Fill in the blank: The Holliday-Segar formula allocates millilitres per kilogram per
day for the first ten kilograms of body weight.

3.1.3 assessing fluid and hydration status

Clinical assessment of hydration status relies on a combination of history, including duration
and volume of fluid losses through vomiting, diarrhoea, or reduced intake, and examination
findings, such as skin turgor, mucous membrane moisture, sunken eyes, capillary refill
time, and, in infants, the state of the anterior fontanelle, each contributing a piece of the overall
clinical picture rather than any single sign being reliably diagnostic entirely on its own, which is
precisely why experienced clinicians deliberately combine several findings together before
forming a confident overall impression of severity.

Dehydration is typically graded clinically as mild, moderate, or severe, based on the cumulative
pattern of these findings together with an estimate of percentage body weight loss, and this
grading directly and meaningfully guides your subsequent management decisions, since a mildly

r;j

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



dehydrated child can very often be managed successfully with oral rehydration alone at home,
while a severely dehydrated child, showing signs such as significantly prolonged capillary refill,
lethargy, or a markedly sunken fontanelle, requires urgent intravenous fluid resuscitation
without any unnecessary delay while further, less urgent, assessment is completed.

Fill in the blank: Dehydration is typically graded clinically as mild, moderate, or

Age Total Body Water (% |Extracellular Fluid (% of |Intracellular Fluid (% of
Group of body weight) body weight) body weight)

Newborn |~75-80% ~40% ~35—40%

Infant ~65-70% ~30% ~35-40%
Adolescent|~55-60% ~20% ~35-40%

Table 3.1: Total body water and fluid compartment distribution by age.

Pilot questions 3.1

Describe how total body water and its distribution change from infancy through
adolescence. (Linked to SLO3.1)

Explain why infants are considerably more vulnerable to rapid dehydration than adults.

(Linked to SLO 3.1)

Describe the Holliday-Segar formula for calculating maintenance fluid requirements.

(Linked to SEO 3.1)

Explain why maintenance fluid calculations must always be adjusted by clinical
judgement. (Linked to SLO 3.1)

Describe the clinical findings used to assess and grade a child's hydration status. (Linked

to SLO 3.2)

322 Types,and Composition of Fluids

3.2.1 erystalloids and their composition

Understanding what is actually in the bag

Crystalloids, solutions of small, freely diffusible molecules such as sodium, chloride, and
glucose dissolved in water, are the mainstay of paediatric fluid therapy, and understanding their
exact composition is essential to prescribing them safely and appropriately, since selecting the

-

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

STUDENTS


ca://s/?q=Total_Body_Water_in_Newborns
ca://s/?q=Total_Body_Water_in_Infants
ca://s/?q=Total_Body_Water_in_Adolescents

wrong crystalloid for a particular clinical situation can genuinely cause harm, whether through
inadequate correction of a deficit or through creating a new, unintended electrolyte disturbance
of its own.

Normal saline, containing sodium and chloride each at a concentration of one hundred and fifty-
four millimoles per litre, is isotonic with plasma and widely used for both maintenance and
resuscitation, while Hartmann's solution, also known as Ringer's lactate, contains a more
physiologically balanced mixture of sodium, potassium, calcium, chloride, and lactate, which is
metabolised to bicarbonate in the liver, making it a genuinely good choice for larger-volume
resuscitation where avoiding the hyperchloraemic acidosis that can accompany large volumes
of normal saline becomes a real and relevant clinical concern.

Fill in the blank: Normal saline contains sodium and chloride each at a concentration of
millimoles per litre.

3.2.2 colloids and their uses

Colloids, containing larger molecules such as albumin or synthetic starches that remain largely
confined within the intravascular space rather than distributing freely across all fluid
compartments, are used considerably less often than crystalloids in modern paediatric practice,
generally reserved for specific situations such as significant hypealbuminaemia or particular
circumstances during resuscitation where a clinician judges that intravascular volume expansion
is needed more efficiently than crystalloids alone would reliably achieve.

Current evidence has genuinely shifted practice away from routine colloid use for general
paediatric fluid resuscitation, given accumulating concerns about cost, limited demonstrated
outcome benefit over crystalloids.in most clinical situations, and, with certain synthetic colloids
specifically, recognised risks including coagulopathy and renal impairment, meaning colloids
today occupy a genuinely narrower, more specialist role than many textbooks from even a
decade ago might otherwise suggest to a student encountering this topic for the first time.

Fill in the blank: Colloids are/generally reserved for specific situations such as significant

3.2.3 oral rehydration fluids

Oral rehydration solution, or ORS, remains one of the most genuinely important and cost-
effective interventions in global child health, precisely formulated with a carefully balanced ratio
of glucose and sodium that exploits the sodium-glucose co-transport mechanism in the small
intestine, allowing effective absorption of both water and electrolytes even in the presence of
ongoing diarrhoeal fluid loss, a mechanism that continues to function even when the gut itself
remains inflamed.

The World Health Organization's low-osmolarity ORS formulation has been shown to
reduce stool output, vomiting, and the need for unplanned intravenous fluid therapy compared
with earlier, higher-osmolarity formulations, and ORS remains the appropriate first-line
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treatment for mild to moderate dehydration from diarrhoeal illness in a child who is able to
drink, reserving intravenous fluids genuinely for children with severe dehydration, persistent

vomiting preventing adequate oral intake, or other specific indications where oral rehydration
alone would not be sufficient or safe.

Fill in the blank: ORS exploits the sodium- co-transport mechanism in the small
intestine to allow effective absorption.

. Sod+1um Pofassmm Ch!orlde Bicarbonate/Lactate |Glucose

Fluid Type (Na*, (K, (CI, (mmol/L) (mmol/L)
mmol/L) |mmol/L) mmol/L)

Normal Saline (154 0 154 0 0
Ringer’s 130 4 109 28 (lactate) 0
Lactate
5% Dextrose 0 0 0 0 278
Oral 10
Rehydration ~75 ~20 ~65 . . ~75
Solution (ORS) (citrate/bicarbonate)

Table 3.2: Composition of common crystalloid and oral rehydration fluids.

Pilot questions 3.2

1. Describe the composition of normal saline and Hartmann's solution. (Linked to SLO 3.3)

2. Explain why Hartmann's solution may be preferred over normal saline for larger-volume
resuscitation. (Linked to SLO 3.3)

3. Describe the current role of colloids in paediatric fluid therapy. (Linked to SLO 3.3)

4. Explain the mechanism by which oral rehydration solution allows effective absorption
despite ongoing diarrhoea. (Linked to SLO 3.4)

5. Describe the indications for oral rehydration solution versus intravenous fluids in
diarrhoeal illness. (Linked to SLO 3.4)

-
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3.3 Intravenous Fluids in Clinical Practice

3.3.1 common intravenous fluids and their indications
Choosing the right fluid for the right purpose

Beyond plain crystalloids, several commonly prescribed intravenous fluid preparations
combine a base crystalloid with added glucose, such as five per cent dextrose in normal saline,
providing both maintenance electrolytes and a calorie source, genuinely useful for a child
unable to take adequate oral nutrition for a period, though care must always be taken to avoid
inducing significant hyperglycaemia through excessive or inappropriately-eoncentrated dextrose
administration, particularly in very young or unwell children whose glucose handling may
already be somewhat compromised.

The specific choice between available fluid preparations depends on the clinical indication,
whether maintenance, replacement of ongoing abnormal lgsses, or resuseitation, the child's
underlying electrolyte status, and any relevant comorbidity, meaning fluid prescribing in
paediatrics is genuinely never a one-size-fits-all exercise, but rather a deliberate clinical decision
requiring the same careful thought you would rightly apply to prescribing any other medication a
child might receive during an admission.

Fill in the blank: Fluids combining a crystalloid with added dextrose provide both maintenance
electrolytes and a source.

3.3.2 fluid resuscitation in the acutely unwell child

Fluid resuscitation in a child with signs of shock, including tachycardia, delayed capillary refill,
weak peripheral pulses, and altered consciousness, generally begins with a rapid bolus of an
isotonic crystalloid, typically ten to twenty millilitres per kilogram given over a short period,
with the child reassessed carefully after each bolus to determine whether further fluid, or an
alternative intervention such as inotropic support, is genuinely needed to restore adequate
circulation.

This resuscitation approach must be tailored to the underlying cause, since a child in septic
shock may need considerably larger cumulative fluid volumes than a child who is simply
dehydrated from gastroenteritis, while a child with underlying cardiac disease requires
genuinely more cautious, smaller-volume boluses with particularly close monitoring for signs of
fluid overload, since the same volume of fluid that safely resuscitates one child could
meaningfully precipitate cardiac failure in another with a compromised heart, underlining why
the underlying cause and comorbidity always shape the resuscitation plan rather than a single
fixed volume being applied indiscriminately to every unwell child.

Fill in the blank: Fluid resuscitation in shock typically begins with a bolus of ten to twenty
millilitres per of isotonic crystalloid.

3.3.3 monitoring and complications of intravenous fluid therapy

-
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Every child receiving intravenous fluids requires regular monitoring, including vital signs,
fluid balance charting of input and output, daily weight where practical, and periodic
electrolyte measurement, particularly during prolonged therapy or when abnormal losses are
being actively replaced, since fluid therapy, while genuinely lifesaving when correctly managed,
is not without meaningful risk if left unmonitored over an extended period.

Recognised complications include fluid overload, presenting with signs such as oedema,
hepatomegaly, or respiratory distress from pulmonary congestion, electrolyte disturbance,
including both hyponatraemia and hypernatraemia depending on the fluid used-and the child's
underlying condition, and, at the cannula site itself, extravasation or phlebitis, meaning the
intravenous line and surrounding tissue should genuinely be inspected regularly alongside the
broader clinical and biochemical monitoring already described, rather than being checked only
when a problem has already become clinically obvious.

Fill in the blank: Fluid overload can present with oedema, hepatomegaly, or respiratory distress

from pulmonary

AP-PROACH TO FLUID RESUSCITATION
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Figure 3.3: Approach to fluid resuscitation in the acutely unwell child.

Pilot questions 3.3

1. Describe the purpose and composition of dextrose-containing intravenous fluids. (Linked

to SLO 3.5)
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2. Discuss the factors that determine the choice of intravenous fluid for a given child.
(Linked to SLO 3.5)

3. Describe the initial approach to fluid resuscitation in a child with shock. (Linked to SLO
3.6)

4. Explain why fluid resuscitation must be tailored to the underlying cause of shock.
(Linked to SLO 3.6)

5. Describe the monitoring required during intravenous fluid therapy and its recognised
complications. (Linked to SLO 3.7)

3.4 Common Instruments and Equipment in Paediatric Practice

3.4.1 equipment for vascular access and fluid administration

Getting fluids into a small vein

Vascular access in children relies on appropriately sized intravenous cannulae, generally
smaller gauge than those used in adults, and paediatric giving sets, often incorporating a
burette or volumetric chamber that allows precise, small-volume fluid delivery and
considerably reduces the risk of accidental fluid overload compared with a standard adult giving
set, an important safety feature given how much smaller the total circulating volume of a young
child genuinely is compared with an adult.

In infants and young children where peripheral venous access proves genuinely difficult,
alternative access, including intraosseous access in a true emergency, allows rapid
administration of fluids and medications directly into the bone marrow cavity, and every
clinician working with acutely unwell children should be familiar with this technique and
comfortable performing it under appropriate supervision, since a delay in achieving any form of
vascular access can genuinely cost precious time in a true resuscitation scenario.

Fill in the blank: Paediatric giving sets often incorporate a burette or volumetric to
allow precise, small-volume delivery.

3.4.2 airway and respiratory support equipment

Airway and respiratory equipment must similarly be available in a genuine range of
paediatric sizes, including face masks, oropharyngeal airways, and endotracheal tubes, since
using inappropriately sized equipment on a child can cause direct harm or simply fail to work
effectively, and many departments now use structured length-based resuscitation tapes or
reference charts specifically to help clinicians select correctly sized equipment quickly and
reliably during the genuine time pressure of an emergency, rather than relying purely on visual
estimation or memory in a stressful moment.
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Oxygen delivery devices, including nasal cannulae, face masks, and head boxes for younger
infants, alongside pulse oximetry for continuous, non-invasive monitoring of oxygen saturation,
form essential everyday equipment on any paediatric ward, and familiarity with each device's
appropriate use, including realistic oxygen flow rates and delivered concentration ranges, is a
genuinely basic but essential competency for every clinician working with children, regardless of
their eventual chosen subspecialty.

Fill in the blank: Structured length-based resuscitation tapes help clinicians select correctly
sized quickly during an emergency.

3.4.3 other essential paediatric equipment

Beyond vascular access and respiratory support, everyday paediatric practice depends on a range
of further essential equipment, including nasogastric tubes for feeding or gastric
decompression, appropriately sized urinary catheters, weighing scales accurate for infants as
well as older children, and infant warmers or incubators to maintain thermal stability in
vulnerable newborns and young infants who lose heat considerably more readily than older
children or adults.

Genuine familiarity with this equipment, gained through hands-on bedside demonstration
rather than textbook description alone,considerably builds a trainee's practical confidence and
competence, and you should actively take every reasonable opportunity during your clinical
placements to handle, and where appropriately supervised, actually use, each piece of equipment
covered in this Series, since genuine procedural comfort with these everyday tools develops
meaningfully through repeated, hands-on practice rather than through reading about them in
isolation, however thorough that reading might otherwise be.

Fill in the blank: Infant warmers or incubators help maintain thermal stability in vulnerable
newborns who lose considerably more readily than older children.

‘Eg uipment Category

Vascular Access Tools — Includes cannulas, syringes, and infusion sets for IV therapy.

Respiratory Support Devices — Oxygen masks, nebulizers, suction machines, and
resuscitation bags.

Diagnostic Instruments — Stethoscopes, thermometers, otoscopes, and blood pressure cuffs.

Laboratory Sampling Tools — Equipment for venepuncture, urine/stool collection, and CSF
sampling.

Nutritional Support Devices — Nasogastric tubes, feeding syringes, and oral rehydration sets.
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|Equipment Category

Other Core Equipment — Items for bedside procedures such as lumbar puncture Kkits, bone
marrow aspiration needles, and transfusion sets.

Box 3.4: Essential equipment categories in everyday paediatric practice.
Pilot questions 3.4

1. Describe the equipment used for vascular access in children, including intraosseous
access. (Linked to SLO 3.8)

2. Explain why paediatric giving sets often incorporate a burette or volumetric chamber.
(Linked to SLO 3.8)

3. Describe the range of airway and respiratory support equipment required in paediatric
practice. (Linked to SLO 3.8)

4. Explain the value of length-based resuscitation-tapes during a paediatric emergency.
(Linked to SLO 3.8)

5. Describe other essential paediatric equipment and the value of hands-on bedside
familiarity with it. (Linked to SLO 3.8)

Series Summary

This Series covered the principles of paediatric fluid physiology, including body fluid
compartments, maintenance requirements, and clinical assessment of hydration status, before
examining the composition and use of crystalloids, colloids, and oral rehydration solutions. We
then explored intravenous fluids in clinical practice, including fluid resuscitation in the acutely
unwell-child and the monitoring needed to avoid complications, before concluding with the
common instruments and equipment, from vascular access to respiratory support, that
underpin everyday paediatric care.

Having worked through this Series, you should now be able to calculate maintenance fluid
requirements, select appropriate fluids for a given clinical situation, recognise and respond to
shock; and identify the essential equipment you will encounter throughout your paediatric
training. The next Series turns to the core paediatric procedures that build directly on the fluid
and equipment knowledge established here.

-
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Glossary of Terms

1.

10.

11.

12.

Total body water: the proportion of body weight comprised of water, higher in infants
than in older children or adults.

Holliday-Segar formula: a widely used method for calculating paediatric maintenance
fluid requirements based on body weight.

Crystalloid: a fluid containing small, freely diffusible molecules such as sodium and
glucose dissolved in water.

Hartmann's solution: a balanced crystalloid also known as Ringer's lactate, containing
sodium, potassium, calcium, chloride, and lactate.

Colloid: a fluid containing larger molecules that remain largely confined to the
intravascular space.

Oral rehydration solution: a precisely formulated glucose-electrolyte solution used to
treat dehydration from diarrhoeal illness.

Fluid bolus: a rapid, defined volume of intravenous fluid given to treat shock.

Intraosseous access: emergency vascular access achieved directly into the bone marrow
cavity when peripheral access fails.

Hyperchloraemic acidosis: a metabolic disturbance that can accompany large-volume
normal saline administration.

Fluid overload: excess fluid accumulation presenting with oedema, hepatomegaly, or
respiratory distress.

Length-based resuscitation tape: a tool used to select correctly sized paediatric
equipment quickly during an emergency.

Burette: a volumetric chamber incorporated into paediatric giving sets to allow precise,
small-volume fluid delivery.
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Concept Check Questions [Series 3]

Objective questions

A newborn comprises roughly per cent water by body weight.

The Holliday-Segar formula allocates millilitres per kilogram per day for the
first ten kilograms of body weight.

Normal saline contains sodium and chloride each at a concentration of
millimoles per litre.

ORS exploits the sodium- co-transport mechanism to allow effective
absorption.

Fluid resuscitation in shock typically begins with a bolusof ten to twenty millilitres per

Short-answer questions

1.

Explain why infants are considerably more vulnerable to rapid dehydration than adults.
(Linked to SLO 3.1)

Describe the composition of normal saline and Hartmann's solution. (Linked to SLO 3.3)

Describe the mechanism by which oral rehydration solution allows effective absorption.
(Linked to SLO 3.4)

. Describe the initial approach to fluid resuscitation in a child with shock. (Linked to SLO

3.6)

Describe the equipment used for vascular access in children, including intraosseous
access. (Linked to SLO 3.8)

Long-answer questions

6.

-

Describe paediatric body fluid compartments, maintenance fluid requirements, and the
clinical assessment of hydration status. (Linked to SLO 3.1, SLO 3.2)

Discuss the composition and uses of crystalloids, colloids, and oral rehydration solutions.
(Linked to SLO 3.3, SLO 3.4)

Describe the indications for common intravenous fluids and the approach to fluid
resuscitation in the acutely unwell child. (Linked to SLO 3.5, SLO 3.6)
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9. Discuss the monitoring and recognised complications of intravenous fluid therapy.
(Linked to SLO 3.7)

10. Describe the common instruments and equipment used in paediatric practice. (Linked to
SLO 3.8)

Answers to Concept Check Questions [Series 3]

Objective questions

11. Seventy-five.

12. One hundred.

13. One hundred and fifty-four.
14. Glucose.

15. Kilogram.

Short-answer questions

16. A higher surface-area-to-volume ratio increases insensible losses, and immature kidneys
are less able to concentrate urine efficiently.

17. Normal saline contains sodium and chloride at 154 mmol/L each; Hartmann's contains a
more balanced mixture including potassium, calcium, and lactate.

18. It uses the sodium-glucose co-transport mechanism in the small intestine, which remains
functional despite ongoing diarrhoea.

19. A rapid bolus of isotonic crystalloid, typically 10-20 mL/kg, with reassessment after each
bolus.

20. Appropriately sized cannulae and giving sets, with intraosseous access used when
peripheral access fails in an emergency.

Long-answer questions

-
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21. Basic response: Total body water declines proportionally from infancy to adolescence,
maintenance requirements are calculated using the Holliday-Segar formula, and hydration
status is assessed through history and examination findings.

Value-added response: Maintenance calculations represent a starting estimate only, requiring
adjustment for fever, ongoing losses, and comorbidities such as cardiac or renal failure.

22. Basic response: Crystalloids such as normal saline and Hartmann's solution differ in
electrolyte composition, colloids are reserved for specific situations, and ORS treats
dehydration through glucose-sodium co-transport.

Value-added response: Evidence has shifted paediatric practice away from routine colloid use
given limited outcome benefit and recognised risks with certain synthetic formulations.

23. Basic response: Dextrose-containing fluids provide maintenance electrolytes and
calories, while resuscitation in shock begins with isotonic crystalloid boluses reassessed
after each dose.

Value-added response: Resuscitation must be tailored to the underlying cause, since septic
shock and cardiac disease demand genuinely different fluid strategies.

24. Basic response: Intravenous fluid therapy requires regular monitoring of vital signs, fluid
balance, weight, and electrolytes to detect overload or disturbance early.

Value-added response: The cannula site itself'should be inspected regularly for extravasation or
phlebitis, not just the broader clinical and biochemical picture.

25. Basic response: Common paediatric equipment includes appropriately sized cannulae,
giving sets, airway and respiratory devices, nasogastric tubes, and infant warmers.

Value-added response: Hands-on bedside familiarity with this equipment builds genuine
procedural confidence that reading alone cannot fully provide.

Answers to Pilot Questions [Series 3]

Part 3.1

1. Total body water declines from around 75% at birth to around 60% by adolescence, with
shifting compartment distribution.
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2. A higher surface-area-to-volume ratio increases insensible losses and immature kidneys
concentrate urine less efficiently.

3. 100 mL/kg/day for the first 10 kg, 50 mL/kg/day for the next 10 kg, and 20 mL/kg/day
for each kilogram thereafter.

4. Fever, ongoing abnormal losses, and conditions such as cardiac or renal failure all require
adjustment beyond the formula.

5. Skin turgor, mucous membrane moisture, sunken eyes, capillary refill time, and
fontanelle state in infants.

Part 3.2

6. Normal saline contains sodium and chloride at 154 mmol/L; Hartmann's contains sodium,
potassium, calcium, chloride, and lactate.

7. It avoids the hyperchloraemic acidosis that can accompany large volumes of normal
saline.

8. Colloids are reserved for specific situations such as significant hypoalbuminaemia, given
limited outcome benefit and recognised risks otherwise.

9. It uses the sodium-glucose co-transport mechanism in the small intestine, which remains
functional during diarrhoea.

10. ORS is first-line for mild to moderate dehydration in a child who can drink; IV fluids are

reserved for severe dehydration or persistent vomiting.

Part 3.3

11. They provide maintenance electrolytes alongside a calorie source for a child unable to
take adequate oral nutrition.

12.Clinical indication, electrolyte status, and any relevant comorbidity all shape the choice
of fluid.

13. A rapid bolus of isotonic crystalloid, typically 10-20 mL/kg, with careful reassessment
after each dose.

14. Septic shock may need larger cumulative volumes, while cardiac disease requires smaller,
more cautious boluses.

15. Vital signs, fluid balance charting, weight, and electrolytes; complications include
overload, electrolyte disturbance, and site-related issues.

Part 3.4

-
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1. Appropriately sized cannulae and giving sets, with intraosseous access used when
peripheral access fails in an emergency.

2. It allows precise, small-volume delivery, reducing the risk of accidental fluid overload
given a child's smaller circulating volume.

3. Correctly sized face masks, oropharyngeal airways, and endotracheal tubes, alongside
oxygen delivery devices and pulse oximetry.

4. They help clinicians quickly select correctly sized equipment during the time pressure of
an emergency.

5. Nasogastric tubes, urinary catheters, scales, and infant warmers; hands-on practice builds
genuine procedural confidence.

References and Attributions [Series 3]
1. Lissauer, T. and Carroll, W. (2021). Illustrated Textbook of Paediatrics (6th ed.). Elsevier.

2. National Institute for Health and Care Excellence (2020). Intravenous Fluid Therapy in
Children and Young People in Hospital. NG29.

3. World Health Organization (2005). The Treatment of Diarrhoea: A Manual for Physicians
and Other Senior Health. Workers.

4. Nelson, W. E., Kliegman, R. M. et al. (2020). Nelson Textbook of Pediatrics (21st ed.).
Elsevier.

Figures, Plates, Tables, and Boxes

1. Table 3.1: Total body water and fluid compartment distribution by age. Al-generated
using the prompt: "Create a clean reference table titled Total Body Water and Fluid
Compartment Distribution by Age, showing percentages across newborn, infant, and
adolescent groups. Simple clinical reference table style with outside border."

2. Table 3.2: Composition of common crystalloid and oral rehydration fluids. Al-generated
using the prompt: "Create a clean reference table titled Composition of Common
Crystalloid and Oral Rehydration Fluids, listing fluid and electrolyte content. Simple
clinical reference table style with outside border."

-
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3. Figure 3.3: Approach to fluid resuscitation in the acutely unwell child. Al-generated using
the prompt: "Create a professional medical flowchart titled Approach to Fluid
Resuscitation in the Acutely Unwell Child, showing bolus, reassessment, and escalation
steps. Clean clinical educational diagram style."

4. Box 3.4: Essential equipment categories in everyday paediatric practice. Al-generated
using the prompt: "Create a simple single-column reference box titled Essential
Equipment Categories in Everyday Paediatric Practice. Clean clinical reference box
style."

-
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Series 4: Core Paediatric Procedures

o Part 4.1: Venepuncture and Nasogastric Tube Insertion
o Sub Part 4.1.1: Indications and technique of venepuncture
o Sub Part 4.1.2: Complications and pitfalls of venepuncture
o Sub Part 4.1.3: Nasogastric tube insertion and confirmation of placement
o Part 4.2: Setting Up Intravenous Fluid Infusions
o Sub Part 4.2.1: Preparing and setting up an intravenous infusion
o Sub Part 4.2.2: Calculating and regulating infusion rates
o Sub Part 4.2.3: Monitoring the child on intravenous therapy
e Part 4.3: Lumbar Puncture and Bone Marrow Aspiration
o Sub Part 4.3.1: Indications and technique of lumbar puncture
o Sub Part 4.3.2: Contraindications and complications of lumbar puncture
o Sub Part 4.3.3: Bone marrow aspiration: indications and technique
o Part 4.4: Exchange Blood Transfusion
o Sub Part 4.4.1: Indications for exchange blood transfusion
o Sub Part 4.4.2: Technique of exchange blood transfusion

o Sub Part 4.4.3: Monitoring and complications of exchange transfusion

Introduction

Having covered fluids and equipment in the last Series, we now move from principle to practice,
turning to the core procedures every paediatric clinician must learn to perform safely and
confidently. These range from the everyday, such as venepuncture and setting up an
intravenous infusion, to the more specialised, including lumbar puncture, bone marrow
aspiration, and exchange blood transfusion, each carrying its own specific indications,
technique, and recognised complications that you must understand thoroughly before ever
attempting the procedure yourself, even under close supervision.

Every procedure in this Series demands both technical skill and genuine care for a frightened
child.

-
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This Series covers venepuncture and nasogastric tube insertion, setting up intravenous fluid
infusions, lumbar puncture and bone marrow aspiration, and exchange blood transfusion,
building directly on the fluid and equipment knowledge from the previous Series.

Series Learning Outcomes

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

e SLO 4.1: describe the indications and technique of venepuncture in children,

e SLO 4.2: describe the technique of nasogastric tube insertion and confirmation of
placement,

e SLO 4.3: describe how to set up and regulate an intravenous infusion in a child,

e SLO 4.4: describe the indications, technique, and complications of lumbar puncture,
e SLO 4.5: describe the indications and technique of bone matrow aspiration,

e SLO 4.6: describe the indications for exchange blood transfusion,

e SLO 4.7: describe the technique of exchange blood transfusion, and

e SLO 4.8: describe the monitoring and complications of exchange transfusion.

4.1 Venepuncture and Nasogastric Tube Insertion

4.1.1 indications and technique of venepuncture

Choosing a site and preparing the child

Venepuncture, the withdrawal of venous blood for laboratory investigation, is among the most
frequently performed procedures in paediatric practice, commonly undertaken from the dorsum
of the hand, the antecubital fossa, or, in infants, the scalp veins or femoral vein, with site
selection guided by vein visibility and palpability, the volume of blood required, and the child's
age, since a site that works well in an older, cooperative child may prove genuinely impractical
in a wriggling, frightened toddler with poorly visible veins.

Preparation matters enormously to a successful outcome: adequate restraint, ideally with a
parent's help rather than forceful physical restraint by staff alone, appropriate skin antisepsis,
and, wherever practical, use of a topical local anaesthetic cream applied in advance to reduce
the pain of needle insertion, all considerably improve both the child's experience and the

-
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likelihood of successful venepuncture on the first attempt, which matters greatly given how
distressing repeated failed attempts can genuinely become for both child and parent alike.

Fill in the blank: In infants, venepuncture may be performed from the scalp veins or the
vein.

4.1.2 complications and pitfalls of venepuncture

Recognised complications of venepuncture include haematoma formation at the puncture site,
infection if aseptic technique is not properly maintained, and, rarely, nerve injury if the needle
is inserted carelessly near a major nerve, particularly in the antecubital fossa where important
structures lie in close proximity to the veins typically used, meaning careful anatomical
awareness genuinely matters even for what many clinicians eventually come to regard as a
routine, almost trivial procedure.

Common pitfalls include attempting venepuncture without adequate restraint or preparation,
resulting in a distressed, uncooperative child and a genuinely higher chance of failure, and
repeated unsuccessful attempts, which should prompt a pause to reassess technique, site, or
seek assistance from a more experienced colleague, rather than persisting indefinitely and
causing unnecessary additional distress to an already frightened child who has already endured
more attempts than were ever truly necessary.

Fill in the blank: Repeated unsuccessful venepuncture attempts should prompt a pause to
reassess technique or seek

4.1.3 nasogastric tube insertion and confirmation of placement

Nasogastric tube insertion, used for feeding, medication administration, or gastric
decompression, involves measuring the appropriate tube length from the nose to the earlobe to
the xiphisternum, before gently passing the tube through the nostril, along the floor of the nasal
passage, and down into the stomach, with the conscious child, where age permits, encouraged to
swallow during insertion to help guide the tube smoothly past the pharynx.

Confirming correct placement before any feed or medication is administered is genuinely
essential, most reliably achieved by aspirating gastric contents and testing the pH, which should
be acidic, or, where available, by chest and abdominal radiograph, since a misplaced tube
inadvertently sitting in the airway rather than the stomach can cause serious, even fatal,
aspiration if feed is given before placement has been genuinely and properly confirmed rather
than simply assumed from how easily the tube appeared to pass.

Fillin the blank: Correct nasogastric tube placement is most reliably confirmed by aspirating
gastric contents and testing the
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Common Venepuncture Sites in Children
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Figure 4.1: Common venepuncture sites in children.

Pilot questions 4.1

e Describe the common venepuncture sites used in children and the factors guiding site
selection. (Linked to SLO 4.1)

e Describe the preparation steps that improve the likelihood of successful venepuncture.
(Linked to SLO 4.1)

o Describe the recognised complications of venepuncture in children. (Linked to SLO 4.1)

o Describe the technique of nasogastric tube insertion, including how tube length is
measured. (Linked to SLO 4.2)

o Explain why confirming nasogastric tube placement before feeding is genuinely essential.
(Linked to SLO 4.2)
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4.2 Setting Up Intravenous Fluid Infusions

4.2.1 preparing and setting up an intravenous infusion

From cannula to running infusion

Setting up an intravenous infusion begins with successful cannulation, using an appropriately
sized cannula for the child's age and vein calibre, followed by securing the cannula firmly with
an appropriate dressing to prevent accidental displacement, since a young child's normal
movement can dislodge a poorly secured cannula surprisingly easily, resulting in painful
extravasation and the need for an entirely new attempt at vascular access.

The correct fluid is then selected according to the clinical indication established earlier in this
course, connected via an appropriate paediatric giving set, often incorporating a burette, and
primed carefully to remove all air from the tubing before connection to the child, since even a
small volume of air entering the circulation, while genuinely rare to cause serious harm in most
paediatric infusions, is a basic and entirely avoidable safety step.that should never be skipped
through haste or carelessness.

Fill in the blank: The giving set must be primed carefully to remove all from the
tubing before connection to the child.

4.2.2 calculating and regulating infusion rates

Infusion rate calculation builds directly on the maintenance and resuscitation fluid principles
covered in the previous Series, converting a prescribed daily or hourly volume into an actual
drip rate, whether regulated manually by counting drops per minute using the giving set's
known drop factor, or, increasingly and preferably in most modern paediatric settings,
controlled precisely by an electronic infusion pump, which considerably reduces the risk of
inadvertent over- or under-infusion compared with manual regulation alone.

Regardless of the regulation method used, the prescribed rate should always be double-checked
against the calculated requirement before the infusion is actually started, and any subsequent
rate changes should beclearly documented and communicated to the nursing team caring for the
child, since a simple calculation or transcription error in paediatric fluid prescribing, given the
generally small absolute volumes involved compared with adult practice, can have proportionally
serious consequences if it goes unnoticed for even a short period of time.

Fill in the blank: The prescribed infusion rate should always be double-checked against the
calculated before starting.

4.2.3 monitoring the child on intravenous therapy
Once running, the infusion and the child both require regular, ongoing monitoring: the cannula

site should be inspected periodically for signs of extravasation, phlebitis, or infection, the
giving set and fluid checked to confirm the correct fluid is still running at the correct rate, and
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the child's clinical status, including vital signs and fluid balance, reviewed regularly to ensure

the prescribed therapy remains genuinely appropriate as the clinical picture evolves over the
course of treatment.

Any concerning finding, whether a swollen, painful cannula site or signs suggesting fluid
overload or inadequate perfusion, should prompt prompt reassessment of the infusion and,
where necessary, escalation to a senior colleague, rather than simply continuing the existing
prescription unchanged in the hope that the concerning finding will resolve on its own without
any active intervention or genuine reconsideration of the current management plan:

Fill in the blank: The cannula site should be inspected periodically for signs of extravasation,
phlebitis, or

|Step

Prepare Equipment — Gather IV fluids, infusion set, cannula, antiseptic solution, tape, and
gloves.

Verify Prescription — Check fluid type, volume, rate, and child’s weight for accuracy.

Hand Hygiene and Aseptic Technique — Wash hands thoroughly and use sterile gloves to
minimize infection risk.

Select and Prepare I'V Site — Choose appropriate vein (commonly dorsum of hand or
forearm); clean site with antiseptic.

Insert Cannula — Insert cannula gently, confirm flashback of blood, and advance into
vein.

Secure Cannula — Fix cannula with sterile tape or dressing to prevent dislodgement.

Connect Infusion Set — Attach IV tubing to cannula, ensuring secure connection.

Prime and Start Infusion — Prime tubing to remove air bubbles, set infusion rate as
prescribed, and begin flow.

Monitor Child and Infusion — Observe infusion site for swelling/redness, monitor vital
signs, fluid balance, and child’s comfort.

Box 4.2: Step-by-step sequence for setting up a paediatric intravenous infusion.

Pilot questions 4.2
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ca://s/?q=Paediatric_IV_Infusion_Setup_Steps
ca://s/?q=Prepare_Equipment_for_Paediatric_IV_Infusion
ca://s/?q=Verify_Prescription_for_Paediatric_IV_Infusion
ca://s/?q=Hand_Hygiene_in_Paediatric_IV_Infusion
ca://s/?q=IV_Site_Selection_in_Paediatrics
ca://s/?q=Insert_Cannula_in_Paediatric_IV_Infusion
ca://s/?q=Secure_Cannula_in_Paediatric_IV_Infusion
ca://s/?q=Connect_Infusion_Set_in_Paediatric_IV_Infusion
ca://s/?q=Prime_and_Start_Paediatric_IV_Infusion
ca://s/?q=Monitor_Paediatric_IV_Infusion

1. Describe the steps involved in setting up an intravenous infusion in a child. (Linked to
SLO 4.3)

2. Explain why the giving set must be primed carefully before connection to the child.
(Linked to SLO 4.3)

3. Describe how infusion rates are calculated and regulated in paediatric practice. (Linked to
SLO 4.3)

4. Explain why prescribed infusion rates should always be double-checkedbefore starting.
(Linked to SLO 4.3)

5. Describe the ongoing monitoring required for a child receiving intravenous therapy.
(Linked to SLO 4.3)

4.3 Lumbar Puncture and Bone Marrow Aspiration

4.3.1 indications and technique of lumbar ‘puncture

Positioning and landmarks for a safe puncture

Lumbar puncture, the sampling of e¢erebrospinal fluid from the subarachnoid space, is most
commonly indicated in suspected meningitis, allowing microscopy, culture, and chemistry of the
fluid obtained, and is performed with the child positioned either lying on their side with knees
drawn up toward the chest, of, in some settings, sitting upright and leaning forward, both
positions serving to widen the spaces between adjacent vertebrae and make the procedure
genuinely easier to perform successfully.

The needle is inserted in the midline, typically at the L.3-L4 or L4-LS5 interspace, identified
using the iliac crest as a reliable surface landmark, which corresponds approximately to the L4
vertebral level, chosen specifically because the spinal cord itself terminates higher up in most
children, meaning puncture at this lower level carries minimal genuine risk of direct spinal cord
injury when performed with correct technique and appropriate anatomical care.

Fill in the blank: Lumbar puncture is typically performed at the L3-L4 or L4-L5 interspace,
identified using the crest as a landmark.

4.3.2 contraindications and complications of lumbar puncture

Contraindications to lumbar puncture include signs of raised intracranial pressure, since
removing cerebrospinal fluid in this setting risks precipitating dangerous brainstem herniation,
coagulopathy or significant thrombocytopenia, given the bleeding risk at the puncture site, and
local infection overlying the intended puncture site, each requiring careful clinical assessment

-
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before the procedure is undertaken, rather than being routinely performed on every child with
suspected meningitis without any preliminary safety consideration.

Recognised complications include post-lumbar-puncture headache, genuinely more common
in older children and adolescents than in infants, local bleeding or haematoma, infection if
aseptic technique is inadequate, and, rarely but seriously, spinal cord or nerve root injury-if the
needle is inserted above the appropriate level or with poor technique, underlining why correct
landmark identification and careful, controlled needle insertion genuinely matter throughout this
procedure.

Fill in the blank: Post-lumbar-puncture headache is genuinely more common in older children
and adolescents than in

4.3.3 bone marrow aspiration: indications and technique

Bone marrow aspiration, most commonly performed in suspected leukaemia, unexplained
pancytopenia, or certain storage disorders, involves obtaining a$mall sample of marrow, most
often from the posterior iliac crest in older children, or the anteromedial tibia in infants, under
appropriate local anaesthesia and, particularly in younger children, sedation or general
anaesthesia, given the genuine discomfortiand need for the child to remain appropriately still
throughout the procedure.

The sample obtained is used for microscopy, assessing cellular morphology and marrow
composition, and often for further specialised testing mmcluding cytogenetics or flow cytometry
depending on the specific clinical suspicion being investigated, with the choice of aspiration site
and the need for additional trephine biopsy guided by the particular diagnostic question the
procedure is intended to answer for that individual child.

Fill in the blank: Bone marrow aspiration in infants is most often performed from the
anteromedial
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Positioning and Landmarks for Paediatric Lumbar Puncture
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Figure 4.3: Positioning and landmarks for paediatric lumbar puncture.

Pilot questions 4.3

1. Describe the indications and positioning for lumbar puncture in children. (Linked to SLO
4.4)

2. Describe how the correct level for needle insertion during lumbar puncture is identified.
(Linked to SLO 4.4)

3. List the contraindications to lumbar puncture and the reason for each. (Linked to SLO
4.4)

4./ Describe the recognised complications of lumbar puncture. (Linked to SLO 4.4)

5." Describe the indications, sites, and technique of bone marrow aspiration. (Linked to SLO

4.5)
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4.4 Exchange Blood Transfusion

4.4.1 indications for exchange blood transfusion

When simple transfusion is not enough

Exchange blood transfusion, the gradual, controlled replacement of a large proportion of a
child's circulating blood with donor blood, is most classically indicated in severe neonatal
jaundice at risk of kernicterus, where bilirubin levels remain dangerously high‘despite intensive
phototherapy, since exchange transfusion directly and rapidly removes both bilirubin and
antibody-coated red cells far more effectively than phototherapy alone could ever achieve within
a similarly urgent timeframe.

Other indications include severe haemolytic disease of the newborn, certain cases of severe
malaria with very high parasitaemia, and selected cases of sickle cell disease with severe, acute
complications, with the decision to proceed always guided by specific, evidence-based clinical
thresholds and severity criteria rather than a general, undifferentiated impression that a child's
condition is simply severe enough to warrant this considerably more invasive and resource-
intensive intervention than a standard top-up transfusion would represent.

Fill in the blank: Severe neonatal jaundice at Tisk of kernicterus is the most classical indication
for exchange blood

4.4.2 technique of exchange blood transfusion

Exchange transfusion is generally performed through umbilical venous or, less commonly,
peripheral arterial and venous access, removing small, carefully calculated aliquots of the
infant's blood and replacing each with an equivalent volume of appropriately cross-matched
donor blood, repeated in cycles until the calculated total exchange volume, typically around
double the infant's circulating blood volume, has been achieved, a process that removes the
majority of the affected red cells and circulating bilirubin gradually and safely.

The procedure demands meticulous asepsis, accurate volume tracking at every step, and
continuous physiological monitoring throughout, since the infant undergoing exchange
transfusion is; by definition, already unwell, and the procedure itself introduces genuine
additional physiological stress that must be carefully managed and anticipated throughout its
entire duration rather than only addressed reactively if a problem happens to arise partway
through the exchange.

Fill in the blank: The total exchange volume is typically around the infant's
circulating blood volume.

4.4.3 monitoring and complications of exchange transfusion

Close monitoring throughout exchange transfusion includes continuous heart rate, respiratory
rate, temperature, and oxygen saturation tracking, alongside periodic measurement of
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glucose, calcium, and bilirubin levels, since the procedure itself can meaningfully disturb each
of these parameters, and prompt recognition of any deviation allows timely correction well
before it genuinely threatens the infant's overall clinical stability during an already demanding

procedure.

Recognised complications include hypocalcaemia and hypoglycaemia, thrombocytopenia,
cardiac arrhythmia, particularly with rapid volume shifts, infection, and, rarely, necrotising
enterocolitis, meaning exchange transfusion, while genuinely lifesaving in the correct clinical
situation, is never undertaken casually, and is instead reserved specifically for infants. who meet
clear, well-established clinical criteria rather than offered as a routine or first-line intervention
for straightforward, uncomplicated neonatal jaundice.

Fill in the blank: Recognised complications of exchange transfusion include hypocalcaemia,

hypoglycaemia, and cardiac

Parameter / Complication |Details

Vital Signs

Continuous monitoring of heart rate, respiratory rate, blood
pressure, and temperature throughout the procedure.

Oxvgen Saturation

Pulse oximetry to detect hypoxia or desaturation early.

IFluid Balance

‘Strict input-output charting to avoid fluid overload or deficit.

Electrolytes

Monitor calcium, potassium, sodium; hypocalcemia and
hyperkalemia are common risks.

Blood Glucose

Regular checks to detect hypoglycemia, especially in neonates.

Hematocrit Ensure target hematocrit is achieved without overshooting.
Complication — . . . . .
Hypocalcemia Due to citrate toxicity; may present with tetany or arrhythmias.
Compllcatml’l — From stored blood; risk of cardiac arrhythmias.

Hyperkalemia

Complication — Common in neonates; requires glucose monitoring and
Hypoglycemia supplementation.

Complication — Infection

Risk of sepsis from line contamination or transfusion-
transmitted infection.

Complication —
Thrombosis

Venous access complications leading to clot formation.

Complication —
Hemodynamic Instability

Sudden hypotension, shock, or cardiac arrest during procedure.

Box 4.4: Monitoring parameters and complications of exchange blood transfusion.
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Pilot questions 4.4

1. Describe the indications for exchange blood transfusion. (Linked to SLO 4.6)

2. Explain why exchange transfusion is more effective than phototherapy alone in severe
neonatal jaundice. (Linked to SLO 4.6)

3. Describe the technique of exchange blood transfusion, including access and exchange
volume. (Linked to SLO 4.7)

4. Describe the monitoring required throughout exchange blood transfusion. (Linked to
SLO 4.8)

5. List the recognised complications of exchange blood transfusion. (Linked to SLO 4.8)
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Series Summary

This Series covered the core procedures of paediatric practice, beginning with venepuncture
and nasogastric tube insertion, before turning to the practical steps of setting up and
regulating an intravenous infusion. We then examined the indications, technique, and
complications of lumbar puncture and bone marrow aspiration, before concluding with the
specific indications, technique, and monitoring required for exchange blood transfusion.

Having worked through this Series, you should now be able to describe the indications and
technique for each of these core procedures, and recognise the complications each one carries.
The next Series turns to the laboratory investigations, including blood film for malaria parasite,
and urine, stool, and cerebrospinal fluid microscopy, that these procedures make possible.

Glossary of Terms
1. Venepuncture: the withdrawal of venous blood for laberatory investigation.

2. Nasogastric tube: a tube passed through the nose into the stomach for feeding,
medication, or decompression.

3. Infusion pump: an electronic device used to regulate the rate of intravenous fluid
delivery precisely.

4. Extravasation: leakage of intravenous fluid into surrounding tissue rather than the vein.

5. Lumbar puncture: sampling of cerebrospinal fluid from the subarachnoid space, most
often for suspected meningitis.

6. Raised intracranial pressure: a contraindication to lumbar puncture given the risk of
brainstem herniation.

7. Bone marrow aspiration: sampling of bone marrow, most commonly for suspected
leukaemia or unexplained pancytopenia.

8. Trephine biopsy: a core sample of bone marrow tissue, sometimes obtained alongside
aspiration.

9. Exchange blood transfusion: gradual, controlled replacement of a large proportion of an
infant's circulating blood with donor blood.

10. Kernicterus: bilirubin-induced brain injury, the serious complication that exchange
transfusion aims to prevent.

11. Aliquot: a small, measured portion of blood removed and replaced during exchange
transfusion.
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12. Necrotising enterocolitis: a serious bowel complication recognised as a rare risk of
exchange transfusion.

Concept Check Questions [Series 4]

Objective questions

o In infants, venepuncture may be performed from the scalp veins or the vein.

o Correct nasogastric tube placement is most reliably confirmed by testing the aspirate's

o Lumbar puncture is typically performed using the crest as a surface landmark.

o Severe neonatal jaundice at risk of kernicterus is the classical indication for exchange
blood

o The total exchange transfusion volume is typically around the infant's
circulating blood volume.

Short-answer questions

1. Describe the common venepuncture sites used in children. (Linked to SLO 4.1)

2. Describe how infusion rates are calculated and regulated in paediatric practice. (Linked to
SLO 4.3)

3. List the contraindications to lumbar puncture and the reason for each. (Linked to SLO
4.4)

4. Describe the indications, sites, and technique of bone marrow aspiration. (Linked to SLO
4.5)

5. List the recognised complications of exchange blood transfusion. (Linked to SLO 4.8)

Long-answer questions

6. Describe the indications, technique, and complications of venepuncture and nasogastric
tube insertion. (Linked to SLO 4.1, SLO 4.2)
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7. Describe how to set up, calculate, and monitor an intravenous infusion in a child. (Linked
to SLO 4.3)

8. Discuss the indications, technique, contraindications, and complications of lumbar
puncture. (Linked to SLO 4.4)

9. Describe the indications and technique of bone marrow aspiration. (Linked to SLO 4.5)

10. Discuss the indications, technique, monitoring, and complications of exchange blood
transfusion. (Linked to SLO 4.6, SLO 4.7, SLO 4.8)

Answers to Concept Check Questions [Series 4]

Objective questions

11. Femoral.
12. pH.

13. Iliac.

14. Transfusion.

15. Double.

Short-answer questions

16. Dorsum of the hand, antecubital fossa, and, in infants, scalp veins or femoral vein.

17:Rates are converted from prescribed volumes into drop rates or set on an infusion pump,
then double-checked before starting.

18. Raised intracranial pressure (herniation risk), coagulopathy or thrombocytopenia
(bleeding risk), and local infection.

19. Suspected leukaemia, unexplained pancytopenia, or storage disorders; posterior iliac crest
or anteromedial tibia under anaesthesia.

20. Hypocalcaemia, hypoglycaemia, thrombocytopenia, cardiac arrhythmia, infection, and
rarely necrotising enterocolitis.

-

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



Long-answer questions

21. Basic response: Venepuncture uses sites such as the hand, antecubital fossa, or scalp
veins with careful preparation; nasogastric tube insertion requires accurate length
measurement and confirmed placement before use.

Value-added response: A misplaced nasogastric tube can cause serious aspiration if feed 1s
given before placement is genuinely confirmed.

22. Basic response: Setting up an infusion involves cannulation, selecting the correct fluid,
priming the giving set, and calculating and regulating the infusion rate, followed by
ongoing monitoring.

Value-added response: Small calculation errors carry proportionally serious consequences in
paediatric fluid prescribing given the small volumes involved.

23. Basic response: Lumbar puncture samples cerebrospinal fluid at the L3-L4 or L4-L5
level, contraindicated with raised intracranial pressure, coagulopathy, or local infection,
and carrying risks including headache and bleeding.

Value-added response: Correct landmark identification using the iliac crest minimises the risk
of spinal cord injury during the procedure.

24. Basic response: Bone marrow aspiration samples marrow from the posterior iliac crest or
anteromedial tibia under anaesthesia, for suspected leukaemia or unexplained
pancytopenia.

Value-added response: The site chosen and need for trephine biopsy are guided by the specific
diagnostic question being investigated.

25:Basic response: Exchange transfusion, indicated in severe neonatal jaundice and related
conditions, replaces blood in calculated aliquots via umbilical access, with continuous
monitoring throughout.

Value-added response: The procedure adds genuine physiological stress to an already unwell
infant, meaning complications must be anticipated proactively rather than addressed only once
they arise.
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Answers to Pilot Questions [Series 4]

Part 4.1

1. Dorsum of the hand and antecubital fossa in older children; scalp veins or femoral vein in
infants, guided by visibility and volume needed.

2. Adequate restraint with parental help, skin antisepsis, and topical local anaesthetic where
practical.

3. Haematoma formation, infection, and rarely nerve injury near the antecubital fossa.

4. Measure from nose to earlobe to xiphisternum, then pass gently through the nostril while
the child swallows.

5. A misplaced tube in the airway can cause serious aspiration if feed is given before
placement is confirmed.

Part 4.2

6. Cannulation, securing the cannula, selecting the correct fluid, priming the giving set, and
connecting to the child.

7. Even a small volume of air, while rarely harmful, is an avoidable safety step that should
never be skipped.

8. By converting the prescribed volume into a drop rate or setting an infusion pump
precisely.

9. Small caleulation or transcription errors carry proportionally serious consequences given
typically small paediatric volumes.

10.Regular inspection of the cannula site, fluid and rate verification, and review of the

child's clinical status.

Part 4.3

11. Suspected meningitis, with the child positioned laterally with knees drawn up, or sitting
and leaning forward.

12. The iliac crest is used as a surface landmark corresponding approximately to the L4
vertebral level.

-
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13. Raised intracranial pressure, coagulopathy or thrombocytopenia, and local infection at the
puncture site.

14. Post-lumbar-puncture headache, local bleeding or haematoma, infection, and rarely spinal
cord or nerve injury.

15. Suspected leukaemia or pancytopenia; posterior iliac crest or anteromedial tibia under
local anaesthesia or sedation.

Part 4.4

1. Severe neonatal jaundice at risk of kernicterus, severe haemolytic disease, severe malaria,
and selected sickle cell complications.

2. Exchange transfusion directly removes bilirubin and antibody-coated red cells more
rapidly than phototherapy alone.

3. Umbilical venous or peripheral access, removing and replacing calculated aliquots up to
around double the circulating blood volume.

4. Continuous heart rate, respiratory rate, temperature, and oxygen saturation, with periodic
glucose, calcium, and bilirubin checks.

5. Hypocalcaemia, hypoglycaemia, thrombocytopenia, cardiac arrhythmia, infection, and
rarely necrotising enterocolitis.
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Figures, Plates, Tables, and Boxes

1. Figure 4.1: Common venepuncture sites in children. Al=generated using the prompt:
"Create a clean anatomical diagram titled Common Venepuncture Sites in Children,
showing hand, antecubital fossa, scalp, and femoral sites. Clinical educational diagram
style."

2. Box 4.2: Step-by-step sequence for setting up a paediatric intravenous infusion. Al-
generated using the prompt: "Create a simple single-column reference box titled Step-by-
Step Sequence for Setting Up a Paediatric Intravenous Infusion. Clean clinical reference
box style."

3. Figure 4.3: Positioning and landmarks for paediatric lumbar puncture. Al-generated using
the prompt: "Create a professional medical diagram titled Positioning and Landmarks for
Paediatric Lumbar Puncture, showing patient position and needle insertion level. Clean
clinical educational diagram style."

4. Box 4.4: Monitoring parameters and complications of exchange blood transfusion. Al-
generated using the prompt: "Create a simple single-column reference box titled
Monitoring Parameters and Complications of Exchange Blood Transfusion. Clean clinical
reference box style."
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Series 5: Laboratory Investigations

Part 5.1: Blood Film for Malaria Parasite

o Sub Part 5.1.1: Principles of blood film preparation and examination
o Sub Part 5.1.2: Identifying malaria parasites on blood film

o Sub Part 5.1.3: Reporting and interpreting parasite density

Part 5.2: Urine Microscopy and Chemistry
o Sub Part 5.2.1: Urine sample collection in children
o Sub Part 5.2.2: Urine microscopy findings

o Sub Part 5.2.3: Urine chemistry and dipstick testing

Part 5.3: Stool Microscopy and Analysis
o Sub Part 5.3.1: Stool sample collection and macroscopic examination
o Sub Part 5.3.2: Stool microscopy for ova, cysts, and parasites

o Sub Part 5.3.3: Stool chemistry and reducing substances

Part 5.4: Cerebrospinal Fluid Analysis
o Sub Part 5.4.1: CSF microscopy and cell count
o Sub Part 5.4.2: CSF Gram stain and culture

o Sub Part 5.4.3: CSF chemistry: glucose and protein

Introduction

In the last Series, we explored the core procedures of paediatric practice, including
venepuncture, [lumbar puncture, and bone marrow aspiration. Each of these procedures exists
largely to obtain a specimen, whether blood, urine, stool, or cerebrospinal fluid, and that
specimen is only genuinely useful once it has been properly examined in the laboratory. This
final Series of the course closes that loop, taking you from specimen collection to the bedside
and laboratory investigations that turn a sample into a diagnosis.

The aim of this Series is to introduce you to the basic laboratory investigations you will rely on
daily in paediatric practice, and to equip you with the skills needed to obtain, examine, and
interpret blood films, urine, stool, and cerebrospinal fluid specimens.

r;j
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We shall commence this Series by examining the blood film for malaria parasite, one of the
most frequently requested investigations in Nigerian paediatric practice. Next, we will explore
urine microscopy and chemistry. Following that, we will consider stool microscopy and
analysis. Finally, we will conclude by examining cerebrospinal fluid analysis, including
microscopy, Gram stain, and chemistry.

Series Learning Outcomes

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

SLO 5.1: describe the preparation and examination of a blood film for malaria parasite,
e SLO 5.2: interpret and report malaria parasite density on blood film,

e SLO 5.3: describe urine sample collection and the interpretation of urine microscopy and
dipstick findings,

e SLO 5.4: describe stool sample collection and macroscopic examination,

e SLO 5.5: describe stool microscopy fot ova, cysts, and parasites, and stool chemistry,

e SLO 5.6: describe cerebrospinal fluid microscopy and cell count,

e SLO 5.7: describe the role of Gram stain and culture in cerebrospinal fluid analysis, and

e SLO 5.8: interpret cerebrospinal fluid glucose and protein findings.

5.1 Blood Film fot Malaria Parasite

5.1.1 principles of blood film preparation and examination

Thick and thin films serve different purposes

A blood film for malaria parasite is prepared as both a thick film, several layers of blood dried
onto a slide without fixing, and a thin film, a single, evenly spread layer of blood that is fixed
before staining, with each serving a genuinely distinct diagnostic purpose that a single film type
alone could not fully replace, meaning both are conventionally examined together as a
complementary pair rather than either being relied upon entirely on its own.

The thick film, containing a considerably larger volume of blood concentrated within a small
area, 1s used to detect the presence of parasites with greater sensitivity, particularly useful when
parasite density is low, while the thin film, preserving the normal morphology and spatial
arrangement of individual red cells, allows accurate species identification and detailed

-
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assessment of parasite morphology, both slides typically stained with Giemsa or a similar
Romanowsky-type stain before examination under the microscope using oil immersion at high
magnification.

Fill in the blank: The thick film is used to detect the presence of parasites, while the thin film
allows accurate species

5.1.2 identifying malaria parasites on blood film

Plasmodium falciparum, responsible for the great majority of malaria in Nigeria and the
species associated with the most severe disease, is classically identified by ring forms, delicate,
small-ring-shaped trophozoites, sometimes with multiple parasites infecting a single red cell,
and occasionally, in more severe or advanced disease, crescent-shaped gametocytes, a
distinctive appearance genuinely unique to this species among the parasites causing human
malaria.

Other Plasmodium species, including P. vivax, P. ovale, and P. malariae, though considerably
less common in most of Nigeria than P. falciparum, each have their own characteristic
morphological features on thin film, including differénces in the appearance of infected red cells,
the size and shape of trophozoites, and typical parasite stages seen, meaning accurate species
identification genuinely requires careful, systematic microscopic examination rather than
assuming every positive film automatically represents P. falciparum simply because it is by far
the most locally common species encountered.

Fill in the blank: Plasmodium falciparum is classically identified by forms and, in
more advanced disease, crescent-shaped gametocytes.

5.1.3 reporting and interpreting parasite density

Parasite density, expressed as the number of parasites counted per microlitre of blood, or
sometimes as the percentage of infected red cells, is estimated by counting parasites against a
fixed number of white blood cells on the thick film, then calculating density using the patient's
actual white cell count, a method that provides genuinely useful quantitative information beyond
a simple positive or negative result alone.

High parasite density, alongside other clinical features of severity, carries important prognostic
and management implications, particularly relevant to identifying children at risk of severe
malaria who may require closer monitoring or, in selected cases, more intensive treatment,
meaning the laboratory report genuinely informs clinical decision-making well beyond simply
confirming that malaria parasites are indeed present in a febrile child's blood.

Fill in the blank: Parasite density is estimated by counting parasites against a fixed number of
cells on the thick film.
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Thick and Thin Blood Film Appearance in Malaria
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Figure 5.1: Thick and thin blood film appearance in falciparum malaria.

Pilot questions 5.1

Describe the difference in purpose between a thick and a thin blood film for malaria.
(Linked to SLO 5.1)

Describe the staining and examination technique used for a malaria blood film. (Linked
to SLO 5.1)

Describe the characteristic appearance of Plasmodium falciparum on blood film. (Linked
to SLO 5.1)

Explain why accurate species identification requires careful, systematic examination.
(Linked to SLO 5.1)

Describe how parasite density is estimated and why it carries clinical importance.
(Linked to SLO 5.2)

5.2 Urine Microscopy and Chemistry

5.2.1 urine sample collection in children

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

STUDENTS



Getting a genuinely uncontaminated sample

Urine sample collection in children presents genuine practical challenges not encountered in
adult practice, particularly in infants and young children who are not yet toilet trained, with
options including a clean-catch midstream sample, a urine collection bag applied to the
perineum, or, where a genuinely sterile sample is essential, such as when investigating suspected
urinary tract infection, suprapubic aspiration or catheter specimen collection, each carrying
its own balance of practicality and risk of contamination that must be weighed against the
clinical urgency and importance of the result.

Bag specimens, while considerably more convenient and less invasive, carry a genuinely higher
risk of contamination from perineal skin flora, potentially producing a false positive culture
result, meaning a positive bag specimen culture should generally be confirmed with a more
reliably sterile collection method before a definitive diagnosis of urinary tract infection is made
and antibiotic treatment commenced on that basis alone.

Fill in the blank: Bag specimens carry a genuinely higher risk of from perineal skin
flora, producing false positive cultures.

5.2.2 urine microscopy findings

Urine microscopy examines the sample for white blood cells, or pyuria, suggestive of infection
or inflammation, red blood cells, or haematuria, which may indicate infection, glomerular
disease, or, less commonly in children, urological pathology, epithelial cells, genuinely relevant
to assessing sample quality and contamination, casts, cylindrical structures formed within the
renal tubules that can indicate specific. underlying renal pathology, and, where present, bacteria
or crystals, each finding contributing a distinct piece of diagnostic information.

Interpreting these findings always requires genuine clinical correlation, since a small number
of white or red cells can occasionally be found in an otherwise entirely healthy child, while a
heavily contaminated sample, evident from numerous epithelial cells and mixed bacterial flora,
may produce genuinely misleading results that should prompt a repeat, more carefully collected
sample rather than immediate, confident diagnostic conclusions being drawn from a specimen of
doubtful quality.

Fillin the blank: Cylindrical structures formed within the renal tubules, visible on urine
microscopy, are called

5.2.3 urine chemistry and dipstick testing

Urine dipstick testing provides a rapid, bedside assessment of several chemical parameters,
including leucocyte esterase and nitrites, both suggestive of urinary tract infection, protein,
which may indicate glomerular disease when persistently elevated, glucose, relevant to
suspected diabetes mellitus, blood, and specific gravity, a rough marker of urine concentration
and, indirectly, of hydration status.
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While genuinely useful as a rapid screening tool at the bedside, dipstick results should always
be interpreted alongside the clinical picture and, where a significant abnormality is found,
confirmed with formal laboratory testing, since dipstick testing, however convenient, carries
recognised limitations in both sensitivity and specificity that make it genuinely unsuitable as the
sole basis for a definitive diagnosis in a child with a significant or unexpected clinical
presentation.

Fill in the blank: Urine dipstick leucocyte esterase and are both suggestive of urinary
tract infection.

|Finding ||lnterpretati0n ‘
Proteinuria Suggests gl(n.nerular disease, nephrotic syndrome, or transient causes
— ||(fever, exercise).
Hematuria ‘Indicates urinary tract infection, stones, trauma, or glomerulonephritis. ‘
Leukocvtes Presence of pyuria; commonly due to urinary tract infection or
CHROEVIES  linflammation.

. Suggests bacterial infection (Gram-negative organisms that reduce
Nitrites .
— nitrates).
Glucose Indicates diabetes mellitus, renal glycosuria, or stress hyperglycemia.
Ketones Seen in diabetic ketoacidosis, starvation, or prolonged vomiting.
Casts Hyaline casts (non-specific), red cell casts (glomerulonephritis), white cell
— casts (pyelonephritis).
Crystals Uric acid, calcium oxalate, or cystine crystals suggest risk of stone disease.
Specific Reflects renal concentrating ability; low in renal impairment, high in
Gravity dehydration.

H Acidic urine in metabolic acidosis or infection with acid-producing
e bacteria; alkaline urine in UTI or after meals.

Table 5.2: Urine microscopy and dipstick findings and their significance.

Pilot questions 5.2

1. Describe the methods used to collect a urine sample in a child. (Linked to SLO 5.3)
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2. Explain why a positive bag specimen culture should generally be confirmed with a more
sterile method. (Linked to SLO 5.3)

3. Describe the findings assessed on urine microscopy and their significance. (Linked to
SLO 5.3)

4. Explain why urine microscopy findings must always be interpreted alongside sample
quality. (Linked to SLO 5.3)

5. Describe the parameters assessed on urine dipstick testing and their clinical relevance.
(Linked to SLO 5.3)

5.3 Stool Microscopy and Analysis

5.3.1 stool sample collection and macroscopic examination

What the naked eye can already tell you

Stool sample collection should ideally be obtained fresh, within an hour or so of passage where
possible, since certain parasites and their motile forms can degrade or become unrecognisable in
an older, cooling sample, and collected into a clean, appropriately labelled container without
contamination from urine or the toilet bowl itself, which can otherwise introduce misleading
additional organisms or dilute the sample in a way that genuinely compromises subsequent
laboratory analysis.

Macroscopic examination, simply looking carefully at the stool before any microscopy is
performed, provides genuinely useful preliminary information: consistency, ranging from
formed to watery, colour, presence of blood or mucus, and, occasionally, visible worms or
worm segments, each observation potentially narrowing the differential diagnosis considerably
before the sample is ever placed under a microscope.

Fill in the blank: Stool'should ideally be examined within an hour or so of passage, since certain
parasites can in an older sample.

5.3.2 stool microscopy for ova, cysts, and parasites

Stool microscopy, often described as examination for ova, cysts, and parasites, involves
preparing a wet mount, sometimes with a saline and separately an iodine preparation, and
examining systematically under the microscope for helminth eggs, including those of Ascaris
lumbricoides, hookworm, and Trichuris trichiura, and protozoal cysts or trophozoites, such
as Entamoeba histolytica or Giardia lamblia, each with characteristic size, shape, and internal
features that allow confident identification with sufficient practice and familiarity.

-
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Given that a single stool examination can genuinely miss an intermittently shed parasite,
particularly with certain protozoal infections where cyst shedding is variable from day to day,
repeat examination, typically of three separate samples collected on different days,
considerably increases diagnostic sensitivity compared with relying on a single specimen alone,
and should be considered whenever clinical suspicion remains genuinely high despite an initially
negative result.

Fill in the blank: Repeat stool examination, typically of three samples on different days,
considerably increases diagnostic

5.3.3 stool chemistry and reducing substances

Stool chemistry in paediatric practice most commonly involves testing for reducing
substances, genuinely useful in evaluating a child with chronic or persistent diarrhoea for
suspected carbohydrate malabsorption, such as lactose intolerance, since undigested sugars
reaching the colon are fermented by bacteria to produce reducing substances that can be detected
using a simple, rapid bedside test rather than requiring more elaborate laboratory analysis.

Stool pH is sometimes assessed alongside reducing substances, since malabsorbed carbohydrate
fermentation typically produces an acidic stool pH, and other stool chemistry tests, including
faecal occult blood and faecal elastase for suspected pancreatic insufficiency, may be requested
in specific clinical circumstances, meaning stool analysis genuinely extends well beyond the
simple search for visible parasites that many students initially assume is its sole and entire
purpose in clinical practice.

Fill in the blank: Malabsorbed carbohydrate fermentation in the colon typically produces an
acidic stool

‘ Parasite H Appearance on Microscopy ‘

Entamoeba

histolytica Trophozoites with ingested red blood cells; cysts with up to 4 nuclei.

‘ Giardia lamblia HPear-shaped trophozoites with flagella; oval cysts with 4 nuclei.

‘Ascaris lumbricoides HLarge, oval eggs with thick shell; sometimes mammillated outer layer.

‘ Trichuris trichiura HBarrel—shaped eggs with bipolar plugs. ‘
‘ Hookworm HOval eggs with thin shell containing developing embryo. ‘

Strongyloides
stercoralis

Rhabditiform larvae seen in fresh stool; eggs rarely observed.

‘ Taenia species HSpherical eggs with thick striated shell; contain hexacanth embryo. ‘

‘ Hymenolepis nana HOval eggs with thin shell, polar filaments, and hexacanth embryo. ‘

Enterobius Planoconvex eggs (flattened on one side); usually detected via perianal
vermicularis swab rather than stool.

Table 5.3: Common intestinal parasites and their appearance on stool microscopy.

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


ca://s/?q=Common_Intestinal_Parasites
ca://s/?q=Appearance_on_Stool_Microscopy
ca://s/?q=Entamoeba_histolytica_on_Stool_Microscopy
ca://s/?q=Entamoeba_histolytica_on_Stool_Microscopy
ca://s/?q=Giardia_lamblia_on_Stool_Microscopy
ca://s/?q=Ascaris_lumbricoides_on_Stool_Microscopy
ca://s/?q=Trichuris_trichiura_on_Stool_Microscopy
ca://s/?q=Hookworm_on_Stool_Microscopy
ca://s/?q=Strongyloides_stercoralis_on_Stool_Microscopy
ca://s/?q=Strongyloides_stercoralis_on_Stool_Microscopy
ca://s/?q=Taenia_species_on_Stool_Microscopy
ca://s/?q=Hymenolepis_nana_on_Stool_Microscopy
ca://s/?q=Enterobius_vermicularis_on_Stool_Microscopy
ca://s/?q=Enterobius_vermicularis_on_Stool_Microscopy

Pilot questions 5.3

1. Describe the principles of proper stool sample collection. (Linked to SLO 5.4)

2. Describe the information provided by macroscopic examination of stool. (Linked to SLO
5.4)

3. Describe the technique of stool microscopy for ova, cysts, and parasites.(Linked to SLO
5.5)

4. Explain why repeat stool examination increases diagnostic sensitivity. (Linked to SLO
5.5)

5. Describe the role of stool chemistry, including reducing substances, in paediatric practice.
(Linked to SLO 5.5)

5.4 Cerebrospinal Fluid Analysis

5.4.1 CSF microscopy and cell count

What the cell count alone can suggest

Cerebrospinal fluid microscopy; performed promptly on a sample obtained by lumbar
puncture, includes a total and differential white cell count, since normal CSF contains very
few white cells, and a genuinely elevated count, particularly with a predominance of
neutrophils, raises strong suspicionof bacterial meningitis, while a lymphocyte-predominant
pleocytosis is more typical of viral meningitis or certain other, less common causes of central
nervous system inflammation.

The presence of red blood cells in the sample requires careful interpretation, since this may
reflect a genuinely traumatic lumbar puncture, where the needle inadvertently punctures a
small blood vessel during the procedure itself, rather than true intracranial pathology such as
subarachnoid haemorrhage, a distinction sometimes clarified by comparing red cell counts in
sequentially collected sample tubes, since a traumatic tap typically shows a falling red cell count
across successive tubes while true haemorrhage does not.

Fillin the blank: A neutrophil-predominant CSF pleocytosis raises strong suspicion of
meningitis.

5.4.2 CSF Gram stain and culture

-
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Gram stain, performed rapidly on the CSF sample, can identify bacteria directly within
minutes, well before formal culture results become available some days later, and the specific
Gram stain appearance, whether Gram-positive diplococci suggesting Streptococcus
pneumoniae, Gram-negative diplococci suggesting Neisseria meningitidis, or Gram-negative
coccobacilli suggesting Haemophilus influenzae, can genuinely guide immediate, empirical
antibiotic choice while definitive culture and sensitivity results are still awaited.

Culture remains the definitive investigation, confirming the causative organism and providing
antibiotic sensitivity results that allow treatment to be appropriately refined once-available,
though it is worth remembering that prior antibiotic treatment, even a single dose given before
the lumbar puncture was performed, can genuinely reduce the sensitivity of both Gram stain and
culture, sometimes producing a falsely reassuring negative result in a child who does, in fact,
have true bacterial meningitis.

Fill in the blank: Prior antibiotic treatment before lumbar puncture can genuinely reduce the
sensitivity of Gram stain and

5.4.3 CSF chemistry: glucose and protein

CSF glucose, properly interpreted only in relation'to a simultaneously measured blood
glucose, is typically reduced in bacterial meningitis, reflecting active glucose consumption by
proliferating bacteria and inflammatory cells within the subarachnoid space, while it generally
remains normal or only mildly reduced in most cases. of viral meningitis, making the CSF-to-
blood glucose ratio a genuinely useful discriminating feature between these two broad
categories of meningeal inflammation.

CSF protein is similarly typically markedly elevated in bacterial meningitis, reflecting
increased blood-brain barrier permeability during active bacterial infection, and only mildly
elevated, or entirely normal, in viral meningitis, meaning the combined pattern of cell count,
glucose, and protein together, considered as a genuinely integrated picture rather than any single
result interpreted in 1solation, provides the most reliable initial guide to the likely underlying
cause while definitive microbiological results are still awaited.

Fill in the blank: CSF protein is typically markedly elevated in bacterial meningitis, reflecting
increased blood-brain barrier

[Pdrameter HBacterial Meningitis HViral Meningitis ‘
Opening Elevated Usually normal or mildly elevated
Pressure

|Appearance HTurbid or purulent HClear ‘
White Cell High (often >1000/pL), Moderate (10-500/nL),

Count predominantly neutrophils predominantly lymphocytes

Protein |Elevated (often >100 mg/dL) [ Mildly elevated |

-
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ca://s/?q=CSF_Parameters_in_Meningitis
ca://s/?q=CSF_Findings_in_Bacterial_Meningitis
ca://s/?q=CSF_Findings_in_Viral_Meningitis
ca://s/?q=CSF_Opening_Pressure_in_Meningitis
ca://s/?q=CSF_Opening_Pressure_in_Meningitis
ca://s/?q=CSF_Appearance_in_Meningitis
ca://s/?q=CSF_WBC_in_Meningitis
ca://s/?q=CSF_WBC_in_Meningitis
ca://s/?q=CSF_Protein_in_Meningitis

|Parameter HBacterial Meningitis HViral Meningitis

Low (<40 mg/dL or <40% of blood
glucose)

Glucose Normal or slightly reduced

Gram Stain /

Culture Often positive for bacteria Negative

Table 5.4: Typical CSF findings in bacterial versus viral meningitis.

Pilot questions 5.4

1. Describe the cell count findings typically seen in bacterial versus viral meningitis.
(Linked to SLO 5.6)

2. Explain how a traumatic lumbar puncture can be distinguished from true subarachnoid
haemorrhage on CSF analysis. (Linked to SLO-5.6)

3. Describe the value of Gram stain in the immediate management of suspected bacterial
meningitis. (Linked to SLO 5.7)

4. Explain why prior antibiotic treatment can reduce the reliability of CSF Gram stain and
culture. (Linked to SLO 5.7)

5. Describe the typical CSF glucose and protein findings in bacterial versus viral meningitis.
(Linked to SLO 5.8)

-
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Series Summary

This final Series of the course covered the laboratory investigations that turn a specimen into a
diagnosis, beginning with the blood film for malaria parasite, including its preparation and the
interpretation of parasite density, before turning to urine microscopy and chemistry, including
proper sample collection and the interpretation of both microscopy and dipstick findings.

We then examined stool microscopy and analysis, from macroscopic examination through the
identification of ova, cysts, and parasites, and stool chemistry, before concluding with
cerebrospinal fluid analysis, including microscopy, Gram stain, and the chemistry findings that
distinguish bacterial from viral meningitis. Having worked through this Series, and indeed this
entire course, you should now be equipped with the communication, clinical, procedural, and
laboratory foundation needed to begin your paediatric clinical practice with genuine confidence.

Glossary of Terms

1. Thick film: a concentrated blood film used to detect the presence of malaria parasites
with high sensitivity.

2. Thin film: a single-layer blood film used to identify malaria parasite species and
morphology.

3. Parasite density: the quantified number of malaria parasites per microlitre of blood.
4. Clean-catch specimen: a urine sample collected midstream to minimise contamination.

5. Pyuria: the presence of white blood cells in urine, suggestive of infection or
inflammation.

6. Urine dipstick: a rapid bedside test assessing chemical parameters such as leucocyte
esterase, nitrites, and protein‘in urine.

7. Ova, cysts, and parasites examination: stool microscopy performed to identify
helminth eggs and protozoal cysts or trophozoites.

8. /Reducing substances: a stool chemistry marker used to evaluate suspected carbohydrate
malabserption.

9. Pleocytosis: an elevated white cell count in cerebrospinal fluid.

10. Traumatic lumbar puncture: inadvertent puncture of a blood vessel during lumbar
puncture, producing red cells in the CSF sample unrelated to true haemorrhage.

11. Gram stain: a rapid staining technique used to identify bacteria directly in a CSF sample
within minutes.

12. CSF-to-blood glucose ratio: a comparison used to interpret CSF glucose findings,
typically reduced in bacterial meningitis.
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Concept Check Questions [Series 5]

Objective questions

The thick film is used to detect the presence of parasites, while the thin film allows
accurate species

Bag urine specimens carry a genuinely higher risk of from perineal skin flora.

Repeat stool examination of three samples on different days considerably increases
diagnostic

A neutrophil-predominant CSF pleocytosis raises strong suspicion of
meningitis.

CSF protein is typically markedly elevated in bacterial meningitis, reflecting increased
blood-brain barrier

Short-answer questions

1.

Describe the characteristic appearance of Plasmodium falciparum on blood film. (Linked
to SLO 5.1)

Describe the findings assessed on urine microscopy and their significance. (Linked to
SLO 5.3)

Describe the technique of stool microscopy for ova, cysts, and parasites. (Linked to SLO
5.5)

Describe the cell count findings typically seen in bacterial versus viral meningitis.
(Linked to SLO 5.6)

Describe the typical CSF glucose and protein findings in bacterial versus viral meningitis.
(Linked to SLO 5.8)

Long-answer questions

6.

-

Describe the preparation and interpretation of a blood film for malaria parasite, including
parasite density. (Linked to SLO 5.1, SLO 5.2)

Discuss urine sample collection and the interpretation of urine microscopy and dipstick
findings. (Linked to SLO 5.3)
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8. Discuss stool sample collection, macroscopic examination, microscopy, and chemistry.
(Linked to SLO 5.4, SLO 5.5)

9. Describe CSF microscopy and cell count, and explain their role in distinguishing
bacterial from viral meningitis. (Linked to SLO 5.6)

10. Discuss the role of Gram stain, culture, and chemistry in cerebrospinal fluid analysis.
(Linked to SLO 5.7, SLO 5.8)

Answers to Concept Check Questions [Series 5]

Objective questions

11. Identification.
12. Contamination.
13. Sensitivity.

14. Bacterial.

15. Permeability.

Short-answer questions

16. Ring-form trophozoites, sometimes multiple per red cell, and crescent-shaped
gametocytes in more advanced disease.

17. White cells (pyuria), red cells (haematuria), epithelial cells, casts, bacteria, and crystals,
each with distinct significance.

18. Wet mount preparation with saline and iodine, examined systematically for helminth eggs
and protozoal cysts or trophozoites.

19. Neutrophil predominance suggests bacterial meningitis; lymphocyte predominance
suggests viral meningitis.

20. Glucose is typically reduced and protein markedly elevated in bacterial meningitis; both
are closer to normal in viral meningitis.

Long-answer questions

-
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21. Basic response: Thick and thin blood films are stained with Giemsa and examined
microscopically; thick films detect presence while thin films allow species identification
and density estimation.

Value-added response: High parasite density carries prognostic importance, helping identify
children at risk of severe malaria.

22. Basic response: Urine is collected by clean-catch, bag, or catheter methods depending on
need, then examined microscopically and by dipstick for cells, casts, and chemical
parameters.

Value-added response: A positive bag specimen culture should be confirmed with a more
sterile method given the risk of contamination.

23. Basic response: Stool is collected fresh and examined macroscopically, then
microscopically for ova, cysts, and parasites, with chemistry used to assess suspected
malabsorption.

Value-added response: Repeat examination of multiple samples considerably increases
sensitivity given variable, intermittent shedding of some parasites.

24. Basic response: CSF microscopy shows neutrophil predominance in bacterial and
lymphocyte predominance in‘viral meningitis, with cell counts interpreted alongside
glucose and protein.

Value-added response: A traumatic tap can be distinguished from true haemorrhage by a falling
red cell count across sequential collection tubes.

25. Basic response: Gram stain rapidly identifies bacteria and guides immediate antibiotic
choice, while culture remains definitive for organism identification and sensitivity.

Value-added response: Prior antibiotic treatment before lumbar puncture can reduce the
sensitivity of both Gram stain and culture, risking a falsely reassuring result.

Answers to Pilot Questions [Series 5]

Part 5.1

1. Thick films concentrate blood to detect presence with high sensitivity; thin films preserve
morphology for species identification.
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2. Both films are stained with Giemsa or a similar stain and examined under oil immersion
at high magnification.

3. Ring-form trophozoites, sometimes multiple per red cell, and crescent-shaped
gametocytes in advanced disease.

4. Different species have distinct morphological features that require careful comparison
rather than assumption.

5. By counting parasites against a fixed number of white cells and calculating using the
patient's white cell count; it carries prognostic importance.

Part 5.2

6. Clean-catch midstream, collection bag, suprapubic aspiration, or catheter specimen,
depending on the clinical need.

7. Bag specimens carry a higher contamination risk that can produee a false positive culture
result.

8. White cells, red cells, epithelial cells, casts, bacteria, and crystals, each contributing
distinct diagnostic information.

9. A contaminated sample can produce misleading results, so quality must always be
considered alongside findings.

10. Leucocyte esterase, nitrites, protein, glucose, blood, and specific gravity, each with
distinct clinical relevance.

Part 5.3

11. Fresh collection within about an hour, into a clean container without contamination from
urine or the toilet bowl.

12.Consistency, colour, presence of blood or mucus, and occasionally visible worms or
worm segments.

13. Wet mount preparation with saline and iodine, examined systematically for helminth eggs
and protozoal forms.

14. Intermittent shedding of some parasites means a single sample can miss an infection that
repeat sampling would detect.

15. Reducing substances help evaluate suspected carbohydrate malabsorption; other tests
include pH, occult blood, and elastase.

Part 5.4
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1. Neutrophil predominance suggests bacterial meningitis; lymphocyte predominance
suggests viral meningitis.

2. A falling red cell count across sequential collection tubes suggests a traumatic tap rather
than true haemorrhage.

3. It identifies bacteria within minutes, guiding immediate empirical antibiotic choice before
culture results are available.

4. Even a single prior dose can reduce organism detection, risking a falsely reassuring
negative result.

5. Glucose is typically reduced and protein markedly elevated in bacterial meningitis, both
closer to normal in viral meningitis.
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Figures, Plates, Tables, and Boxes

1. Figure 5.1: Thick and thin blood film appearance in faleiparum malaria. Al-generated
using the prompt: "Create a clean microbiology diagram titled Thick and Thin Blood
Film Appearance in Malaria, showing ring-form trophozoites. Clinical educational
diagram style."

2. Table 5.2: Urine microscopy and dipstick findings and their significance. Al-generated
using the prompt: "Create a clean reference table titled Urine Microscopy and Dipstick
Findings and Their Significance, listing finding and interpretation. Simple clinical
reference table style with outside border."

3. Table 5.3: Common intestinal parasites and their appearance on stool microscopy. Al-
generated using the prompt: "Create a clean reference table titled Common Intestinal
Parasites and Their Appearance on Stool Microscopy. Simple clinical reference table
style with outside border."

4. Table 5.4: Typical CSF findings in bacterial versus viral meningitis. Al-generated using
the prompt: "Create a-clean comparison table titled Typical CSF Findings in Bacterial
Versus Viral Meningitis, listing parameter and typical result for each. Simple clinical
reference table style with outside border."
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