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Terms and Conditions
Please note that the Terms and Conditions of this resource include point 5.3, whi¢

“You acknowledge that you rely on your own skill and judgement
the suitahility of the Goods for 2y particular purpos

“We do not warrant: that any of the Goods a 2 ¢ ﬁt?}" ~Aut any particular purpose
the results that may be obtained fres ‘e .« of any publication, or expected exal
with any educational institi*’ .1 ror nL affy'bublication is authorised by, associate
any educational insti*. A /.

iy

Copyright Infor )

Every effort is m&& 1o ensure that the information provided in this publication is accural
responsibility is accepted for any errors, omissions or misleading statements. It is ZigZag |
permission for any copyright material in their publications. The publishers will be glad to
any copyright holders whom it has not been possible to contact.

Students and teachers may not use any material or content contained herein and incorpe
referencing/acknowledging the source of the material (“Plagiarism”).

Disclaimers

This publication is designed to supplement teaching only. Practice questions may be des|
specification and may also attempt to prepare students for the type of questions they wi
not attempt to predict future examination questions. ZigZag Education do not make any
be obtained from the use of this publication, or as to the accuracy, reliability or content ¢

Different teachers, Heads of Departments and Moderators h:_' '« - _h rent personal views (
provide an individual or group for a given specificaticn 7 a1d’ "h ho provide this. Differen
different levels of support or differing amount <~ , rmudon to be provided, or they pro

given to a student above a certain leve ¢ & s _,./nl’gh'level work no support or informatic
feature of the module. v & =

»e
any of the material from this resource to support coursework, contral
teacher must ens\@#®iat they are happy with the level of information and support provided p
and to the constraints of the specification and to others involved in moderation or the process
considered essential that the teacher adapt, extend and or censor any parts of the contained 1
the specification, the needs of moderators and the needs of the individual or group concerned

which parts of the material, if any, to provide to students and which parts to use as backgroun

In this matter they should also determine the nature of information or support provided, |
and style of support. So specifically, they should determine which information to provide
provide in written format. Similarly, if the style of the support is inappropriate but the infi
appropriate then the material should be so adjusted to achieve this end. For example, ifa
to overly direct the student, which may result in a downgrading of the student’s project, t|
adapt this material to avoid this unless it is the teacher’s intention to do this to achieve a «

In summary, it is intended that these materials be used arn 4. ¢el__and at the teacher’s
take into consideration the ability of the individua' o gi fur;, ~Ae OCR specification dictati
can be given. It is the teacher’s responsibii« it | 1. resource, as with all material they |
support is appropriate. @ 8 4
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Links to other websites, and contextual links are provided where appropriate in ZigZag Edi
Education is not responsible for information on sites that it does not manage, nor can we |
the content contained in the sites is accurate, legal and inoffensive, nor should a website :
be taken to mean endorsement by ZigZag Education of the site to which it points. This incl
to via the convenient zzed.uk short URLs.

References to other sources are provided where appropriate in ZigZag Education publical
responsible for information that it does not manage, nor can we gu~rantee, represent or
in these sources is accurate, legal and inoffensive, nor shou';‘ *i= i lusion of a source be

ZigZag Education of the source. r J>
" 4
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- -
It is the teach LpC 7 1 ey to decide how to use this resource to assist themselves
You may simp to read this material to better inform yourself and to help you pre

ideas for your 1..-acﬁﬂ1g. You may also consider whether it is appropriate to hand out s¢
to use some of the activities for classwork and homework. You may also consider whet
the booklet to be worked through by your students more independently.

As with all controlled assessment material it is the teacher’s responsibility to decide iny
students. It's the teacher's responsibility to decide how this resource in particular can |
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Teacher’s Introduction

This course companion has been written specifically for the Cambridge OCR Level 3 Alternative Academic
Qualification Cambridge Advanced Nationals in Applied Science qualification (first teaching from September 2025).

The theory notes, examples and questions cover the essential knowledge and understanding prescribed in the
optional Unit F186 specification for the Extended Certificate qualification.

About Unit F186: Medical Physics

Unit F186 is centre-assessed using four practical activities that learners carry out independently.
Centre assessments are OCR-moderated.

Unit F186 is an optional unit and will draw on learning from Unit F180 and Unit F181.

Each of the five topic areas has been given its own section in the resource.

These are as follows: Remember!

Always check the exam board
website for new information,
including changes to the
specification and sample
assessment material.

Topic Area 1: Application of non-ionising diagnosis techniques
Topic Area 2: Application of ionising diagnosis techniques
Topic Area 3: Application of ionising therapy techniques

Topic Area 4: Application of non-ionising therapy techniques
Topic Area 5: Planning for diagnosis and therapy

Within each section there are student notes covering the specification content and structure. These notes
include descriptions of theory, supported with examples and diagrams where appropriate. Questions are
interspersed throughout the guide to assess and develop understanding and practice the key skills required for
the assessment.

In addition, two additional practice scenarios are given so that students can apply what they have learned.
Prompts are given in the formative discussion questions throughout the resource.

October 2025

Endorsement statement

The teaching content of this resource is endorsed by Cambridge OCR for use with specification Cambridge OCR
Level 3 Alternative Academic Qualification Cambridge Advanced National in Applied Science, Certificate (HO51)
and Extended Certificate (H151). All references to assessment, including assessment preparation and practice
questions of any format/style are the publisher’s interpretation of the specification and are not endorsed by
Cambridge OCR.

This resource was designed for use with the version of the specification available at the time of publication.
However, as specifications are updated over time, there may be contradictions between the resource and the
specification, therefore please use the information on the latest specification and sample assessment materials at
all times to ensure students are fully prepared for their assessments.

Endorsement indicates that a resource is suitable to support delivery of a Cambridge OCR specification, but it
does not mean that the endorsed resource is the only suitable resource to support delivery, or that it is required
or necessary to achieve the qualification.

Cambridge OCR recommends that teachers consider using a range of teaching and learning resources based on
their own professional judgement for their students’ needs. For more information about the endorsement
process, please visit the Cambridge OCR website.

F186 Medical Physics Course Companion Page 1 of 58 © ZigZag Education, 2025




Additional practice diagnosis sce

Patient A is a 68-year-old retired man who has been suffering from persistent chest
the past three months. He has lost 10 kg in weight within the last two months and i$
dizziness and irregular heartbeats. He has also recently found blood in his stool. Ar
patient’s wife after becoming concerned that the chest paine +» re worsening, and ff
hospital for further investigation following arrival at *-~ ‘. « 2nt-and emergency dep
s
The patient has a history of smokir, < 1. ' ks alcohol moderately. There is a histo
patient’s father died in hic =t - ., =.uf prostate cancer.

The diagnosis technique used will need to identify any cardiovascular irregularities &
tumour, including determining whether the tumour is benign or malignant.

You are the consulting physician and are required to create a diagnosis plan for pa
healthcare professionals.

Additional practice treatment sc

Patient B is a 25-year-old woman who is a graphic desiz== A marketing agency.

and often works long hours. The patient exerricas 50',~.y and eats a reasonably
and consumes a lot of caffeine. ) >

After experiencing snise .0 ;ét.--.sSUQS, migraines and mild confusion, the patient w
an MRI bra'@w. *contrast revealed a benign, low-grade temporal lobe tumour
or metastasi\&S#®the tumour is non-aggressive but is affecting speech and memory

F186: Medical Physics Course Companion Page 2 of 58
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Topic Area 1: Application of non-ioni
diagnosis techniques

Medical physics refers to an area of applied physics which invylves the use of phy
in medicine and healthcare. This includes the use of r7. < 5 rinciples in medical
of medical conditions by creating images of th . ir i'id;_. _trie body. Radiation thet
primarily cancer, by delivering contr~'» 7a. . :_of radiation to destroy or damage
physics uses both ionising ar - ‘n-i?], i_:ng radiation for diagnosing and treating r
radiation has enough =/« = fc..en‘if)ve electrons from atoms, which can potentig
Sir * “adidtion is generally considered safer, as it lacks the energ

First use of Scientists Development ol
X-rays for discovered the CT scans by
diagnosing medical applications Hounsfield
fractures of radioactive isotopes and Cormack
Late 1890s 1940s 1970s
1913 1950s
The Coolidge tube First use of |
improves the safety and ultrasound for i
non-invasive imaging

quality of X-ray imaging
.

1.1 Magnetic resonance imagir< (A5~

— ¥ -

!

—_

1S%

. Princ! pe.&tion of an MRI machine . Basic structure of &
. Safety\G@@#®derations . Advantages, disad\

Principle of operation of an MRI machine

The human body is mostly made from a combination of water and organic
molecules: proteins, carbohydrates and lipids. All of these molecules contain
hydrogen atoms — some in very large numbers.

The hydrogen atom is the simplest of all atoms with a nucleus containing only ong
proton. It is this proton in the hydrogen nucleus that exhibits magnetic resonance

Resonance is a familiar concept in everyday life. If you pluck a guitar string it will \
producing a sound. This frequency is called the string’i ~- | frequency.

If you play a sound near the guitar tha* Fas = o« ;amie frequency of one of its string
on its own. This happens beca: . arie 5. uid waves from the external source matt
making it absorb enera - 4 ve _nate.

ey

- 9 <5 . . .
This is exact! Eiu:o‘-""-l resonance works —when an object gets energy at just the righi

more stronglyt

The proton in the nucleus of a hydrogen atom behaves in a similar way when in a
a natural frequency is dependent on the atoms and chemical groups to which it is

F186: Medical Physics Course Companion Page 3 of 58
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When placed in a strong magnetic field, the protons in hydrogen nuclei orient the
magnets. When the magnetic field is reversed over and over again at high frequer
reorient itself rapidly.

When a burst of radio waves is sent into the body at a specific frequency (at the i
this excites the hydrogen atoms, making them absorb energy and move out of alig

When the radio waves are turned off, the hydrog: ¢ 'f)r/,. “retUrn to their original
absorbed energy as radio signals (relaxat'zc >, * 1es_signals are detected by MRI s
computer to create detailed ima7 -t : > .&s'and organs. The brightness of the i
how quickly the hydrog= &t < _dlign with the magnetic field (relaxation time}.

7

In terms of nan body, the chemical environment of the hydrogen atoms va
tissue (musci®oone, nerves, etc.) in which it is located. In this way, the MRI scani
different tissues.

Projectile and implant screening in MRl is a critical safety assessment performed |
scanner. It ensures that ferromagnetic materials cannot be pulled violently into th
procedure, or that unsafe implants or devices, e.g. orthopaedic screws and plates
or heating during the procedure or compromise image quality of the scan. MRI myj
strict metal-free zone and patients will be required to complete a pre-scan safety

Contrast agents in MRI are substances injected into the body to enhance image g1
of some tissues. Gadolinium is a paramagnetic metal, meaning it interacts with th
certain tissues appear brighter or darker in the MRI scan. This makes it easier to d
abnormal tissues, especially in the brain, blood vessels, and ti'mours. Gadolinium
therefore in patients with impaired renal function it s*- -« * i . 'e body for much Io|

J

effects and should not be used. r » o >

-/

Safety congider~"i . 7
MRI is gene@ ne.uered to be safe for patients who are pregnant after the firs

avoided (es \&#®y with gadolinium) within the first trimester unless essential.

An MRI scanner produces a loud noise which can exceed 110 dB. Staff and patieni
prevent damage to their hearing and this may be unsettling for neurodiverse or a

How does MRI distinguish between tissues?

Why is resonance important for MRI scanners?

F186: Medical Physics Course Companion Page 4 of 58
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Basic structure of an MRI machine
The diagram shows the main components and their relative

Magnet - to produce a strong
magnetic field inside the bore

Bore - this is the space in
the centre of the scanner where the
person lies while being scanned “‘; &

for them to enterthe bore as
the table slides in and out:
it can also be used to
position the person
exactly where needed

Figure 1.1. MRI .

f"ll_/'/

- 4

positions in a magnetic |

Y. e Structure

]

Advantages, disadvanta2 rcL[‘l wu.es of MRI scanning

g

y &
\ D Gl =
_ Advantages Dis
It is non-in . Tissues and organs can be examined | Very high cost of purch

in detail without the need for surgery. MRI is much
safer than surgery because there is no damage to
body tissues and risk of infections. In addition, no
anaesthetics are required.

MRI scans can be used to examine the skeletal system
including joints, the brain and spinal cord, the heart
and the rest of the circulatory system, plus other
internal organs such as kidneys, uterus, liver and
breast tissue.

Unlike X-rays, which are ionising, an MRI scan
is considered safe.

maintenance of the sca

The loud noise produce
hearing damage and sa
staff, must wear ear pri

Sometimes patients wh
procedure can be sedal
scanner makes periodit
current in the coils is sy
be unsettling for some

" ents with prosthese

J . S
‘oirts or cochlear impla

r/" { )%
> \{)j undergo MRI scanning

o & > presence of metallic su

A4
MRI scanne Of * = :wby medical professionals called —
radiographt 5 have training in how to operate the machine Ad
in different types of diagnosis situations. The radiographer controls 2781
the scanner through a computer interface while seated in a different —_—

room. A radiology nurse or technologist will be responsible for the

administration of the contrast media and will monitor the

patient throughout the

F186: Medical Physics Course Companion

Page 5 of 58
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Interpretation of the images produced by the MRI scan is carried out by a radiolog
person who has specialised in this field. The radiologist then prepares a report th:
directly with the person who had the scan or delivered back to their GP surgery f¢

Apply vour knowledge

a) Why is MRI suitable for detecting bowel cancer”.

b) What other techniques may be used s »a of " «vader diagnostic process
bowel cancer? (4

f’ ----- 3 A o - - ---------------------------------
Formati\ﬂ%ﬁdsﬂon questions:

Alongside other symptoms, patient A is experiencing blood in his stool.
One of the diagnostic tools available to investigate the cause of the symptoms is

Explain why this diagnostic technique is or is not appropriate for the patient’s syl

|
1
1
|
|
|
|
|
1
v

1.2 Diagnostic ultrasound

! Key points covered
D Anatomical ultrasound @ The ultrasound transducer
. Doppler ultrasound = Adv=-. esanddisadvantages
. General features of ultrasound r 4

o

Ultrasound is the term gwen 1 ’unc v 3vES that have a frequency higher than th

upper threshold of hi:ns 7 <4, ° g That means frequencies of 20 kHz and above.
All sound » re g _]E,«ufdmal, so the particles in the medium oscillate parallel |
the directio! @ he sound wave is travelling.

Medical ultrasound relies on the fact that sound waves are reflected from boundsz
They are reflected from internal body boundaries such as those between muscle ¢
and fatty tissue.

The frequencies used in medical ultrasound are usually in the range 1-22 MHz. 1
deep abdominal imaging while 18-22 MHz is used for superficial skin and oculars
everyday probes sit between 2 MHz and 15 MHz. There are two types of ultrasout
what needs to be imaged. They are anatomical and Doppler ultrasound.

Anatomical ultrasound -
Anatomical ultrasound is used to produce imz3e "01‘)
structures inside the body. You have sxahi=2en pictures
of anatomical ultrasound im~¢ < 5 5) Larn babies. Here, it
gives sufficient detail *« « 1.( A g defects in the central

ea 1.ai1d other organ systems of the
foetus. Ana i.,a-J-c-" ultrasound can also be used in children
and adults to assess swelling around joints due to injury or
arthritis. Another use is for checking for possible organ
damage after disease or surgery.

Figure 1.2. Anatomic:

F186: Medical Physics Course Companion Page 6 of 58

COPYRIGHT
PROTECTED

g

=9

Education




Anatomical ultrasound works by detecting reflections of

the sound waves off boundaries between tissues. The /
time taken for an ultrasound wave to pass in towards Further your
the boundary and back again can be used to build up an The speed of so
image by calculating the distance that the wave has media; it is fasfe
travelled. To do this, the software uses the equation The speed also
) temperature, bu
distance (m) = speed (ms™) X time (s} + J - | likely to be arols
o | = relatively consta
The distance from this result is tF .v1 3 .. “necause the .
ultrasound wave has tr™ 4 4~ «.nd away from the tissue
boundary hg##\be © . .dcted again and the total time for this is measured.
Doppler ultrasound
Doppler ultrasound is used to measure Further your knowledge: !
the speed and direction of blood flow The Doppler effect is again somet|
in a particular vessel. It makes use of daily life. When you are standing ¢
the Doppler effect. motorcycle or ambulance siren pa
in pitch. The sound seems to be h
An ultrasound signal is sent towards or approaching and lower pitch whe
away from moving blood. The sound be confused with the loudness of |
waves reflect off the moving blood
cells and return with an apparent The Doppler effect is beyond the
change of wavelength. The greater the caused by an apparent change ol
change in wavelength, the higher the comes from. oris reflected off a1l
speed of the blood. By changing the tha *...*, « L atso (grey box) speét
direction that the ultrasound waves are ) qP/'wgblér effect by reflecting a
transmitted and received, the dirpr"'; ALY go =

of blood flow can be worke = . =~

Because th %iqﬂ.e measures blood flow, it can
be used to o\g@®¥se conditions such as deep vein

thrombosis (DVT) and arterial occlusion (narrowing Valve |Q
of arteries). It can also be done on an unborn baby .
and the placenta for pregnancies that are deemed

to be high-risk for conditions such as intrauterine
growth restriction.

Recall Q\lesﬂons 1. Explain **.c 17, »r_nce between anatomical ultrasound ar

F186: Medical Physics Course Companion Page 7 of 58
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General features of ultrasound

Ultrasound is considered safe to use because it is merely a sound wave.
It produces no ionisation and does not start any unwanted chemical
reactions in cells. Any heating effects caused by making particles vibrate
inside the body are very small.

Two properties of the ultrasound waves affect the image - *. uced and these
must be adjusted by the sonographer carrying ouv’,ca '-’5'/'2 3. Tre properties are
frequency and gain. -

Frequency affects both resc’: "9-/,L,'periétration. The higher the frequency
of ultrasound aave - 'Q/: _fgm‘]’, the higher the resolution, but the lower the
penetration@oh.; of frequency must be made carefully or chosen as a
compromise\gg##een depth and resolution.

When gain is increased, this increases the amplitude of the wave. However,
this too comes with compromise. When a signal is amplified, everything
including background and unwanted signals are amplified — not just the signal
that we want. Gain is applied to the ultrasound signal that has been reflected
back from the tissues and adjusted to get appropriate contrast in the image
between body fluids (which are usually adjusted black on an image) and solid
tissues (which are usually adjusted to be white or greyscale).

1. Describe the use of ultrasound in medical diagnostics.

-

The ultrasound transducer =~ )%

Ultrasound in medicine is produced and <.+ d by a device called a transducer,

the electronic equipment that -2 «tro 5 *cqlency and gain and produces the imag
L) ™

.

The transduzzs@oni\ 7 .}ra't"i'ﬁg element to create the longitudinal wave that
transducer = piaced on the skin of the person being scanned, but to avoid ¢
being reflec\@®®ack from the air gap between the transducer and skin, a gel musi

How the right transducer is chosen:

e Higher frequency transducers (shorter wavelength): better resolution but les
shallow tissues).

e Lower frequency transducers (longer wavelength): deeper penetration but lg
deeper organs).

*  Probe size and shape: this determines how well it fits in the scanning area (e.
endocavitary for internal exams).

COPYRIGHT
PROTECTED

Gel is placed between the transducer and the skin to reduce the air gap and ensut
the ultrasound waves from the transducer into the tissues. Most ultrasound gels
ultrasound frequencies and are seen as ‘general purpose’ ©.  hat reason. Howeve
properties for use on people’s skin. Gels need to k. ¢ fic , nough so they don’t ris
following the scan. They should be colou='=s - a. .ot to stain skin as well as beir

Ultrasound gels are chosen -~ = 'firi; ;uth'e/-ir: |9

e Viscositv ick - . _fkcrgels are used for longer examinations where ma

e Condu hi ) .—C'Oh/ductivity gels enhance the ultrasound transmission far 09

o Skin se 2§ : hypoallergenic gels or those free from irritants are used for s EdUCOtiOﬂ

1.  Describe the properties of ultrasound waves that can af

F186: Medical Physics Course Companion Page 8 of 58



Advantages and disadvantages of ultrasound for imaging

Ultrasound has several advantages and disadvantages for imaging in medical appl
summarised as follows.

@Advantages

Safety: ultrasound uses sound waves, not ionising radiation, making it s&
children, as well as patients who are pregnant.
- - - . :/
e  Painless: there's no discomfort involved ‘v 71 1 ‘asound scan.

e  Real-time imaging: ultrasound =, s \..hediate images, allowing for
other medical procedur ov \> )

e Versatile:cank a ‘;\_T;_. —Aamine various parts of the body, including o1

s (Cq oct . widely available: ultrasound is less expensive than other

. P@ urtrasound machines can be easily moved to different location
bed®®e examinations.

e Ultrasound is generally a quiet, mobile technology which is accessible fo
with disabilities.

|@ Disadvantages

s  QOperator-dependent: the guality of the images can vary depending on t!
In the UK, sonographers need formal CASE accreditation.

s Limited penetration: ultrasound waves can be blocked by bone or air, m
certain organs or structures.

e  Notideal for deep tissues: ultrasound may not provide clear images of
structures located deep within the body.

s  (annot visualise certain tissues: some tissues, like bone and lung tissue,
are difficult to visualise with ultrasound.

e  Potential for artefacts: echoes from surrounding +-°. 5 can sometimes
interfere with image quality, creating arte’.ct [ _/ :

* The more invasive techniques ¢ " tro _wag/inal ultrasound are intims
many patients find diffi-..c =\ ' rate and which require sensitive comn
potential discarf - . ",1\__ “delings of exposure.

An accreditﬁéﬁ%grapher or clinical scientist will perform the scan and adjust the
obstetrician will interpret the images and issue a report to the consultant doctor w

e = ——— o —— o — o — o —

. Formative discussion questions:

. Patient A has been experiencing blood in their stool. Although ultrasound would
. diagnostic technique for bowel cancer, it may be used for an initial assessment ol
|
i

Summarise how ultrasound might be used in this scenario.

e e e e e e e e e e e e e W e e S e
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1.3 Endoscopy

! Key points covered

e Structure of a modern endoscope ¢  Advantages and disadvantages

s  Types of endoscopies *  Staff invelved and risks to patie
Endoscopy is a medical procedure that inv=" = 1si. 24 Io/ng', thin tube with a camet

of your body. This tube is called ar <1 ¢ ~_e-It's inserted through a natural openi
through a small incision Fu - 'm; _se fibre optics which is a technique where lig
received th@x gt b Fibre-optic cables are also used in applications like |

4
Structure ¥¥a modern endoscope
The diagram (Figure 1.4) shows the general
structure of an endoscope.

When you look at an object in everyday life, you
are looking at the light that is reflected from it.
However, as there is no source of light inside the
body, we must introduce one if we are to
produce visual images. Therefore, the endoscope
contains two basic parts: a flexible fibre-optic
cable to shine light onto the tissue and another
with a camera chip at the end to capture the
internal images.

Flexible tip

The other end of the imaging cable can be o g2 Flexible shaft

connected to an imaging system s:'_\ + o ’he/. ) Figure 1.4
image can be viewed direct" . di:;,a;!ed
y &) 2

on a screen. 1
- -

The individ&s within these two cables are usually configured in different wi
The one that shines the light onto the tissue can be non-coherent. As long as light
transmitted from one end to the other, it doesn’t matter what order the fibres go
Non-coherent cables are cheaper and easier to manufacture. The imaging cable i
have glass fibre optics or electronic sensors which convert the image to an electri
signal which is sent by micro-cable to the processor to display the image.

Types of endoscopies

Most types of endoscopies are carried out through existing openings in the body :

e  bronchoscopy — the imaging cable is inserted through the mouth and directe
and into the bronchi (the widest airways in the lungs)

* colonoscopy — the imaging cable is inserted throueh '.I/L inus and rectum anit

F e

(large intestine) art® L
e  gastroscopy — the imaging cable is i _,Inmffhé mouth and down the thri
upper digestive tract s 7 ' 4ha

e cystoscopy—theim a '_-7-_'5,._4"5 inserted through the urethra (tube that car
outsid*@t /. woairected into the bladder

Other types c¥endoscopies must be carried out through an incision (cut) made es

inserting the imaging cable. These include:

e |aparoscopy - the incision is made in the abdomen (belly) so that organs in tf

¢  mediastinoscopy — the incision is made just above the sternum (breast bone)
lungs that includes lymph nodes can be examined
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Another type of endoscope is the capsule endoscope. This is a tiny light source an
a capsule that is small enough to be swallowed. When swallowed, the capsule ent
digestive system, sending images back to a receiver outside the body. As the entir
almost four metres long, capsule endoscopy is a better way to image all of it — pai
which is difficult to reach by traditional endoscopy.

7

Apply your knowledge A\
For each of the four types of endoezY g, 1 = le an’ﬁmaginary patient who would
endoscopy for diagnostic ~; < see - 4

A =~ AT

Staff invo@éﬁnd risks to patients

The medical staff that carry out endoscopy will be specialists in the region being i

Professional Role

Performs the endoscopy, diagnoses conditions,

Gastroenterologist N
& Takes biopsies or removes polyps.

Prepares the patient before the procedure.

Endoscopy nurse . .
Py Assists the doctor and provides post-procedure

A doctor who analyses biopsy samples from th

Pathologist present during the procedure.

Endoscopy technician Handles and maintains the endoscopic equipm

Sedation nurse / anaesthetist | Administers sedation to th- patient and moniit

People having an endoscopy must prepare bt re "*Pj: pr’ééédure. Examination of |
colonoscopy will require fasting bf:‘-, < ':-r*/,;upy and treatment with a strong |1a
tract is unobstructed. Patc ., =Y "f;‘gorng"bronchoscopy will also need to fast alc
smoking in Orzaatoy = ¢ lung function in preparation for the procedure, and ¢
for a cystos@ 10

_

It is important that the patient fully understands what the

procedure involves and that the risks have been fully Broncfi
explained and consent obtained. It may be that additional

services such as translation are required if there is a language

barrier or the patient is visually or hearing impaired. Oesoph

Trachea (windp

Right lung ——

Additional research
There is mare information on the
ranges of effective doses at the
following websites:
zzed.uk/F186-bronchoscopy 7
zzed.uk/F186-cystoscopy v/

Left bronchus

Left lung

K
"
X

brt

Create a patient leaflet for the three types of imaging you have studied so far, expli
simple terms what each one is for, how it works, and the possible risks to the patiet
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Advantages and disadvantages of endoscopy for imaging

Endoscopy has several advantages and disadvantages for imaging in medical appli
These can be summarised as follows.

@ Advantages

Minimally invasive: there is minimal trauma to the hody because endos¢
or natural openings, although colonoscople" “rla aroscopies are invas
perforation risk. 3

e Quick recovery: since ther- i qe. 3 . sue damage patients usually reco
e  Providesa clear Elay f‘erl g2 of internal organs, aiding in precise dig
e Lowgriskefiiy =y Jro ~small incisions reduce the chances of infections &

—

@ e
. Dlsadvantages

Although rare, complications such as bleeding, infections, or perforatic
¢ Discomfort: some patients may experience mild pain, bloating, or disct
* Anaesthesia risks: some types of endoscopy require sedation or anae&|
* Not all conditions can be diagnosed or treated through endoscopy, ant

procedures are needed.

* The procedure can be costly, especially if advanced technology or spet

* Not always conclusive: in some cases, endoscopy may not provide a dg
further tests or procedures.

* (Capsule endoscopy does not allow biopsy tissue to be collected and re
decontamination.

e There may be positioning challenges for patients with mobility issues.

Formative discussion questions: = , =
Patient A has been experienrir ;i\ =18 stool.
A p= -~

> 4

As part cefSlia, . - o wols available the doctor may order the patient to under
Analyse @ pantages and disadvantages of this technique for confirming the d

o ——— -

1.4 Electrocardiogram (ECG)

! Key points covered
. Structure of the heart . ECG and CT scans
e Control of the cardiac cycle e  Advantages and disadvantages COPYRIGHT
. Principles of operation of the ECG . Staff involved
. Interpreting the ECG trace PROT ECTED

The heart is the organ that pumps blood arc:u 41 fs-/;mq’:. 1t is mainly
made from muscle tissue, but this m "c/] 24 in a significant way from

the skeletal muscle that me:. 2 a;u.d |9

% Am _.cle énd is described as being myogenic. In order to 09
understand \&§ @\ e heart, and electrocardiogram (ECG), works we need to EdUCOtiOﬂ
look at the structure of the heart and in more detail about how its beat is
started and regulated.
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Structure of the heart

SUPERIER - --- -+ .-~ .. (1

VENA CAVA | (

RIGHT %)
PULMONARY : : . AURICLE
VENS : _ '§ OF LEFT

ATRIUM

VENTRICLE

INFERIOR
VENACAVA

Figure 1.6 Diagram showing the structure of the heart

The heart is composed of two pairs of chambers — the left and right atria at the to
the left and right ventricles at the bottom. During the cardiac cycle, blood enters
heart from veins into the atria. The atria then contract together, pushing blood d¢
into the ventricles. The ventricles then contract to push blood out through arterie
around the body. The key timings of the cardiac cycle are:

e atria must contract together and from the top down

e  atria must contract while the ventricles are relaxed

* there must be a slight delay to allow ventricles ¥ . efire they contract

o ventricles must contract together and f -~ 11 ‘e socfom up

*  atria must be relaxed when vos0q 5 2 contracting

* the cycle mustrepea*". “westiae life of the person

Control o@&dfdiac cycle

The cardiac cycle is continuous so has no start and end points, but we can conside
node (SAN). This structure is located in the wall of the right atrium. The SAN emits
spread down across the walls of the atria. As the wave of electrical activity spread
the atrial walls contracts. This forces blood down and into the ventricles.

When the wave of electrical activity reaches the base of the atria, it encounters a
stops it continuing down to the ventricles. However, in the wall of the heart just b
is a patch of conducting tissue called the atrioventricular node (AVN).

The AVN is often described as a relay station because it picks up the electrical imp
the heart. From here, the electrical pulse spreads up and acrcss the walls of the vi
out of them. The AVN also introduces the necessary ¢-'~, " e wveen the contractic

-

After the ventricles have contracted *' ¢ ¢y . » . egins again with the SAN emitting
— =

A

A

"1.  Create an annotated diagram which shows what happel
complete cardiac cycle.
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Principles of operation of the ECG

An ECG works by detecting the electrical impulses emitted by the heart
through the cardiac cycle. A standard 12-lead ECG uses 10 electrodes
connected to the skin at various positions on the body: four are
positioned on the limbs and six are on the chest, as shown. Hence,

the ECG is non-invasive.

e ~ 3

The electrodes measure the potential differenca b tw.. ~trie skin and a
reference voltage which does not char;c . 1 issues contain cells that
are surrounded by tissue fluid —= U6, uaisan aqueous solution
containing manv suhsta ' - {0 e ofwhlch are ions. Therefore, tissue

fluid acts as ctiyineg, conductmg the electrical impulses from the
heart to the Qg the surface.

The changes in potential difference are display
The ECG waveform consists of deflections that
phases of the cardiac cycle. A positive deflecti¢
impulses move towards a positive electrode ar
T upwards, above the baseline. A negative deflet

R
|
|
AP ,' a i move away from a positive electrode and the't

‘ towards the baseline,
Qs

The result looks like a graph with potential diffi
the x-axis. This pattern is called an ECG trace. /
pattern looks like this, where the letters P-T re

Figure 1.8 A typical ECG trace

Interpreting the ECG trace
An ECG trace reveals a lot a*"\ ~ ﬁe}; Lwty of the heart.

The P wave renzasen = . jp arse emitted from the SAN to start atrial contractic
r ,\:mt t/he electrical activity that causes the ventricles to confy

Heart rate, which is the number of beats per minute, can be worked out from the
¢ noting the time in seconds for one complete cycle (or several complete cycle
e heart rate =60 / time for one complete cycle to get beats per minute

There are systematic differences in the ECG traces, generally, for male and female pati
female patients generally have a longer QT interval. It is important therefore for health
patient’s sex when interpreting their trace. For transgender and non-binary patients, h
approach this sensitively, respecting gender identity whilst explaining that sex is clinica

The ECG trace changes dramatically just after someone has acute myocardial infarctiol

the trace starts to look more like that of a healthy person long after AMI, it will still shg
r -/ -

For example, this image shows an ECG trace ofa ers = avcer three minutes of AN

trace, the ST section is much higher he~ias . re %a blockage in a coronary arte

Figure 1.9 An ECG trace of a person after three minutes of AMI (heai
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The next example shows the ECG trace of a person with sinus arrhythmia, which i
impulses arising from the SAN. You can see an irregular heart beat with different {
condition, the shorter time interval coincides with inhalation and the longer inter

SO s s

R

=]

.
TR - ol
2

Figure 1.10 An ECG trace of a person with sinus amhythmia

Compared to normal heart function which would show a regular pattern, with a P
irregular heart rhythms can be visualised on an ECG trace, such as:

Condition

No P waves and the R-R intervals would be irreg

Atrial fibrillation L .
quivering instead of beating properly

Ventricular tachycardia QRS complexes would be wide and fast due to fa

Ventricular fibrillation Whole ECG totally disorganised with no clear wa!

Long PR interval becaus~.“.. re is a slow signal be
Heart block g . PR 4 .
the ventricles 3 e
S

ECGand CTscen-
ECG can be 1 ¢ oujunction with CT scans of the cardiovascular system.
ECG enhanc\g@#scans through a technique called ECG gating.

The benefits of this are:

¢  Reduced motion artefacts: by capturing images during the same phase of the
diastole, when the heart is relaxed), ECG gating minimises the blurring cause|
This leads to clearer and more accurate images of the coronary arteries and |

¢ Improved image quality: with reduced motion artefacts, the overall image qu
allowing for improved visualisation of even small coronary lesions.

s Increased diagnostic accuracy: by providing a clearer picture of the coronary
CT scans help doctors more accurately diagnose coronary artery disease (CAL
of blockages.

Applications of ECG-gated CT scans o\ A

s«  Coronary artery disease (CAD) evaluatinen de ‘.’e-i)._ -/and assessing the severil
artery blockages. 1o\ s

*  Cardiac calcium scorine: + = €u;’j ;_,-vtné/amount of calcium build-up in the col
factor for heart #ishcia T ==

¢ Conge 231 lerects: evaluating the structure and function of the hearti
heart cREG#ns.

e Heart failure assessment: assessing the heart's pumping function and structu
heart failure.
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Advantages and disadvantages of ECG

ECG is a low-risk procedure. People having this diagnosis have no risk of electric sl
are just passive measuring devices. Some people may develop a slight rash wherg
onto skin, similar to that where an adhesive plaster was attached.

Advantages and disadvantages of ECG can be summarised as “ollows.

@ Advantages of ECG O o
* Non-invasive: ECG does=" 1 rll"_/e any surgical procedures.
* Quickand pair's - ; ".ﬁ_' + ssctakes only a few minutes to perform.
* A T £CG is a standard diagnostic tool found in most healt
. @_‘eawe: compared to other diagnostic tests, ECG is relatively ing
. A tein detecting heart rhythm abnormalities: ECG is excellent at/i|

e (Can provide evidence of heart damage: ECG can show signs of previous h
heart injuries.

¢ Helps in monitoring heart conditions: ECG can be used to track the pro
heart diseases.

ll?c‘ Disadvantages of ECG

~ Provides a snapshot in time: ECG only records heart activity at the mar
detect irregular heartbeats that occur infrequently.
¢ Limited in detecting certain heart conditions: while ECG is good at det¢
may not accurately identify other heart issues such as heart failure or ¢
e Interpretation can be subjective: ECG results require interpretation by
and there can be variations in how different exn. - s read the results.
¢ Affected by external factors: factors s ~v St __'éclc movement, electrc
electrical interference can affz=* 510 s,
e ECG does not specifics /i e _se“ischaemia and the results can be dis
the patient’s'a " i g
. 4
Apply your knowledge

Create a risk assessment for using this diagnostic technique.

a) What are the identified hazards, and what level of risk is involved?

b) Whatis the level of risk for each hazard?

¢) What are the control measures that can be put in place to reduce the risks?
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Staff involved

The healthcare professionals involved in administering an ECG may be different di
under which the ECG is required; for example, in an emergency situation a param
technician would be carrying out the procedure.

Healthcare professional Role

-_-,.-‘A_

Performs FC=in 2r cigencies, e.g. during heart ;
th--. ¢\ in' LG patterns

Paramedic

rerforms ECGs in hospitals and monitors continut

Expert interpretation of ECGs to diagnose heart &

Cardiac physiologist Performs and analyses complex ECG tests such as

ECG healthcare assistant Routine patient preparation and data handling

Create a mind map of all of the different healthcare professionals you have come &
and the different roles they perform. You could add information about the educatit
training required for each role as well.

Formative discussion questions: - , =
ook at the diagnostic scenarin - w. = . 4gests that Patient A would benefit from

=~

T
—
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Topic Area 2: Application of ionising
diagnosis techniques

2.1.1 Plain X-ray image

. z /
! Key points covered P ) ) e
. Medical applicatin 4 <y ,; e . Effective radiation dose
« X-ray 3 . Safety considerations and prof

=  Advantages and disadvantages

Medical applications of X-rays

There are many applications of X-ray imaging in medicine. These include:

e  Bone fractures: identifying breaks or cracks in bones.

¢ Dental issues: examining teeth for cavities, infections or abnormalities.

s Lung conditions: detecting pneumonia, tuberculosis or other lung diseases.

e Heart problems: assessing the size and shape of the heart, identifying blocka;
in blood vessels.

e Digestive system: examining the oesophagus, stomach and intestines for
obstructions or inflammation.

s  Breast cancer screening: mammography to detect early-stage breast cancer.,

*  Guided procedures: assisting in procedures such as a~<- grams, biopsies, ani¢
orthopaedic surgeries. &\

/
vy
v

-

— — ——

Reca“ queslions 1w 2 '_1_'?'; o list é)f all the uses of medical x-rays.

X-ray tub&%ructure
X-rays are emitted when fast-moving electrons collide with a metal surface wherge
electrons in the metal.

Figure 2.2 shows the main components of a typical X-ray tube.

heater accelerating
potential potential
difference difference
[ l&
-+
heater vacuum water ©

(cathode)

glass tube

X-rays v
Figure 2.2. A typical X-ray tube.
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Production of X-rays

There are two key parameters to be considered when producing medical X-rays
from an X-ray tube. One of these is the peak potential difference between the
cathode and anode in the tube, and the other is the current between the two.

As the peak potential difference is measured in kV, it is usuallv referred to as kVp.
The current controls the number of X-rays produced and i - j» ally measured in m#
Higher current will increase image brightness ~nc pit '1.-/-(._;3 clearer image of thigl
abdomen, but will also increase the rn:‘i‘ Amisse and therefore will often be low
= & ~
The kVp setting influenrs -t~ _-r'f",;Aéthn of the electrons towards the anode ant
arrival at thg de. 1 . ! gher the kVp the higher the electron energy and, theref
Higher ener@ys are more penetrating of dense materials and can produce bé!
as they are a;.,-.:'to/penetrate the lungs and ribs, and for obese patients to ensure X
Lower kVp settings are often suitable for X-ray images of hands and feet to improv
more X-rays at lower energy, and for paediatric imaging to reduce the dose of radi

The exposure time, measured in seconds, determines how long X-rays are produc
of less than 0.1 seconds are used to reduce motion blur from breathing when prai
movement of young children. Longer exposure times are often necessary when th
for the lower X-ray production, e.g. when producing images of the hands and feet

When X-rays pass through matter, they interact with the particles in the matter
producing two main effects: attenuation and scattering.

Attenuation is a decrease in intensity of the X-rays which can be caused by

X-ray photons being absorbed or scattered.

Scattering, as the name suggests, is a rando~ he 19/' .«direction of the X-ray pht
due to interaction with electrons in *" <, i'a/-'- r chrough which it is passing.

Scattering contributes to A =« '::F_‘/j. ~ntensity because the number of X-ray pho
emerging f@ TRED thedirection expected is reduced.

Collimators _’______;EEI.'S can be used to improve the quality of the X-ray beam.

A collimator is a device used to restrict the size and shape of an X-ray beam.
A collimator is a series of lead shutters that can be adjusted to match the size
of the area being imaged.

This has the advantages of:

e  Reducing patient exposure: by limiting the X-ray beam to the area of interest
it minimises unnecessary radiation exposure to the patient.

* |Improving image quality: by reducing scatter radiation, it enhances image
contrast and clarity.

e  Protecting staff: helps to protect healthcare workers from unnecessary radial

An X-ray filter is a sheet of material, usually alumi- . f, . _‘fpef' or tin, placed in th
It is designed to absorb low-energy X—rav: ki + 5o, pute little to image formatiol
=2 r e / B =

Functions of a filter: L) Y A

*  Reducesggaier = v eby removing low-energy X-rays, it decreases the p

e Impro yuality: by increasing the energy of the X-ray beam it improy
and pei\gg#ion.

e  Protects the patient: reduces the skin dose, which is particularly important fc

1. Wirite an explanation in your own words of how x-ray in
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Improving X-ray images

Image contrast enhancement is a method to make /

diagnosis from an X-ray image easier. This is where Further your kni
software is programmed to exaggerate the difference Various types of artefal

between light and dark areas on the image. incorrect positioning:
»  Motion artefact:
Patient positioning is crucial in minimising artefact .~ ' during exposure.
on X-ray images. Incorrect positioning can leacitc 4 instruction,_ immg|
various image distortions, obscuring ~: = 01 T 4 SApORUIE tlme?- E
structures, and hindering acri: o+ £ dic 3 055, |mage.s, su;.)erlmp
DY s  Magnification ar
General po g ) N p‘feé are: il:;nggelrr:ingolf E
* The X-I(gge@m should be perpendicular to tarastacclasdl
the part being imaged to minimise distortion. «  Botationatata
*  The body part of interest should be parallel to of the body part ¥
the image receptor to avoid magnification. distorted shapes
* Use positioning aids, sandbags, or restraints Corrected by car¢
to prevent movement. e Overlapping st
e  Ensure patient comfort to reduce anxiety structures. Addre
and potential movement. \ patient positionifi

Some examples of positioning include:

*  Chest X-ray: erect posture, arms raised, chin extended to avoid obscuring lun
e Abdominal X-ray: supine position, knees flexed to reduce bowel gas.

e Limb X-ray: part aligned parallel to the image receptor, avoiding rotation.

Your turn ~ )%

Create a training poster fora mec” . 1. ""f_/'n:,-‘ra’cility outlining the steps to be taks
x-ray image quality 1) > S

-

Effective @

raalation dose

Effective dose is a measure of the overall risk of developing radiation-induced car
radiation, such as X-rays. It takes into account the different sensitivities of various

To calculate effective dose, two factors are considered:
1. Equivalent dose: this measures the biological effect of different types of radi
2. Tissue weighting factor: this reflects the sensitivity of different organs and ti|

By multiplying the equivalent dose by the tissue weighting factor 4 N COPYRIGHT
for each irradiated organ and summing these products, the Additic PROTECTED
effective dose is obtained. There arg
and a tabl
Effective dose (Sv) = Absorbed dose x Tissue wei ../ 1g & Stor :glrlj‘:::;e:
N 4 | - zzed.uk/t
Effective dose is measured in siav Lo | ' lor more commonly szed.ukll ;
in millisieverts (mSv). PEeY % 9
_, 09
Weighting factor E d ti
0.01 ucation
0.04
Testes 0.08
Lungs 0.12
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The effective dose from an X-ray examination varies

depending on the type of exam and the specific technique ( Additi
used. Generally, the effective dose from diagnostic X-rays Thereligl
is relatively low. ranges @
following

For example: zzed.uk
e Chest X-ray: 0.05-0.24 mSv : zzed.ukl
e Dental X-ray (depending on the type of dent- ¢ 'El\/:'. 5 ® zzed.ul
0.001-0.03 mSv = O zzed.uk

e Mammogram:0.1-0.6 mSv, ./~ . zzed.uk
e Abdominal X-ray: 0. 7% sy —

4
It is import%oté that these are average values and the
actual dose cC®rvary.

The current advice on maximum dose per person is 1 mSv per year averaged over
Healthcare professionals, however, have a limit of 20 mSv per year, averaged ove|

Safety considerations and professionals involved

Staff, called radiographers, protect themselves from X-rays
by going out of the room or by standing behind a lead
screen when an X-ray image is being taken. Staff also wear
film badges which are sent off for development at regular
intervals. If the film is seen to go too dark, then their
exposure is deemed to have been too high.

Patients can be protected by wearing protective crie s @ 7

;
prevent X-rays from penetrating sensitive ti. 1 a5 h-j are
not part of the diagnostic procedi=-. "qguvers are

usually in the form of aprar %) . ~cnain lead panels.

)e
Unde rstam@ecgm dose helps healthcare providers
and patient:\G@#*< informed decisions about the benefits
and risks of medical imaging procedures. By minimising

radiation exposure while maintaining diagnostic quality,the
principle of ‘as low as reasonably achievable’ (ALARA) is applied.

X-ray images are interpreted by doctors who specialise in radiology and are traing
nuclear medicine images, called radiologists. Orthopaedic surgeons analyse bone
dislocations, and dentists and oral surgeons will interpret dental X-rays to view wj
and jaw fractures.
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Advantages and disadvantages of X-ray imaging
The advantages and disadvantages of medical X-ray imaging can be summarised a

@ Advantages

Rapid and accessible: X-rays are quick to administer and the results ar¢
e  Relatively inexpensive: compared to other imaging techniques, X-rays |
*  Wide range of applications: X-rays can be use.” » liagnose a variety of
fractures, pneumonia, and dental icsu s.” { J b~

*  Non-invasive: X-rays do not roq. 1 . __ursefy or incisions.
e  Effective for diagne=r 2 ¢e t 1. <onditions: X-rays are excellent at visui
someorgan.

‘@ Disat@@jes‘" i
e R®Fation exposure: X-rays use ionising radiation, which can increase tl

repeated exposure,

e  X-ray imaging cannot provide detailed images of soft tissues such as th
and ligaments. A better alternative for imaging these areas would be I\
a suspected brain tumour or spinal cord injury would require an MRI r:

¢  Potential for false positives or negatives: X-ray images can sometimes |
to incorrect diagnoses.

¢ Not suitable for pregnant patients due to the level of exposure to radiz

¢ Allergic reactions: some contrast agents used in X-ray procedures can (

e  X-rays often fail to identify small tumours and cannot distinguish betw
cancers. For example, if a patient had unexplained weight loss and fati
would be more likely to identify early-stage cancer.

¢ Blood clots and vascular blockages also cannot be detected by X-ray. A
or pulmonary embolism would require a C™ =t - 5, “am to visualise blot

'

_________________________ Ll

Formative discussion ques*’ s s/ ‘_ A=
A patient has been suff~ ¢ .o *,usistent chest pain and shortness of breath for the p:
lai. « v ‘.ghtloss and blood in his stool. Lung cancer is suspected; the

/'9 10 locate the tumour, What would be the expected findings on the X

! Key points covered

. Structure and function of a CT scanner

. Radiopague media

. Effective radiation dose

. Safety considerations and professionals involved
D Advantages and disadvantages of CT scans

)\ dh’
A CT scan, or computed tomography scan, is 2 ne 415}. ~naging
technique that produces detailed cr= .\ '8¢ « ni.d images of the
body. Unlike X-rays, which r=- -~ ‘e - Yok, /D image, CT scans
create a 3D image by~ . ' Tngmultiple X-ray images taken
from differ @Sl le = -

tissues in cancer diagnosis, and for a patient with head trauma
to check the brain for bleeding and swelling.
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Structure and function of a CT scanner
Figure 2.5 shows the basic structure of a CT scanner.

Figure 2.5. The basic structure ofa CT scanner.

The gantry is a ring that slowly rotates around the part of the patient to be scann
opposite the multiple row detector as the gantry rotates. The multiple row detect
detectors as opposed to just one. This increases the imaging angle at each positio

To scan larger areas of the body, the table can either move through the gantry as
move along the table. ‘{
2

l/ =4
Although CT is a fast procedure, the environmant anc. =~ ise may be stressful for i
and children. Medical professionals shaiw  © ;Iea{simple instructions, sometin
through or practice run before *F «dc u . ,njoéedure in order to put the patient at
“A%A =2 =
=

A contrast medium is a substance used in medical imaging to improve the visibilit
internal structures. In the context of CT scans, it's typically an iodine-based liquid
injected into a vein, or a barium compound that is eaten and swallowed with foag

The contrast medium travels through the bloodstream and accumulates in specifi
through the digestive tract accumulating in various locations.

This accumulation increases the density of these areas, making them appear whit
contrast helps radiologists differentiate between different types of tissues and ide
clearly. At the end of the procedure the iodine is filtered by the kidneys and excre
patient has impaired renal function this can take longer. Barium compounds pass
and are excreted in faeces. o) |‘

{ -
I(.-J { F/ M
An angiogram is a specialised imaging test .. ' inv_.des injecting a contrast mediut
blood vessels such as arteries and - <. * 1 a1h a CT scan in order to detect blockag

An angiogram can be user" i » E_,é plood flow through the heart, brain, kidneys,

Why might a contrast medium be used?
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Effective radiation dose

The effective radiation dose from a CT scan can be greater than that of a plain X-1
the scan length and number of phases.

CT scan type Range of effective do:
Head 1-2
Chest A 5-7
Abdomenando h's |, 8-10
Cardi= 1\~ jum 5-15
uf A.',_s'fn_.jy'éhgiogram 4-7

Safety co@éﬁrafions and professionals involved

Radiographers are the people who operate CT scanners, and the safety procedure
those when taking plain X-ray images.

While CT scans with contrast media are generally safe, there are potential risks. [t
risks are relatively uncommon, and the benefits of the scan often outweigh them.
history of allergies or with kidney problems are at greater risk than other people.

The most common risks with contrast media are:

¢  Allergic reactions (hypersensitivity) to the media: this can range from mild itchir

s Kidney damage: contrast media can potentially harm the kidneys, especially i
kidney problems.

Less common risks are:

*  Thyroid problems: in rare cases, contrast media == Je t the thyroid gland.

e Other side effects: these can include naus2a ¢di i+ iz, headache, and a warr
g

a4 \\* 4
Advantages and dis~1 ) . &5 of CT scans
The advant@o . . < _ditages of CT scans can be summarised as follows.

Advar\a®=s

¢  Provides highly detailed cross-sectional images of the body.

* Relatively quick procedure compared to other imaging techniques.

e (Can be used to diagnose various conditions, including injuries, infectio|
e (Can quickly identify life-threatening conditions such as internal bleedir
¢ (Can be used to guide biopsies, surgeries, and other medical procedure

1@ Disadvantages
e (T scans expose patients to significant radiation and are not suitable for
as during pregnancy. Children and young adults should also avoid freque
with suspected appendicitis should be evaluated with an ultrasound bef
e [f a contrast medium is used, there’s a risk of allergic reactions or kidn¢
e Compared to MRI (topic area 1.1), CT scans nr - . ¢ less detailed image
* (Can be expensive and not all medical f <d Té/,. ave a CT scanner for th

*  Some patients may experienc -« ty, wdustrophobia or discomfort d
*  Because CT scans sho -ur. 1. .= /rather than functions such as blood fl
functioninca a2 «© _.<has epilepsy and dementia. A PET scan woull

ol st - .+ Jra patient with suspected Alzheimer’s disease.

Research some medical scenarios in which the speed of a CT scan would be imf
In each case, state what images would be produced from the scan, and what the
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CT and MRI are often combined in medical diagnosis because they provide complt
different tissues and structures.

CT scans will provide images of bones and dense structures. It is quick, widely
available and good at visualising bone, calcification and heavy bleeding, so it
would be chosen first in a trauma or stroke.

MRI scans will provide information about soft tiss’ 3 5u | as muscle, nerves,
ligaments, cartilage, marrow and tumou rol P lusiaan cases when soft-tissue inju
characterisation is needed after t- < 1 . ~Jcs not use ionising radiation, but cany
metal implants. & Sy >

However, t@ns an often be combined. For example, with a suspected sping
show bone 1\G@##7es, while an MRI will assess nerve or spinal cord damage. Using
more complete picture than either scan alone.

Formative discussion questions:
Along with the primary symptoms of chest pain and shortness of breath, patient A is alsg
blood in his stool. In order to investigate this the doctor ordered a CT scan of the bowel.

Explain why this diagnostic test is appropriate for the patient’s symptoms.

2.2.1 Radiopharmaceuticals

! Key points covered

— — —_/._
e  The gamma camera . Hadm iy satety in respect of radioactive tracei
e  Radioactive tracers ~ 'r 7\ yuntages and disadvantages of radioactive tra

e

Radiophan@icaxar‘é specialised drugs that
contain radi\G@#* e elements called radioisotopes.
These drugs are used in both diagnostic and
therapeutic applications in medicine.

Examples of radiopha
e Technetium-99m:
imaging various ol
heart, brain, boné&!
e  Fluorine-18: key ¢
radiopharmaceuti

Radiopharmaceuticals are designed to accumulate in
specific organs or tissues. The emitted radiation can
be detected by imaging equipment, providing valuable

information about the function and structure of these det.ect cant.:er anc!
This helos irdi ing di h e |odine-131: used |
organs. This helps in diagnosing diseases such as of thyroid conditic|

cancer, heart disease, and neurological disorders. \_

Radiopharmaceuticals are carefully regulated to ensure patient safety. The radiati
controlled, and the drugs are administered by trained me . .. professionals.

r 4

The gamma camera 7 g

Because gamma rays are cam, *i’d::: "mot/o ns and are not relatively large, chargl
they are detectad in = ¢ .+ A way.

3
c 11' designed to be able to produce an image from a gamma-emit
as technetium-99m. It is comprised of:
¢ A collimator, which focuses gamma rays onto the crystal.
s Scintillation crystals that convert gamma ray photons into photons of visible
e Photomultiplier tubes that convert light into electrical signals.
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[Photomultiplier tubel|

Shielding
Light guide

Alumin’. - Da _;_ingl
[Scintillation crystal| O~ A

sy (C: .).aatbrl
— 5

I'm
A compute ) Led to process the output from the Figure
photomultir\G#bes and produce an image.

|Optical grease|

Radioactive tracers

A radioactive tracer is a molecule that has a radionuclide incorporated into it.
The tracer is designed to be introduced into the body by injection, inhalation or
ingestion. The tracer enters certain organs or tissues and is detectable by the
radiation that it emits. Radionuclides used in medical imaging become non-radioa
and are eliminated from the body through natural biological processes; for examg
such as technetium-99 are excreted in urine. Patients are often advised to drink [
clearance of the radionuclide.

There are many different radioactive tracers available for medical use. The selecti

done by a nuclear medicine specialist. This is a critical decisi~ | that depends on sg

e The tracer should preferentially accumulate ir * =, | 4e1 organ or tissue. The
the body should be understood to avni ' i te Eﬂ_/‘c..{'e from other organs.

Different tracers are suitable #~. <\ h ,_eof imaging based on the nature of
The tracer's decay ch¥' 2 = {*_f/ssnould produce high-quality images.

The tre@; I* ' = - L rupriate for the intended use, whether diagnostic o1

also pi he irecessary information for the clinical question.

Age, wi\g@#®allergies and kidney function are all patient factors that influenc
and dosage.

Levels of physical activity, diet and smoking and substance abuse are some o
account when deciding on an appropriate tracer to use.

The tracer's half-life should be suitable for the study duration.

The tracer should deliver a minimal radiation dose to the patient. Although
half-lives, typical diagnostic imaging tracers result in effective doses of 1-10 |
a gamma emitter with a half-life of six hours, in comparison to iodine-123, al!
radionuclide, with a half-life of 13 hours.

Practical considerations such as availability and cost influence the choice of t

Recall questions 1. What would technetium-9¢ %2 “se | for in a scan of the

2. What might affec’ t e fnj/'ly Sf the image?
R s\
- g2 r e \ / -
A° A s

=

Health ar@;t,z irrespect of radioactive tracers and profession:

The use of rXgg#®tive tracers in medicine is a carefully regulated process with strl
place. In the UK, an organisation called ARSAC, which stands for the Administratic
Advisory Committee, gives advice on licence applications from organisations that
tracers on people.
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Healthcare professionals who handle radioactive materials undergo rigorous train
protocols to protect themselves from exposure. General safety measures associat
e  The amount of radioactive material used in medical procedures is incredibly !
¢  Most radioactive tracers are quickly eliminated from the body through urine
e Healthcare professionals use appropriate shielding to protect themselves ant
exposure. They must wear personal protective equipment including gloves, g
e Radioactive materials should be stored in lead contair. . hside locked metal ¢
¢ |Imaging rooms are well-ventilated to minimi < & "’b-/.l Je contamination.
e Radioactive waste is handled and di- =~ 01 «ctording to strict regulations.
*  Healthcare professionals reqy 3, \ /rmonitoring, and radiation film badges.
*  Hospitals must havs 4 & = .dce for handling accidents or spills.

Patients un@g pr‘oc;edures involving radioactive tracers are carefully monitor
detailed info%@#®tion about the procedure, including potential risks and benefits be
proceed, which is called informed consent. Special additional precautions are take
selecting a radioactive tracer with the shortest possible half-life and encouraging fi
order to clear the tracer from the body as quickly as possible. Post-procedure guidi
are given specific instructions on fluid intake, hygiene, and avoiding close contacty

Doctors specialising in nuclear medicine with an ARSAC licence are responsible fal
selection and dosage of radionuclide tracers for patients and for interpreting the (
radiopharmacist will ensure safe and accurate compounding of radioactive tracer:
working to ARSAC standards before administration and will monitor radioactive dj
nuclear medicine technologist or specialised radiographer will carry out the intray
staff will monitor the patient after administration.

The risk to the public from radioactive tracers used in meri.» procedures is extre
radiation emitted is minimal and rapidly decreaser » r ) _:fe. -
> i

-

1. Wk "re t € Tisks ¢ of using tracers such as technetium-¢

Advantai@z5d disadvantages of radioactive tracers
The advantage’é"and disadvantages of radioactive tracers can be summarised as f¢

@ Advantages

High sensitivity: they can detect extremely small amounts of substance
e Specificity: they can target specific organs or tissues.
* Non-invasive: most procedures involving radioactive tracers are non-in
¢  Functional information: they provide information about physiological |
anatomical structures.
s  Early detection: they can detect diseases in their early stages.
e Versatility: they can be used for various medical applications, from dia|

. Dlsadvantages

Radiation exposure: while the amount =%/ 1o A rbr. is minimal, there is
e  Cost: the equipment and radinnt « 1a o ,&u_a’ls can be expensive.
* Image quality: sometir- o 1 - f(,/ wuality can be affected by factors suc
physiological =97 , ';'.,J - ascardiac motion, breathing, blood flow and

Eg@in * 7 .otion.
. @a»aﬂability: not all facilities have access to nuclear medicine i
Al

reactions: some patients may experience allergic reactions to 1

1. What are the advantages of using this technique in tern
patient's experience?
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A radionuclide tracer and gamma camera provides functional information rather i
bone imaging; for example, a patient with a suspected brain tumour would need :
gamma camera scan to visualise the cancer.

Radionuclide imaging takes time for tracer uptake and cannot rapidly detect inter
or traumatic injuries. A car accident victim with suspected internal bleeding need
radionuclide scan. ;

Similarly to other diagnostic techniques' =7 nio.g ra/diation, radionuclide imaj
radiation-sensitive patients surh sC. i \..<ahd young adults, or those who are p

Formativ : ,,lss'ic‘m questions:
Because pauent A is suffering from chest pain and shortness of breath, a myocardial per
using technetium-99 and gamma camera imaging is ordered to identify heart disease.

What are the advantages and disadvantages of this technique for confirming the diagnos

2.2.2 Positron emission tomography (PET)

! Key points covered

. Fluorodeoxyglucose (FDG) . Safety precautions for PET sci
. Locating a tumour using CT and PET scans . Advantages and disadvantage
Positron emission tomography or PET is = ' A

medical imaging technique that p- 2 w2 =)~
three-dimensional image 57+ ) « =~ _arprocesses

in the body. Cagca\ = sure metabolic
activity, wh@kwmdicator of tissue function.
1\

Because PE #s measure function, they can
detect abnormalities earlier than structural
imaging techniques like CT or MRI.

A small amount of a radioactive substance (tracer)

is injected into the body. This tracer is designed to B
accumulate in specific organs or tissues based on

their metabolic activity. The radiotracer emits a

positron, which is the antiparticle of an electron. Figure

The positron collides with an electron, resulting in
the production of two gamma rays that travel in
opposite directions. The PET scanner detects | il isricalmass o dl
these gamma rays and uses their direction to = (] \-“ir;iu-[ a positive charge
determine their origin. A computer reconstrc s =
three-dimensional image based or el Ea) nof

the gamma ray pairs. iy ®

7

'antiparticle ~ counterpartto a
same mass but opposite charg

#yicose (FDG)

Fluorodeoxygfﬁéose (FDG) is the most commonly used radioactive tracer in PET &
analogue of glucose, meaning it is a molecule very similar to glucose in terms of t}
radiolabelled with fluorine-18 to make it radioactive. Glucose is the body's preferi
means it is taken up in large quantities by cells that are active.
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FDG is injected into the bloodstream. Cells with high metabolic activity, such as ca
glucose for respiration. Since FDG is similar to glucose, it’s also taken up by these
cannot be fully metabolised, so it accumulates in cells with high glucose uptake. T
radiation emitted by FDG, allowing medical professionals to visualise areas of high

FDG will usually be administered by a nuclear medicine physician.

Locating a tumour using CT and PET . zza¢, -~

PET scans can be often combined ;. .« 1 ° {f__,ans'[PET/CT) to provide both function
For example, the precise '3 - ;. ~v ~Za tumour requires the PET/CT combination. |
structural imze@R 01 © .~ wnd tissues, allowing a tumour to be located. A PET s¢
will visualis®~r ceflls as bright spots showing physiological information. These
the location \@#® 1ature of the tumour, improving diagnosis and treatment planni

Safety precautions for PET scans
PET scans are usually carried out by radiologists who also interpret the images.

Generally, the amount of radiation used in a PET scan is relatively low, and the pit
most people. However, as PET scans involve the use of a radioactive tracer, there
to follow.

¢  Minimal radiation dose: the quantity of radioactive tracer used in a PET scan
¢  Rapid elimination: the radioactive tracer is quickly eliminated from the body
e Shielding: healthcare professionals use appropriate shielding to protect therr
radiation exposure.

Post-procedure guidelines: patients are given specifi~* - ructions on fluid in
are advised to drink plenty of water to elimir ..z th Facer and to avoid clost
anyone who is pregnant for the first “>v * Hu. _fterwards.

ons WP\ A
Reca“ ques QNS_ ST gf - potential hazards of a PET scan on a patient wit|
@ ..~ Tow-grade temporal lobe tumour.

"

Advantages and disadvantages of PET scans
The advantages and disadvantages of PET scans can be summarised as follows.

Advantages

¢ High sensitivity: PET scans can detect abnormalities in the early stages

¢  Functional information: provides information about how organs and ti
their structure.

¢  Wide range of applications: used for various diseases, including cancer
neurological disorders.

*  Accuracy: offers precise localisation of abnorma! +"jsue.

= /
J

1@ Disadvantages g
¢  Cost: PET scans are ofto- a a ' xsensive than other imaging techniqu
*  Radiation exprs . = ity che amount of radiation is relatively low, pa

Ere

: i]IL,‘.—'nbfgll healthcare facilities have access to PET scanners.

. ""i"‘ specialised equipment and personnel: PET scans require speg
trained technicians.

e Less detailed anatomical information: compared to CT or MRI scans, Pl

anatomical information.
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PET scans focus on function, not anatomical structure, meaning they are
not ideal for detecting fractures, organ structure changes, or soft tissue

injuries; for example, a patient with a suspected spinal fracture or bone

abnormality needs a CT scan or an MRI scan rather than a PET scan.

PET scans take time for tracer uptake, making them too slow for
emergencies and unable to detect acute bleeding or frac*. '« | A patient
involved in a car accident would require a CT scar ««l ‘e' L Yana PET scan to

identify the extent of their injuries quick’ . , =
Patients are required te. ',fi._-_f‘f_‘-_. 20-60 minutes for the scan to complete
which may icL |, ¢ watients with mobility impairments and children.

samyionals may need to use hoists or sliding sheets to assist

i‘du =

Healthcare

the patient o #% the sca nning bed and may use cushions or supports to
reduce pain and stiffness. Using clear, simple explanations helps to reassure
patients and sometimes even playing music during the scan helps to
distract patients and reduce anxiety.

P 4

An MRI brain scan with con* — h2*t acB has revealed a benign, low-grade temporal |

f

. Formative discussion questiop=- -
1

| J =

: There arenoggns ~f = ¢ ‘01 rrietastasis on the MRI scan. Why might a doctor also a1

Apply your knowledge
Create an overview table of all of the diagnostic techniques you have studied wit
and disadvantages. Consider the following headings, as well as any others you \

Za;tf.eetn;t cl:)aI::::t Speed | Versatility | Cost | Availability
COPYRIGHT

Diagnostic PROTECTED

technique
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Topic Area 3: Application of ionising
therapy techniques

Principle of ionising therapy :

lonising therapy, also known as radiation therapy 21" :H/) .lilerapy, uses ionising ré
medical conditions, primarily cancer. It v o~ ¢ aariiaging the DNA of cancer cell
undergoing cell division and evar wai 1 <.uing to their death.

J >

S\ E.vefing radiotherapy are external radiotherapy and inter
B py uses a machine outside the body to direct radiation beams
radiotherapynvolves placing radioactive materials inside the body, either as impl

The use of all forms of ionising radiation therapy must be carefully considered, an
pregnant usually require strict pregnancy screening due to the radiation risk to a ¢
levels will also impact on radiosensitivity therefore communication by healthcare
respectful of gender identity but should be clear the biological sex is important fa

N Type o Penetration Advantages
ionising therapy
Xk Moderate to desp Wld‘ely available, precise
dosing
Gamma ray Deep Hio._b -t dretion
Ultraviolet Verv & flow o Ideal for surface treatment
y 6 W =
Proton be@ | Precise depth Highly tar.gete.d, Spares
") surrounding tissue
Radichiilide Va rfa‘t)ie (depends on | Can target specific tissues
radioisotope used) and organs
Brachythisrapy iscalised !—Iigh dose to tumou‘r, ml.nlmal
impact on surrounding tissue
d . ./
A
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3.1 Treatment with external source

! Key points covered

e X-ray radiotherapy . Proton beam therapy
e Gamma Knife radiosurgery *  Safetv -rocedures
*  Ultraviolet skin treatment PN A
» o =4
There are four external ways of u:‘ﬁ;;r 9 irJ cherapy: X-rays, gamma rays, short-w
and proton beams. ")\ A" Al
] -

)=

X-ray radiothierapy is a precise and effective
type of cancer treatment that uses high-energy
X-rays to kill cancer cells or slow their growth.
X-rays are directed at the tumour. Modern
radiotherapy techniques allow for precise
targeting of the tumour, minimising damage to
surrounding healthy cells.

Figure 3.1. Photograph ofa

X-ray radiotherapy can be used in various stages of cancer in different ways:
*  To completely eliminate the cancer.

e Toincrease the chances of a cure after surgery.

To shrink a tumour before surgery. g &2

¢ To relieve symptoms and improve quality of ffé)' ' drr'a cure is not possible.
> g

While radiotherapy is gener-"l — "r'e;'-\ ;uefféctive, it can cause side effects, sucha
e  Fatigue 4\ ¢

e Hairloss (in the treated area)
These side effects are usually temporary and can be managed with appropriate ¢z

X-ray radiotherapy is usually administered by a therapeutic radiographer. Other i1

be involved with delivering the therapy are:

e  Radiation oncologist: this is the doctor who prescribes the radiation dose, plz
the patient throughout the therapy.

e  Medical physicist: ensures the equipment is safe and accurate, performs the
the treatment plans.

®  Dosimetrist: works with the oncologist and the physicist to create the treatm
radiation is delivered =) %

-
J -

F & N9
//
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Gamma Knife radiosurgery

Stereotactic Gamma Knife radiosurgery is a highly
specialised form of radiation therapy that uses focused
beams of gamma rays to treat tumours and other
abnormalities. Unlike most X-ray radiotherapy, which delivers
radiation in multiple sessions, gamma radiotherapy delivers a
concentrated dose of radiation in a single treatment. A

J

' / / -~
Gamma radiosurgery uses precise tar7 ! ng | o .nma rays
are focused on a specific area =i 4 ex ;.,m{aEcuracy,
minimising damage t= <. 1 1_1’1\;f1g" ealthy tissue.
Gamma ra\@ S h :.,e,fe’ﬁérgy region of the
electromagiPheg@bectrum than X-rays.

-

; 'fl
Figure 3.2. [ \ /
Gal ]1

Gamma radiosurgery is primarily used to treat tumours in the

brain and spinal cord, but it can also be used for other parts of the body.
It's often preferred for: -
e Small tumours _
e Tumours in difficult-to-reach locations _

s  Tumours that are inoperable or where surgery carries significant risks ;

@ Advantages )
N

* Targets the tumour with exceptional accuracy, sparing healthy tissue. f
¢ Noincisions are required, reducing the risk of infection and complicatil '
o  Often completed in a single session.

e Patients typically experience minimal side effect: ' 'hd can resume nors O
oy 5 ;
4 el ! A =
7)) Side effects 4 ;
(G) my
P
-

While gamma radiosurgery =~ < \ llv 1.s fewer side effects than traditional
= r

. v,
may experience: =y~
=

*  Hesaach:

. SwéHing at the treatment site

These side effects are usually mild and temporary but because the full effect can i
may experience side effects during this latency period, which varies depending on
condition treated.

Just like with X-rays, therapeutic radiographers operate the gamma therapy mach
and radiation oncologists will prescribe and oversee the treatment.

COPYRIGHT
PROTECTED
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Ultraviolet skin treatment

Ultraviolet (UV) skin treatment, sometimes called phototherapy, makes use of lon
high frequency, ultraviolet rays. While the lower frequency end of the UV spectru
frequency part is ionising. UV therapy is normally administered by a dermatologis

UV radiation affects the skin in several ways:
*  Reduces inflammation so helps calm and soothe °,. . “_ac skin. '
e  Slows skin cell growth so controls condi*iv ns fu;,-. _4 psoriasis where skin cell

*  Helps regulate the immune recs .« .fi-/x Jived in some skin conditions.
r -

UV can be usedgn t o« 4 LI-.")‘_ '_ajcoﬁdiaonsz

e  Psoria! 'm_.on skin condition causing red, scaly patches.

. Eczemﬁ%ﬁid]tion characterised by itchy, dry and inflamed skin.

*  Vitiligo: a skin condition that causes patches of skin to lose their colour.

e  Mycosis fungoides: a type of lymphoma affecting the skin.
e Jaundice in newborns: can help break down bilirubin (made from old red blat

However, the side effects from UV treatments are:

e Increased risk of skin cancer: long-term and excessive UV exposure can increi
¢ UVlight can dry out the skin.

e Common side effects are usually mild and can include temporary burning or |
. Protective eyewear must be worn during treatment to prevent eye damage.

Create a patient information sheet on UV skin trea’ . it . tabite for a patient with

=

v & ,-‘J s - ) .
Proton b he opy b
Proton bear\gg@#apy is a type of radiation therapy |

that uses high-energy protons, rather than X-rays or
gamma rays, to treat cancer. It's a highly precise
treatment that can target tumours with minimal
damage to surrounding healthy tissue. Radiation
oncologists (cancer specialists) usually administer
proton beam therapy.

Protons are directed at the tumour where they

release most of their energy, destroying cancer cells.

Unlike X-rays or gamma rays, which release energy
gradually as they pass through tissue, protons deliver a
concentrated dose of radiation directly to the tumour "

COPYRIGHT
PROTECTED

. J ~ Figure

and can be targeted very precisely. { gy " Orsay pi
. :
_ . 1\ .

Proton beam therapy is ofte~ —~ df9: - |9
e Tumours paar c¢ ¢ 4, / J/rl.-'dS2 such as the brain, spinal cord, heart and lungs.
s (a nce.@d.;n:'t«rhere preserving healthy tissue is crucial for long-term ¢ 09
*  Recurre\g@#®ours: where previous radiation treatments have damaged surr EdUCOtiOﬂ
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Advantages of proton beam therapy include:
e High precision: targets the tumour with exceptional accuracy, minimisi
¢ Reduced side effects: lower risk of damage to nearby organs and tissu¢
s Effective for certain cancers: particularly beneficial

for tumours located near vital organs.

‘@ While proton beam therapy generally —m

has fewer side effects than traditional “&__(her 'your knowledge
radiotherapy with X-rays or ga~r4 | | The UK government establish|
rays, some patients m>, —~ ’Je';J _J.Le:'/ beam therapy service in 2009
© Fatige ye > only two centres in the UK whi
* | tajyore - Prior to this, patients needing |
e v

e Hair loss (in the treated area)
These side effects are usually mild and temporary.

Proton beam therapy is a specialised treatment that requires advanced technolog
treatments, needs experienced healthcare professionals such as therapeutic radic
It's not always widely available compared to traditional radiotherapy.

ReC‘d“ quesf‘ons 1. Describe proton beam therapy in your own words.

Safety procedures

The principle of ALARA (as low as reasonably achie:3' «c fo _owed in all aspects
therapeutically in order to protect patients i~ st F, =7

-
- -

-
- - -
N

Precise trr, 0t 1 1. g to avoid exposing healthy | Treatment rooms lined
tissue to r! P, including a pregnancy check prevent radiation from

Immobilisation devices to keep the patient in exactly | Therapeutic radiograph

the same position for each treatment session remotely from a shieldt
Lead blocks and collimators are sometimes used Staff wear dosimeters t
for shielding exposure over time

Staff watch and talk to the patient during treatment Regular calibration of &
to monitor well-being delivery is accurate and

In vivo dosimetry (real-time measurement of the

S - . Controlled area signage
radiation dose inside the patient) gnag

i Formative discussion questions: == (BN
+ Patient B has been diagnosed with a be=*, 7w _-aae temporal lobe tumour.
: Why might proton beam theran: e 5 ~J."_Je~fo'f this tumour?

L i T L i i L S i s S e
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3.2 Treatment with internal source

! Key points covered

. Internal radionuclide therapy . Safety procedures
. Brachytherapy

y

-
—

The source of ionising radiation that is usz+ ar_-~/a tumour can be external as
However, ionising sources can als - '« + ™ Zted inside the body. The choice betwi

tissues \@®OUL invasive procedures.

®  (Cancer type: tumours of the head, neck, brain and lung usually require exteri
of the complex anatomy involved, whereas tumours of the thyroid are treate
internal source.

e  Tumour size and spread: large, diffuse tumours require external source radio
cover a wider area. Small, localised tumours can be better treated with inter
precise, high dose to a small area.

e  Patient factors such as suitability for surgery, variability in suitability for impl;
radiation exposure and general health.

e Equipment and expertise: some facilities may lack the capacity to deliver spe
proton therapy.

Internal radionuclide therapy

Internal radionuclide therapy is a type of cancer t==z m -1_.’tl at involves systemit
substances directly into the body. This tar~e ~ ' a, ~pach allows for a high dose o
cancer cells while minimising dam -5 1) ':'f__/u Ay tissues. It's often referred to as i
radiotherapy. It is norma'®; - ) " ‘~aved by a radiation oncologist.

J

There are t 1a.-g"m'éthod5 of delivering radionuclides:
¢ Oral or @ Venous administration:
o Radioactive substances are given as a drink or an injection.
o  They travel through the bloodstream and accumulate in specific organs |
are located.
o Commonly used for treating thyroid cancer, certain bone cancers, and n
e Targeted therapy:
o Radioactive substances are attached to molecules that bind to specific i
o This targeted delivery increases the concentration of radiation in cancer
o Used for treating specific types of cancer, such as prostate cancer and ¢

Advantages of internal radionuclide therapy are:

e  High precision: delivers radiation directly to canc= (cells.

*  Minimal damage to healthy tissues: redi'c s ' "< e fects compared to ¢
s  Effective for various cancer types ¢ n :9/',..._-{1 for both localised and w
e  Potential for Iong-term}_";_ PR s provide sustained cancer cell killin

Yy D e
Internal radiongclid> % i) _j/is-crsed to treat a range of cancers, including:

. Prostate cancer
e Certain lymphomas
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Typically, internal radionuclide therapy is used to treat cancers that are localised :
to implant the source. The treatment is also usually restricted to tumours that ha\
sensitive to radiotherapy.

() side effects
Side effects vary depending on the type of radionuclide used and the specif
They may include:

¢ Nausea N o\ 4
e Vomiting oY A
o  Fatigue " =

e Bone marrow supc-zcaon . L

e Mouthsore: 7+ ~J

e @L i E J
Internal radi#®tlide therapy should not be used in pregnancy or if the patient ha
because this reduces the patient’s ability to clear the radionuclide and could resul

Brachytherapy

Brachytherapy involves placing a sealed radioactive source directly within or very
internal radionuclide therapy which is an unsealed, systemically administered sou
and is physically confined. Radioactive seeds, wires or capsules are surgically imp
tumour. These sources emit radiation, destroying cancer cells. The duration of tre
cancer and the radioactive material used.

Low-dose rate (LDR) Radioactive sources remain in place for several days, d¢

High-dose rate (HDR) | Radioactive sources are inserted for a short period, deli

Permanent implants Radioactive seeds are permanent" placed within the tu

-

Brachytherapy is effective in treating vari-". = nc. including:

*  Prostate, breast and cervical -« "' % suuse these cancers tend to be small,
accessible. The radiz*iy 23 - > _ups sharply just a few millimetres from the s
tissues azzmass © - ac il

¢ Head! k «ancers because the radiation ‘exit dose’ through healthy tiss
risk of I\Gg@#2rm complications.

e Tumours where high dose radiation is needed for effective treatment like pr¢
higher doses to be delivered to the tumour than could be achieved by extern
sparing the bladder and rectum.

Advantages of brachytherapy are:

e  High precision: delivers radiation directly to the tumour.

¢  Minimal damage to healthy tissue: reduces side effects compared to &
e Effective for various cancer stages: can be used for early and advanced
s  Potential for long-term control: can provide sustained cancer cell killin

|@ Side effects vary depending on the treated area and the type of brachyther
effects include:

s Fatigue '\ T
e  Skinirritation .Y A
* Bladder or bowel problems . ~ 3 ”

e Nausea and vomiti~ »~

e Painatthety t & “sié

T

M uld not be used in pregnancy or if the patient has a severe blee
the implantation surgery. It should also not be used if the tum

Describe Brachytherapy in a way that would be suitable

Why is Brachytherapy not suitable for deep tumours.
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Safety procedures for treatment with internal source

People undergoing internal radionuclide therapy may need to take special precau

radiation exposure because the radiation is inside the patient’s body. This may in\

e Limiting contact with others for a specific period: patients may be treated in
limited or allowed for short durations only.

e  Patient education: patients are informed of how long they are going to be rai
be around others, particularly close contact with thc , Noare pregnant or |

Alongside this, the principle of ALARA wi'l«  2g -Jpro/tect staff administering t
could include: minimising time <r s« B\ =.duioactive patients during treatment; |
barriers where possible: & . @« wersonal dosimeter; and adhering to strict proi

and disposi@o .y j.d materials.

The cost ana wa‘TIébithy of treatment with internal radionuclides varies according
provider. Brachytherapy involves fewer sessions and less equipment time than tre
however, the need for anaesthesia, surgery and hospital admission increases the |
Often, these procedures are carried out in specialised cancer centres.

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =

Formative discussion questions:
Patient B has been diagnosed with a benign, low-grade temporal lobe tumour.

Explain why treatment with brachytherapy is not suitable for this scenario. What ¢
preferable to brachytherapy for this tumour?

o

Note: If you have already covered proton beam therapy on page 33 you do not i

_________________________________ N W B e e
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Topic Area 4: Application of non-ioni
therapy techniques

4.1 Lasers J
. , y=
! Key points covered P )
. Properties of [-sv1 ™ 7 @ = . Safety considerations
o las ipiis

Properties of laser light

Laser light differs from light produced from a light bulb in three main ways:

e Laser light is all of the same wavelength, so appears as a single colour,
which is called monochromatic.

e Laser light is directional, so it emerges as a narrow, parallel, collimated
beam rather than spreading out in all directions.

e Laser light is coherent, which means that all the light waves in the beam
are in unison with each other.

These properties make lasers useful in medicine because the light energy can be
concentrated in one spot and allows for precise, minimally invasive procedures ar

The wavelength of a laser determines its interaction v*h - ¢ r tissues. Different v
different molecules, leading to differences in s fpt, = /scattering and penetrati

*  Absorption: different tiss ‘anc 1 oicules absorb light at specific
wavelengths. Fn-e 1 *"\"re,_:.'.datér absorbs infrared light, while
haemc (ris Lgment in red blood cells) absorbs green light.

e  Scatter o way light interacts with tissue also depends on
waveleng’fhﬂ. Shorter wavelengths scatter more, while longer
wavelengths penetrate deeper.

¢  Penetration depth: the depth to which a laser can penetrate tissue is
influenced by wavelength. Shorter wavelengths are absorbed closer to
the surface, while longer wavelengths can penetrate deeper.

For lasers to be used effectively and safely, clinicians need to understand how ligk
Too little absorption by the tissues would result in no effect, while too much abso
and tissue damage. Choosing the right penetration is key when treating either sur
joints that require more penetrating lasers. Laser systems are designed to minimi
remains tight and controlled.

Laser therapies ; J

There are two primary categories -1 't + erapy:

1. High-intensity laser*'x - ), 'Qr'_,, % high-powered lasers that deliver a strong b
tissues R s T or cauterise tissue (sealing to prevent bleeding). Vap

Ahewater in the cells to steam, causing the cells to break apart.
surgery, ®®moval of tumours, and treatment of skin conditions.

2. Low-level laser therapy (LLLT) or cold laser therapy employs low-power lasel
to stimulate healing and reduce pain. It is often used for pain management, v
inflammation reduction.

=1
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The specific mechanism of action of the laser on tissues depends on the type of la
application. However, some general principles include:

e Thermal effects: high-intensity lasers can produce heat, which can cut, vapor
e  Photochemical effects: certain lasers can induce chemical changes in tissue, |
e Biostimulation: low-level lasers stimulate cellular activity, promoting healing

Common applications of laser therapy include:

7 =
Surgery: o !

Cutting and cauterisir-_t ssU¢ v iurprecision

* Removing tiv L~ 1L _wbnrormal growths

g ¢ Late procedures such as eye surgery

Using las\es e/rapy in surgery reduces the risk of infection and promotes faste
L expensive equipment with specialised training and there is a risk of tissue dam
7

Dermatology:

e  Removing hair, tattoos, and skin lesions

®*  Treating acne, wrinkles, and skin rejuvenation

*  Managing psoriasis and vitiligo

Dermatological laser treatment targets skin layers precisely and promotes growt|
L component of skin. There is, however, risk of hyperpigmentation and treatment |
rr -

Dentistry: _

* Removing tooth decay, soft tissue, and gu- s 5¢ i e

e Whitening teeth - o=

Laser therapy in dentistrv i- » teh = s painful than surgical options because it

bleeding and swel'ii 1 4 <1 _recan be limited access to these expensive tool:
e SRS A

Pain management:

e  Relieving muscle and joint pain
e Accelerating wound healing

® Treating chronic pain conditions

Although effective at promoting healing and reducing inflammation, there is i
LLLT for pain management.

Orthopaedics: COPYRIGHT
e  Treating sports injuries and arthritis PROTECTED
®  Accelerating bone healing

Apply your knowled~< -~ * §O=" iq
Create apzsant 'y~ v 3 forone of the applications of lasers you have covered
1L adnent proposed would be suitable. 09

Education

Laser therapy should not be used if cancer is suspected because lasers stimulate ¢
make tumours worse. It should also not be used if the patient has photosensitivity
medication, because this could increase the risk of burns, rashes or adverse react|
cause damage to the retina and uncontrolled coagulation disorders.
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Lasers are versatile medical tools and are used generally for surgical cutting, vapo
stimulating healing and remodelling. The table shows some examples of differeril
medical applications.

laser type wavelength / nm applicat

Sealing leaky blood vessels in the ey

argon 488, 514 . _ .
g and removi.. . gmented lesions
. rut mg - cauterising soft tissue, ¢
carbon dioxide 10600 ; :/ - €
7 4\ rinkles and acne scars) and mole
' TE 1 _../- - i
: Pl »2 9 Cavity preparation without drills, ski
erbium-YAG A4 >4 vy prep

wrinkles) and removing pigmented |

Treatment of glaucoma, hair and tai
acne scarring, prostate tissue remay

neodym&&/3 e 1064

The medical professional using the laser in a particular application will be a specia
laser eye surgery will be carried out by an ophthalmologist and removal of tooth ¢

Safety considerations

Light from a laser is never ionising because the photon energies in the laser light &
from the electromagnetic spectrum that photon energy is proportional to frequer
to wavelength. Even the shortest wavelength laser produces photons with energit
ionise atoms.

However, there are safety considerations that should be

made with both high- and low-intensity laser therapy NI s vt |
because potential risks include: o5 Y SO THie Al
e Eye damage if proper protective measure~a sn.* /-
taken with all laser use. Eye prot2-t o1+, la oe LASER RADS
matched to wavelength .~ " AVOID DIRECTIE

e Skin burns orirrita’i 4, v . utough LLLT doesn’t Sz Outpuy
generg t, 1 ) iiged use on one spot can still Class l1Ib Las

. r:fl;iilou --r’é"r/er; ?gsdulr:;lrid ?rl;rnrlsékin burns Hprad il AQ
S g : (ANSI) laser warii

e  There are mandatory ‘laser controlled area’ rules,
which include a warning light and interlocked doors.

Plume evacuation refers to the process of removing surgical smoke or laser-gener
(known as plume) from the room using specialised suction and filtration systems.
patients and staff and is removed using high-efficiency suction and activated carb

Overall, laser therapy is a highly precise, minimally invasive procedure that result:
less pain and swelling. The disadvantages are, however, that the procedure is ofte
availability and is not suitable for all patients or may require multiple sessions.

1. Make a list of the adva «at 2s ) e disadvantages of lase

s P r e J
i T 4 S ' -/.-.;_‘ __________________________
Formati ULy . destions:
Patient E /en‘diagnosed with a benign, low-grade temporal lobe tumour.

What are th’é"édvantages and disadvantages of using laser therapy to treat the tu
you recommend it?

T e Em N R Em Em R R RN RN Em RN N RN R M R Em R R Em M Em RN RN N A Mm R Em R A RN M Em A R N Em mm Ew Em e
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4.2 Photodynamic therapy (PDT)

! Key points covered

. Properties of laser light . Safety considerations
. Laser therapies

A

Photodynamic therapy (PDT) is a relative’: « »n. ~éqical treatment developmet
photosensitising drug to destrov —Z.r 1 1.~ Jedls. It is frequently used to treat canc

certain skin conditions ar .} - « -cf'_‘ 565s.

Photodynm@fap\fié'ma naged by a multidisciplinary team with specific respo

purpose of t\ @ eatment.

¢ A dermatologist or specialist medical doctor will select the photosensitising @
choose the light source and exposure time.

e A specialist nurse will prepare the patient and apply the photosensitising age
comfortable and safe throughout the light activation.

® An oncologist or a surgeon may insert fibre-optic probes into internal tumou|

¢ A medical physicist will ensure the correct light dose and maintain and calibrj
ensure the correct dosage.

The principle of PDT operation is:

1. A special drug, called a photosensitiser, is introduced into the body. This dru
cells. These drugs are classed as phototoxic bec~. + they become toxic wl

4

—_— = A
S
4 { - g
y il o

= = N

2. Lightactivy™  _ ‘.'}’eu'._.'n: fﬁ)é of light (usually laser light) is directed at the 2

3. Cell destruction: when the photosensitiser is exposed to light from the laser,
called a radical that starts chemical reactions that produce compounds callé«
cytotoxic, which means that they can kill the cells.

Uses of photodynamic therapy include:

e  (Cancertreatment: PDT is used for various types of cancer, including
skin, lung, bladder and oesophageal cancer. Cancer cells often retain
photosensitisers longer than normal cells, and light can be applied only to
the tumour to reduce side effects.

*  Skin conditions: it can target abnormal cells in ac’r:"*i. - & 1itosis, a precancerd
skin condition, and other types of abnorneal i "r Avths. It can also helpin ¢
management by killing bacteria 2=¢ rc 1 « 2g u1f)gland activity.

e Eye diseases: PDT is userd *» rea e ,;c—-r’el'éted macular degeneration (AMD),
acommon cause c’ € N _as in older adults by closing off abnormal blood

re: _],_.-wrtﬁout damaging surrounding retinal tissue.

?_-:5\1"-:" Yy
Photodynamic therapy should not be used on patients who have photosensitivity

they may suffer severe reactions to light activation. Patients with severe liver and
not be prescribed photodynamic therapy because these organs metabolise and cl
impaired function could result in toxicity. Additionally, immunosuppressed patier
response and so an increased risk of infection and should therefore avoid this the
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@ Advantages of photodynamic therapy
Minimally invasive: unlike surgery, PDT often requires only local anaes
e  Precise: the light can be focused on the target area, minimising damag
¢  Potential for long-term effects: in some cases, PDT can stimulate the i1
remaining cancer cells.

@ Dlsadvantages of photodynamic therapy ;
PDT is only effective where light can rr at sr )\ 2ep or large tumours ¢

can’t penetrate the tissues. 7

¢ Advanced cancersth2 nia = ..udastamsed may also be hard to treat wi
neededto g 1 « *Hc reactive species, solid tumours with a poor ox
p d . otreatment.

LI ys treatment can be more complex because the therapy require

prigtosensitising agent, waiting for a specific time followed by light tre.

Side effects of PDT in comparison to ionising therapies can include:

e  Skin sensitivity to light lasting for several weeks after treatment which can ca
(like bad sunburn) and eye discomfort in bright light

e  Fatigue

* Nausea caused by the photosensitising drug

e  Skin redness and tenderness or swelling in the treated area

Apply your knowledge
Create a risk assessment for the use of photodynamic therapy in the treatment of

4.3 Artificial cardiac devices _ -« " oL

! Key points coyd

»
. Th e@*er 2
e ———————————— .-‘/

In this section we will describe the structure and operation
of artificial devices that can be implanted to treat various

e Theimplantable cardioverter

heart conditions — artificial cardiac devices. Further you
In the study of
The pacemaker various termg

organs or orgd
usually derivet
Greek, sodo 1
English words
the term cardi:
Greek kardiak

A pacemaker can be required when a person’s heart beats
too slowly (bradycardia), too fast (tachycardia) or can stop
periodically causing the person to experience dizziness or
loss of consciousness. These conditions can be diagnosed
by an ECG, which we described earlier in this unit.

g :
A pacemaker is a small, battery-powered med’ :al fesiud ° heart’ . Other &
: : : = kidneys and ¢!
implanted in the chest to regulate H" ar Lo \ y
A

It consists of two main com*"\ = ‘cs

7

el 3.0r. fhis is the main body of the pacemaker, 4-5 cm in widt
thick aICEE _/sometimes be seen beneath the skin of someone who has one
computer chlp, and electronic circuitry. The computer chip controls the pace
pacing rate, mode, and output.

2. Leads. These are thin, insulated wires that carry electrical impulses from the
One end of the lead is attached to the pulse generator, and the other end has
the cardiac muscle. Most pacemakers have one or two leads, depending on tk
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| | o Leads
. (inside the subclavian vein)

e
f - -
A'd
Al ~ OIS Ge!
@ 32 'q? ! (betws
q pecto|
4
i "RA Lead

(dual-chamber'devices also have this lead)

\

s TS

Coronary sinus Lead
(only biventricular devices have this third lead
|

RV Lead
(almost all devices have this lead)

Figure 4.3. llustration of implanted cardiac pacemaker showing locations of cardi

Further your knowledge ~(o\ 1

There are different types of pacemake™ "~ e. "',fpue.“

e  Single-chamber pacemak ..~ % s one lead connected to either the righl
ventricle. Itis uce ». ", .1 heart thythm problems.

e Du nb \ u.uemaker; With two leads, this type connects to both the ri¢
verieis) helps coordinate the pumping action of the heart more effectivél

e Biventricular pacemaker: This uses three leads, with two in the ventricles a
It is specifically used for heart failure patients to synchronise the heart’s cor

(.

The pacemaker essentially takes over the role of the sino-atrial node (SAN), the fu
earlier in this unit. A typical pulse amplitude is 2-5 V, although this varies by devic
0.4-1.0 milliseconds.

Modern pacemakers can sense the heart’s activity, either from the atria or from t
respond to correct any abnormal rhythm. Modern pacemakers use sensing and di
when needed, making pacing more efficient and responsive to the patient’s natur

mode continuously monitors the heart’s electrical activit . . /if it detects a natur
- - ;
pulse will be delivered. In the demand mode the ' o mRor only delivers a pulse
its own within the set time. > 7
T T / P =

Some more modern pac?a . “av<no leads and are much smaller so can be impla

There are s@cuh‘iétances when a pacemaker should not be used, e.g. if the
or a mechani®ar tricuspid valve which could be damaged by placing a pacemaker |
may also be hypersensitive to the components in a pacemaker such as titanium ol
needed. Pacemakers are also sensitive to electromagnetic interference. Most dey
machines, and anti-theft gates, can generate interference that may interfere with
leading to inappropriate pacing inhibition, asynchronous pacing, or even device re
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The implantable cardioverter defibrillator (ICD)

If someone has a history of sudden cardiac arrest, certain inherited heart conditio
they may require an implantable cardioverter defibrillator (ICD) to be fitted.

The ICD is an implanted device that continually monitors the heart’s activity and d

the cardiac muscle to correct potentially fatal changes in activity such as rapid or |

stops altogether. 2%
o i

S ®

The electric shock delivered from the !7' ft:j ) pa]‘ﬁfu! to the person but is life-5
™ of :

-

The structure of the |71, ’".—ﬁi.:r ttfichat of a pacemaker in that it has a body coni
pulse gene @3 '\ 21 ieads between the body and the heart. However, the bt
somewhere en the size of a credit card and a smartphone. It needs to be la|
component ca eda capacitor which stores charge from the battery.

A capacitor can be completely discharged much faster than a battery so can delive
to the heart in a short time than the battery could.

Large!
to funi
pacer

Coron
is wraf
ventrig
functio
forthe

Right atrial s

Right ventricular lead

Figure 4.4. This inage shows a combined ICD and pacemake

Both pacemakers and ICDs will be implanted under the supervision of a cardiologi

What is a pacemaker? |

Reca“

A\
How are pacemakers a: < ([F)/\Jffefent?

r
Wb 6_:*/;:.<ms are pacemakers and ICDs used for?

1.

2

3. Howdothec o, ,typeé of artificial cardiac device m
4w g

—
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@ Advantages of artificial cardiac devices
Implantation can improve quality of life by reducing breathlessness, fa
reduce the number of hospitalisations by managing chronic conditions
®  Most devices are fine-tuned to be able to meet individual patient’s net
so are suitable for long-term use (typically, pacemakers last 515 years
e Proper heart rhythm control can prevent the risk cf stroke from atrial {
. Dlsadvantages of artificial cardiac devic2s / 7~
Insertion of an artificial -, « frrf_:. -es surgery which carries risks suct
® |leadscan break ' for yur cause blood clots, and as with any mechai
deviaas r2 v ) amcenance and regular follow-up.
. %: Ax s‘urgery may be expensive and may not be accessible in all
S\Gs es ICDs can shock the heart unnecessarily, which can be painf
e Risk of an air leak, when air enters the pleural space during or after pai
through accidental puncture of the lung.

e ‘Twiddler’'s syndrome’ happens when a patient consciously or unconse
the pacemaker generator in its pocket, causing the leads to dislodge a1

It is important that patients with hearing or vision impairment have accessible ins
example instructions in braille or vibration alarms rather than sound in order to 1

Apply your knowledge

Patients who have been diagnosed with abnormal cardiac rhythms such as brady
tachycardia (too fast) can be fitted with a pacemaker. Summarise the use of artifil
treatment of abnormal cardiac rhythms.

2
J = /-

v

-

Y oud & -

¥ Ad
<

4.4 UItr@:* rcpies
! KeppUints covered

. High-intensity focused ultrasound (HIFU) *  Shock wave lithotripsy (SWL)
. Low-intensity pulsed ultrasound (LIPUS) . Ultrasound hyperthermia

Ultrasound, which we have previously described earlier in this unit and also in Un|
which uses high-frequency sound waves, beyond the range which humans can hegj
handheld transducer.

In general, ultrasound therapy uses lower frequency and higher intensity than for

create heating effects in tissues which stimulates blood flow, reduces pain, and pi

than the echoes which create images in diagnostic U|tl’95’ ‘. | It can also be usec
~ -

unwanted tissue. F
A

2
Therapeutic ultrasound machir27ase | 1,2, more specialised applicators than di
also involve coolmg svs*s 4. .4 *1uwOtic positioning systems for precision. While (
minimal pre w TS undergoing therapeutic ultrasound may require set
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High-intensity focused ultrasound (HIFU)
High-intensity focused ultrasound (HIFU) is a
non-invasive or minimally invasive medical treatment
that uses focused ultrasound waves to treat various
conditions. A typical operating frequency range of HIFU .
is 0.8-10 MHz. Unlike diagnostic ultrasound, which 48 |
uses sound waves to create images, HIFU employs

Coupling
medium

extremely high-intensity sound waves from th> ¢ / y > HIFU
transducer to pass through skin, mus~!a ) . tissue {rahsdiicer
to heat and destroy targeted t'.< ®, ¢ g a tumour.

Y & ™=
HIFU works sehiia® -
* Focuse @2y high-intensity ultrasound waves

are focused on a specific point within the body.
e Heat generation: the concentration of energy
transfer to a small area creates heat at the focal
point, causing tissue destruction.
e Precision: the treatment is highly precise, allowing for Figure 4.5. Diagr
the destruction of targeted tissue while minimising i
damage to surrounding healthy tissue.

HIFU has a growing range of applications, including:

* Cancer treatment: it can be used to destroy tumours in various organs, such |
and kidney.

e Uterine fibroids: HIFU can reduce the size and symptoms of uterine fibroids v
muscle tissue of the wall of the uterus.

e Skin tightening: HIFU is used in cosmetic procadr e 4 il .prove skin tone ani

e  Other applications: research is ongoing "~ ex_ﬁr/«c AIFU for treating other car
Parkinson's disease, and esse:*;. (A

5"

4 .-/ / el

@ Its adyzggaee -« «tothe fact that HIFU is:
. @rauve or minimally invasive: often requires no incisions or hosp
o [\G#FT targets specific tissue with minimal damage to surrounding ar¢
e  Short recovery time: patients typically recover quickly compared to tra

The disadvantage of HIFU is, however, that it is limited to specific locations
to well-defined, localised tumours, e.g. prostate cancer, and is not suited tg
embedded tumours. It also cannot be used near bones, bowel or lung due t
and risk to nearby structures.

Side effects of HIFU can vary depending on the treated area and individual patien|
include pain, swelling and bruising.

Benefits F

e

. ",A,f-not'-'quy destroy larger,

Non-invasive, no incisions or stitches, and
therefore minimal risk of infection

With precise targeting, surror'a mg i yaed T It requires precise imaging, :
is spared DY breathing can reduce accurz

-'l a -__/- -
tySund usually an May be unintended heat da

Post-treatment symptoms ¢&

Safe-forhigherisk patlents urinary or bowel issues (whe
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Low-intensity pulsed ultrasound (LIPUS)

Low-intensity pulsed ultrasound (LIPUS) is a type of ultrasound therapy that uses
waves to stimulate tissue repair and regeneration, typically in the range of ~1.5 M
focused ultrasound (HIFU), which targets specific tissue for destruction, LIPUS is u
reduce inflammation.

LIPUS works by delivering low-energy sound waves to *< - 1. cted area. These soi
vibrations within the tissue, which can stimula*e 50, = activity and promote hea
how LIPUS works are still being resea=:*+ w0, L . it 1S’c/urrently thought to:
* Increase blood flow to th - éa’r; \ bl
e Stimulate cellgrovitin d “wision
*  Reduc an soon
.--/
LIPUS is primarily used to treat bone and soft tissue injuries.

Some common applications include:

e  Fracture healing: accelerates bone healing, especially in cases of fractures th:

s  Osteoporosis (brittle bone disease): may help increase bone density.

e  Tendinitis (swelling in tendons) and other soft tissue injuries: can reduce infl:
tissue repair.

—_—
. The advantages of LIPUS include: Furth
Non-invasive and painless treatment NICE v
e (Can be used in conjunction with other therapies fracturt
e Relatively low cost compared to some other for LIP!
treatment options of berft
o= i ) N - —

q@ Currently, the limitations of LIPUS are ¥

e The exact mechamsmc ~Tas *-n/a 2 not fully understood.
e Effectiveness 3 = "gahndmg on the condition and individual patie

. @n' | e ) refor all bone and soft tissue injuries.
v -
- Benefits

Non-invasive and therefore limited risk Limited effectiveness unle
of infection weeks/months

Short treatment time, typically 20 minutes Evidence is inconsistent, h
per treatment significant improvement
Suitable for high-risk patients, people who Not recommended for use
cannot undergo surgery for patients who are pregr

Recall quest'lons 1. What is the difference between HIF!J and LIPUS?

2. Give one example of a pati ... "« type of ultrasound 1
suitable for treatine,. gy "

-

et 8 A
2) 5 @ =
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Shock wave lithotripsy (SWL)

Shock wave lithotripsy (SWL) is a non-invasive procedure
used to treat people who have kidney stones.

It involves breaking down stones into tiny pieces using
high-energy ultrasound shock waves. The fragments can

then pass out of the body in the urine painlessly. ) -
— { ', e H
- R
SWL works by: 4 M
*  Targeting the stone: using 1" vus 'L * ke medical i
staff precisely loca*c 4~k .y/stone. P
e Deliverg oc v ,=s:high-energy shock waves are I |
generfa /:I airected at the stone. . . Figure 4£
e  Breakins®fie stone: the shock waves create vibrations

that break the stone into smaller pieces.

The advantages of SWL are:

s Non-invasive: no surgical incisions are required.
e  Less painful than other stone removal methods.
e Shorter recovery time compared to surgery.

'Eha The main limitation of SWLis that it may not be suitable for all kidney stor
~—” composition of the stone will determine the best treatment option.

Potential side effects of SWL include:

s Painin the back or side

e Bloodinthe urine

e [nfection o i

e Kidney injury (rare) » ¥
7

Ultrasound hvpertt v a™
Ultrasounc th. )y nia is a therapeutic technique that uses ultrasound energy
specific tiss (ggg##¥hin the body. Ultrasound hyperthermia typically heats tissue to
This controlled heating process can be employed to treat various medical conditic

It works using ultrasound energy. High-frequency sound waves are directed at the
ultrasound energy is transferred to thermal energy within the tissue, raising its te|
temperature can have therapeutic effects, such as:

e  Directly killing cancer cells

s  Enhancing the effectiveness of other cancer treatments such as chemotheraj
o  Stimulating the immune system to target the cancer

Applications of ultrasound hyperthermia include:
s  (Cancer treatment: often used in combination with other therapies to improv
*  Pain management: can reduce inflammation and ~2i - ri ‘ertain conditions.
s  Wound healing: may accelerate tissue rerair arfL 'f,c»;u‘ler'étion.
f

@ The advantages of uItra" A ’idl i ;:.-:ﬁerm|a are:

Non -invasivo, Y ,:dny invasive
) to - € .ng of the affected area
- sed in combination with other treatments
e Potential to improve treatment outcomes
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There are, however, disadvantages to the treatment: it can be difficult to tg
bone or fat is in the way, because ultrasound energy loses intensity in deep
precise temperature control and imaging guidance to prevent overheating |

There are limitations to the use of ultrasound hyperthermia, in particular:

s It requires specialised equipment and expertise, and therefore isn’t alway,

e There is variable clinical evidence, and some <*. .. s lack strong eviden

e Itis not suitable for all patients or con” et As i qeré is a risk of overhe:
implants, and it may interfere = % rti. .l cardiac devices. It is also &
and respiratory condit’wut t - - ssé the heat stress could cause them &
and if gas-fille " - 4 'L-[_. Jps are overlying the target.

The ma nag@l nd delivery of therapeutic ultrasound treatments depend on tl

being treate.,,.aﬂﬂ/the healthcare setting.

e LIPUS is commonly delivered by physiotherapists who may be working in rehj
orthopaedic settings.

e  Radiation oncologists will oversee HIFU and ultrasound hyperthermia whenit
cancer treatment.

e  Medical physicists will be involved with the planning, calibration and safety n
the energy levels and tissue targeting are accurate and safe.

Formative discussion questions:
Patient B has been diagnosed with a benign, low-grade temporal lobe tumour. E;
therapy is a promising approach for the treatment of brain tumours.

—_——— -
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Topic Area 5: Planning for diagnosis
and therapy

5.1 Diagnosis plan

. J
! Key points covered o\ IV
— —_— -
. Producing a diagns * o = . Risk assessment
. Inforr an' o .o patients . Emotional, social and ment;
= /.

A diagnosis plén outlines the steps necessary to determine the cause of a patient’

symptoms or condition. It is a systematic and logical approach that involves:

e  Collecting patient history: gathering information about the patient's
symptoms, medical history, family history and lifestyle.

e Assessing the results of an initial physical examination into the patient's
overall health and identifying any physical signs or symptoms.

e  Ordering diagnostic tests: conducting tests to gather more information
about the patient's condition.

There are three key components of a diagnosis plan.

1. Patient information:

Demographics — age, sex, ethnicity, etc.

Presenting complaints — the main reason the patic~ [has presented to tf
Medical history — previous illnesses, surp==i s, “fre.t medications
Family history —relevant or rela*ag ~ ne s cunditions

Social history — lifestyle .. !+i_-/.;u'|’et, level of exercise etc.

2. Potential diagnosis: ., -, ~ -~

. T@\ L - _,.bgeé"t"ion of a possible diagnosis based on the patient's

tc le e rationale behind the diagnostic tests selected.
3. Diagno\a#®sts and procedures:
e Specific tests to rule in or out potential diagnoses, e.g. imaging studies @
electrocardiogram. The plan must name the practitioner who will justify
e  Reason for selecting each test.
1. Summarise why the test was chosen and briefly explain how it is carri|
2. Complete additional resource to justify your choice of test.
3. Explain why other tests are not suitable.
4. Write down the advantages and disadvantages of the test you have
e  Expected outcomes of the tests.

When assessing the quality of a diagnosis plan, these factors need to be considert
e  Patient-centredness: Involve the patient in the decision--naking process, incli

obtaining written consent for invasive tests. s\ Y,
e  Evidence-based: Is the plan supported hv :u ‘er. - .éuical knowledge and gui
e Timeliness: Does the plan outlin~. €c ; . _ble time frame for diagnostic test

*  Efficiency: Does the plan -« 1d I/I r.2cEssary tests or procedures? Is it cost-eff
* Riskassessment:". 4 " e wran identify potential risks and complications?
or | Ise clear and understandable terms and bear in mind who'l
For exa\egg@avoid scientific and medical specialist terms if it is to be preseni
e Cultural competence: Does the plan consider the patient's cultural backgrour
e  Ethical considerations: Does the plan respect patient autonomy and confider

These factors can be assessed in advance both by the person writing the plan and
In retrospect it can be assessed through patient satisfaction surveys.
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Creating a risk assessment for the diagnosis plan

Risk assessment is a critical component of a well-structured diagnosis plan. It inve
harms or adverse events associated with the diagnostic process and implementinj
(make them less severe).

The types of risks in diagnosis include:

* Diagnostic errors: incorrect diagnosis leading to ir;'w. - o, riate treatment.

s  Test-related risks: complications from invasi & p. '*f,»uure'é. or exposure to rac

* Delayed diagnosis: prolonged suff> n, _;orsé’ning of the patient's conditic

e Over-diagnosis: unnecess-.» 1es. iy B pfoéedures leading to increased costs a

e Patientanxiety: <tz /. 1 T_'_-orr/y caused by the diagnostic process.

The risk ass! Pt ﬁr;JCESS is carried out in this order:

1. Identify potential risks: consider the patient's medical history, age, comorbid
tests being considered.

2. Evaluate the likelihood and severity of risks: determine the probability of eag

impact on the patient.

Implement risk mitigation strategies: develop plans to reduce the likelihood ¢

4. Communicate risks to the patient: explain potential risks and benefits of diag
in understandable terms.

5. Obtain informed consent: ensure the patient understands the risks and beng
diagnostic tests.

w

Some examples of risk mitigation strategies include:

e  Choosing the least invasive test: opting for non-invasive imaging studies over
when possible.

*  Providing patient education: explaining the purp7.~ “.a )otential side effect

s  Monitoring for complications: closely ohs ry ﬁg} ~ents after invasive procel
adverse events. '

e Timely follow-up: sched: " ’fo)'/-!- y.fup/abpointments to monitor test results
S v - =

Emotiona@at wnd mental health impact on the patient

The process \@®#€veloping and communicating a diagnosis plan can have significat
health impacts on both the patient and the healthcare provider.

Uncertainty: the unknown nature of the illness can lead to anxiety and fear.

e  Fear of the unknown: uncertainty about the diagnostic process and potential
be overwhelming.

e  Anger and frustration: patients may feel angry or frustrated with their sympt

¢ Hope and optimism: conversely, the possibility of finding answers can create

e  Relief: once a diagnosis is made, there can be a sense of relief, even if the dig

e  Social aspects: a patient may be concerned about how their family, friends ai

Any or all of these issues can give rise to questions from the patient. Healthcare p
and be prepared to answer them honestly and with e~ >: "y nd clarity. It is bett
medical terminology that the patient may not “ul fu};\ ' /stand as this could make
or overwhelmed. Answers should be ~'» r« /'y _asy to understand, and key messa
the patient to remember ever -~ ﬁé 3 often helpful if they have a friend or relz
or take notes too. If the L * jfn.’askéja question that you cannot answer be hones!
and offer t ut « _verall, the patient should be reassured that they are not al
completely \Exg#.

Healthcare professionals should take into account any additional needs the patier
adjustments they need to make to the way in which they communicate with thep
barrier a translator may be required or if the patient has cognitive impairment it il
relative accompany them to assist the patient in making decisions.
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The emotional impact of delivering a diagnosis plan on the healthcare provider co

¢  Empathy and compassion: understanding the patient's emotional state is cru

e  Frustration: complex cases or diagnostic challenges can lead to frustration.

e  Burnout: dealing with patients under stress can contribute to burnout.

e  Satisfaction: successfully guiding a patient through the diagnostic process ani
can be rewarding.

A

Strategies for managing emotional impact are:

¢  Open communication: encourage or . l_ hewrést communication between
healthcare provider. oA\ A
e Empathy and suppa -« i rs.aOtional support and understanding to the pat

p.! - onvolve the patient in the decision-making process to &
B ectations: clearly communicate the diagnostic process and poti

of
cot?

g : -
e Self-care®iealthcare providers should prioritise self-care to prevent burnout,

By recognising and addressing the emotional aspects of the diagnosis plan, health
patient experience and enhance the overall quality of care.

5.2 Therapy plan
! Key points covered
D Producing a therapy plan . Risk assessment
. Information and advice to patients . Emotional, social &

A therapy plan is a roadmap for treatment, outlir ng'. :V_f'l.jic goals, interventions,

collaborative document created with thru « _ t, erfsuring their needs and prefer
the medical needs of their cor-1 o. \ o )

a4

-

The essentFﬁoc 1 1.5 (0 be included in a therapy plan are as follows.

g

7
1. Patient information:
e Demographics — age, sex, ethnicity, etc.
Presenting problems — main reason for presenting
History — medical, psychiatric, social
Diagnosis — if this has been carried out
Treatment history — previous therapies, previous surgeries, current 1
medical conditions

2. Assessment and diagnosis:
 Summarise the findings of the diagnostic test - 3, | assessments that |
s Specify the details of the diagnosis or 4.¢ ﬁr/_,\ ‘sional diagnosis if it is |

o

e \&@term and long-term goals for the treatment

e All goals to be patient-centred goals. This mean they reflect the patiel
desired outcomes and focus on improving quality of life from the pati
what the doctor thinks is medically important. Patient capacity and w
obtained before any intervention is booked.

A
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p
4. Interventions:

e The specific therapeutic techniques or methods to be used including |
and clearly evaluated advantages and disadvantages of each techniqt
known contraindications. Where ionising radiation is involved the pri
exposure (for example, the consultant clinical oncologist) should be ¢

e Frequency and duration of sessions, balancing *h | medical need of th
requirements and preferences of the nat'., * /hiu_needs to be able to

e Self-care regimen — regular task- ¢ - 1. 'af;),.xéﬁanges that the patient
conjunction with the tr’f; ult ﬁn/ aceived in hospital.

& -
) -

5. Ter@m and follow-up:
o X@(a for ending therapy

s Plans for follow-up care or support

Other factors that need to be considered in the therapy plan are the cost and avaj
treatment. Some therapies are widely available, but some more specialised treatr
limited number of sites, and this could limit the options open to the patient if the
distances for frequent treatment.

Creating a risk assessment for the therapy plan

A risk assessment is a fundamental component of effective therapy planning. It inl
to the client, the therapist, and others, and developing strate-jies to mitigate thas
for ensuring the safety and well-being of all parties in " 4.

The key components of a risk assess= <~ fa =~ 3

e  Patient history: previo':- . = 'fer}.; ar f?eatments, other medical conditions al

e Treatmentgpe~ s - i “risks from the therapy carried out, potential side eff
ionisir: tic 1 Used) and drug interactions.

*  Patient\E##ic factors such as age and frailty, for example.

e Psychological factors such as emotional readiness for treatment, especially if

side effects or could be difficult for the patient to tolerate.

Once the risks have been identified, ways to mitigate them should be incorporate
possible. This might involve:

e Using the principle of ALARA if ionising radiation is used, to protect patients :
e Sedating the patient during therapy if appropriate.

e  (Clear communication within the treatment team and with the patient.

It is crucial to consider ethical implications when conducting risk assessments and devel
e  Confidentiality: protecting client information while balancing the need to share
parties. All personal data in the plan is stored on N''S- - i oved encrypted driv
e  Duty to warn: determining when there is 2 d ity .~ Jarn ﬁotential victims of |
¢ Informed consent: obtaining cliez’ 01 3 : _,for't/reatment, including risk asse!
= 7 -
Risk assessment and *h y = -"b._’_;-ml‘r{g are ongoing processes that require flexibilit
considering@iSitiz  's<s and developing appropriate interventions, therapists ¢
pe@nment for their patients.
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Emotional, social and mental health impact

A therapy plan, while a detailed and patient-centred document, can have a profol
on patients. It's more than just a roadmap to recovery; to the patient and their fai
hope, progress and potential.

Positive emotional impacts include:

* Hope and motivation: a well-crafted plan can ins**' Y * e ‘'oroviding a sense &
motivate clients to actively participate in *he Fth -_py.

* Empowerment: being involved ir rsa '\ + he p’fan can foster a sense of cont
may feel more invested ir 4 2 pr n as]

e Clarity and fociie: o *'-.'-‘/p 4 can reduce feelings of overwhelm and confusic
the ste DIV their healing journey.

« Validat gc therapist's commitment to creating a personalised plan can v
and struggles.

Potential negative emotional impacts

e  Overwhelm: if the plan is too complex or detailed, it might induce feelings of
s Disappointment: if progress isn't as rapid as expected, clients might experience
e  Fear of failure: some clients may fear not being able to meet the goals outlin
s Resistance: if the client feels pressured or coerced into the plan, they might ¢

To maximise the positive impacts and minimise the negative ones, therapists can:
* [nvolve the client: collaborative plan creation can increase buy-in and reduce
e Set realistic goals: ensure goals are achievable and measurable to prevent dig
e  Flexibility: emphasise that the plan is a living document, subject to change as
¢ Open communication: encourage clients to express the'r feelings about the ¢
e  (Celebrate small wins: acknowledging progress 7 /i . «te_how small, can bog
_ e
A therapy plan presentation shou!~ L« ‘a:/t .adifferently for patients and health

needs, knowledge levels, 3y ) . vitesdre very different. For the patient, the lan;
to be simple zegawi ! * - aprex medical terminology and the tone should be re
focusing or@heueétment means for them in terms of the impact on their d
It should be \G@##Sonal presentation with patient-centred goals at its heart and fo

A presentation directed to a team of healthcare professionals requires a different
different information. For clarity, healthcare professionals would expect clinical, |
to be told the details of the treatment plan such as dosages, treatment times, etc,
The information included should be evidence-based, which may mean that charts
should be included. The focus should be the rationale for the treatment, and the §
(e.g. tumour regression) rather than personal. The presenter should be prepared
based on clinical protocol and medical facts rather than offering reassurance and
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Creating and delivering a presentation

! Key points covered

. Communicating a plan

. Healthcare profess

. Information and advice given to patients . Healthcare profess
' i -'J_ -
. * /lr - "
A good presentation slide is clear, focuse &, = viscafly engaging. It supports the
to convey and doesn’t overwhe!r e | \ o

one main idea
per slide

Y & Yeu

Stick to one or two
text fonts, use bold
text to highlight
key words
where necessary

g -

lonising Techniques

Diagnosis: Lymphoma in the neck. Confirmed by X-ray wil
contrast medium

External Beam Radiotherapy with a gamma sour

- Preferable for small tumours

- Can accurately target the tumour, sparing surrounding tis

- No surgery required, minimal infection risk

Organise logically:
introduction —main
points — conclusion

> J
” -

It is a good idea to create a checklist to heln < 1 ",fccdfn!both the presentation
will help you to consider the reasc -, ¢ '~ Ji-désign and content of your present:
tailored your presentatio= - ) = -~ gct audience.

professionals is to know the plan inside out so that you have all the information y
an answer. The type of questions and how they should be answered will be differ
delivered to patients or to healthcare professionals.

Patients Healthcd
Be clear on the personal impact of the diagnosis or Be ready to explain the
therapy. ‘What will it mean for me?’ clinical decisions COPYRIGHT
Be ready to break down complex terms into Anticipate technical qui PROTECTED

understandable information contraindications for th

\

J

Practise calm, supportive answers to n ‘cipate alternative @
emotional responses ( A explain why you discou

r 7 Y
Rehearse answers to common g2z 4 S Ahas If appropriate, have res 3
‘Can I work during treatm .y =, =~ in an answer 19
e = Tt

Education
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Obtaining feedback on the presentation

The feedback on the plan can be provided by fellow students and/or your teacher
you need to be able to summarise the key points and use them as the basis for thy
to your plan and presentation. It is helpful to use a structured feedback sheet witl
comments down into clear sections and to ensure that you get information about
and the presentation:

1. Clarity of information included — was the diagnosi: = _h rapy clearly explaif
2. Use of visual aids — if diagrams or images -ve e .~ were they helpful?

3. Suitability for the target audiencs - we 5 2 intormation tailored for the peaj
presentation? Was the nr fte, s airpathy and tone appropriate for the aul
4. Engagement —did 1 - u'-"e,_’.;-ntation keep the audience’s attention?
5.  Quest] -V s ene questions answered completely and correctly?
v

The audience could give a score out of 5 (a Likert scale) along with comments for |
The presenter should encourage both positive and constructive points and could :
questions such as ‘Was anything unclear?’ or ‘Is there anything I could explain bet

Summarising the feedback

Once collected, summarise the feedback into a table or a short paragraph. This co
each of the criteria you have summarised the average score given by the audiencg
comments on the performance, both positive and constructive. This summary, in
appear more than once in the feedback you have collected, can then be used to a
weaknesses of the plan and form the basis of any improvements that you think y¢
making them. You should also consider whether there is any additional informatic
order to be able to make the improvements you think are ner 2ssary.

=
r .

¥ il
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Glossary

absorption — light taken in by another material

amplification — increasing the height or strength of a wave ~asulting in a more p

y

anode — the positive terminal in an electric circu’ v ¢

> .
antiparticle — counterpart to a parti-> ¢n ) cne mass but opposite charge

o

attenuation — reductior 7. - 4 "—r_l/.' _asity of radiation

e ‘ssue or other material in the body becomes hard because |

-

cardiac cyc\e #one complete heartbeat

cardiac muscle - the type of muscle in the heart

cathode - the negative terminal in an electric circuit

coherent - rays of light in the same phase

collimated - the rays of light are parallel to each other producing a narrow, focu

collimator - a device which controls the size and shape of an X-ray beam

ECG gating — with the patient's heart rhythm — synchronising the CT scan

filter — material which removes low-energy X-rays

frequency — the number of waves passing any point per second

gain — in the context of wave signals this means amy .. 4o , or increasing the ¢

...... o Y

vy

monochromatic — having only one wav- .3 4

myogenic — the signalsto ~= = "hr/.: 1uscle contract originate in the muscle itsell
system. The haart i* v . ‘s swn depolarisation.

non-cohetr res'— the orientation of each fibre can be different at one end 1
.................................... .

penetration —"'How deeply light passes through a material before being absorbed

penetration — how far into body tissue can be imaged

phototoxic — becomes toxic when exposed to light

positron - identical mass to an electron but with a positive charge

precancerous — precancerous cells are cells that have grown abnormally but are

radionuclide — unstable atom that emits radiation as it decays

radiopaque medium — accumulates in tissues, improving contrast

resolution — the ability to see objects that are close togeth~ jas separate objects

resolution, the more detailed the image o ) /

resonance — an object vibrating at max’ '|e.t,;f béééuse the external force |
scattering — a random ch:3~~__'/\ ) frh:) :hrelé't/i;m of a particle due to its interaction !
g 0 5

% £ h ~_.u,r,artici-és in a medium and being redirected in other dire

sign — somXZx

# about the patient that is noticeable to someone else, e.g. a lim|

sonographer — healthcare professional specialising in ultrasound imaging

symptom - something that the patient themselves perceives that another perso
headache or stomach pain
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