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Preface

In order to provide safe and effective care to children and families, it is essential that those
who are providing that care are able to understand the pathophysiology that underpins
the child’s condition.

The overall aim of this text is to help make the sometimes complex subject of patho-
physiology accessible and exciting, and to enable the reader to apply their knowledge to
various contexts of care. The body has an extraordinary ability to respond to disease in a
variety of physiological and psychological ways. It is able to compensate for the changes
that come about as a result of the disease process - the pathophysiological processes. The
text can assist you in advancing your critical thinking; it fosters innovation and creativity in
relation to the health and wellbeing of those to whom you have the privilege to offer care.

The text adopts a user-friendly approach - inviting you to delve deeper, discover new
facts, and to engender curiosity. There are many illustrations, which are used in such a way
as to explain and assist in understanding and appreciating the complex disease patterns
that are being discussed. Applying a fundamental approach will provide you with a crucial
understanding of applied pathophysiology, while emphasising that at all times the child
and the family must be at the centre of all that is done.

A series of activities are provided, which are intended to help you learn in an engaged
way and support you as you apply your learning in the various care settings, wherever
these may be. This text offers an up-to-date overview of pathophysiology and the key
issues associated with care provision.

The need to constantly consider the wider context of care provision, supplementing a
nursing focus and recognising the broadening of the professional base, is emphasised. In
providing care that is contemporary, safe and effective, an integrated, multidisciplinary
approach is a key requirement. Healthcare students are important members of any multi-
disciplinary care team. It should also be acknowledged that contemporary care provision
is delivered in ever-changing environments to a range of children, families, communities
and circumstances.

Most chapters provide case studies that are related to chapter content. The chapters
will stimulate reflection and further thought. In all case studies the names used are pseu-
donymes, in order to maintain confidentiality. Nurses owe a duty of confidentiality to all
those who are receiving care (NMC, 2015). The majority of case studies have been
extended further and include data concerning the patient’s vital signs and blood analysis.
This can help you to relate important concepts to care, offering you further insight into
the patient’s condition and therefore their needs. A selection of case studies include a
Paediatric Early Warning Score (PEWS).

In England, nearly every hospital uses a different PEWS chart and calculates PEWS in
varied ways. The PEWS charts included in this text are only there to demonstrate how they
may be used. It must be remembered that infants (0-11months), preschool children (1-4
years), school-age children (5-12 years), and teenagers (13-18 years) will all require a PEWS
chart that is specific to their age. You should familiarise yourself with the PEWS chart used
in the organisation where you work.

Where appropriate, significant information related to the chapter appears in boxed for-
mat to focus the reader, for example, red flags and medicines management. This can help
you when you are offering care to children and families who may be vulnerable and scared.



Xiv

A feature found in most chapters is the investigations box. One investigation has been
chosen related to chapter content. This contains details about the test or investigation
encouraging the reader to think about the pre-, peri- and post-procedural care that the
child and family may require.

All chapters begin and end with questions, which are there to test your pre- and post-
knowledge. A range of learning resources are included at the end of the chapters, such
as word searches, ‘fill in the blanks, crosswords, and label the diagram activities. A list of
further resources that you may wish to access with the intention of increasing and
advancing your learning is provided at the end of each chapter. Each chapter also has a
glossary of terms.

Pathophysiology is concerned with the cellular and organ changes that take place when
disease is present, and the effects that these changes have on a person’s ability to function.
When something happens that interrupts the normal physiological functioning of the body,
for example, disease, it becomes a pathophysiological issue. It must always be acknowl-
edged that normal health is not and cannot be exactly the same in any two children, and
thus when the term ‘normal’ is used, it must be treated with caution. An understanding of
pathophysiology ‘normal’ and ‘abnormal’ can assist the healthcare student in helping the
child and family in a kind, sensitive, compassionate, caring, safe and holistic way.

This text is a foundation text providing support to the reader as you grow personally and
professionally in relation to the provision of care. The text is primarily intended for nursing
students who come into contact with children who may have a number of physically
related healthcare problems, in the hospital and community setting. lliness and disease are
discussed explicitly, highlighting the fact that children do become ill and they experience
disease.

It is not imagined that you will read the text from cover to cover — we would encourage
you to dip in and out of it. However, it may assist in your learning if you first read Chapter 1
(The cell and body tissue) and Chapter 2 (Genetics), as these provide a good starting
point - they set the scene. The aim is to entice and encourage you, to whet your appetite,
and inspire you to read further, and in so doing we hope to instill a sense of curiosity in you.

Reference

Nursing & Midwifery Council (NMC) (2015). The Code. Professional standards of practice and behaviour
for nurses and midwives. Available at: https://www.nmc.org.uk/globalassets/sitedocuments/
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How to use yo

Features contained within your textbook

Learning outcome boxes give a
summary of the topics coveredin a
chapter.

Keyword boxes give a summary of
the keywords covered in a chapter.

Every chapter contains ‘Test your
prior knowledge’ questions.

Case studies give an up-close,
in-depth, and detailed examination
of a subject.

Red flags provide quick summaries
of alert signs and symptoms.

Learning outcomes

On completion of this chapter, the reader will be able to:

© Outline the structure and function of a human cell.

* Name and describe the functions of the organelles.

© Explain the cellular transport system.

© Describe the structures and functions of the various tissues of the body, namely: epithelial,
connective, muscle and nervous tissues.

Keywords

® heart

® circulation
® congenital
® acquired

e disorders

* heart failure

Test your prior knowledge

1. Name three different treatment approaches for childhood cancer.

2. Name the most common form of childhood cancer.

3. What percentage of children with cancer are now cured? (a) >60%, (b) >70%, or (c) >80%.
4. What is the difference between a malignant tumour and a benign tumour?

5. What are the differences between chemotherapy and radiotherapy?

Case Study 1

Sophie is 11 and is admitted to hospital for the first time in her life with abdominal pain. Her
Mum is with her and is understandably anxious to find out what is causing Sophie’s pain. She
cannot stay long as she has to get back to nursery to collect Sophie’s younger brother, Danny.
She will come back later after taking Danny to her estranged husband'’s flat.

1. What pain tools are appropriate to help to assess Sophie’s pain?
2. What other factors would need to be considered?
3. What non-pharmacological methods could used to help Sophie?

= Red Flag

Nursing considerations

Because this is a potentially fatal condition nurses need to be alert to older children pre-
senting with a more chronic picture of diarrhoea, anorexia, weight loss, periodic pain and
vomiting.



How to use your textbook

Your textbook is full of
illustrations and tables.

Inflammation, immune response and healing

Acquired immunity

Natural

Artificial

o

Figure 5.11  Acquired (specific) immunity. Source: Adapted from Taylor & Cohen 2013, in: Peate &
Gormley-Fleming 2015.

Table 5.4 Types of hypersensitivity reaction

Type of Characteristics of
hypersensitivity reaction

Type |
Immediate
hypersensitivity

Type ll
Tissue-specific
hypersensitivity

Type lll
Immune complex
hypersensitivity

Type v
Delayed
hypersensitivity

Pollen, house dust
mite, foods, e.g.,
cow'’s milk protein
peanut, insect
venom

Cell expressing
foreign antigen

Formation of
immune complex
with antigen and
antibody

Pathogen e.g.,
hepatitis B virus,
Mycobacterium
tuberculosis.
Environmental
allergen, chemicals,
plant extracts e.g.,
poison ivy

HLA, human leukocyte antigen.

Rapid - can
occur within
seconds of
exposure

Rapid onset

Onset
within hours

Days

IgE-mediated.
Degranulation of mast
cells and eosinophils
resulting in release of
immune mediators
such as histamine
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Chapter 1

The cell and body tissue

Peter S. Vickers

Aim
The aim of this chapter is to introduce the reader to the various cells and tissues of the
body in order to develop their insight and understanding.

Learning outcomes

On completion of this chapter, the reader will be able to:

Outline the structure and function of a human cell.

Name and describe the functions of the organelles.

Explain the cellular transport system.

Describe the structures and functions of the various tissues of the body, namely: epithelial,
connective, muscle and nervous tissues.

Keywords

cytoplasm

plasma membrane
organelles

nucleus

passive transport
active transport
epithelial tissue
muscle tissue
connective tissue
mitochondria

Fundamentals of Children’s Applied Pathophysiology: An Essential Guide for Nursing and Healthcare Students, First Edition.
Edited by Elizabeth Gormley-Fleming and lan Peate.

© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.

Companion website: www.wileyfundamentalseries.com/childpathophysiology



The cell and body tissue

Test your prior knowledge

. What are the characteristics of human cells?

. Describe the ways in which substances can pass through the cell membrane.
. What is the role of the cell nucleus?

. What are the four main roles of connective tissue?

. How many different types of muscle tissue are there?

. Where is epithelial tissue to be found within the body?
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CELLS
Introduction

What is a cell? Put simply, a cell is a building block for the formation of all life and, particu-
larly in this case, for the formation and development of the human body. There are many
different types of cells and they play different roles in both the structure and functioning
of the body. For example, certain cells come together to form skin (a tissue), which acts as
a cover and protector for our internal organs (tissues). Other cells combine to form bone
(tissue) and hence our skeleton. Then there are other different cells which combine to
make up the brain and neurological tissue (nerves). Outside the cells that form our struc-
ture are the cells that help to keep us functioning, for example, the cardiac cells, which
combine to make the heart (tissue), which in turn keeps blood (cells and a tissue) flowing
around our body carrying nutrients to all our cells and tissues and removing waste prod-
ucts from them. Some cells are involved in protecting us from infectious organisms, whilst
others form muscles (tissues) which allow us to work and move. So, it can be seen that cells
are the basic building blocks of our bodies - indeed, our very ‘being"

All these different types of cells are actually produced from just two cells — ovum and
sperm — which fuse together at the moment of conception. Within those two cells are all
the plans and schemata for producing the number and diversity of cells that make a human
body - truly a miracle! Once they fuse together at conception, they begin to multiply and
divide into the different types of cells. This manufacture and diversification of cells is
dictated by the genes carried in all of our cells (see Chapter 2, Genetics).

This chapter will give a brief overview of the structure of cells and their roles within the
body. In addition, it will discuss some of the problems that can occur and how these can
affect the working and health of the body, commencing with the common characteristics
of cells (Fig. 1.1).

Characteristics of cells

e Cells are active - carrying out specific functions.

e Cells require nutrition to survive and function. They use a system known as endocytosis
in order to catch and consume nutrients — they surround and absorb organisms such as
bacteria and then absorb their nutrients. These nutrients are used for the storage and
release of energy, as well as for growth and for repairing any damage to themselves.

e Cells can reproduce themselves by means of asexual reproduction in which they first
develop double the number of organelles (the organs of a cell) and then divide, with the
same number and types of organelle and structure present in each half. This is known as
simple fission.

e Cells excrete waste products.
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Figure 1.1 Examples of different types of cells in the body. Source: Tortora & Derrickson 2009, in:
Peate & Gormley-Fleming 2015. Reproduced with permission of Wiley.

e Cells react to things that irritate or stimulate them - for example, in response to threats
from chemicals and viruses.

The structure of the cell

There are four main compartments of the cell:

cell membrane
cytoplasm
nucleus
nucleoplasm.

Within these compartments are many organelles (or small organs). These organelles
perform numerous roles to keep cells alive and functioning.

The cell membrane
As can be seen in Fig. 1.2, the various structures of the cell are contained within a cell
membrane (also known as the plasma membrane). This cell membrane is a semi-permeable
biological membrane separating the interior of the cell from the outside environment,
and protecting the cell from its surrounding environment. It is semi-permeable because it
allows only certain substances to pass through it for the benefit of the cell itself. For example,
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Figure 1.2 Structure of the cell. Source: Tortora & Derrickson 2009, in: Peate & Gormley-Fleming
2015. Reproduced with permission of Wiley.

it is selectively permeable to certain ions and molecules (Alberts et al., 2014). Inside the
cells are the cytoplasm and the organelles, which include, for example, the lysosomes,
mitochondria, and the nucleus of the cell.

The cell membrane, which can vary in thickness from 7.5nm (nanometres) to 10nm
(Vickers, 2009) is made up of a self-sealing double layer (bilayer) of phospholipid molecules
with protein molecules interspersed amongst them (Fig. 1.3). A phospholipid molecule
consists of a polar‘head; which is hydrophilic (mixes with water), and a tail that is made up
of non-polar fatty acids, which are hydrophobic (repel water). In the bilayer of the cell
membrane, all the heads of each phospholipid molecule are situated on the outer and
inner surfaces of the cell facing outwards, whilst the tails point into the cell membrane; it
is this central part of the cell membrane consisting of hydrophobic tails that makes the cell
impermeable to water-soluble molecules (Marieb, 2014). In addition to the phospholipid
molecules, the cell membrane contains a variety of molecules, mainly proteins and lipids,
and these are involved in many different cellular functions, such as communication and
transport. The proteins inserted within the cell membrane are known as plasma member
proteins (PMPs), which can be either integral or peripheral. Integral PMPs are embedded
amongst the phospholipid tails whilst others completely penetrate the cell membrane.
Some of these integral PMPs form channels for the transportation of materials into and out
of the cell, others bind to carbohydrates and form receptor sites (e.g., attaching bacteria to
the cell so they can be destroyed). Other examples of integral PMPs include those that
transfer potassium ions in and out of cells, receptors for insulin, and types of neurotrans-
mitters (Vickers, 2015). On the other hand, peripheral PMPs bind loosely to the membrane
surface, and so can be easily separated from it. The reversible attachment of proteins to cell
membranes has been shown to regulate cell signalling, as well as acting as enzymes to
catalyse cellular reactions through a variety of mechanisms (Cafiso, 2005).
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Functions of the cell membrane

Briefly, the two major physiological functions of the cell membrane are endocytosis and
exocytosis. These are both concerned with the transport of fluids and other essential
particulates and waste matter into and out of the cell.

* Endocytosis is the passing of fluids and small particles into the cell. There are three
types of endocytosis, namely:
* Phagocytosis - the ingestion of large particulates, such as microbial cells
® Pinocytosis - the ingestion of small particulates and fluids
* Receptor-mediated - involving large particulates, such as protein. It is also highly
selective as to which particulates are taken up.

Endocytosis involves part of the cell membrane being drawn into the cell interior, along
with particulates or fluid, in order to facilitate their ingestion. This part of the membrane is
then ‘pinched off’ to form a vesicle within the cell. At the same time, the cell membrane
reseals itself. Once inside the cell, the fate of this vesicle depends upon the type of endocy-
tosis involved and the material that is contained within the cell membrane surrounding it.
In some cases, the vesicle may ultimately fuse with a lysosome (an organelle), following
which the ingested material can be processed. Endocytosis is also the means by which
many simple organisms — such as amoeba - obtain their nutrients.

The cellmembrane and transport

Selective permeability, as mentioned in the previous section, is very important to the pro-
cess of transporting materials into and out of the cell, allowing certain materials to pass
through the membrane, whilst preventing others that could harm the cell. This process
depends upon the hydrophobicity of some of its molecules (as mentioned earlier). Because
the phospholipid molecule tails are composed of hydrophobic fatty acid chains, it is diffi-
cult for hydrophilic (water-soluble) molecules to penetrate the membrane. Hence it forms
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an effective barrier for these types of molecules, which can only be penetrated by means
of specific transport systems that control what can enter or leave the cell. For example, the
membrane controls the process of metabolism by restricting the flow of glucose and other
water-soluble metabolites into and out of cells — as well as between subcellular compart-
ments. In addition, the cell stores energy in the form of transmembrane ion gradients by
allowing high concentrations of particular ions to accumulate on one side of the mem-
brane. lons can pass through the membrane from inside the cell to the outside - or vice
versa - so that there are more supplies of these ions just outside the cell or inside it. The
membrane controls the speed/rate at which these ions pass through the membrane.
The controlled release of such ions on the gradients can be used for:

e extracting nutrients from the fluids around the cells
e passing electrical messages (nerve excitability)
e controlling the volume of the cell.

Cell membrane permeability
There are four factors involved in the degree of permeability of a cell membrane, namely:

1. The size of molecules - large molecules cannot pass through the integral membrane
proteins, whilst small molecules (e.g., water, amino acids) can.

2. Solubility in lipids (fats) — substances that easily dissolve in lipids (e.g., oxygen, carbon
dioxide, steroid hormones) can pass through the membrane more easily than non-lipid
soluble substances can.

3. If an ion has an electrical charge that is the opposite of that found in the membrane,
then it is attracted to the membrane and so can more easily pass through it.

4. Carrier integral proteins can bind to substances and carry them across the membrane,
regardless of the three processes above, i.e. size, ability to dissolve in lipids, or
membrane electrical charge.

Movement of substances across the membrane
There are two ways for this to occur, namely, passive and active.

Passive processes

A passive process is one in which the substances move under their own volition down a

concentration gradient from an area of high concentration to an area of lower concentra-

tion. In this process, the cell expends little energy on the process (like rolling down a hill).
There are four types of passive transport processes, namely:

diffusion

facilitated diffusion
0smosis

filtration.

Diffusion is the most common form of passive transport. A substance in an area of higher
concentration moves to an area of lower concentration (Colbert et al., 2012). The difference
seen between areas of different concentrations is known as the concentration gradient.
This particular passive transport process is essential for respiration. It is through diffusion
that oxygen is transported from the lungs to the blood and carbon dioxide from the blood
into the lungs.

Although similar to diffusion, facilitated diffusion differs from it by the use of a sub-
stance (a facilitator) to help in the process (see Fig. 1.4). As an example, glucose is moved
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Figure 1.4 Facilitated diffusion. Source: Tortora & Derrickson 2009, in: Peate & Gormley-Fleming
2015. Reproduced with permission of Wiley.

using this process. To be able to pass through a membrane, glucose needs to attach itself
to a carrier/transport protein (McCance & Huether, 2014).

Osmosis is the process by which water travels through a selectively permeable mem-
brane so that concentrations of a solute (a substance that is soluble in water) are equal on
both sides of the membrane. This gives rise to osmotic pressure. The higher the concentra-
tion of the solute on one side of the membrane, the higher the osmotic pressure available
for the movement of water (Colbert et al., 2012).

If osmotic pressure rises too much, then it can cause damage to the cell membrane, so the
body attempts to ensure that there is always a reasonable constant pressure between the
cell's internal and external environments. We can see the possible damage if, for example, a
red blood cell is placed in a low concentrated solute, then it will undergo haemolysis. On the
other hand, if it is placed in a highly concentrated solute, the result will be a crenulated cell. If
the red blood cell is placed in a solution with a relatively constant osmotic pressure, it will not
be affected because the net movement of water in and out of the red blood cell is minimal.

Filtration is similar to osmosis, with the exception that physical pressure is used in order
to push water and solutes across a cell membrane. This is seen in renal filtration, where the
heart beating exerts pressure as it pushes blood into the kidneys, where filtration of the
blood can then take place to remove any impurities (Colbert et al., 2012).

Active processes
Active processes are:

e active transport pumps
e endocytosis
® exocytosis.

An active process is one in which substances move against a concentration gradient from
an area of lower to higher concentration. In order for this to happen, the cell must expend
energy, which is released by the splitting of adenosine triphosphate (ATP) into adenosine
diphosphate (ADP) and phosphate.

ATP is a compound of a base, a sugar and three phosphate groups (triphosphate), and is
held together by phosphate bonds, which release a high level of energy when they are
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Figure 1.5 Effect of solute concentration on a red blood cell. Source: Tortora & Derrickson 2009,
in: Peate & Gormley-Fleming 2015. Reproduced with permission of Wiley.

broken. Once one of the phosphate bonds is broken and phosphate has been released,
that compound then becomes ADP. The ‘spare’ phosphate will then join another ADP
group, so forming ATP (with energy stored in the phosphate bond). This process is continu-
ally recurring within the body.

Active transport pumps need energy to be able to function. This energy occurs as a
result of the reaction mentioned earlier. It is necessary when the body is attempting to
move an area that already has a high concentration of that substance. The higher the con-
centration already present, the more energy is required to move further molecules of that
substance into that area. Fig. 1.5 demonstrates the effect of solute concentration on a red
blood cell.

The organelles

These are rather like small‘organs’ within the cells. The following sections give a brief over-
view of the many cell organelles and their functions.

Cytoplasm

Although, not strictly speaking, an organelle, the cytoplasm is a very important and inte-
gral part of the cell interior. Cytoplasm is ground substance (a ‘matrix’) in which various
cellular components are found. It forms part of the protoplasm of the cell (protoplasm is
the collective name for everything within a cell). Cytoplasm is a thick, semi-transparent,
elastic fluid containing suspended particles along with the cytoskeleton (the cell frame-
work). The cytoskeleton provides support and shape to the cell and is involved in the
movement of structures within the cytoplasm - for example, phagocytic cells. Chemically,
cytoplasm is made up of 75-90% water along with solid compounds, particularly carbohy-
drates, lipids and inorganic substances.



