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Medicine is changing in exciting ways. 

Advances in biology, biochemistry and 

medical technology bring incredible, 

innovative, and expensive new ways to 

treat illness. An aging and chronically 

diseased population is putting 

significant strain on already stretched 

systems. Meanwhile, the Internet and its 

easy access to information has allowed 

a generation of patients to meaningfully 

question the opinions of care providers.

To meet these challenges medical 

education must change, and this edition 

of the UCDsmj provides a glimpse into 

what the future might hold. Eithne 

Nic an Riogh demonstrates the utility 

of technology in anatomy teaching. 

Meggan Connell and Karen Mulligan 

uncover what it means to truly listen, 

and Rory Plant waxes poetic about the 

dissection room.

This issue also explores how traditional 

clinical medicine may change as 

we learn more about genetics and 

biochemistry. Grace Oon Bee Gan 

presents a case where a small motor 

can replace the function of a left-

ventricle. Luke O’Brien reviews how 

biomarkers can aid in diagnosis and 

prognostication, and Calvin Flynn 

discuss the prospect of specifically 

attacking the stem cells that seed and 

propagate cancer. 

We celebrate the achievements and 

endeavours of our fellow students with 

a piece by Ning Xuan Ho on the Coakley 

Dissection Medal and competition, 

while Nathaniel McHugh gives us a 

glimpse into his experiences during 

the UCD facilitated Harvard Paediatric 

Elective program. We also have, for the 

first time, contributions from students 

outside of UCD. Conrad Flaczyk, 

from McGill University, Montreal, 

Canada, explores the feasibility of 

mass vaccination programs following 

disasters like the one experienced in 

Haiti.

Finally, we note that it is important to 

never forget the human side of medicine 

and look at how this will change with 

advances in healthcare technology. 

Anne Lawlor, Information Officer 

at the Genetics and Rare Diseases 

Organization discusses the lack of 

support for children with genetic or 

rare diseases. Laura Mannion gives us 

a sobering look at the role of artificial 

intelligence in diagnosis and treatment. 

Darren O’Gorman writes about the loss 

of his mother, and how it has informed 

his experience studying medicine.

Despite all of the challenges the future 

of medicine faces, this edition should 

bring you some excitement. Not only for 

the education you are receiving, and 

the world that you are entering, but for 

the difference you can make. Much of 

your careers will consist of adapting to 

a changing landscape, doing old things 

in new ways. In these pages, your fellow 

students show that you are ready for 

the challenge. 

It has been our great honour to put 

together this edition of the Student 

Medical Journal. Such a high standard 

of content covering such a wide variety 

of topics fills us with hope for the future 

of the healthcare professions. Each of 

the authors and collaborators involved 

in making this edition should be proud 

of their quality work, and the Executive 

Committee is delighted to bring this 

work to you, the reader. 

Paddy 
O’Donohoe

Jack 
Evans

Kordan 
Harvey

Eithne 
Nic An Ríogh
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X-perience:  
An Interactive
Viewing Platform
Displaying
Radiographic 
Profiles of 
Cadavers for
Educational
Purposes 
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ABSTRACT 

This project presented radiographic profiles of anatomical donors 
for educational purposes. An interactive viewing platform called X-perience 
was developed to vividly display these images. Comprehensive donor profiles 
were created by adding medical histories and consultant radiologist reports. 
These image-based clinical cases enhanced anatomical learning and offered 
an early introduction to clinical radiography. X-perience complemented the 
dissection process by reinforcing the concept of the donor as the student’s 
first patient.

Full skeletal radiographs were obtained from 13 donors. 
Radiographic images were produced digitally, then labelled and stored using 
unique identifiers. Articulate Storyline 2 (Articulate Global Inc., United States) 
was used to build X-perience as an HTML5 interactive interface. To assess 
the value of X-perience, preclinical students in UCD’s undergraduate medical 
programme were surveyed. This cohort had prior traditional anatomical 
teaching and could compare anatomical learning with and without X-perience.

The workflow of profiling cadavers and constructing X-perience 
proved successful. X-perience is currently used by students during 
dissection. A survey of student opinion of the instrument (Kirkpatrick 
Level-1) produced favourable results. Students agreed that X-perience was 
relevant, easy to use and provided an integrated view of the human body. 
They appreciated the clinical relevance that X-perience offered. A greater 
understanding of the importance of radiology was acknowledged.

The introduction of similar viewing platforms in other medical 
schools is recommended. Imaging modalities such as CT and histology 
could further refine X-perience. In addition to providing educational value, 
X-perience strengthens the body donation programme, highlights the 
individuality and dignity of each donor and generates enthusiasm amongst 
students.

INTRODUC TION
Traditionally, instruction in human anatomy has 

involved learning from both cadaveric dissection 

and formal lectures. The aim of this project was to 

introduce another dimension to learning anatomy 

using the medium of radiology. This integrated 

approach to anatomy learning was previously 

missing in the dissection lab at University College 

Dublin (UCD). To fulfil this need, the e-learning tool 

X-perience was created.

	 Cadaveric radiography as an anatomy 

teaching aid has been described in the literature 

as far back as 1983 by McNiesh1  and 1985 

by Pantoja.2  More recent reports on medical 

student and anatomy faculty impressions of 

supplementing cadaver dissection with radiological 

images have been extremely positive.3  Pantoja 

commended this approach to anatomy teaching as 

an effective, easily implemented learning aid. Both 

McNiesh and Pantoja commented on increased 

student enthusiasm and interest in anatomy and 

radiology.1,2  Sugand et al. state that multimodal 

teaching is the basis of future learning and helps 

combat the issue of limited dissection time.4  While 

some medical schools have “abandoned dissection 

for user friendly multimedia”, it has been suggested 

that the beneficial values of orthodox dissection 

should not be replaced, but rather enhanced 

by hybrid teaching modalities.4  A large body of 

research suggests that multimedia teaching is most 

useful in combination with dissection. 

	 The Royal College of Radiologists 

advocates the inclusion of clinical radiology 

within the university curriculum.4 Owing to the 

importance of radiological imaging in modern 

medicine, the ability of a student to interpret 

radiological images is vital.5  While most medical 

students will not become radiologists, they must 

develop a fundamental knowledge of radiological 

imaging.6  Anatomy can be made relevant and 

clinically vibrant through exploration of cadaveric 

CT images.3  Radiology also improves the ability 

to identify anatomical structures in diagnostic 

radiographs both in the short and long term.3  The 

integration of radiographic images in the teaching 

of anatomy has been proven to reinforce learning 

and to result in better retention of both radiological 

and anatomical knowledge.5 

	 In exploring the value of examining images 

specific to the cadaver being dissected, Lufler et al. 

conclude that images need not be cadaver specific. 

However, cadaver specific imaging generates 

greater interest among students, encourages them 

to assume the role of a physician, and promotes 

respect for donors.7 

	 X-perience presents donor specific 

radiographic profiles of UCD cadavers for 

educational purposes. This interactive viewing 

platform displays radiographic images, giving 

UCD anatomy students the opportunity to explore 

interesting findings and common pathologies 

relating to specific donors.

METHODS 
Commencing in May 2015 the diagnostic 

imaging department of UCD obtained full skeletal 

radiographs from 13 donors (10 Female and 

3 Male) aged 58-101 years. Each donor was 

transferred from the anatomy laboratory to the 

imaging room where images were captured. 

Radiographic images consisted of antero-posterior 

and lateral skull, cervical spine, chest, upper and 

lower arm, hand, abdomen, pelvis, upper and lower 

leg. This provided a complete skeletal survey of 

each donor. The images were produced digitally 

using Digital and Computed Radiography and 

stored securely as a DICOM dataset using unique 

identifiers for each donor. Exposure factors and 

total radiation dose were recorded.  
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	 Using Adobe Photoshop (Adobe, United 

States) the identity was removed from each 

image and the images were systemically labelled. 

Collaborating with consultant radiologists in 

Mount Sinai Hospital, New York and in the Mater 

Misercordiae Hospital, Dublin the images were 

systematically labelled with both anatomical 

and pathological findings. This made the images 

clinically relevant for students as well as a valuable 

study tool for anatomy. Khalil et al. stress the 

importance of clear labelling to empower rather 

than overwhelm the student.6  Clinical histories 

were researched from donor files and presented 

alongside the images to provide a comprehensive 

profile on each donor.  

	 The e-learning authoring software 

Articulate Storyline 2 (Articulate Global Inc., United 

States) was used to construct X-perience. This 

software allowed for the creation of a web enabled 

HTML5 interactive interface that students were 

able to use on the touch screens in the dissection 

lab. Students were initially presented with a 

welcome screen on which they were reminded 

of the sensitive nature of the material they were 

viewing. Following this, a simple map of the 

dissection room was displayed from which students 

could select the donor whose profile they wished 

to view. An interactive folder displayed the donor 

history as well as an interactive body outline from 

which the relevant body region could be selected. 

The images were grouped according to four body 

regions: head, trunk, upper limb and lower limb.

	 The body region of interest could be 

chosen by clicking on the body outline or by clicking 

on the tabs. 

"Factual information was presented 
alongside the images of interest, briefly 

describing topics such as intramembranous 
and endochondral ossification, fracture 
classification and treatment options."

On viewing a specific image, students were initially 

presented with an unlabelled image, which allowed 

feature discovery by the student. Labels pointing 

out relevant anatomical structures in green and 

pathological findings in pink could be turned on as 

desired. The radiological findings relevant to the 

specific image could be seen alongside the image in 

a side bar. 

	 Another valuable feature of X-perience 

was the interactive quiz. This drag and drop quiz 

allowed students to test their anatomy knowledge. 

When a correct label was dragged from the bottom 

of the screen to the relevant region, the label 

slotted automatically into place. Incorrect answers 

returned automatically to the bottom of the screen. 

This easy to use quiz provided instant feedback to 

students and was a fast and effective method of 

testing anatomy learning. 

	 To assess the value of X-perience 

preclinical students in UCD’s undergraduate 

medical programme, specifically Stage 3 Locomotor 

Biology students (n = 50) were surveyed. This 

cohort had prior traditional anatomical teaching 

in Stage 2, and thus could effectively compare 

anatomical learning with and without X-perience. 

Anatomy laboratory demonstrators were also 

consulted for feedback on X-perience. Responses 

were recorded using a 5 point Likert scale of 

strongly agree, agree, neutral, disagree and 

strongly disagree.

The following statements were presented on the 

survey:

1 I found X-perience easy to use.

2 X-perience is helpful for learning anatomy.

3 X-perience helps me understand why 

anatomy is the foundation of much of my 

coursework.

4 X-perience gives me a better appreciation 

of my anatomical donor.

5 I now have a better understanding of the 

clinical application of radiology.

6 X-perience is relevant to medical 

education.

7 I can identify anatomical structures more 

accurately after using X-perience.

8 X-perience helps bring material from 

numerous modules together, creating an 

overall picture of the human body.

An open-ended response and comment section was 

also included where students were encouraged to 

give feedback.
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RESULTS 
The workflow of profiling cadavers and constructing 

X-perience proved successful. X-perience is 

currently used by medical students on touch 

screens during practical classes. The results of the 

student acceptability survey, Kirkpatrick Level 1, 

showed extremely positive student feedback. 84% 

of students agreed that X-perience was a relevant, 

helpful and easy to use learning tool. 84% of students 

found that X-perience provided them with a more 

integrated, complete view of the human body and 

brought material from numerous modules together. 

Students (88%) appreciated the clinical relevance 

that X-perience brought to their learning. A greater 

understanding of the importance of radiology was 

acknowledged by 92% of students. 92% of students 

felt that by using X-perience they gained better 

appreciation of the anatomical donors and their 

medical histories. Students’ reported comments 

were: “Absolutely brilliant”, “Very cool”, “Extremely 

interesting and useful”, “Very impressive software”.

C ONC LUSIONS
While radiological profiles of donors have been 

carried out as far back as 1983, many medical 

schools have yet to adopt this learning tool. Following 

the successful integration of radiological profiles in 

UCD anatomy teaching, the introduction of similar 

viewing platforms at other medical schools can be 

recommended. The unique benefit of X-perience is 

the interactive, student-friendly display of the clinical 

profiles. The method of display encourages students 

to delve more deeply into their anatomy learning and 

explore the individuality of their donor. Advanced 

imaging modalities such as CT, as well as histology, 

could further refine X-perience and it is hoped that 

this will be carried out in future years. 

"In addition to its educational value,  
X-perience strengthens the body donation 

programme, highlights the individuality 
and dignity of each donor and generates 

enthusiasm amongst anatomy students."
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Michaela Davis  

Written byUCD Student Medical Journal10 Original Research11 X-Perience: An Interactive Viewing Platform Displaying  
Radiographic Profiles of Cadavers for Educational Purposes



 

Ventricular
Assist
Device:  
An
Underused,
Life-Changing
Modality

Written by Grace Oon Bee Gan,  Dr Alan Jacobsen 

UCD School of Medicine, 
University College Dublin, Belfield, Dublin 4.

12 Case Report Ventricular Assist Device:  
An Underused, Life-Changing Modality13UCD Student Medical Journal



 

ABSTRACT

Left ventricular assist device (LVAD) is a novel therapy in the 
treatment of end-stage heart failure. This technology may be used as a bridge 
to transplant or as destination therapy in patients who are not suitable for heart 
transplant. This paper presents the case of a gentleman at 11 months post-LVAD 
implantation who is currently awaiting heart transplant surgery. Over the years, 
research has shown improved long-term survival rates in ventricular assist device 
patients.

CA SE BACKGROUND
Cardiovascular disease remains the most common 

cause of death in Ireland, accounting for 30.6% of 

total deaths in 2014.1  While heart transplant is the 

gold standard for treating end stage heart failure, 

due to the shortage of donors and ineligibility of 

some patients for transplant surgery, this option is 

not always available. 

"In such patients a LVAD may be used.  
This device acts as a pump in place of the 

failing heart. The device consists of an inflow 
tube from the left ventricle connected to  

a pump and an outflow tract to the aorta. "

LVADs are powered by an external battery 

connected to the pump via a driveline. The first 

generation pulsatile LVADs (HeartMate XVE, 

Thoratec Corporation, United States) have now 

been largely replaced by the smaller more 

durable second generation continuous flow LVAD 

(HeartMate II, Thoratec Corporation, United 

States). Canseco et al. recently reported that LVADs 

were underutilized in clinical practice given the 

improvement in cardiac function associated with its 

long-term use.2

CA SE PRESENTATION
This 50-year-old gentleman was seen in clinic 

11 months post-LVAD implantation. He had been 

previously well until August 2014 when he suffered 

an acute ST elevation myocardial infarction 

(STEMI) while working in the United Kingdom. He 

was driving when he suffered acute central chest 

pain associated with dyspnoea and a sense of 

impending doom. He denied palpitations, syncope, 

or nausea and vomiting. He was brought by 

ambulance to hospital where he was diagnosed 

with STEMI. An emergency angiogram revealed 

a left coronary artery thrombus and occlusion of 

his left anterior descending artery. Following an 

emergency percutaneous coronary intervention to 

his left anterior descending artery, he developed 

cardiogenic shock necessitating utilization of an 

intra-aortic balloon pump. His ejection fraction 

continued to deteriorate and he received veno-

arterial extra-corporeal membrane oxygenation 

(ECMO) on day 5 of admission. On day 9 he was 

transferred from ECMO to an LVAD. His right heart 

function continued to deteriorate necessitating 

conversion to a bilateral ventricular assist device 

(BIVAD) on day 14. His hospital stay was further 

complicated by acute kidney injury and respiratory 

failure. 

	 Over the next 3 months he improved 

sufficiently to be taken off BIVAD. At this stage the 

patient was on the newer second-generation LVAD 

and was well enough to be transferred back to 

Ireland where he spent 1 month as an in-patient in 

a high dependency unit. Four months after initial 

admission he received an automatic implantable 

cardioverter defibrillator for primary prevention 

of arrhythmias. This is routine for all patients 

on LVADs as they are unable to receive cardiac 

compressions due to the high risk of dislodging the 

device.3

OUTCOME AND FOLLOW UP
The patient completed his heart transplant work-

up 6 months post-LVAD surgery. Unfortunately, 

his transplant is likely to be delayed due to the 

success of the LVAD itself and because donors of 

his height are scarce. He has adapted well to living 

with an LVAD and has a positive outlook on life. 

He has greatly improved his lifestyle, has ceased 

smoking and does regular exercise. His heart 

failure is controlled with spironolactone, bisoprolol, 

furosemide, aspirin, ramipril, atorvastatin and 

sildenafil. He is anticoagulated with warfarin 

(currently supratherapeutic) and his target INR 

is 3.1. At an 11-month follow-up, he denied any 

complications associated to the LVAD such as 

infection, thromboembolism or device failure.

DISCUSSION
Since its introduction into clinical practice, VAD 

technology has significantly improved survival 

rates among patients with end stage heart failure.4 

"Patients receiving the second generation 
LVAD as destination therapy were shown  

to have almost three times better survival  
at 2 years compared to those on best 

medical therapy. "

Moreover, patients on LVAD reported better quality 

of life than those on medical therapy, calculated 

based on the Minnesota Living with Heart Failure 

Questionnaire.5
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	 Two major causes of mortality in patients 

with first generation LVADs were infection and 

mechanical failure. Patients with LVAD are at high 

risk of infection as the driveline exiting the skin is a 

potential sight of bacterial and fungal colonization. 

The incidence of mechanical failure has been 

greatly reduced with the more durable second 

generation LVADs.5  Nevertheless, it is important to 

note that the risk of complications is higher in VAD 

patients than those on medical treatment. 

	 Despite these better survival rates, 

Miller et al. reported an underutilization of LVADs 

in clinical practice.6  As a comparison, the number 

of new VAD implants per year in the U.S. was 

estimated at 1700, as opposed to only 430 a year 

in Europe.7  In Ireland, there are currently only 

5 patients with an LVAD. This small number is 

primarily due to the expense of the device and the 

low availability of VAD centres. At present there is 

only one VAD centre in Ireland. Additionally, certain 

demographic groups have been shown to be less 

likely to receive an LVADs, including women.3  This 

may have previously been due to the large size 

of first generation pulsatile LVADs relative to the 

size of the average female body. However, with 

the introduction of the smaller second generation 

LVADs it is expected that in the coming years there 

will be a rise in VAD implantation among women 

with end-stage heart failure.

	 Furthermore, difficulty in patient 

selection for LVAD surgery has been a limiting 

factor. There are currently no consensus 

guidelines for the utilization of LVAD. The following 

are some considerations taken into account:

Concrete funding schemes as well as precise 

guidelines are required before LVAD can be 

considered an equally viable alternative to heart 

transplant. 

CONCLUSIONS
The use of LVAD in end-stage heart failure patients 

has been proven to be more effective than 

conventional medical therapy. Utilization of this 

modality of treatment is expected to rise in various 

demographic groups in the coming years either as 

a bridge-to-transplant or as destination therapy.

	
PATIENT’S PERSPECTIVE
Initially, the VAD routine was very difficult. The 

patient was required to connect batteries every 

morning and was not able to work or to lift 

heavy loads. Initial aftercare may also have been 

insufficient. First, the wound site should have been 

checked more often for infection. Second, the family 

of the patient should have been more involved 

in recovery, and had access to councillors and 

psychiatrists. The patient’s outlook for the future is 

to receive a transplant and to try and lead a normal 

healthy life as much as possible, both before and 

after the transplant.

	

INDICATIONS CONTRAINDICATIONS

NYHA Class IV Potential for recovery from heart failure 

Life expectancy less than 2 years without VAD Other terminal illnesses such as  

malignant metastases

Patient does not meet transplant criteria Patients above 65 years of age with  

both right and left heart failure

Heart failure refractory to medical  

treatment at least 60/90 days

Impaired ability to care for device  

(e.g. neurological or psychiatric illnesses)

Left ventricular ejection fraction less than 25% Active systemic infection

Cardiogenic shock or cardiac failure  

unresponsive to medical treatment

High risk of renal or hepatic failure

IV inotrope therapy to be discontinued  

due to systemic failure

Anticoagulation contraindicated  

(e.g. recent hemorrhagic stroke)
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ABSTRACT

Breastfeeding can offer significant nutritional and non-nutritional 
benefits to both infant and mother. The World Health Organisation (WHO) 
recommends that, whenever possible, infants should be fed exclusively on 
breast milk until six months of age and that breast milk should continue as 
part of the diet for at least two years. 

During the initial phases of human development nutrition has 
the potential to positively or negatively affect organ function, and thereby 
predispose individuals to a later onset of optimal health or disease. The short 
and long-term breastfeeding supports the optimal development of the immune 
system, motor control and cognitive ability. 

The initial months after birth may also serve as a critical window 
for the development of obesity, a condition which is of significant concern 
to public health in Ireland at present. Parental feeding practices during 
infancy, such as the timing of solid food introduction, may be a key modifiable 
determinant of childhood obesity. 

The promotion of breastfeeding among mothers in Ireland has 
been a key government health policy since the mid-1990s. However, the 
prevalence of breastfeeding is still relatively low. Findings from the 2011 
Growing Up in Ireland study revealed that just under 50% of babies were 
being breastfed when they left hospital and 57% had ever received breast 
milk. Among those who had never breastfed the most frequent reason for 
not doing so was ‘formula feeding preferable’ (48%); the next most frequent 
reason was ‘inconvenience/ fatigue (17%). Every effort should be made to 
ensure mothers are offered support and encouragement to initiate and 
maintain breastfeeding.

INTRODUCTION
Breastfeeding is a complex and exceptionally 

adaptive function. It is an intricate process of 

interaction between mother and child that is more 

than simply a means of nutrition.1  While infants 

will make daily leaps in neurocognitive, motor and 

social development, they are completely dependent 

on parents and guardians to feed and nurture 

them.2  Thus, it should be no surprise that what 

occurs in the first months of life may be essential to 

lifelong nutritional status.1,3 

	 The World Health Organisation (WHO) 

recommends that, whenever possible, infants 

should be fed exclusively on breast milk until 6 

months of age and that breast milk should continue 

as part of the diet for at least 2 years,4  yet globally 

only 38% of infants are breastfed.5  The concept 

that nutrition during the initial phases of human 

development has the potential to alter organ 

function, and ultimately predispose individuals to a 

later onset of disease, is an area of great interest 

within medical science and of significant concern to 

public health.6

THE BENEFITS OF BREA STFEEDING 
TO THE INFANT
Breastfeeding offers numerous short and long 

term benefits for infant health. It may protect 

against morbidity and mortality from infectious 

diseases.6  Systematic reviews on the long 

term effects of breastfeeding have found that 

participants who were breastfed experienced 

lower mean blood pressure and total cholesterol. 

Evidence also suggests that breastfeeding is 

associated with increased cognitive development 

in childhood.7  Furthermore, the evidence suggests 

that breastfeeding may have a small protective 

long term effect on the prevalence of obesity.7  

Breastfeeding also correlates with a reduction in 

a range of infectious and non-infectious illnesses 

including diarrhoea, respiratory illness, ear 

infection, type 1 diabetes mellitus, coeliac disease, 

inflammatory bowel disease, childhood cancer, 

allergies and asthma.7 

	 Breastfeeding also has many positive 

benefits beyond nutritional status. Colostrum, 

produced in the first days of breastfeeding, 

contains over 90 known components, including 

vitamins, minerals, amino acids and immune and 

growth factors. In addition, its mild laxative effect 

encourages the passing of the infants first stool, the 

meconium.8  Furthermore, the neonatal period is 

particularly critical as the newborn is immediately 

exposed to a large number of microorganisms and 

foreign proteins, and breastfeeding is important 

for the provision of immune-modulating factors 

which may exert a decisive impact on the breastfed 

baby’s developing defence.9  Human milk is 

quantitatively different than either soy or bovine 

formula. Numerous bioactive factors are exclusive 

to human milk including specific human growth 

hormones and growth factors. For instance, breast 

milk reinforces mucosal defences by providing 

secretory IgA (SIgA) and IgM (SIgM) antibodies, 

and delivering immune cells, cytokines and high 

concentrations of oligosaccharides.8

THE BENEFITS OF BREA STFEEDING  
IN MATERNAL HEALTH
Maternal health must also be considered in 

relation to breastfeeding.  A study by Schwarz 

et al.10   which examined the data of 139,681 

postmenopausal women, found that those 

who breastfed their children were less likely 

to have developed hypertension, diabetes, 

hyperlipidaemia and cardiovascular disease 

when postmenopausal.10  Women who had a 

cumulative lifetime duration of lactation greater 

than 12 months were approximately 10% less likely 

to have developed cardiovascular disease than 

parous women who had never breast-fed at 7.9 

years, the median duration of follow-up.10   Thus, 

the authors concluded that lactation may play a 

significant role in reducing risk of cardiovascular 

disease.10  Lactation increases a mother’s 

metabolic expenditure by an estimated 480 kcal/

day. Lactating mothers lose more weight in the 

postpartum period than mothers who do not 	
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	 Breastfeeding has been proposed 

to be associated with postpartum depression. 

However this link has been underexplored in the 

literature.1,12,13  A proposed mechanism is that 

lactation is associated with an attenuated stress 

response, involving cortisol and the lactogenic 

hormones oxytocin and prolactin, which appear 

to have both antidepressant and anxiolytic 

effects.12  A bidirectional relationship has been 

identified between breastfeeding and depression, 

with prenatal depressive symptomatology 

predicting less breastfeeding postpartum and 

early breastfeeding predicting less depressive 

symptomatology later in the postpartum.13           

 BREA STFEEDING AND OBESITY  
The prevalence of obesity is a topical issue in 

Ireland at present, and indeed a major public 

health crisis around the world.14  The initial months 

after birth may serve as a critical window for the 

development of obesity.14,15  Parental feeding 

practices during infancy, such as the timing of 

solid food introduction, may be a key modifiable 

determinant of childhood obesity.15 

 

	 A prospective pre-birth cohort study of 

847 children from Project Viva, a longitudinal pre-

birth cohort of mother–offspring pairs in Boston, 

Massachusetts, revealed that the introduction of 

solids before the age of 4 months was associated 

with a six-fold increase in the risk of obesity at age 

3 years among infants who were never breastfed 

or who stopped breastfeeding before the age of 4 

months.15  The authors stated that the association 

was not explained by rapid early growth.15  One 

possible explanation for the benefit of breastfeeding 

might be that breastfed children learn appetite 

control and that this control remains after the 

introduction of solid food. This lack of appetite 

control may lead to overfeeding in bottle-fed infants 

due to lack of parental responsiveness to infant 

satiety cues.2,16

	

BREA STFEEDING IN IREL AND
The promotion of breastfeeding among mothers in 

Ireland has been a key government health policy 

since the mid-1990s. However, the prevalence of 

breastfeeding is still relatively low.17  In 2008 the 

Health Service Executive (HSE) commissioned a 

national study to determine the rate and duration 

of breastfeeding in Ireland. This national study, 

the first since 1986, measured breastfeeding 

rates following discharge from hospital. It 

aimed to assess the rate of exclusive and partial 

breastfeeding at three critical periods: from birth to 

48 hours, at 3 to 4 months, and at 6 to 7 months.18 

	 The authors found that 56% of mothers 

who responded to phase 2 of the survey (3 to 4 

months post-natal) had initiated breastfeeding at 

birth. Amongst mothers who initiated breastfeeding, 

those who were aged 40 to 44 were the most likely 

to be exclusively breastfeeding at 3 to 4 months 

(48%). The length of hospital stay was not found to 

be a significant factor on rates of breastfeeding. 

At 6 to 7 months, 18% of the 461 mothers who 

were breastfeeding at 3 to 4 months remained 

exclusively breastfeeding. This was just 6% of the 

1002 mothers who had breastfed their infants at 

birth, and only 2.4% of the 2527 mothers who joined 

the study.

	 Fundamentally, the study revealed 

relevant and potentially modifiable factors 

associated with breastfeeding initiation in Ireland. 

Peers were found to be influential in a mother’s 

choice of infant feeding method. Professional, 

managerial and technical workers were more likely 

to initiate breastfeeding than those in non-manual, 

semi-skilled, skilled or manual employment. The 

younger the mother when she gave birth, the less 

likely she was to initiate breastfeeding.18

	 A WHO Ireland country profile, completed 

in 2013, examined nationally representative data 

from 2008 and revealed that the prevalence 

of exclusive breastfeeding at 6 months of age 

was 2.5% in Ireland.19 Taking these findings 

into consideration, it appears that there is a 

need for a comprehensive, national system of 

monitoring breastfeeding rates at predetermined 

intervals.16,18  More recently, findings from the 

2011 Growing Up in Ireland study revealed that just 

under 50% of babies were being breastfed when 

they left hospital and 57% in total had ever received 

breast milk.17  Furthermore, infants whose mothers 

were born outside Ireland were much more likely 

to be breastfed that infants whose mothers were 

born in Ireland (83% compared to 48%). Mothers 

who breastfed typically stopped when the infant 

was three months old. The most frequent reason 

for discontinuing breastfeeding among those who 

had previously breastfed was ‘not enough milk/

hungry baby’ (37%). Among those who had never 

breastfed, the most frequent reason for not doing 

so was ‘formula feeding preferable’ (48%) or 

‘inconvenience/fatigue’ (17%).17 

	

FACTORS AFFECTING 
BREA STFEEDING INITIATION
The decision about feeding is often made by the 

last trimester of pregnancy. Information given 

during prenatal care is extremely influential and it 

is apparent that both advertising and healthcare 

providers influence a women’s choice.20 A 

study revealed that the leading reasons for 

discontinuation of breastfeeding included: concerns 

of insufficient milk production (45%); infants 

dissatisfaction with breast milk (42%); difficulty 

nursing (24%); sore, cracked or bleeding nipples 

(17%); and return to work/school (16%).20 

	 For many first time mothers the prospect 

of breast feeding may be daunting. A 2012 

Cochrane review of 52 studies from 21 countries 

concluded that all women should be offered 

support to breastfeed their babies to increase the 

duration and exclusivity of breastfeeding.21   This 

support may be offered either by professional or 

lay and peer supporters, or a combination of both. 

Strategies that rely mainly on face-to face support 

are more likely to succeed. Importantly, support for 

which women are expected to initiate first contact, 

or reactive support, is unlikely to be effective. 

Women should be offered scheduled visits on an 

on-going basis so they can predict that support 

will be available.21  It also imperative that women 

are educated regarding the option to continue to 

try to breastfeed, even weeks into formula feeding. 

It must also be acknowledged that for some 

mothers breastfeeding is not possible. This may be 

frustrating and distressing for the mothers, and 

they must also receive adequate support.
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From a financial aspect, breastfeeding offers 

considerable savings compared to formula 

feeding.20  Still, the formula industry has reversed 

feeding trends from primarily breastfeeding to 

primarily formula feeding through pervasive 

marketing strategies targeting hospitals, health 

providers, and the general public.20  The impact 

of the infant formula industry and advertising of 

infant formula on breastfeeding practices is largely 

unknown and almost certainly complex. It is of note 

that Ireland produces some 15% of the world’s 

infant formula,22  so it follows that the influence of 

the industry in Ireland is not likely to be negligible.

	

CONCLUSIONS
 The decision to breastfeed is deeply personal 

and individual. Breastfeeding can offer significant 

nutritional and non-nutritional benefits to the infant 

and the mother, throughout their lives. Therefore, 

the support and education around breastfeeding 

should be viewed as a major public health issue. 

Efforts to promote breastfeeding can succeed, 

but they must become a public health priority. 

The contribution of breastfeeding to public health 

should be considered and every effort should 

be made to ensure mothers are offered support 

and encouragement to initiate and maintain this 

invaluable, natural interaction.
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ABSTRACT

OBJECTIVES 
Tranexamic acid (TXA) is an antifibrinolytic agent with the 

potential to decrease mortality rates associated with post-haemorrhage 
acute coagulopathy of trauma (ACT). By assessing how the timing and dosage 
of TXA administration impacts on mortality rates pertaining to both intra- 
and extracranial bleeds, correct measures may be taken to integrate the 
treatment into emergency (including pre-hospital) protocol. A cautionary 
review of  TXA’s potential side effects was completed, also evaluating 
potential outcomes of TXA use in patients not experiencing ACT. 

RESULTS 
Optimal effects correspond to a loading dose of 10mg/kg, with 

subsequent infusions of 1mg/kg/hr. Higher doses do not result in increased 
efficacy and have been associated with convulsive seizures, linked to the 
structural similarities between TXA and γ-aminobutyric acid. TXA infusions 
less than 3 hours post-injury reduce mortality rates, significantly so when 
delivered less than 1 hour after the trauma. Mortality rates increase when 
TXA is delayed for 3 or more hours. TXA administration to patients not 
experiencing ACT does not lead to increased development of thromboembolic 
events. TXA administration is found to be cost effective based on GDP per 
capita per disability-adjusted life year.  

CONCLUSIONS 
Early treatment (<1 hour post-injury) with TXA results in the 

greatest reduction in deaths caused by bleeding in patients who are or may be 
at risk of becoming hyperfibrinolytic. It is logical to assume that early infusion 
(<1 hour post-injury) of TXA into severely haemorrhaging patients at risk of 
hyperfibrinolysis will result in reduced in mortality rates.

INTRODUCTION
Globally, trauma results in 5.8 million fatalities, 

accounting for 10% of world deaths. Haemorrhage 

is responsible for up to 40% of in-hospital 

trauma-induced deaths, establishing bleeding 

and its subsequent consequences as the major 

cause of avoidable death within this category.1  

Coagulopathies are present in the majority of 

significant haemorrhage cases, induced by clotting 

factor depletion as a result of haemodilution. These 

deleterious events result in an impaired platelet 

and thrombin function and reduced fibrinogen 

availability.2 

	 Primary fibrinolysis can result in the 

development of Acute Coagulopathy of Trauma 

(ACT). ACT is diagnosed in up to 40% of patients with 

tissue hypoperfusion and there is a high association 

between trauma-induced hyperfibrinolytic activity 

and death (70-100%).2  Therefore, it is plausible 

that the treatment of ACT with antifibrinolytic 

medications, such as tranexamic acid (TXA) would 

impact significantly on mortality rates.2  This review 

will discuss the modern use of TXA in the treatment 

of haemorrhage within the trauma environment. 

Emphasis will be placed on overall relative 

decreases in mortality rates, timing and dosages 

of infusions, documented side-effects and overall 

cost-effectiveness of the drug on an international 

scale. 

 

BIOLOGICAL ACTIVITY OF 			 
TRANEXAMIC ACID
Under normal physiological conditions, plasmin is 

activated by the endothelium, kallikrein-mediated 

plasmin activation and the release of tissue 

plasminogen activator (tPA). These mechanisms 

are modulated by tissue- and urokinase-type 

plasminogen activators. Conversely, inhibition 

is integral for haemostatic balance, a process 

modulated by multiple inhibitors such as thrombin-

activatable fibrinolysis inhibitor, α2-antiplasmin 

and plasminogen activator inhibitor 1.3  However, 

extensive tissue trauma may shift the equilibrium 

between plasmin activation and inhibition, resulting 

in hyperfibrinolysis that contributes significantly to 

haemorrhage and acute coagulopathy of trauma.3

	 Synthesized in the liver, the proenzyme 

plasminogen, is converted into active form plasmin 

by tissue plasminogen activator. Plasminogen is 

folded into protruding circular structures called 

kringles, which house the lysine-binding sites for 

fibrin attachment. Fibrin binds both plasminogen 

and tPA, localising plasmin activation to the injured 

region. Plasmin is a serine protease that lyses 

the fibrin into degradation products, sequentially 

exposes more lysine residues to activate more 

plasminogen, thus accelerating the fibrinolytic 

process.4 

	 Tranexamic acid, a synthetic derivative 

and analogue of lysine, is an antifibrinolytic drug 

given to competitively inhibit the conversion of 

plasminogen to active plasmin, by obstructing 

the lysine-binding sites on the inactive form. 

TXA, like ε-aminocaproic acid (another lysine 

analogue) interrupts the binding of plasminogen to 

fibrin, an interaction necessary for activation.1-4 

Tranexamic acid has been in use since the early 

1960s in treating haemophilia, and is widely used 

in orthopaedic and cardiac surgery. However, 

extensive use in the trauma population was 

sparked only recently by the Clinical Randomization 

of an Antifibrinolytic in Significant Haemorrhage 

(CRASH) -2 study, released in 2010.5

CRA SH-2 TRIAL
The CRASH-2 trial investigated the effects of TXA on 

mortality rate, vascular occlusion and requirement 

for blood transfusion in trauma patients with 

significant haemorrhage.5  20,211 adult trauma 

patients were recruited across 274 hospitals. 

Those experiencing, or at risk of experiencing, 

significant haemorrhage were assigned randomly 

to either a TXA-receiving group or a placebo-

receiving group. Patient assignment was completed 

within 8 hours of injury. Patients with a definite 

indication or definite contraindication for the use 

of TXA were excluded. The primary outcome of the 

study was death within 4 weeks of haemorrhage. 

The study concluded that TXA administration 

significantly reduced all-cause mortality (14.5%) 

compared to placebo (16%). The risk of death due 

to exsanguination was also lower in the TXA-group 

(4.9%, versus 5.7% in the control patients).5
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I     DOS E 
The dose of TXA used in this trial was based on  

the use of this drug in surgery, where the loading 

doses varied from 2.5-100mg/kg.6 However, 

studies indicate that the dose size had no significant 

impact on blood loss or blood transfusion 

requirements. For CRASH 2 trial patients weighing 

from below 50 to in excess of 100kg, an initial 

loading dose of 10mg/kg, with subsequent 

infusions of 1mg/kg/h  rendered the plasma 

concentration sufficiently high to inhibit fibrinolysis, 

with no additional inferred haemostatic advantage 

when a higher dose is administrated.7,8  

II     TIMING 
Although TXA infusions were received within  

8 hours post injury, significant discrepancies  

in survival rates were observed depending on  

the timing of administration. TXA infusions delivered 

within 1 hour, or between 1-3 hours, following 

injury resulted in significantly reduced mortality 

rates due to exsanguination vs placebo (5.3% vs 

7.7% and 4.8% vs 6.1% respectively). The mortality 

rates reversed when TXA was administered greater 

than 3 hours post injury (4.4% vs 3.1%).5

	 The severity of fibrinolysis can be 

assessed by measurement of D-dimers, protein 

fragments from fibrin degradation. The higher the 

concentration of D-dimers, the greater the severity 

of injury, as shown by Brohi et al. from samples 

that were extracted from patients at the time of 

hospital admission, with a median pre-hospital time 

of 28 minutes.9  This early increase in fibrinolysis 

appears to promote exsanguination, increasing 

the risk of death. Therefore, early administration 

of an antifibrinolytic drug would be most suitable. 

This theory is reinforced by the CRASH-2 study that 

indicated delivery of TXA is most effective less than 

1 hour post injury.5 

	 Disseminated intravascular coagulation 

involves fibrin formation and coagulation, though 

as time progresses, the coagulation proteins are 

rapidly consumed and so can become exhausted, 

causing late bleeding. The CRASH-2 time frame  

of less than 8 hours was instated in order to avoid 

delivering an antifibrinolytic drug in this late stage 

of haemorrhage. It must be considered that the 

development of a pro-thrombotic state occurred 

sooner than initially anticipated in some patients.11 

Furthermore, the risk of existing acidosis or 

hypothermia increases with later hospital arrival. 

These other systemic factors may play a role in  

the interaction of TXA and the blood proteins.  

More research needs to be carried out with 

regards to the mechanism of TXA action when 

infused 3-8 hours post trauma.11

TRANEXAMIC ACID IN  
THE TREATMENT OF  
INTRACRANIAL HAEMORRHAGE   
The efficacy of TXA for intracranial haemorrhage 

is also of clinical significance in the trauma 

environment.15  The size of a traumatic intracranial 

haemorrhage is proportional to the risk of death 

and disability, irrespective of location.16-18  the 

CRASH-2 trial suggested that if the intracranial 

bleeding could be reduced, the outcome of the 

patient may improve. After a physical trauma 

to the parenchyma, thromboplastin is released 

into the blood stream in high concentrations, 

disturbing the coagulation process. Furthermore, 

due to the damage of the cerebral endothelium, 

activation of clotting cascades and platelets 

ensues, resulting in an intravascular thrombosis 

and a reduction in coagulation factors.19,20  TXA 

allows for the maintenance of mature fibrin and 

uninterrupted coagulation. It is theorized that 

TXA reduces secondary brain injury through 

two main mechanisms; firstly, by limiting 

fibrinolysis (and thus intracranial haematoma 

enlargement) and secondly, through the reduction 

in perilesional oedema by inhibiting the effect of 

tissue plasminogen activator.19  Two high quality 

clinical trials15,21  demonstrated a decrease 

in intracranial haematoma in the TXA cohort, 

deduced on the basis of total volumetric growth, 

new areas of haemorrhage and the presence 

of the mass effect.5,15  An improved mortality 

rate was also seen in patients who received TXA 

relative to the placebo cohort. Though the individual 

studies’ results are statistically insignificant, a 

meta-analysis reveal a statistically significant 

reduction in haemorrhage progression following 

the administration of TXA in patients with traumatic 

brain injuries.19  

INTEGRATION OF TRANEXAMIC ACID 
INTO THE PRE-HOSPITAL SCENE: 
MILITARY AND CIVILIAN SETTINGS
Based on the research presented above, 

haemostatic resuscitation should begin at the 

earliest possible opportunity. Intervention in the 

pre-hospital setting presents the best chance 

for a positive prognosis.28  The possibility of the 

administration of TXA in the pre-hospital field has 

been discussed at length by the WHO. Studies, many 

of them military based, support its pre-hospital 

use. The British military incorporated TXA into their 

formal clinical practice guidelines in 2010,24  while 

2012 saw the US military incorporate TXA use into 

the guidelines for tactical combat casual care.25 

	 The MATTERs Military study indicated 

that TXA use yielded an absolute reduction in 

mortality of 6.5%24,25  overshadowing the more 

subtle 1.5% reduction demonstrated in the CRASH-2 

trial.5  The MATTERs study also revealed a 13.7% 

absolute reduction in mortality in the portion of 

the TXA cohort who required a massive blood 

infusion (greater than 10 units) relative to the non-

TXA cohort who required the same transfusion 

volume.24  These findings suggest an increased 

benefit of TXA in those more seriously injured. In 

2014, TXA was been introduced in the Irish pre-

hospital protocol, 3 years after the NHS commenced 

paramedic administration of the anti-haemorrhagic 

agent. Further systematic review of the benefit of 

pre-hospital TXA infusions in the civilian setting 

remains to be done.26 

	 TXA can be reliably stored in emergency 

vehicles, such as ambulances and medical 

helicopters. A recent study27  demonstrated that 

TXA remains stable for up to 12 weeks, and can be 

exposed to temperatures ranging from -20 to 50 

degrees Celsius without functional compromise. 

This functionality was determined based on the 

ability of TXA to completely inhibit streptokinase-

induce fibrinolysis in platelet-poor plasma, as 

determined by D-dimer and thromboelastography 

evaluations.27  The storage properties of TXA 

would facilitate early pre-hospital infusions for 

haemorrhaging patients.  

SEIZURES FOLLOWING TRANEXAMIC 
ACID ADMINISTRATION:
 Following cardiac surgery where TXA has been 

administered, a high number of postoperative 

convulsive seizures have been documented, 

corresponding to TXA doses that are 2-10 fold 

higher than those administered in the CRASH-2 

trial.5  These seizures led to an increased rate of 

neurological complications. A possible mechanism 

for TXA-induced seizures is the structural similarity 

of TXA and γ-aminobutyric acid as a potential cause 

of neurotoxicity.5  In the adult brain, γ-aminobutyric 

acid (GABA), an inhibitory neurotransmitter, plays 

a fundamental role in the organisation of electrical 

conductance patterns and the prevention of 

seizure-like activity.22  The actions of antagonists 

against the GABA type A receptors will result 

in epileptic activity. Temporal lobe epilepsy is 

stimulated substantially by the neuronal excitability 

of the basolateral nucleus of the amygdala. In a 

2014 study, it has been shown that TXA impairs 

GABA type A-mediated synaptic transmission 

in the murine amygdala, in a dose-dependent 

fashion.23  TXA administration at doses in the 

region of 100 mg/kg has an indicated increased 

risk of seizures,6,7  conveying the importance of 

a fixed initial dose in trauma. The incidence in 

dose-dependent seizure occurrence in the trauma 

situation has not yet been examined,11  but is 

advised considering the listing of TXA in the WHO’s 

list of essential medicines and thus, its global-wide 

use.15
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OUTCOME IF TXA ADMINISTERED TO 
A PATIENT NOT EXPERIENCING ACT
 Direct indication for the use of TXA would 

rely on a known history of fibrinolytic drug 

use or lab evidence of hyperfibrinolysis, such 

as accumulations of D-dimers or degradation 

products of fibrinogen.  The incidence of 

hyperfibrinolysis in acute coagulopathy ranges 

from 2%-34%.2

	 However, the locational constraints in the 

early treatment of haemorrhage rarely facilitate 

full-scale hyperfibrinolytic investigations, the 

absolute need for which would completely exclude 

a pre-hospital infusion of TXA. Fortunately, the 

CRASH-2 study administered TXA to haemorrhaging 

patients at risk of ACT and indicated that there was 

no difference in the development of thromboembolic 

events in the TXA group relative to the placebo 

group. Furthermore, there was a decrease in the 

incidence of myocardial infarctions in the TXA 

cohort.5  This data would suggest that there were 

minimal adverse effects recorded in patients of 

the TXA cohort who were not hyperfibrinolytic, 

providing treatment was administered less than 3 

hours post injury. 

COST-EFFECTIVENESS OF 
TRANEXAMIC ACID
Cost-effectiveness analysis has shown that the 

administration of TXA to bleeding trauma patients 

is financially viable in low, middle and high income 

settings TXA administration was found to cost $48, 

$66 and $64 per life-year saved in Tanzania, India 

and UK respectively.29   The WHO declares medical 

intervention to be very cost effective if treatment 

costs amount to less than the GDP per capita per 

Disability-Adjusted Life Year averted.30  In lower 

income countries, GDP per capita can range 

from $380 to $1,035. In middle and high income 

countries GDP per capita ranges from $977 to 

$12,615 to greater than $12,616 respectively.31 

Evidently, TXA proves very cost effective in all 3 of 

the studied environments.

	
	

CONCLUSIONS 
The primary delay in the firm implementation of TXA 

into emergency medicine is related to confusion 

about the category of patients who should receive 

it.2  However, from the available research, there is 

a proven reduction in mortality in TXA-receiving 

patients relative to non-TXA receiving patients 

suffering from significant haemorrhage (systolic 

blood pressure < 90 mmHg, Heart rate 100 bpm), 

where TXA is administered less than 3 hours post-

injury.5  Under these circumstances, the WHO may 

consider advising the use of transexamic acid in 

both hospital and pre-clinical settings, based on the 

reduction in mortality and the cost-effectiveness 

(cost of LY saved relative to the loss in Disability 

Adjusted Life Years) of said treatment.2,5,29,30 
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ABSTRACT

Human Papillomaviruses (HPVs) are considered ubiquitous in 
the sexually active adult population. In recent years, much attention has 
been paid to the role of HPVs in the development of cervical neoplasia. Less 
attention is given to HPV-associated head and neck cancers, despite the fact 
that rates have increased by 225% in recent decades.1

This paper examines recent epidemiological data while exploring 
the mechanisms underlying HPV-mediated ongenesis, the associated risk 
factors for HPV-positive malignancy and the implications of tumour HPV-
status in prognostication and treatment. Vaccination programs are discussed 
with regard to efficacy and safety, and with reference to public health 
initiatives both in Ireland and abroad. Finally, recommendations are provided 
for ways in which the burden of HPV-associated disease can be reduced.

HUMAN PAPILLOMAVIRUSES (HPVS)
Human Papillomaviruses are a sexually transmitted 

infection, now held to be the most common sexually 

transmitted disease in the United States.2  HPVs are 

considered ubiquitous in the sexually active adult 

population. Transmission of HPVs occurs via sexual 

contact, including oral, vaginal and anal sex. Non-

sexual, vertical transmission from mother to child 

can also occur during pregnancy and childbirth.3 

There are over 100 identified strains, which differ 

substantially in their pathogenecity. Low risk 

strains include HPV-6 and HPV-11 which are linked 

with anogenital warts, oral squamous papillomas 

and recurrent respiratory papillomas. High risk 

HPV strains include HPV-16, HPV-18, HPV-31, HPV- 

33, HPV- 45, HPV-52 and HPV-58. Of these, HPV-16 

and HPV-18 are by far the most prevalent.4  The vast 

majority of anal cancers (90%) and cervical cancers 

(99.7%) are attributed to infection with these HPV 

strains.5  It is estimated that three of every four 

new diagnoses of oropharyngeal squamous cell 

carcinoma (OPSCC) are HPV-positive.6  HPV-16 is 

the main causative agent of OPSCC and is mainly 

seen in patients with limited tobacco or alchol use.

	

HPV-MEDIATED ONCOGENESIS
HPV-mediated oncogenesis arises from the 

disruption of DNA repair mechanisms and 

regulators of the cell cycle which facilitates 

uncontrolled proliferation and ultimately malignant 

transformation.4 Specifically, HPV can integrate 

into the host DNA genome resulting in abnormal, 

uncontrolled expression of the viral oncoproteins 

E6 and E7.7  The oncogenic potential of E6 is 

related to its ability to inactivate p53, which 

is a key cellular tumour suppressor protein 

responsible for cell cycle arrest and apoptosis 

in the presence of cell injury and DNA damage in 

particular. Viral inactivation of p53 results in a 

significant decrease in p53 tumour-suppressing 

activity. In contrast to non-HPV OPSCC, where 

carcinogenic exposure causes mutation of the p53 

gene, the HPV E6 protein binds p53 and inactivates 

its transcriptional activity.7  Similarly, E7 inhibits 

retinoblastoma protein (pRb) another tumour 

suppressor protein which prevents abnormal cells 

from progressing to the synthesis (S) phase of cell 

division.4  The inhibition of these tumour suppressor 

genes in affected epithelial membranes renders 

cell genomes unstable and susceptible to the 

development of malignancy.4,5

HPV AND HEAD & NECK CANCER
Head and neck cancers typically arise from the 

mucosal layers of the lip, oral cavity, oropharynx, 

hypopharynx, larynx, sinonasal tract and 

nasopharynx.7  Squamous Cell Carcinoma (SCC) is 

the predominant histological type.7  The oropharynx 

is by far the most common site of HPV-related 

SCC, with the lingual and palatine tonsils most 

often affected.8  The lymphoid tissues at these 

sites feature an incomplete basal cell layer and 

a disrupted, porous basement membrane which 

facilitates their immunological role. It has been 

suggested that this cellular layout may contribute to 

the early metastatic potential of OPSCC tumours.9  

HPV is reliant on the proliferative capacity of these 

cells in order to cause infection and undergo 

further viral synthesis (4).4  Division of infected cells 

then allows the virus to spread.4

	 The incidence of head and neck cancer 

has increased so sharply in recent decades it has 

been described as epidemic.9   Squamous Cell 

Carcinoma of the head and neck (HNSCC) is the fifth 

deadliest cancer worldwide5  with OPSCC expected 

to surpass cervical cancer as the most common 

HPV-related cancer in the United States in the next 

five years.1  In the period spanning 1988 to 2004, it 

is estimated that HPV-associated OPSCC increased 

by 225%.1  In Ireland, the National Cancer Registry 

shows that the incidence of OPSCC in Ireland has 

doubled in the past two decades, from 50 cases 

in 1994, to 100 cases in 2012.10  The general 

consensus attributes this dramatic rise squarely on 

the shoulders of HPV.
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IMPLICATIONS OF HPV-STATUS OF 
TUMOURS
HPV-positive SCC demonstrates a malignant 

process, presentation, treatment response and 

prognosis distinct from that of HPV-negative SCC.9 

The most common initial symptom of HPV-positive 

OPSCC is a neck mass. In contrast, HPV-negative 

OPSCC most often presents with sore throat.11 

The TNM system used to stage tumours and in 

prognostication is limited in its application to HPV-

positive HNC. This system is based on the size of 

the primary tumour, the extent of nodal spread and 

the presence of metastasis. Curiously, HPV-positive 

OPSCC usually presents with smaller primary 

tumours but more advanced nodal involvement.8 

Compared to HPV-negative tumours, HPV-positive 

tumours exhibit greater loco-regional control and 

rarely metastasise. When metastasis does occur 

however, HPV-positive disease exhibits a tendency 

to disseminate to multiple organs and unusual sites 

such as the skin and pancreatic tail.12 

	 Recent years have seen an increasing 

incidence of HNSCC in individuals with no history 

of significant smoking or alcohol use. Traditionally 

HNSCC has been associated with heavy smoking 

or tobacco use and alcohol consumption, typically 

observed in older males in their sixth or seventh 

decade of life.5,13  Additional risk factors include 

chemical exposure (asbestos, chromium, arsenic) 

and environmental exposure to ionising radiation. 

In comparison, the new demographic are 

predominantly Caucasian males, non-smokers, with 

low alcohol intake, higher educational attainment 

and higher socioeconomic status.13  

RISK FACTORS FOR HPV-A SSOCIATED 
CANCER
In stark contrast to the aforementioned rise in HPV-

positive OPSCC, there has been a 50% decline seen 

in rates of HPV-negative HNSCC in the same period.5 

The rise in incidence of HPV-positive OCSCC may 

be primarily attributed to two behavioural shifts in 

society. First, the significant decrease in smoking 

compared to previous generations may make HPV-

related cancer more statistically visible. Second, 

shifts in sexual behaviour, particularly an increase 

in oral sexual partners and engaging in oral sex at 

a younger age, may make HPV-related cancer more 

common.7

	 Oral sexual behaviour and a history of 

multiple vaginal sexual partners in males have 

both been identified as strong risk factors for 

HPV-associated disease.9  It has been suggested 

that higher rates of HPV-associated OCSCC in men 

may be due to the greater prevalence of the virus 

in cervical tissue (compared to penile tissue) which 

may be transferred when a male performs oral 

sex on a female.7  When compared to those without 

cervical neoplasia, women with cervical cancer 

were five times more likely to have a husband with 

over 20 sexual partners in his lifetime.5  In addition, 

studies have demonstrated significantly greater 

incidence of oral, pharyngeal and laryngeal cancers 

in the husbands of women diagnosed with cervical 

cancer.5

TESTING FOR HPV
HPV can be tested for via a number of methods. 

The most common is polymerase chain reaction 

(PCR) and tissue-based in situ hybridisation (ISH).4  

Currently screening is available for cervical and 

anal cancer however there is no standard protocol 

for oropharyngeal cancer screening.5

TREATMENT OPTIONS  
The HPV status of a tumour is important to 

prognosis and will influence the course of 

treatment. Despite the sharp increase in the 

prevalence of HPV-associated OPSCC, these 

malignancies show more favourable outcomes 

with regard to treatment response, recurrence 

rates and overall survival when compared with 

HPV-negative OPSCC.9  HPV-positive OPSCC 

demonstrates increased sensitivity to chemo- and 

radiotherapy versus HPV-negative OPSCC thus 

concomitant chemoradiotherapy has emerged as 

the current mainstay of treatment.3,7,14 Chemo-

sensitivity is proposed to stem from the presence 

of wild type P53 in tumour cells, such that the cells 

retain intact cellular apoptotic pathways.15  In 

increased radio-sensitivity is attributed to impaired 

DNA repair mechanisms in tumour cells.16

	 Thoughts regarding best practice in 

terms of treatment are undergoing a shift. Given 

the younger, healthier profile of these patients, the 

harmful but inevitable complications associated 

with chemotherapy and radiotherapy are 

becoming less acceptable. Both modalities carry 

significant burden in terms of associated morbidity. 

Toxicity-induced sequelae include nephrotoxicity, 

neutropenia, ototoxicity, osteoradionecrosis 

and dysphagia amongst many others.17,18 

One study of patients undergoing concurrent 

chemoradiotherapy found that 43% experienced 

severe late toxicity.18 

	 In light of such findings, recent research 

has begun to focus on the extent to which 

chemoradiotherapy can be de-intensified without 

compromising on treatment efficacy.8  Others have 

advocated the use of surgery in the management 

of patients with HPV-positive HNSCC, highlighting 

the benefits of minimally-invasive transoral robotic 

surgery and laser microsurgery.17,19   Where 

previously highly invasive and often requiring 

extensive dissection, surgical options for OPSCC 

have advanced greatly in recent years and may 

offer comparable oncologic outcomes with 

potentially better functional outcome.17

SURVIVAL RATES
It is difficult to ascertain the extent to which 

treatment modality influences patient outcome 

as HPV-positive status confers advantage 

regardless of the treatment course pursued.20 

The innumerable confounding factors present 

in the patient population must be acknowledged. 

For instance, the survival advantage observed in 

HPV-related malignancy is likely due, in some part, 

to younger patient age, lower alcohol- and smoking-

related morbidity, and the ability to withstand more 

aggressive treatment.14  Nevertheless, when these 

factors are controlled for, the prognostic advantage 

persists.8  Two-year survival rate for HPV-positive 

OPSCC is 95% compared to 62% in HPV-negative 

OPSCC.3  A 2012 meta-analysis of 42 studies found 

the five-year survival rates for patients with HPV-

positive HNSCC to be 70-80% compared with 25-

40% for patients with HPV-negative HNSCC.14  HPV-

positive OPSCC demonstrates 63% less likelihood 

of cancer recurrence and overall mortality 53% 

lower than HPV-negative cohorts14 , findings which 

parallel with Dayyani et al. who reported similar 

figures.21

HPV-VACCINATION
There are currently three groups of prophylactic 

HPV-vaccines available. The bivalent Cervarix 

targets HPV-16 and HPV-18 and the quadrivalent 

Gardasil targets HPV-6, HPV-11, HPV-16 and 

HPV-18. HPV-6 and HPV-11 are most commonly 

implicated in benign anogenital warts.9 There also 

exists a 9-valent vaccine targeting HPV-6, HPV-11, 

HPV-16, HPV-18, HPV-31, HPV-33, HPV-45, HPV-52, 

and HPV-58.22

	 The full impact of HPV vaccination 

programs will not be apparent for decades. 

Currently, researchers look to the incidence of pre-

invasive cervical intraepithelial neoplasia 2 and 3 

and adenocarcinoma in situ (collectively referred to 

as CIN2+) as an indicator of vaccination efficacy.22 

Within 5 years of implementing a free, school based 

vaccination program, Australia has experienced a 

huge decrease in external genital warts which is 

anticipated to translate into similar declines in the 

rate of cervical cancer in future decades.23 

	 The efficacy of vaccination in males has 

also been demonstrated in the literature. A recent 

study of over 4000 men aged 16-24 found that 

vaccination led to a 90.4% reduction in external 

genital lesions (linked to HPV-6, HPV-11, HPV-16 

or HPV-18) and demonstrated 89.4% efficacy 

against condylomata acuminata, a type of genital 

wart.24  The authors suggest these effects will likely 

translate to the prevention of anogenital cancers, 

intraepithelial neoplasia and oropharyngeal 

cancers in the future.24   Notwithstanding this, 

it will be decades before the true impact of HPV 

vaccination on malignant disease will be fully 

established.25

	

	 The Irish HPV Schools Immunisation 

Programme commenced in May 2010.26  The 

routine Irish vaccination programme is currently 

offered to adolescent females in second level 

education, and involves three doses of the Gardasil 

vaccine. Uptake of the vaccination in Ireland 

compares well with international statistics. Based 

on figures as of June 30th 2015, 84.9% of girls in 

first year of second level education are recorded 

as having completed the full course.27  Uptake of 

a catch-up vaccine, offered to older adolescents 

females has been lower, with approximately 44.6% 

of girls in sixth year completing the course.27
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HPV-VACCINE-A SSOCIATED ADVERSE 
DRUG EVENTS (ADES)
HPV-vaccinations pose an interesting challenge in 

the age of immunisation-sceptics. A key criticism is 

that the long term benefits of the HPV-vaccine “rest 

on assumptions rather than solid research data”.28 

Critics highlight the necessity for a very narrow 

margin of tolerance for serious ADRs, especially in 

the case of vaccines with undetermined benefit.28 

They maintain that there is no evidence to support 

the claim that either Gardasil or Cervarix can 

actually prevent any type of cervical cancer, and 

that no vaccine currently in use can eradicate 

existing HPV infections or arrest their progression 

to CIN 2/3 lesions.28  In addition, HPV vaccines 

have documented adverse effects in a small 

minority of recipients, although the majority are 

considered non-serious. The Irish Medicines Board 

(IMB) actively monitors the reports of adverse 

events associated with the HPV vaccine Gardasil. 

In line with the US Food and Drugs Administration 

(FDA) and the Therapeutic Good Administration in 

Australia (TGA), the IMB maintains the safety of 

Gardasil.26 

	 As with virtually all vaccines, local 

injection site reactions can occur including pain, 

redness and swelling. These are short-lived and 

spontaneously resolve in the vast majority of 

recipients.29  Non-serious adverse events included 

syncope, dizziness, nausea, fever and urticaria.29 

In the United State as of March 2014, 67 million 

doses of HPV-vaccines had been administered, 

with no significant increase in adverse events 

reported.2  The US Vaccine Safety Datalink reports 

no increased risk of Guillain-Barre syndrome, 

seizures, stroke, venous thromboembolism, 

anaphylaxis or other allergic reactions, in those 

who have received the HPV-vaccination.30  There 

is also no evidence of a link between HPV vaccines 

and demyelinating disorders.31

PARENTAL ATTITUDES
Other less pressing concerns include the belief of 

some parents that prophylactic vaccination equates 

to the condoning of sexual behaviour at an earlier 

age and may promote the practice of unsafe sex.32 

Studies of sexual behaviour in young adolescents 

following vaccination have found such concerns to 

be unfounded, with those vaccinated no more likely 

to engage in sexual activity than their unvaccinated 

peers.33

SHOULD MALES BE VACCINATED?
When considering HPV and vaccination, much 

emphasis has been placed on cervical cancer. 

Virtually all vaccination programmes are aimed, 

at least in the initial stages, at pre-adolescent 

females. The suggestion of herd immunity 

conferred to males via the vaccination of females 

embodies a number of flaws as it is based on 

assumptions regarding the sexual activity of 

males. The National Cancer Institute estimates that 

over half of the cancers diagnosed in the United 

States in the next five years will be “oropharyngeal 

rather than cervical” which demonstrates a clear 

predominance in males.34

	 A universal vaccination policy would 

carry a number of benefits.35  Primarily, universal 

vaccination would reduce the burden of HPV-

associated diseases and malignancies in the 

general population, and facilitate more rapid 

control of the most common strains in circulation. 

Such a policy would also reduce the risk posed 

to males by unvaccinated females and extend 

protection to men who have sex with men (MSM) 

who do not benefit from herd immunity.35  A recent 

study conducted with MSM in Ireland found that 

69% of men tested had detectable HPV DNA.36

RECOMMENDATIONS
A number of useful recommendations can be drawn 

from the above literature which could be employed 

to reduce the burden of HPV-associated cancer, 

including:

•	 Extension of HPV vaccination programs to 

include males and confer protection against 

HNSCC.4

•	 A targeted campaign for MSM, who do not 

benefit from herd immunity. 

•	 Development of more sensitive screening 

tools for this group of malignancies, given 

propensity for unusual metastatic sites. 

•	 Education workshops for primary care 

clinicians in relation to atypical symptoms 

associated with HPV-positive HNC.

•	 Development of a comprehensive staging 

algorithm for HPV-positive HNSCC.12
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ABSTRACT

HIV infection is associated with an increased risk of 
cardiovascular disease (CVD). This increased risk is thought to occur due to a 
higher prevalence of traditional CVD risk-factors, the effects of the HIV virus 
itself and toxicities associated with taking antiretroviral therapy (ART). There 
is a need to accurately assess CVD risk in patients living with HIV in order to 
identify whether these patients need to undergo lifestyle modifications and/
or take cholesterol-lowering drugs such as statins. 

A number of CVD risk-prediction models  have been developed for 
clinical use in the general population, such as the Framingham Risk Score. 
However, none of the general population models have been validated in HIV-
infected subjects. For instance, the Framingham Risk Score has been shown 
to underestimate and overestimate risk in HIV-infected subjects, depending 
on individual risk factors and geographic origin. 

An HIV-specific CVD risk-prediction model known as the DAD 
Risk Score was developed following a longitudinal study in a cohort of HIV-
infected subjects taking ART, however this model has not been validated in 
other cohorts of patients living with HIV. Despite the lack of validation, the 
European AIDS Clinical Society (EACS) Guidelines 8.0, published in October 
2015, recommend clinicians use the Framingham Risk Score to assess CVD 
risk in patients living with HIV. In order to improve CVD risk-prediction there 
is a need to identify and incorporate more specific prognostic biomarkers 
involved in the pathogenesis of CVD in HIV-infected patients. 

Molecular biomarkers of inflammation (Interleukin-6 and 
C-Reactive Proteins), thrombosis (D-dimer), and the use of imaging as 
biomarkers have the potential to be incorporated into pre-existing models 
to improve their accuracy at predicting risk in the setting of HIV. However, 
controlled clinical-trials with hard clinical endpoints are required to 
determine the optimal approach to CVD risk-prediction in these patients.

INTRODUCTION
Atherosclerosis is the process whereby lipids, 

leukocytes, calcium and other substances deposit 

in the intima of an artery, forming a plaque.1 

Atherosclerosis usually occurs in medium to 

large arteries.1  Plaques can grow large enough to 

significantly reduce blood flow through an artery 

or they may rupture leading to the formation of 

blood clots (thrombosis). These clots can travel 

to smaller arteries causing complete blockage.1 

Cardiovascular disease (CVD) is a general term 

referring to a group of diseases of the heart and 

blood vessels.2  There are four main types of CVD: 

coronary heart disease; stroke; peripheral arterial 

disease; and aortic disease.

	 Since the introduction of antiretroviral 

therapy (ART) there have been huge improvements 

in life-expectancy and quality of life for HIV-infected 

patients.3  However, non-HIV related co-morbidities 

are of increasing concern as this population 

ages.4  Premature atherosclerotic CVD is one of 

the leading non-AIDS-related causes of morbidity 

and mortality in patients living with HIV.5  HIV-

infected patients are at increased risk of developing 

cardiovascular disease compared to HIV-negative 

controls matched for age, gender, race and 

smoking status.6  This increased risk is thought to 

be caused by a combination of higher prevalence of 

traditional CVD risk-factors including dyslipidemia, 

smoking, obesity, the effects of the HIV virus itself 

and toxicities associated with taking antiretroviral 

therapy (ART).7

	

CURRENT BIOMARKERS USED IN CVD 
RISK PREDICTION MODEL S
Due to the increased risk of CVD in HIV-infected 

patients, screening and prevention is vital in 

managing CVD risk. The EACS Guidelines 8.0, 

published in October 2015, recommend that 

clinicians use the Framingham Risk Score and an 

ECG to assess CVD risk in HIV-infected patients at 

diagnosis, prior to ART-initiation and at regular 

follow-ups every 2 years.8  Risk assessment models 

like the Framingham Risk Score are algorithms that 

calculate the risk of a patient having a CVD event 

over a certain period of time (5 or 10 years). The 

calculation is based on a number of relevant risk 

factors or biomarkers including age, gender and 

total cholesterol. The resulting risk score is used 

to help clinicians determine whether the patient 

should receive preventative treatment such as 

statins in addition to lifestyle modifications.9 

CARDIOVA SCUL AR DISEA SE RISK 
A SSESSMENT MODEL S
The Framingham Risk Score was first developed in 

1998 for use in the general population and is based 

on data obtained from an ongoing longitudinal 

study known as the Framingham Heart Study.9 

The most recent version of the Framingham risk 

score was published in 2008 and predicts the 

10-year risk of a CVD event based on age, gender, 

total cholesterol, HDL cholesterol, systolic blood 

pressure, hypertension-treatment, presence 

or absence of diabetes mellitus, and whether 

the patient is a current smoker.9  However, it is 

important to note that the cohort of subjects 

recruited to the Framingham study are not HIV-

infected and the Framingham model has not yet 

been validated in a cohort of HIV-infected subjects. 

The Framingham model does not take into account 

additional HIV-specific risk factors and has been 

shown to underestimate and overestimate risk in 

HIV-infected subjects, depending on individual risk 

factors and geographic origin.9
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	 An HIV-specific CVD risk score was 

developed following the Data Collection on Adverse 

Effects of Anti-HIV Drugs (DAD) Study.9 The DAD 

study is a prospective observational study involving 

the collaboration of 11 cohorts of HIV patients from 

Europe, America and Australia.9  The DAD Risk 

Score is currently the only model for predicting 

CVD risk developed specifically for HIV-infected 

patients. The DAD Risk Score predicts the 5-year 

risk of a CVD event based on relevant risk-factors 

or biomarkers, some of which are specific to HIV 

patients.9  In contrast to the Framingham risk 

score, the DAD Risk Score does not account for 

the use of anti-hypertensive medication, but does 

account for 5 other CVD risk factors or biomarkers 

that are relevant for HIV patients. This includes 

whether the patient is currently being treated 

with indinavir, lopinavir or abacavir, the number 

of years taking indinavir or lopinavir, smoking 

history, the presence of diabetes mellitus, and a 

family history of CVD.9  Still, the DAD model has not 

been validated in a second cohort of HIV-infected 

subjects and is not recommended for use by the 

most-recently published EACS guidelines. Although 

it has been suggested that the DAD model may 

be more accurate than the Framingham model, 

there has not been a trial directly comparing the 

clinical outcomes of HIV-infected subjects assessed 

and treated using the Framingham Risk Score 

compared with HIV-infected subjects assessed and 

treated using the DAD Risk Score. 

	 In 2013, the American College of 

Cardiology (ACC) and American Heart Association 

(AHA) developed a new CVD risk assessment 

model known as the ACC/AHA Pooled Cohort 

Equations Risk Calculator.10  In the United States, 

this model is now recommended for use in the 

general population ahead of the Framingham 

Risk Score.11  The risk-assessment model was 

designed using data published from major National 

Heart, Lung, and Blood Institute-funded cohort 

studies.10  Importantly this model includes stroke 

as a clinical endpoint and incorporates race into the 

risk algorithm. This allows better risk prediction, 

especially in African-American patients.10  This 

model has not been validated in a cohort of HIV-

infected subjects. However, this risk score could 

potentially be adapted and used in the future to 

improve CVD risk assessment in patients living with 

HIV.

BIOMARKERS OF THE FUTURE
There are additional biomarkers strongly 

associated with the pathogenesis of 

atherosclerosis in HIV that are not currently being 

used in assessing risk for CVD in this population.  

It is believed that these biomarkers could be 

incorporated into pre-existing risk-assessment 

models and screening protocols to improve the 

accuracy of CVD risk-prediction in patients living 

with HIV.5   Some examples include molecular 

biomarkers of inflammation, atherosclerosis and 

thrombosis, and the use of imaging techniques as 

biomarkers of CVD progression.5

	 In recent years, it has become widely 

recognised that atherosclerosis does not only 

involve the passive build-up of cholesterol 

in arteries.12  In fact, inflammation plays a 

pivotal role in all stages of atherosclerosis.13 

In HIV patients, the inflammatory response is 

increased and contributes to a heightened risk 

of CVD. Inflammation is reduced following viral 

suppression as a result of ART. However, the level 

of inflammation does not return to normal levels.14 

Therefore, molecules released into circulation 

during the disease process of atherothrombosis, 

such as IL-6, CRP and D-dimer have the potential 

to improve CVD risk prediction in HIV-infected 

patients. These biomarkers can be easily 

measured with a blood test. A number of studies, 

have investigated the correlation between these 

biomarker levels and the incidence of CVD events in 

HIV-infected subjects.

	 Interleukin-6 (IL-6) is a cytokine released 

by leukocytes and endothelial cells which plays 

an important role in the inflammatory cascade 

involved in atherosclerosis.5  C-reactive protein 

(CRP) is produced by the liver and released into 

circulation by macrophages and T-cells following 

IL-6 secretion, in order to activate the complement 

system.5  High-sensitivity CRP (hs-CRP) can be 

measured at extremely low concentrations using 

laser nephelometry.5  This level of sensitivity 

enables hs-CRP levels to be used as a biomarker 

of low-grade chronic inflammation.5  Higher 

levels of IL-6 and hsCRP in the general population 

correlate with an increased risk of CVD events 

and death from any cause.5  As a result of the 

chronic inflammation associated with HIV infection, 

monitoring levels of inflammatory markers such as 

IL-6 and hsCRP could improve CVD risk-prediction 

in HIV-infected patients. 

	 Following atherosclerosis, plaques may 

become fragile and rupture leading to blood-

clotting (thrombosis), which can cause artery-

occlusion and myocardial infarction or stroke.1 

D-dimer is a protein released into circulation 

following degradation of fibrin-clots by fibrinolysis, 

which can be used as a biomarker of thrombosis.5 

However, D-dimer is a non-specific marker which 

reflects increased thrombotic-activity and may be 

elevated in response to inflammatory stimuli.5	

CLINICAL TRIAL S USING 
BIOMARKERS
Duprez et al. investigated the predictive value 

of hsCRP, IL-6, and D-dimer for CVD morbidity 

and mortality in HIV-infected patients enrolled in 

The SMART Study beyond other measured CVD 

risk-factors.15  Out of the 5098 patients enrolled 

in the trial, 252 patients had a CVD event over a 

median follow-up of 29 months.15  The researchers 

found that the addition of the 3 biomarkers to a 

pre-existing model significantly improved risk-

prediction.15  Area under the curve (AUC), which 

measures the performance of biomarkers, 

significantly improved with inclusion of the 3 

biomarkers to a pre-existing model from 0.741 to 

0.771 (p<0.001).15 

	 In a study by Nordell et al., the 

researchers investigated the prognostic value of 

inflammatory and thrombotic biomarkers IL-6, 

hsCRP and D-dimer for fatal outcomes among HIV-

infected patients that experienced a CVD event.16 

Data was used from 3 international HIV trials 

including the SMART trial, the ESPRIT trial and the 

SILCAAT trial. Biomarker levels were measured at 

baseline for the 9,764 patients, all of whom were 

HIV-positive with no history of CVD.16  Of these 

patients, the researchers focused on the 288 

that experienced either a fatal (n=74) or nonfatal 

(n=214) CVD event over a median of 5 years.16  The 

researchers found that IL-6 and D-dimer levels at 

baseline were significantly higher for those patients 

who experienced a fatal CVD event compared 

with the patients that experienced a non-fatal CVD 

event.16  The level of hsCRP was also higher in these 

patients, but this was not statistically significant.16 

It was concluded that the chronic inflammation and 

thrombosis associated with HIV leads to a poor 

outcome when a CVD event occurs.16

De Luca et al. investigated whether certain 

biomarkers can independently predict CVD risk 

in HIV-infected patients.17  The researchers 

conducted a retrospective nested case-control 

study in HIV patients already enrolled in 2 studies; 

the Icona Foundation Cohort and the CUSH study.17 

The researchers included patients aged 35-69 

that were being treated with ART.17  Patients which 

had undergone a major CVD event were included 

in the case group (n=35) and patients that were 

free from CVD events for at least 5 years from 

starting ART were included in the control group 

(n=74).17  The control patients were matched to the 

cases for diabetes and smoking status.17  Levels of 

hsCRP, D-dimer, P-selectin, IL-6, tissue plasminogen 

activator, and plasminogen activator inhibitor-1 

were measured and statistical analysis was carried 

out.17  The researchers found that high levels of 

hsCRP were associated with CVD risk, independent 

of traditional risk factors, HIV replication and the 

type of ART received at the time of sampling.17  It 

was also found that higher IL-6 and P-selectin levels 

were independently associated with increased CVD 

risk, although this association was weaker than for 

hsCRP.17 
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IMAGING BIOMARKERS
Various techniques of arterial imaging have 

potential for use as predictive biomarkers to 

improve screening for CVD risk assessment in 

HIV-infected patients and uncover the correlation 

between HIV-infection and atherosclerotic CVD.18 

Some of the promising imaging techniques for 

this purpose include carotid ultrasound, cardiac 

computed tomography and brachial artery 

ultrasound.18 

	 Carotid Ultrasound is a technique which 

can be used to measure carotid intima-media 

thickness (IMT) and assess for plaque presence 

in the carotid arteries of the neck.18  Increased 

carotid IMT is associated with an increased risk 

of myocardial infarction and stroke.18  Over 20 

studies have measured carotid IMT in HIV-infected 

individuals. Combining data from these studies 

shows that average carotid IMT is 0.04 mm thicker 

in the HIV population compared to HIV-negative 

controls.18

	 Cardiac computed tomography is a 

technique used to measure coronary artery 

calcium (CAC), or for angiography (CTA) to assess 

the presence and nature of coronary plaques.18 

Both CAC and CTA are used to aid in the prediction 

of CVD risk in the general population.18  Currently, 

CTA is promising for clinical use as it can identify 

the presence of both calcified and non-calcified 

plaque.18  Studies involving the Multicentre AIDS 

Cohort described an increased prevalence of 

non-calcified plaque in HIV-infected individuals 

compared to HIV-negative controls.18 

	 Brachial artery ultrasound is a technique 

used for brachial arterial reactivity testing (BART) 

in order to assess flow-mediated dilation, a marker 

of endothelial function that predicts future CVD 

risk.18  Studies involving brachial artery ultrasound 

have demonstrated that HIV-infected patients 

show a much higher prevalence of endothelial 

dysfunction when compared to control groups 

without HIV-infection.18 

CONCLUSION AND FUTURE 
PERSPECTIVE
Accurate CVD risk prediction in HIV-infected 

patients is vital due to the increased risk of CVD 

in this population. CVD risk-prediction allows 

physicians to prescribe lifestyle modifications and 

cholesterol-lowering medication, such as statins, to 

patients with high CVD risk. In fact, is it conceivable 

to advocate that all patients living with HIV should 

be administered statins as prophylaxis to prevent 

the occurrence of atherosclerotic CVD. This 

strategy is currently being investigated in a large 

multicentre study funded by the National Institutes 

of Health called REPRIEVE (Randomized Trial to 

Prevent Vascular Events in HIV).19  REPRIEVE is 

investigating whether Pitavastatin, a newer statin 

that does not have substantial interactions with ART 

drugs, can prevent CVD events over time in a cohort 

of HIV-infected subjects without known CVD.19

	 The CVD risk-prediction model currently 

recommended for use in HIV-infected patients 

by the EACS, the Framingham Risk Score, was 

developed for use in the general population and 

has not been validated in a cohort of HIV-infected 

subjects. Molecular biomarkers of inflammation 

and thrombosis, and imaging biomarkers have 

all shown potential for use in improving CVD 

risk prediction. However, there is a need for 

properly-designed, large clinical trials with hard 

clinical endpoints to fully investigate whether the 

incorporation of these biomarkers into pre-existing 

risk-prediction models can improve CVD risk-

prediction. 
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ABSTRACT

The 2010 Haitian cholera epidemic exposed major weaknesses 
in the traditional approach to cholera remediation. As a result, the World 
Health Organization (WHO) revised its cholera-response guidelines in 2011 
to recognize Oral Cholera Vaccination (OCV) as a viable cholera control 
mechanism. 

The WHO currently recommends that OCVs be administered in 
conjunction with existing interventions for cholera remediation. Although 
OCVs have satisfied clinical trials, few studies have investigated the feasibility 
of implementing mass OCV campaigns in endemic regions; there remains 
considerable debate about cost-effectiveness, logistical challenges, and 
acceptability of OCVs by local populations. 

The author of this article aims to assess the feasibility  
of implementing mass OCV campaigns in cholera-endemic regions.  
He outlines three recommendations for the successful implementation  
of such campaigns:  
 
	 (1) building local capacity and educating populations about  	  
	        choler prevention techniques during OCV campaigns;  
	 (2) developing affordable vaccines, subsidized by  
	        international communities; and 
 	 (3) using qualitative research methods to understand 
	        local socio-cultural variables before OCV campaigns.

INTRODUCTION
Cholera continues to pose a significant public 

health burden for many regions of the world 

that have restricted access to basic sanitation 

infrastructure. Cholera is an acute and highly 

infectious diarrheal infection that is caused by the 

bacterium Vibrio cholerae.1,2  The main symptoms 

of cholera infections are characterized by extensive 

watery diarrhea and vomiting.2  If left untreated, 

cholera infection can result in severe dehydration 

within a couple of hours, leading to shock and/or 

death in some cases. 

	 According to the 2012 World Health 

Organization (WHO) Report on Cholera,3  1.4 

billion people worldwide are at risk of cholera 

infection. Moreover, the WHO reports that there 

are approximately 2.8 million cholera infections 

each year and approximately 91,000 deaths in 

cholera-endemic countries worldwide.3,4  The 

WHO also reports that since 2000, the absolute 

number of cholera incidence has been increasing 

worldwide,2,3  in addition to the proportion of 

cholera infection worldwide.2,3  Note that the 2010 

Haitian cholera epidemic accounts for a significant 

proportion of cholera infections and death during 

that period. Between October 2010 and May 2013, 

Haiti reported over 600,000 cases of cholera 

infection and more than 8,000 deaths.5 

	 In the light of the 2010 Haitian cholera 

epidemic, the World Health Assembly in 2011 

declared that cholera is a global priority and called 

on the international community to re-evaluate its 

approach to cholera remediation.2  Traditionally, 

cholera remediation efforts focused on the 

widespread provision of clean drinking water and 

basic sanitation infrastructures.6 While these 

efforts are necessary to treating existing cholera 

infections, they are not sufficient in remediating 

acute cholera epidemics.6  The 2010 Haitian 

cholera epidemic is one case that highlighted major 

limitations to the traditional approach. As a result, 

the WHO revised its cholera-remediation guidelines 

in 2011.1 

	

	 Under the more recent guidelines, the 

WHO recognizes Oral Cholera Vaccination (OCV) as 

a viable cholera remediation strategy. At present, 

two OCVs are qualified and licensed by the WHO: 

Dukoral and Shanchol.6,7  Clinical trials conducted 

in 2011 in Kolkata, India, found that Shanchol 

is 65% effective in preventing cholera infection 

five years after vaccination.4  Both vaccines are 

administered as a two-dose regimen and both have 

been proven safe in the laboratory.6  Today, the WHO 

recommends that OCVs be administered in cholera-

endemic regions in conjunction with traditional 

interventions. 

	 While OCVs have satisfied the WHO’s 

clinical trials, there remains considerable debate 

regarding the feasibility of implementing mass 

OCV campaigns in cholera-endemic regions of the 

world.1,4,8 The main questions in this debate center 

around cost-effectiveness, logistical challenges, 

and acceptability of OCVs by local populations.9,10 

Few studies have considered the socio-cultural 

determinants that can influence the results of OCV 

campaigns. Consequently, this paper aims to fill that 

gap by reviewing the current knowledge on mass 

vaccination campaigns in developing regions.  

LITERATURE REVIEW
Since OCVs have only been proposed in the last 

decade, real-world, practical experience with OCV 

campaigns is limited.6  Much of the real-world 

experience with OCV campaigns comes from small-

scale cholera interventions in Asia.11-14 The first 

major study on a large-scale OCV campaign was 

published in 2013 by Ciglenecki and colleagues. 

It described the large-scale OCV campaign 

implemented in Guinea between April 2012 and 

June 2012. It was initiated to control an acute 

cholera epidemic in Guinea. A total of 312,650 

doses of vaccine were administered and it was the 

first time that Shanchol vaccine was administered 

to control an acute cholera epidemic.6  Overall, 

Ciglenecki and colleagues found that the campaign 

was generally well received by local populations. 

High vaccination coverage was achieved, despite 

the short preparation time. They found that 

feasibility, timeliness of implementation, and 

delivery costs, were similar to those of other mass 

vaccination campaigns.6  
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	 More recently, Kar et al.4  conducted a 

study accessing the feasibility of using Shanchol 

vaccine in a mass vaccination campaign, while 

relying almost exclusively on local public-

health infrastructures. They found that mass 

vaccination campaigns using Shanchol are 

viable, however, require detailed micro-planning. 

The authors suggest that before implementing 

a mass vaccination campaign using Shanchol, 

it is necessary to implement social mobilization 

activities to engage local stakeholders. For 

instance, the authors recommend that a detailed 

micro-plan be developed in consultation with local 

health volunteers and community leaders.4 This 

was achieved by meeting with public health officials 

and making site visits before the campaign. The 

authors suggest that cost is a major barrier to the 

successful implementation of OCV campaigns. They 

therefore argue that the costs of a campaign must 

significantly be reduced through planning. 

	 Socio-cultural determinants must also 

be considered before implementing mass OCV 

campaigns. Emerging literature on the topic 

suggests that the success of such campaigns 

largely depends on the unique socio-cultural 

determinants of the populations. Almost 

unanimously, higher education was associated 

with an increased willingness to participate in 

remediation treatments.2 Merten et al.2  studied 

the effects of education on the local population’s 

willingness to pay for OCVs. They found that level 

of education influenced vaccine acceptance at 

all price levels. Not surprisingly, they found that 

higher educated populations were willing to pay 

a price premium for OCVs. Nevertheless, at the 

highest price levels, “material insecurity” was more 

predictive than education.  

	 According to Merten et al.,15  the price of 

the vaccine is the most important determinant of 

program participation in cholera-endemic regions. 

Consequently, they investigated local perceptions 

of acute diarrhea illness and anticipated vaccine 

acceptance in two sites within the Democratic 

Republic of Congo. 360 randomly selected adults 

were interviewed through a semi-structured 

questionnaire. Anticipated vaccine acceptance at 

‘no cost’ was approximately 97%. At lower costs 

(free - $5 USD), anticipated vaccine acceptance is 

relatively high at more than 80% acceptance. These 

findings suggest that mass OCV campaigns are 

viable when the vaccine is relatively affordable.15  

	 In another study by Merten et al.2 , 

community acceptance of OVC campaigns 

was assessed. The authors argued that while 

price is the most important determinant of 

program participation, several other contextual 

determinants can influence the success of the 

campaign. These contextual determinants must be 

deeply understood before initiating the campaign. 

For instance, Kar et al.4  found that program 

participation in Kolkata, India, was lowest on 

Thursdays. They attribute this to the Hindu culture, 

which prohibits eating meat on Thursdays. Through 

semi-structured interviews, the implementation 

team found that some local participants feared that 

vaccines contain animal by-products. 

	 Several studies have investigated the 

role of vaccination campaigns in educating local 

populations and building capacity. In recent a 

study, Aibana et al.1  examined the effectiveness 

of including an educational component in OCV 

campaigns. The authors conducted surveys 

before and after an OCV campaign in rural Haiti to 

assess the impacts of the campaign on the wider 

community. The authors documented a substantial 

increase in the rate of sanitary practices used in 

the community, such increased hand-washing, 

the cooking of foods, and decreased drinking of 

untreated water. Similarly, Beau De Rochars et 

al.16  found major improvements in the frequency of 

water treatment practices in Haiti following a mass 

OCV campaign with an education component. The 

frequently of water treatment increased from 31% 

to 74% after the OCV campaign. 

	

CA SE STUDY: GUINEA
Guinea regularly experiences cholera endemics 

during its rainy season in July.6  In February 

2012, an early cholera outbreak, coupled with the 

ongoing cholera endemic in neighboring Sierra 

Leone, hinted that a possible cholera epidemic 

was approaching.6  Consequently, the Ministry 

of Health of Guinea, in partnership with Doctors 

Without Borders, decided to implement a mass OCV 

campaign. The aim of this campaign was to control 

the spread of cholera infection by pre-treating high 

risk populations. 

	 This case-study highlights the potential 

effectiveness of mass OCV campaigns. The Ministry 

of Health of Guinea implemented two mass OVC 

campaigns. The first campaign was situated in 

the Boffa District, located on the north-west coast 

of Guinea. The second campaign was situated in 

the Forecariah District, located on the south-west 

coast of Guinea. In total, 320,000 OCV doses were 

administered. These administrations occurred in 

two sessions, which were spaced over two to three 

weeks. In both the Boffa and Forecariah Districts, 

weekly numbers of reported cholera cases were 

significantly lower than in the country of Guinea 

overall.2 

	 The relative success of this OCV campaign 

can be used as a case-study for future cholera 

remediation efforts. Ciglenecki et al.6  attribute the 

success of this campaign to the low-cost of vaccine 

administration and to the stakeholder mobilization 

efforts carried out before the start of the campaign. 

During the campaign, the cost per dose of vaccine 

was $2.89 USD, which included $1.85 for the 

vaccine itself and approximately $1.00 USD for 

delivery and implementation. As a result of the 

relatively low treatment cost, program participation 

was high at nearly 90%. 

	 In terms of capacity building and 

stakeholder engagement, this case-study serves 

as an excellent model for a bottom-up approach 

to mass vaccinations. Prior to the start of the OCV 

campaign in Guinea, both of the targeted districts 

were visited by health promoters, who provided 

the local populations with information about the 

vaccination. Interestingly, the health promoters 

were selected in earlier stakeholder mobilization 

efforts and they were influential leaders in their 

community.6  Together with Doctors Without 

Borders representatives, the community leaders 

went door-to-door in an effort to raise awareness 

for the OCV campaign and answer individual 

questions.  

	
RECOMMENDATIONS 
There remains considerable debate in the 

literature on whether the implementation of mass 

OCV campaigns is feasible in cholera-endemic 

regions. While the literature may be divided on 

the advantages and disadvantages of mass OCV 

campaigns, there is an overwhelming agreement 

that cholera epidemics must be studied in context. 

Although OCVs may pass clinical trials, this does 

not necessarily imply that the vaccinations will 

be effective in practice. As studied by Mazzeo 

and Chierici,8  each social environment is 

characterized by a complex system of values, 

beliefs and knowledge. They warn against top-

down remediation practices that are removed 

from context. The first recommendation in this 

paper is the need to draw on qualitative research 

methods when developing international remediation 

strategies. Qualitative research methods enable 

researchers to develop a fuller understanding 

of the institutions and processes for promoting 

social change and improving the health of local 

populations.8,16  This is particularly important 

during cholera epidemics because they are 

often characterized by a rapid onset and swift 

progression. For this reason, the need to mobilize 

people and resources quickly and efficiently is 

critical to an effective remediation strategy. 

	 Smith examined the challenges to 

developing partnerships between civil society and 

international organizations for development.17 

He argues that the greatest challenges to 

forming these partnerships are differences in 

how each group envisions the process and goals 

for development. Still, these challenges are not 

insurmountable.17,18  The Guinea case-study is 

one example of how international organizations 

and NGOs can work to engage local populations. 

Doctors Without Borders partnered with local 

community leaders to raise awareness for cholera 
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vaccination, promoting basic sanitation practices. 

At the heart of this initiative was the thorough 

use of qualitative research techniques.6  In their 

study, Ciglenecki and colleagues relied on snowball 

sampling methodologies to find community leaders 

before implementing a campaign. Snowball 

sampling is a qualitative research technique that 

relies on referrals to locate relevant stakeholders. 

Understanding the needs and concerns of 

stakeholders allows health promoters to align their 

objectives with those of the target populations. 

	 Secondly, there is an urgent need 

for OCV funding. As described by Ciglenecki et 

al., the single greatest predictor of program 

participation is the cost of the treatment. A 

difference of one or two dollars can have a major 

impact on local participation.15  OCVs present a 

unique challenge for donor organizations. Since 

cholera is characterized by a rapid onset and swift 

progression, it is essential to have a stockpile of 

vaccines for the timely implementation of mass 

campaigns.6  International donor organizations 

must have sufficient resources to generate these 

vaccines. In the literature, the most viable approach 

to reducing the cost of remediation is developing a 

single-dose vaccine. At present, the WHO is working 

on developing a single-dose oral cholera vaccine. 

In practice, this could reduce the treatment costs 

by more than half, in addition to operating and 

administration costs. Though, further research is 

needed to explore this option. 

	 Finally, this paper recommends that OCV 

campaigns be implemented to serve a capacity 

building function in cholera-endemic regions. The 

literature overwhelmingly agrees that mass OCV 

campaigns have the potential to link knowledge 

with practice. Vaccination campaigns are excellent 

tools for educating, raising awareness, and building 

capacity among local populations because they 

serve to aggregate the population in times of 

crisis. In developing countries, this is critical for 

remediation. It enables health care providers to 

distribute essentials resources like water and food, 

and it also allows them to train and educate the 

population on basic sanitation. An effective OCV 

campaign must combine the traditional approach to 

cholera remediation, which includes the distribution 

of clean water resources, hand sanitizers, 

antiseptics and other sanitation infrastructures, 

with the administration of preventative vaccines 

and capacity building programs. 

CONCLUSION  	
The 2010 Haitian cholera epidemic exposed major 

weaknesses in the traditional approach to cholera 

remediation. As a consequence, the international 

community set out to find a viable remediation 

treatment for endemic cholera infection. Today, the 

WHO recommends that oral cholera vaccinations 

be administered to control cholera infection in 

conjunction with traditional interventions. 

	 OCVs are newly developed vaccines 

and there remains considerable debate about 

their feasibility in mass campaigns. recent 

implementations of mass OCV campaigns exhibited 

tremendous success in controlling the spread of 

cholera infection. More work needs to be done to 

access the feasibility of implementing mass OCV 

campaigns in cholera-endemic regions of the world. 

Future efforts will necessitate the application of 

qualitative research methods to develop fuller 

understandings of contextual constraints and 

researchers will require support to develop more 

cost-effective, single-dose vaccines. 
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ABSTRACT

Cancer stem cells (CSCs) have been implicated in the processes 
of metastasis, tumour recurrence, and drug resistance so it is not surprising 
that they have become a major focus of cancer research in recent years. 
However, it remains to be seen whether CSCs can be targeted successfully, 
and if so, without adversely affecting normal stem cells within the body. This 
review highlights the evidence for the existence of CSCs and their potential 
use as a chemotherapeutic target in the future. 

In discussing the therapeutic potential of targeting CSCs, it is 
necessary to examine the CSC hypothesis and the biology of CSCs, focusing 
on their ability to evade conventional chemotherapeutic agents. The evidence 
reinforces the theory that drugs may be required in the treatment of 
cancer which target CSCs, killing them before drug-resistant tumours may 
metastasise or tumour recurrence occurs. 

CSC-targeting agents should ideally be used in combination with 
conventional chemotherapeutics which target the rapidly proliferating, 
primary neoplastic cells. However, more research needs to be done on the 
complexity of CSC cellular processes before this type of drug can be used 
clinically.

INTRODUCTION
The treatment of cancer has come a long way in 

the last number of decades. Scientists have made 

massive leaps in both understanding tumour 

biology and developing drugs which target 

cancer cells. Chemotherapy has hugely benefited 

cancer patients by shrinking their tumours, 

reducing incidence of metastasis and relapse, 

and improving their overall survival. It is true, 

however, that conventional chemotherapy works 

better for some forms of cancer than others, 

and it is not without its limitations or side effects. 

Numerous recent studies have suggested that 

cancer stem cells (CSCs) are responsible for many 

of the limitations of conventional chemotherapy, 

such as therapeutic refractoriness and disease 

relapse. As chemotherapy frequently targets 

actively proliferating cells, residual dormant cells 

are often left behind. These quiescent cells, or 

CSCs, are largely responsible for any metastasis, 

tumour recurrence, or drug resistance that may 

occur.1  CSCs can also overcome chemotherapy 

by accumulating mutations that lead to drug 

resistance. Therefore, drugs which target CSCs, in 

addition to primary neoplastic cells, are required so 

that these boundaries can be overcome. 

WHAT ARE CANCER STEM CELL S?
The stochastic evolutionary model suggests that 

tumour growth is a random process in which all 

cells within the tumour can contribute. However, 

the CSC hypothesis postulates that there is a 

subpopulation of cells within a tumour that are 

similar to normal stem cells and have the ability 

to divide asymmetrically.1  In recent years, it has 

become clear that many tissues, both malignant 

and non-malignant, are arranged in a Stem-

Progenitor-Differentiated cell hierarchy. In this 

arrangement, the dormant CSCs sit at the apex 

and differentiate into progenitor cells, which then 

produce differentiated neoplastic cells. The CSCs 

can then return to their quiescent state.2  This 

hierarchy allows CSCs to have a heightened ability 

over differentiated neoplastic cells to generate 

new tumours, a process known as tumour seeding. 

The first evidence for the existence of CSCs 

came to light in the 1960s. Kleinsmith and Pierce 

demonstrated that a single embryonal carcinoma 

cell  was capable of seeding new tumours when 

transplanted into SCID mice.3  However, the term 

“cancer stem cells” was not introduced until 2001. 

Since then, there has been increasing evidence 

to support the CSC hypothesis, with CSCs being 

discovered in many other forms of cancer.1 

Although controversial, the self-renewal of CSCs 

may promote tumour growth, and understanding 

CSC biology may allow the identification of 

attractive therapeutic targets.

	 The origin of CSCs is not fully understood. 

Research has shown that CSCs involved in 

carcinoma arise, at least partially, due to a process 

known as epithelial-mesenchymal transition (EMT).4 

EMT is an important process in embryogenesis 

and organogenesis but occurs pathologically 

in the setting of carcinoma. Various signalling 

pathways (e.g., Wnt signalling) induce the EMT 

pathway in epithelial cells and cause expression 

of a series of transcription factors which repress 

epithelial genes and activate mesenchymal genes.5 

During this process, epithelial cells lose their 

characteristic phenotype and gain features of 

mesenchymal cells including increased motility, 

invasiveness, and resistance to apoptotic factors, 

permitting dissemination of carcinoma. Certain 

types of EMT have also been shown to allow some 

cells to exhibit traits of CSCs, such as self-renewal. 

Mani et al. showed that human mammary epithelial 

cells which had undergone EMT expressed surface 

proteins similar to those found on breast CSCs.4 

These cells also displayed a heightened ability to 

seed new tumours, verifying the generation of 

CSCs. It has also been theorised that CSCs may 

arise due to mutations in normal stem cells or 

progenitor cells.  Driessens et al. observed that 

progression from benign papilloma to malignant 

squamous cell carcinoma in mice is associated with 

an expansion of the CSC population and a decrease 

in the production of non-stem cells.6  This study 

suggests that the most likely source of CSCs are 

normal stem cells that accumulate mutations. 
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	 CSCs are believed to be more resistant 

to conventional therapies in comparison to other 

cell populations located within the tumour.1,7 

This resistance has obvious important clinical 

implications regarding tumour relapse. 

Understanding the mechanisms underlying 

resistance is imperative if promising therapeutic 

targets are to be identified. It has been 

demonstrated experimentally that human mammary 

epithelial cells induced into an EMT have increased 

resistance to radiotherapy and chemotherapy.8 

Following EMT induction, these cells showed a 

10-20 fold increase in resistance to common 

chemotherapeutic agents such as paclitaxel, 

doxorubicin, and dactinomycin. The mechanisms by 

which EMT enhances this resistance are unknown. 

The slow turnover of CSCs compared to other 

neoplastic cells, and their increased quiescence, 

are other obvious mechanisms of resistance to 

chemotherapeutics targeting rapidly-proliferating 

cells.2  Additionally, CSCs express high levels of 

anti-apoptotic proteins such as Bcl-2, as well as 

ATP binding cassette (ABC) efflux pumps, which 

are both associated with drug resistance.9 The 

cytoplasmic enzyme aldehyde dehydrogenase 

is thought to be involved in CSC resistance in 

colorectal tumours to cyclophosphamide.7 

This enzyme oxidises and inactivates the toxic 

product of the drug, aldophosphamide. Dylla 

et. al. discovered that treatment of colorectal 

cancer with cyclophosphamide results in survival 

and enrichment of CSCs, resulting in the rapid 

regeneration of tumours expressing increased 

levels of oncogenes.7  This selective outgrowth of 

drug-resistant cells highlights the role of CSCs in 

the relapse of multi drug-resistant tumours. 

HOW CAN WE DEVELOP DRUGS WHICH 
TARGET CSCS?
Although research on the formation and resistance 

of CSCs has led to a greater understanding of how 

drugs targeting these cells could potentially be 

developed, experimentation on CSC-targeting drugs 

is very problematic, largely due to the difficulty in 

isolating CSCs and growing them in culture.10  This 

makes it very difficult to test agents for specific 

toxicity against them. One method of overcoming 

this obstacle is to induce epithelial cells into an 

EMT. As already discussed, this enriches cells 

with CSC-like properties, including increased 

chemotherapeutic resistance.4 Screening for 

agents with selective toxicity against these cells 

can then be performed. One experiment by Gupta 

et al. screened approximately 16,000 compounds 

for selective toxicity against EMT-induced CSCs. 

Only 32 of the 16,000 substances displayed any 

selective toxicity against these cells, of which only 

four were found to be suitable for further study. 

Salinomycin was established to be the drug with the 

greatest potential. Further investigations revealed 

that salinomycin inhibited 100 times more breast 

CSCs than paclitaxel, the major conventional 

chemotherapeutic used to treat breast cancer.8 

However, salinomycin is very toxic to the body 

and could potentially cause serious side effects in 

vivo.11

	 Another study by Visnyei et al. looked 

at drugs which target CSCs in glioblastoma.12 

This study took a different approach to trigger 

CSC enrichment by culturing glioblastoma 

samples in neurosphere media containing 

suitable growth factors. This medium triggered 

an enrichment of CSCs, while a control medium 

did not. Approximately 30,000 compounds were 

then screened to see if they adversely affected 

the proliferation and survival of glioblastoma 

CSCs, of which four selectively toxic compounds 

were used to pre-treat glioblastoma CSCs before 

implantation into SCID mice. The pre-treated CSCs 

produced a substantially decreased tumour mass 

compared to untreated CSCs. This reduction in 

tumour mass occurred due to specific loss of 

glioblastoma CSCs following treatment with the 

compounds. Although the cells were cultured in 

an in vitro environment, the tumours that formed 

were genetically and phenotypically identical to the 

original glioblastomas. However, it is not known if 

in vivo administration of these drugs would be safe 

or effective. Therefore, developing drugs which 

interfere with specific CSC cellular processes could 

prove to be more effective at causing their selective 

destruction in vivo.

	 Perhaps the technique with the most 

potential is blocking cellular processes involved 

with induction and maintenance of the stem cell 

state. For example, it has been discovered that 

epithelial cells secrete inhibitors which block 

pro-EMT factors such as Wnt proteins and TGF-

beta, preventing entrance into EMT under normal 

physiological conditions.5  Therefore, derivatives 

of these molecules could potentially reduce the 

proportion of CSCs in a tumour. However, it is 

very difficult to target Wnt signalling in CSCs 

without targeting normal stem cells involved in 

homeostasis. For example, in animal studies, 

the inhibition of Wnt signalling in colorectal 

cancer resulted in severe defects in intestinal 

development.13  The Hedgehog signalling pathway 

has also been implicated in a number of CSC 

cellular processes, particularly cell self-renewal.14 

This has been characterised in a number of 

cancers including chronic myeloid leukaemia, 

pancreatic adenocarcinoma, and multiple 

myeloma.15-17  Cyclopamine is an active compound 

capable of inhibiting the Hedgehog pathway, and 

is therefore a potential CSC-targeting drug.18  A 

derivative of this drug has entered clinical trials 

and has exhibited anti-tumour activity against basal 

cell carcinoma.19  A derivative is also being used in 

clinical trials in combination with gemcitabine for 

the treatment of pancreatic adenocarcinoma.20 

However, it remains to be seen whether this type of 

drug will affect CSCs without adversely affecting 

the normal stem cell population within the body.

	 A recent interesting study by Song 

et al. has identified mitochondria as potential 

drug targets in CSCs.21  Cancer cells are more 

susceptible to mitochondrial injury due to 

their extensive metabolic rearrangements.22 

Mitochondria are thus a potential target for 

inducing apoptosis of multi-drug resistant 

CSCs. Hirsch et al. discovered that the anti-

diabetic drug metformin leads to the selective 

destruction of breast CSCs. It is thought that 

inhibition of the mitochondrial protein Complex 

I (NADH Dehydrogenase) leads to inactivation of 

a stress response and resultant inactivation of 

the pro-inflammatory transcription factor NF-

κB. Since CSCs have a heightened inflammatory 

regulatory circuit, breast CSCs are selectively 

killed.23  This could explain why diabetic patients 

taking metformin have a reduced incidence of a 

multitude of cancers.24  It was also discovered 

that a combination of metformin and doxorubicin 

accelerates CSC apoptosis in mouse xenografts 

compared to doxorubicin monotherapy.25  Another 

study by Alvero et al. used an isoflavone derivative 

to target mitochondrial function in ovarian CSCs.26 

This led to a decrease in concentrations of ATP, 

Complex I, and Complex IV in CSC mitochondria, 

as well as an increase in the concentration of 

reactive oxygen species. Following this, activation 

of two distinct cellular pathways culminated in the 

induction of CSC apoptosis. Although targeting 

CSCs in this manner is very exciting, there is 

potential for serious side effects due to the sharing 

of metabolic pathways and cell surface markers 

between CSCs and normal stem cells within the 

body.21 Therefore, a more in-depth understanding 

of mitochondrial function and CSC metabolism is 

required.
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	 An alternative method of targeting CSCs 

is to induce their differentiation into primary 

neoplastic cells, making them susceptible to 

conventional chemotherapeutic agents. This 

must be done without inducing the differentiation 

of normal stem cells. Sachlos et al. investigated 

whether neoplastic haematopoietic stem cells 

(HSCs) in acute myeloid leukaemia (AML) could be 

differentiated without inducing the differentiation 

of normal HSCs within the bone marrow.27 After 

screening a wide range of compounds, treatment 

with the anti-psychotic drug thioridazine was 

found to selectively induce this differentiation. 

This drug acts via a dopamine receptor and 

appears to work by reducing the levels of Oct4 

in CSCs, a transcription factor that is involved 

in maintaining stem cells in an undifferentiated 

state and promoting self-renewal.28  The drug also 

upregulates genes which are specifically involved in 

the differentiation of neoplastic HSCs.27  Therefore, 

thioridazine induces differentiation of CSCs in 

AML but has little effect on normal HSCs. Since 

thioridazine acts via a dopamine receptor, it is likely 

that neoplastic HSCs express this receptor, while 

normal HSCs do not. Therefore, this may be a likely 

candidate which could be targeted by selective 

agents in the future.

	 Immunotherapy has become an exciting 

avenue in the treatment of many different forms 

of cancer in recent years. These new “magic 

bullet” type drugs have become the focus of 

huge interest in the scientific community and the 

public alike. Drugs like ipilimumab used for the 

treatment of melanoma have revolutionised the 

way in which we treat some cancers.29  Therefore, 

it is not surprising that efforts are being made 

to use immunotherapy to target CSCs. This form 

of treatment could work by using one of the 

unique cell surface markers expressed by CSCs 

as a target for the patient’s own immune system. 

There are challenges to this type of therapy, 

however, particularly the autocrine secretion 

of anti-inflammatory proteins by CSCs, namely 

TGF-beta.5  Nonetheless, the development of 

monoclonal antibodies that target the unique cell 

surface markers should be explored in the future. 

For example, CD133 is highly expressed in many 

different CSCs, including those of glioblastoma, lung 

cancer, and breast cancer.30  Therefore, treatments 

targeting these CD133 markers may be an 

alternative therapeutic option. Additional research 

is required in order to identify specific cell surface 

markers and exploit them therapeutically.

CONCLUSION – CAN CSCS BE USED A S 
A CHEMOTHERAPEUTIC TARGET?
Although conventional chemotherapy has 

greatly improved the prognosis of cancer, it 

has many limitations which must be overcome 

with new therapeutic options. This fact is 

highlighted by newer cancer treatments such 

as immunotherapies, which have significantly 

improved the prognosis for patients with a wide 

variety of cancers. However, targeting CSCs may 

be a more efficacious alternative. In order to 

develop such drugs, further research regarding 

the metabolic pathways unique to CSCs and the 

influence of their tumour microenvironment is 

required. Despite the need for further research, 

many potential strategies for targeting CSCs have 

been identified in the last number of years. These 

include inducing CSC differentiation into normal 

neoplastic cells, interfering with unique metabolic 

pathways, and targeting unique cell surface 

markers. Of course, there is still some work to be 

done before drugs like this become available in the 

clinic, but recent advances have shown that this is 

an exciting therapeutic option that we will no doubt 

be hearing more about in the future.
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The James B. Coakley Medal 
in Dissection is an annual 
dissection competition in 
University College Dublin 
(UCD) which takes place 
during the summer months. 
James B. Coakley was a 
professor of Anatomy in UCD 
from 1962 – 1988. To honour 
his distinguished career and 
his dedication to excellence 
in the teaching of human 
anatomy, the Coakley Medal 
is awarded to a current 
student based on exemplary 
dissection of an assigned 
specimen.

	

I applied to take part in the 2015 competition, with 

the application process beginning in May. After the 

application forms were submitted and reviewed, 

candidates were selected based on academic 

performance. Myself and three other candidates, 

Esther Shan Lin Hor, John Harford and Michael 

Gilligan were chosen to compete for the medal. 

Once notified, we were offered four projects to 

choose from and asked to list them in order of 

preference. The projects were then allocated 

according to GPA ranking. By good fortune we each 

ranked different projects highly and were therefore 

allocated our first choice, as follows:

•	 Dissection of the central visual pathway – 

Michael Gilligan

•	 Superficial and deep dissection of the knee – 

Esther Shan Lin Hor

•	 Dissection of pelvic topography – John Harford

•	 Dissection of the structures of 

retroperitoneum – Ning Xuan Ho

	 The competition involves judgment of 

three components: the quality of our dissections, 

the educational value of our posters and the quality 

of our oral presentations. Prior to commencing the 

competition, we each submitted a proposal outlining 

how we would approach the dissection. After a 

discussion with each participant, Doctors Feeney 

and Smith offered feedback and guidance for our 

dissection technique. We were also invited to attend 

an induction and photography technique session 

held in the human anatomy dissection laboratory 

which proved useful. 

	 The dissection component of the 

competition took place from early July to late 

August. During this period, participants were 

notified of the days during which they would be 

afforded access to the human anatomy laboratory 

to perform dissection. Upon completion, the 

resulting specimens were assessed by a panel of 

academic staff from the Department of Anatomy at 

UCD. 

	 Although we were allowed access to 

the dissection room from the first week of July, I 

commenced my project towards the end of July 

due to other commitments. However, my advice for 

future participants would be to start their projects 

early to get the best out of the competition. Upon 

completion of the dissection, it was time to design 

and complete our posters. My poster focused 

mainly on the photographic representation of my 

project and some discussion of the related anatomy. 

I also chose to feature some of the anomalies 

encountered during the dissection. However, there 

were no strict guidelines for poster content, and 

participants are encouraged to be creative in this 

aspect of the competition. We were permitted one 

week to complete the poster, which was reviewed 

by the academic staff in a digital format. The oral 

presentation took place at the beginning of the 

academic year. We gave a presentation containing 

images of our prosections to other students, 

anatomy demonstrators and professors. I found 

this experience quite daunting, however I enjoyed 

the novelty and excitement associated with 

communicating about my medical endeavors to an 

audience of my peers and mentors. 

	 I had a number of reasons for opting to 

dissect the retroperitoneum. First, I had recently 

completed a module on renal biology, and the 

concept of the retroperitoneum was still fresh in my 

mind. I thought this project was a good opportunity 

for revision, as well as a chance to gain a better 

understanding and appreciation of the area. Second, 

I believed that due to the depth of the retroperitoneal 

structures, I would encounter a wealth of anatomy 

as my dissection progressed from superficial to 

deep structures. I anticipated having the opportunity 

to examine the structures of the anterior abdominal 

wall and each of the intra-abdominal organs as I 

progressed with my dissection. As it developed, 

my project became even more interesting as I 

discovered several anatomical anomalies and 

pathologies.

	 In my approach to this dissection, I 

began by identifying and marking the surface 

anatomy prior to making an incision. Once I 

had verified that the markings were correct, I 

incised the anterior abdominal wall, revealing the 

contents of the abdominal cavity. After examining 

the complex structure of the peritoneum and the 

mesentery, the peritoneal viscera were carefully 

removed. Following this step, the structures of the 

retroperitoneum were exposed. Using the camera 

provided, I took photographs at every stage of 

my dissection. This enabled me to document my 

progress and ensure that I had a record of all of the 

structures I encountered This photographic record 

proved useful for my poster and oral presentation.

	 Moving on to the retroperitoneum, I 

exposed the kidneys and the path of the ureters. At 

this point, I noticed a duplicate ureter emerging from 

the right kidney. This is one of the more commonly 

described congenital anomalies, and is referred 

to in medical literature as a “duplex renal system”. 

Embryologically, this phenomenon occurs when 

two ureteral buds arise from the mesonephric duct 

during development. The pattern of duplication can 

vary. In this case, two completely separate ureters 

drained the right kidney. This system is seen in 

0.7% of the normal adult population and in 2-4% of 

patients investigated for urinary tract symptoms.1

Figure 1

Anteriorview of primary retroperotoneal organs  
and the urinary pathway.

AA: Abdominal Aorta
IVC: Inferior Vena Cava
E: Oesophagus
S: Suprarenal (Adrenal) Gland
K: Kidney
U: Ureter
P: Psoas Major Muscle
Q: Quadratus Lumborum Muscle
B: Urinary Bladder

R: Rectum
I: Common Illiac Artery
J: External Illiac Artery
G: Gonadal Vein
D: Diaphragm
1: Caval Opening (T8)
2: Oesophageal Hiatus (T10)
3: Aortic Hiatus (T12)
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	 Although I did not win the medal in 2015, 

I must say that this was a one-of-a-kind experience 

and I have gained so much more than I expected. 

My interest in a surgical career was certainly 

strengthened by participating in this competition 

and I would definitely consider surgery as an option 

in the future. The skills obtained and knowledge 

acquired were a huge part of what made this project 

worthwhile. Through this competition, I was able 

to develop my dissection skills, investigate several 

anatomical anomalies, as well as interact with various 

health science academics. I also had the opportunity 

to deliver an oral presentation to my peers and 

mentors, which although daunting at first, was a 

very rewarding experience. These are just some of 

capabilities I have developed during the competition. If 

asked would I do it all over again, my answer would be 

a resounding  “Yes! Most definitely!”

	 Duplex renal systems usually do 

not require any treatment per se, however 

complications may necessitate intervention. 

Duplicated ureter is reportedly more common in 

females compared to males. However, this may 

reflect more frequent investigation of the female 

urinary tract owing to their higher susceptibility 

to urinary tract infections, rather than a true 

increased frequency of this anatomical anomaly.2 

Duplicate ureters are usually discovered 

incidentally post-mortem, as was the case with our 

donor. Fascinated by this finding, I further examined 

the kidney by making a coronal section from the 

medial to the lateral surface. I discovered two 

completely separate renal pelvises, where the upp 

er pole system was slightly smaller than the lower 

pole.

	 Next, I examined the left kidney. As I 

removed the pre-renal fascia I palpated an area 

with a much softer texture than the surrounding 

tissue. Upon exposing the renal capsule, I noted a 

cystic structure on the inferior pole. After draining 

off the fluid within this structure, there was a 

substantial depression on the antero-inferior and 

posterior segments of the kidney. We concluded 

that this was likely to be a simple cyst. Simple 

renal cysts are relatively common and measure 

approximately 10- 50 mm in diameter, with some 

measuring up to 100 mm. In this case, the cyst 

measured approximately 50 mm in diameter. Simple 

renal cysts are a common post-mortem finding. 

They are usually asymptomatic and have no clinical 

significance.3  The function of the glomeruli which 

are compressed by the cyst may be impaired or 

obliterated, however due to the large reserve 

of filtering tissue in the kidney, this would not 

necessarily affect renal function. 

	 Some intra-abdominal anomalies and 

pathologies were discovered during the dissection. 

First, the donor had an enlarged and discoloured 

liver with a grossly abnormal appearance. This was 

an interesting finding and a great learning point for 

all those involved in the competition, as we tried to 

correlate the observed anatomy with the pathology 

covered in lectures. As the dissection progressed, 

we noted various other pathological findings, 

including splenomegaly, severely calcified arteries 

and a large thrombus within the left ovarian vein. 

Collectively, these findings suggest the donor may 

have had portal hypertension. Unfortunately, we did 

not have access to medical records to confirm or 

refute this diagnosis.

	 Another interesting anomaly in the 

peritoneal region was a ‘splenunculus’. This 

appeared as a small, solid mass measuring 

approximately 20 mm in diameter. It was located 

just below the inferior pole of the spleen and 

covered by peritoneum. The splenunculus appeared 

to have its own local blood supply upon removal 

of the peritoneum. At first I wasn’t certain what it 

was, and sought the opinions of various anatomy 

lecturers. Following histological analysis, it was 

identified as splenic tissue. This demonstrates 

that learning human anatomy is not merely 

about appreciating the structures as ‘text book’ 

specimens, but that fascinating variations are also 

possible. Over the course of my project, I have 

learned to appreciate both normal and variant 

anatomy, as well as pathological appearances. 

	 A significant amount of preparation was 

required in advance of beginning the dissection. I 

relied heavily on Grant’s Dissector,4  which I found 

to be an extremely helpful and reliable resource. 

For students involved in this competition in future, 

I recommend visiting the library and examining a 

number of different atlases, texts and dissection 

guides, as certain books will vary in their suitability 

for particular dissections. I recommend that 

prospective Medal students make use of the 

allocated practical sessions to hone dissection 

skills. As I was working through my project, it took 

time to grasp certain techniques and to master 

the use of different dissecting tools to prevent 

damaging the tissues. However, after some practice, 

my dissection proficiency improved as I became 

more experienced and confident with the tools. 
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Figure 2

Substantial depression on the inferior pole of 
kidney, due to largecyst previously present.
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	 We all think we know how to listen, but there is a 
difference between hearing people talk and listening to 
what they’re saying. Let’s imagine a Monday morning half 
way through the semester. You have big plans for the week; 
review all the lectures, start and finish several assignments 
– in other words, get on top of things. Between your first and 
second lecture you run to grab a coffee with your friend Orla, 
chatting on the way to save time. You ask how her weekend 
was but your mind is multi-tasking: half listening, half thinking 
about how much you need to do later and how you can 
possibly fit it all in. “Oh it was fine,” she says, “I didn’t get 
up to much.” You don’t think anything of it. You go to class 
together and your week carries on, busy, busy, busy. 

Their comfort level during a consultation is 
our responsibility and active listening is our 
greatest asset.

	 During preclinical years we are often 
told to convey ‘empathy’. In fact you may have 
heard this word so often that it has lost all 
meaning. Here are some practical ways by 
which we can show our patients that we care:

	 Orla isn’t really fine though. Her 
weekend wasn’t fine. What would have 
happened if you had taken the time to quiet 
your thoughts for a moment when you asked 
her how she was? What if you had observed 
her body language and listened to her tone 
of voice during your chat? These non-verbal 
cues may have helped you realise that Orla 
didn’t actually mean her weekend was fine. 
You could have asked, “Is everything okay, 
is there anything you want to talk about?” 
That is active listening. Active listening, at its 
very core, is making the choice to listen to 
somebody else. To not just hear them saying 
words but to really think about what those 
words mean.

	 Let’s pick up the Monday morning 
conversation with Orla. Imagine instead that 
you decided to actively listen. In this scenario 
Orla noticed that you were listening closely, 
and that you were offering her the chance to 
talk, so she opened up. She mentioned that 
she had spent most of the weekend worrying 
and she hadn’t slept well. You have now been 
presented with second opportunity to practice 
your active listening. You could say “Oh I know 
how you’re feeling, I’m really stressed about 
exams and assignments lately too.” Or you 
could put aside your own worries and say, 
“What has you worrying so much?” 

	 Active listening means making the 
choice to tailor the conversation to the other 
person, giving them the chance to feel listened 
to. This means surrendering the reigns of the 
conversation and following their lead. In this 
hypothetical situation, you may infer that Orla, 
like yourself, is stressed out about college. If 
you start talking about yourself and your own 
stresses then Orla has to sit back and let you 
feel heard too. However, it turns out Orla is 
actually worried because she went for an STI 
check last Friday and she’s anxiously awaiting 
the results. If you direct the conversation 
toward your personal stress, Orla loses 
the opportunity to open up about what is 
bothering her. By quieting your own thoughts 
you give Orla the chance to communicate 
what she needs to say. 

	 In medicine, poor listening skills can 
lead to misdiagnosis and poor outcomes. 
Our listening skills require not only hearing 
and processing the information patients 
offer, but evaluating, analysing and problem 
solving. Taking a thorough history is an 
integral aspect of determining an accurate 
diagnosis. This aspect of medical care relies 
almost entirely on effective communication 
and active listening. Patients need to feel 
comfortable with their doctors in order to 
disclose what are often very personal details. 

BODY LANGUAGE PHONE

Be open to a conversation, sit back  
in your chair, lean against a wall –  basically 
look like you are comfortable or even better 

actually be comfortable so that you are 
prepared to have a sensitive conversation. 

Put it away if you want to  
have a real conversation. 

SILENCE QUESTIONS

Don’t be afraid of it. Everybody feels  
the need to fill silences, so wouldn’t  

it be better if the person you’re  
listening to fills it instead of you?

Ask questions that follow on from what  
the person has said to you. This will encourage 

them to follow their train of thought or 
elaborate on an idea a little further. This 

means asking  
open questions, but it doesn’t mean you  

have to use vague stock type questions like  
the ever dreaded “How does that make you  
feel?” The best way to ask a good question  

is to actually care about the answer. 

	

	 Active listening can’t be mastered 
by applying a few buzzwords and perfecting 
conversation skills. While these are 
important, they can only take you so far. You 
have to actually care about what the person 
is telling you and really try to understand 
what it means for them. This act of trying to 
understand and showing that you are trying 
to understand is the very essence of empathy. 
The clinical psychologist Julian Treasure 
claims that people rarely listen effectively 
to one another. He describes four steps 
to listening better: RECEIVE, APPRECIATE, 
SUMMARISE and ASK. This tool kit can help 
us to listen actively and convey that we care 
about what others are saying.

	 Reflect for a moment on your day 
so far. Most of us are experts at receiving 
information and retorting with socially 
appropriate responses. We do this without 
actually appreciating what has been said. 
The phrase “How are you?” has become 
something we say in passing rather than a 
genuine question requiring a response that 
will be appreciated and acted upon. Have you 
taken the time to actively listen to anybody 
today? Active listening is a skill that takes time 
and practice to perfect, it’s not something 
that comes naturally to anybody. Let’s start 
practicing now, in both our personal and 
professional lives, so that when we meet the 
patients that need us to actively listen we will 
be ready. 

	 Give it a go. See what happens. 

Meggan Connell
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in the US alone.8  The successful integration of this 

sector and Watson Health could spell incredible 

profit for the computing firm. 

	 What could such artificial intelligence 

bring to private healthcare clients and who will 

ultimately benefit? The evidence to date points to 

worrying trends. In a 2012 executive paper Jamie 

Bisker, the Research Relationship Manager for 

IBM, describes how insurance premiums are set 

and maintained.9  He reports that social media has 

emerged as a prime source for the data which 

determines these premiums. For now at least a 

large proportion of the public are unaware of this 

development. Insurers are not omniscient, however. 

With four zettabytes (10²¹ bytes) of information as 

of 2013, the sheer volume of material contained 

within the internet presents any search engine with 

a formidable investigative problem. Enter Watson 

Health. 

	 Bisker proposes that IBM’s new system, 

with its superior pattern recognition capabilities, 

will slip astutely through the online minefield of 

“irrelevant tweets and blog entries” to capture the 

valuable information amongst them. Along with 

other AI advocates, he maintains that the more 

appropriate the information Watson collects, the 

more effectively risk can be calculated and the 

more cost effective insurance policies can become.

	 Speculation aside, computing systems 

like these will confer large companies with even 

greater access to personal information. The idea 

of a multinational corporation trawling insidiously 

through Facebook, evaluating our daily life in terms 

of the liability it poses, is unsettling. However, there 

is also concern that simple overuse of AI could 

lead to problems. For example, doctor-patient 

relationships may suffer if physicians defer unduly 

to the machine’s authority. Medical teaching and 

learning might also be impacted, with apathy and 

disinterest setting in as computers effortlessly 

assimilate the trickier aspects of medical 

knowledge. In this sense, Watson resembles that 

high flying classmate; prodigious but infuriating!

 

"Turning illness into a commodity is 
something to be fastidiously avoided. As 
big business gains access to increasingly 

powerful technology, the opportunity 
to misuse such technology increases in 

tandem." 

To borrow a phrase, “knowledge is power - and 

with great power comes great responsibility”. Will 

responsibility matter if it stands in the way of profit? 

	 It lies with the public, legislators, and 

medical practitioners to ensure that patient welfare 

unequivocally comes first. Artificial intelligence has 

already begun to change patient outcomes for the 

better. Watson Health has bolstered the treatment 

provided by oncologists and nurses, and started to 

interpret the masses of health data created each 

day.

	 If Watson can successfully integrate into 

everyday life, it may yet overturn the assumptions 

of the gruff ‘I, Robot’ protagonist, who sees no merit 

to what machines can contribute to society. With the 

potential to improve diagnosis and support, there 

is every indication that AI will soon be a significant 

benefit to a great number of people.

	 “Human beings have dreams. Even dogs have dreams, but not 
you, you are just a machine. An imitation of life. Can a robot write a 
symphony? Can a robot turn a canvas into a beautiful masterpiece?”  
						    
							       – Detective Del Spooner, I, Robot
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	 In the sci-fi action film ‘I, Robot’ there is 

a scene in which police detective Del Spooner is 

interrogating Sonny - a robotic murder suspect. 

During questioning, the cyborg reveals he has been 

programmed to feel emotions, and even experience 

dreams. Spooner reacts strongly to this news, 

snapping back with contempt and derision. Certain 

that Sonny is nothing more than an imitation, 

he maintains that a machine cannot possibly 

contribute to society in any creative, meaningful 

way.

	 Multinational technology and consulting 

corporation IBM has a wildly different opinion! 

Two years ago they unveiled ‘Watson’, a computer 

system worth 1 billion US dollars.1  Although a far 

cry from the hyper-intelligent cyborg featured in ‘I, 

Robot’, some similarities are notable. Watson is part 

of a new generation of computers which operate by 

simulating human thought processes; a computing 

method known as ‘cognitive computing’.2

"While Watson can’t have dreams or get sad, 
it does have the ability to solve problems 

that the average computer system cannot."

	 Ask a search engine like Google to give 

information on a topic, and it will present a list 

of results ranked by popularity. However, Google 

will be unable to summarize this information, 

or to suggest how it might be applied in the real 

world. These situations require more introspective 

analysis, which Watson hopes to deliver. 

	 Working to determine the underlying links 

between data, Watson offers suggestions based 

upon patterns and relationships, not popularity. 

This ingenuity allowed it to defeat the current 

human world champions in the contextual game 

show ‘Jeopardy’.3  Watson took home the 1 million 

US dollar prize and undoubtedly wounded a few 

egos in the process.

	 Since then, Watson has invented a recipe 

for barbeque sauce and developed methods to 

help win fantasy football leagues. The things your 

dad does on a daily basis! However, these are only 

side projects in comparison to IBM’s latest Watson 

initiative. According to a recent press release, the 

application Watson Health “will help improve the 

ability of doctors, researchers and insurers to 

innovate by surfacing insights from the massive 

amount of personal health data being created 

daily.”4 

	 In short, IBM intends to use Watson 

to diagnose and treat disease. Watson Health 

is already in use at several cancer treatment 

institutes in the US and Canada where it assists 

in choosing individualised patient therapies.5  It is 

hoped that such an approach can use the vast trove 

of online data, finding crucial connections between 

specific cancers and their treatment.

	

	 Suggesting appropriate diagnoses and 

treatment represents a great step forward for 

Watson Health. In evidence of this, Watson business 

chief Manoj Saxena has announced that amongst 

nurses using the application, 90% follow its 

guidance.6  Still, IBM has been slow to place Watson 

on the frontlines of medical care, limiting system 

access to institutions with only the highest levels of 

funding and prestige. 

	

	 This lack of application to the general 

public can lead us to wonder whether artificial 

intelligence is making headway in medical treatment 

at all. Like many medical students, Watson Health 

is currently studying for its USMLE exam and is 

waiting in the wings to prove its use in the real 

world. However, IBM’s partners in making Watson 

Health aren’t doctors and nurses, but multinational 

corporations that demand evidence of commercial 

success before a project like this can proceed. 

	 As a result, IBM’s marketing strategy 

for Watson Health is aimed squarely at global 

industry. Big business has been intensively courted, 

with giants such as Apple, Johnson and Johnson, 

and Medtronic all signing on to incorporate the 

new software into their products. The public 

may see elements of Watson Health included in 

current Apple health tracker app HealthKit™ for 

example, laying the foundations for the real life 

implementation of AI in healthcare.7  What IBM may 

ultimately want however, is an even more lucrative 

collaboration. In 2012, expenditures for private 

health care insurance totalled $884 billion dollars 
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	 The Genetic and Rare Disorders Organisation (GRDO) 
acts as a national alliance for voluntary groups representing 
the views and concerns of people affected by, or at risk of 
developing, genetic or other rare disorders.

	 Anne Lawlor is the Information & Development Officer 
at the GRDO, as well as the founder of ‘22q11 Ireland’. 
The GRDO often works closely with Irish medical schools 
including UCD, and have given presentations as part of 
the Rare Diseases module in the School of Medicine. This 
interview outlines some of the great work that GRDO and 
22q11 Ireland are doing for patients with rare and genetic 
diseases.

→ What is your role at GRDO?

I am the information and development 

office, so essentially I share information. As 

much as I can to as many people as I can. 

I am particularly interested in parents and 

families and what happens to them when 

they have a child diagnosed with a rare 

condition.

→ How did you start working with GRDO?

I have an adult daughter who is now 32 

years old. She was diagnosed with 22q 

deletion syndrome when she was 15. I 

quickly realized that 22q11 was a relatively 

rare condition. To find help for it would 

mean to go out and talk to other people who 

had some experience in the area of genetic 

and rare disorders, so I joined the GRDO 

itself and actually sat on the board for a 

while. There was no staff at all at that time. 

The board was made up of interested 

parties in the field of rare diseases who 

were all working in their own separate 

areas but who wanted to bring the 

awareness of rare conditions more to the 

forefront and to develop policies. In 2011, 

GRDO got a small amount of funding for 

the community and voluntary government 

department, enough to employ a part time 

information officer. Two years ago the post 

became vacant and I resigned from the 

board to take up the position. So that’s what 

I do. I’m also the chairperson of the 22q11 

support group in Ireland. 

→ Is the area of genetics and rare diseases 
always something you wanted to work in?

No! I knew nothing about it and I have 

subsequently become totally immersed in 

and fascinated with the whole area. I don’t 

think we realize how important our genetics 

and family history are in terms of our own 

lifestyles, its an extraordinary area. I have 

become wholly fascinated with it both 

through my personal experience with my 

daughter, and with the work that I do for 

GRDO.

→ What types of legislation are you working on 
that would help people with rare diseases in 
Ireland?

Well one thing that we’re proud of is the 

Rare Disease Task Force. It is a combination 

of people and representatives of various 

different organizations; Cystic Fibrosis, 

cancer, Alpha 1, Huntington’s, Debra 

Ireland, lots of different organizations who 

came together to develop policies in the 

area. The other thing that we’re very proud 

of is that the Ireland Rare disease plan was 

published in 2014. Our focus now would be 

on the implementation of that plan.

→ What do you think is the largest challenge 
facing patient advocacy groups as they try 
and help patients navigate the healthcare 
system? 

The largest challenge I think is the lack of 

awareness of genetics. 

"I think the level of genetic awareness 
in Ireland is very low amongst the 

general population and amongst a lot 
of healthcare providers."

We don’t have what we would consider a 

robust genetic service. In fact, we have a 

genetic service that currently has one of 

the worst staffing quotients in Europe. So 

there are lots of things, I don’t think I could 

give the biggest challenges, there lots of 

challenges. There is lack of awareness, 

lack of resources, lack of understanding 

that genetics are actually a pivotal part of 

healthcare. 
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→ What would you say the biggest issue is that 
people with genetic and other rare disorders 
face in Ireland?

Again, I would say the lack of awareness. 

My own personal experience is that once 

you are diagnosed with a genetic or rare 

condition you are mostly on your own. There 

are so many of them, there are over 8,000, 

so no clinician is going to know all of them, 

its not possible. Generally, it falls to the 

patient or the patient’s family to go out and 

get the information for themselves. Very 

often we find that patients and parents are 

actually educating the healthcare providers 

about their specific condition. 

→ How has being a parent of a child with a 
genetic disorder changed your perspective?

Well I wouldn’t have had a perspective really 

because I would have been like most people. 

"Genetic and rare disorders are  

an alien term unless we bring them into the 

general language, and unless we use them 

in the daily discourse." 

I think unless you’re particularly in those 

fields, you’re not going to be too concerned 

about genetic and rare disorders. It’s like 

everything else, its not until something that 

comes onto your own doorstep and into your 

line of vision that you take an active interest 

in it. 

→ Please tell me a little bit about your work 
with 22q11 Ireland. 

22q11 Ireland came about when I got my 

daughter Aine’s diagnosis of DiGeorge 

syndrome. I was told it was because of this 

deletion on her 22nd chromosome. The 

doctors did some basic checks on her and 

that was it. There was no follow up, there 

was no support. There was very little in 

the way of information and this was pre 

‘Dr. Google’. It took me quite some years to 

get information that related to living on a 

day-to-day basis with a genetic condition. 

It was easier to get medical and clinical 

information. 

It’s a very isolating place to be when you 

get a diagnosis like that. For many years 

after her diagnosis, maybe 7 years, there 

was nowhere for me to go and I remember 

going to my first international conference 

on 22q11. I was totally taken aback at the 

complex nature of this condition. It is so 

variable, it reaches into every aspect of a 

person’s life; physical, mental, social. There 

are a couple of things that stand out from 

that first conference, and one was that I 

met only one other Irish person out of 400 

attendees. He was a psychiatrist with a 

particular interest in schizophrenia. If you 

are born with a 22q deletion you have a 30% 

higher chance of developing schizophrenia 

than a person in the general population, on 

top of the many other medical issues that go 

with the condition. 

I came back home to Ireland and then I went 

to a conference closer to home in the UK 

and they had quite a substantial following 

over there for their support group and they 

were quite well established. I met an Irish 

couple there from Cork and I asked them if 

they would think about setting up a support 

group in Ireland. We set one up in 2007 with 

three families and that same psychiatrist, 

Professor Kieran Murphy. In 2015 we have 

140 families in the support group with 

children of all ages. 

Every year I hold a national conference, and 

we have had the international conference 

here in 2013. In 2017 we will be hosting 

the second European 22q conference. We 

are quite excited about that. We have also 

gotten involved in research and our latest 

collaboration is with Trinity College in the 

School of Education. Children with 22q have 

quite significant learning disabilities. 

I think perhaps the greatest challenge for 

me as the person running the support group 

is that 22q is an ‘invisible condition’. You 

won’t necessary know straight away that 

a person has 22q, so its quite challenging, 

both for me as the chairperson and as a 

parent personally with my daughter. I do 

a lot of work, I speak to medical students 

both in UCD and Trinity College and I’ve 

co-authored some publications on 22q. I am 

also not only interested in the deletion, but 

there is also a 22q duplication. I now have a 

broader interest in chromosomal conditions. 

→ You have some teaching and awareness 
initiatives, how is awareness in both 
healthcare and the general public about 
genetic and rare diseases important for the 
future of healthcare?

People can carry mutations that have 

no effect until later in life, for example 

Huntington’s disease, which is devastating 

for the families involved. If we are better 

informed about genetics we can make better 

choices, we can deliver better healthcare. If 

we have more awareness about conditions 

like 22q we can help children by preventing 

misdiagnosis and wrong or ineffective 

treatment. We can help children in an 

educational setting, one of the things we 

are doing in Trinity College is looking at how 

genetic conditions impact on a child in the 

classroom. We can better tailor services 

for adults with 22q. There is a huge gap in 

the transition from pediatric to adult care 

for those with rare conditions. There is a 

lot we could do to deliver better healthcare 

especially by developing our genetic and 

genomic service and network in Ireland.

→ Do you have any advice for health care 
students in their future interacting with 
patients with GRD’s.

I think it is really exciting that healthcare 

students are getting involved in this area 

as there is a major lack of awareness. I 

think that healthcare students can become 

marvelous advocates; they are the future 

doctors, nurses, therapists, consultants, 

surgeons etc. 

"I think that if they have a better 
understanding of the complex nature 
of genetic conditions now, they will be 
much better at interacting with these 

patients throughout their career."

Also if we had students involved with 

patient groups earlier on, doing research 

in rare conditions, it would be wonderful. 

For instance, there is a lot known about 

children with 22q but not necessarily adults. 

If students get involved with patient groups, 

then they would not receive just a medical/

clinical education, but they would get an 

insight into what is like to live with a genetic 

or rare condition.
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WHAT IS THE PAEDIATRIC  
ROTATION COMPETITION?
Each year UCD School of Medicine award a number 

of scholarships to Stage 5 medical students to 

carry out electives abroad. This particular award 

gave me the opportunity to study the paediatric 

portion of my degree in Harvard Medical School. 

Study involved a 6-week rotation in Massachusetts 

General Hospital (MGH) while attending lectures 

with Harvard medical students. I then returned to 

Ireland and sat the UCD paediatric exams with my 

class.

		

WHEN DOES THE ROTATION  
TAKE PL ACE?
To fit in with the Harvard schedule, I had to leave 

3 weeks before I was due to start my paediatric 

rotation at UCD. I went in March, which meant 

missing the last 2 weeks of internal medicine in 

Mullingar and the week of exams. Unfortunately, 

this did mean sitting my missed exams in August. 

However, do not let this deter you too much. A 

6-week 'break' in the middle of the year was very 

welcome, as the other students had exams and 

started straight back into placement. Alternatively, 

two additional students were sent on the rotation in 

August.

HOW DO I  APPLY  
FOR THE COMPETITION?
Applications opened in late February or early 

March. The process may vary from year-to-year 

but we were initially invited to apply via e-mail. 

We then had our academic record reviewed, 

underwent interviews, and submitted an essay. It is 

not necessary to have taken the USMLE Step 1.

WHAT DID THE ROTATION COST?
There was a bursary to cover both flights and 

accommodation. The Harvard fee is also waived, 

leaving only spending money to be supplied by you. 

I would highly recommend applying for some 

form of an international elective. It was a great 

experience being immersed in a different 

healthcare system, not to mention the fact it was 

great fun and you meet lots of interesting people.  

	
	
	

	 WEEK 1
	 Monday consisted of an induction 

alongside five Harvard medical students who were 

also starting their 6-week paediatric placement. 

This was their last rotation before sub-internship 

so they were already playing an integral role in the 

medical team; from admitting/discharging patients 

to carrying pagers and going on-call. We were soon 

to discover the same was expected of us which 

was a bit out of our comfort zone to say the least! I 

was also given an iPad for the 6 weeks which had a 

Twitter account already set-up for me. The plan was 

that every evening a question would be tweeted and 

we had 24 hours to re-tweet an answer. My first 

rotation was respiratory medicine or pulmonology 

as it's called there. The week mainly consisted of 

outpatient clinics which varied from immunology to 

sleep disorders. Patients flew from all over America 

to attend these clinics so I got to see several rare 

disorders that I probably won't see again soon. 

The professor of paediatrics, Dr Kinane, is a UCD 

graduate so he was helpful at easing me into the 

new system. Teaching sessions took place each day. 

"These included a 'simulation' tutorial 
where we worked as a team managing 

emergencies on an eerily realistic doll. The 
doll had pulses, breath sounds and could 

even vomit! "

On Friday, the students on placement in other 

hospitals came to MGH for lectures. These were 

pretty interactive which was a bit daunting. As it 

turned out we were all roughly on the same level. 

A large portion of the Harvard students final grade 

rested on the evaluation of their involvement in 

rotation so they were all very driven and vocal 

when it came to questions. UCD has a strong 

emphasis on clinical examinations and OSCEs which 

stood to us in the practical tutorials.

	 WEEK 2
	 I spent Monday on pulmonology again, 

having missed the first Monday for induction. As 

it was my second week the bar was raised and I 

was sent to do a consultation on a new-born with 

a rare interstitial lung disease. It was meant to be 

an evaluation day but, being near the start, I don't 

think expectations were too high. For the rest of the 

week I got to choose a speciality of interest. I chose 

to attend the Massachusetts Eye and Ear centre on 

the ENT service. My schedule was busy so while I 

attended most clinics, I didn't get to scrub into the 

Nathaniel McHughWritten byUCD Student Medical Journal88

surgical theatre. However, I got to perform a small 

part of a bronchoscopy which was a milestone! 

One of the surgeons mentioned he will soon be 

pioneering a new surgery involving a hypoglossal 

nerve transplant. On Friday, it was our turn to move 

for lectures so we got to finally make the trip out to 

Harvard Medical School.

	

	 WEEK 3
	 This week I was assigned to the 

paediatric intensive care unit. This was a very 

different experience to my two outpatient weeks. 

We were each put in charge of a patient. We were 

responsible for following up on consults and test 

results and ultimately formulating a management 

plan to present to the team. To manage this 

required leaving the house at 5:30 AM to have the 

time to check on the patient before rounds. Initially, 

we felt that the nurses would be better off paging 

the resident or a 'real doctor' with requests, or that 

the parent’s questions would be better directed 

elsewhere. Still, by the end of the week, as we 

got to know our patients better, we definitely felt 

more confident. Here I witnessed my first 'code' 

which ended in an emergency intubation and was 

a distressing event for the whole team. At the end 

of the week, it was time to make the journey out to 

campus again for lectures.

	 WEEK 4
	 For the second block of three weeks I was 

assigned to the general paediatric ward. Here I saw 

patients with a wide variety of conditions. Some 

patients I had seen in the intensive care unit had 

been transferred to the general ward and it was 

a nice continuity-of-care to see them improving. I 

followed several patients over the week including a 

teenager with Tourette's syndrome and boy with an 

invasive cholesteatoma. When the team learned I 

was interested in surgery they organised for me to 

attend the removal of the cholesteatoma. 

"Rounds occurred similarly to the intensive 
care unit but with slight differences. I was a 
bit rusty at the start accidentally printing a 

104-page article out on prescription paper!" 

I was also tasked with researching any questions 

posed on rounds and then presenting my findings to 

the team the next day.

	 WEEK 5
	 I survived my first-night on-call which 

was actually extremely enjoyable. Without the 

distraction of tutorials and rounds breaking up 

the day I was able to keep track of patients in the 

emergency department that were ready to be 

admitted and I got to be the first team member to 

assess several patients. I gained more confidence 

in presenting on rounds and was more comfortable 

making a plan on the spot without having it pre-

prepared. Towards the end of the week, there was 

a change-over and I was the only longstanding 

member on the team so I was asked a lot of 

questions about the in-patients... no pressure. 

On Friday, we travelled out to the Brigham and 

Women’s Hospital instead of attending lectures. 

Here we did a day of emergency simulation 

tutorials that were very beneficial. During our stay, 

we were temporarily assigned to an academic 

'house' that met up weekly. We had a final extended 

meeting at the end of this week which took place 

in the 'Harvard Gardens' with several lecturers 

in attendance. I found this to be an interesting 

tradition.

	 WEEK 6
	 I spent Saturday on call for the day shift 

but, being that it was my last week, I got to leave 

early. We also got half of Monday to attend the 

Boston marathon, which I did. We had a review 

session on Wednesday to help the Harvard students 

prepare for their exam. It was useful for us and 

I found there was a lot of repetition, suggesting 

I must have learned something over the course 

of the rotation! Thursday was our last day and 

it was business as usual up until mid-day when 

we had to reluctantly hand back our iPads and 

not-so-reluctantly our pagers. We then attended 

a graduation for the other students who were at 

the end of their clinical training. Afterwards Dr 

Kinane invited Robbie and I out for dinner. It was an 

enjoyable evening, hearing all about UCD back in the 

day when John B. Coakley was an anatomy lecturer 

and not just the name of a medal. The next day I got 

a tour of the campus dormitories and then Robbie 

and I bought the obligatory Harvard sweaters to 

mark our time there. The rotation was an invaluable 

experience and I've taken a lot more from it than I 

ever expected. I would definitely do it again. 

I couldn't write this without thanking everyone in 

the UCD international office for providing me with 

this unique opportunity. I would encourage anyone 

to put themselves out there if a similar opportunity 

arises for them in the future. You won't regret it!
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	 My mother Ann died on the 29th of August 2005 in the 
Intensive Care Unit of St. Vincent’s University Hospital. She 
was 38 years old and left behind a husband and four children. 
Her illness was short, she had no idea that she was dying; 
these are both comforts.

	 At the time, the situation made me feel helpless, but in the days, months, and 
eventually years that have since passed, this helplessness has slowly chipped away. 
It has steadily eroded as my life has transformed and advanced in a way that it maybe 
always would have. As this time passes, I have felt an increasing urge to mark the 
significance that my Mother had and continues of have on my life. 

	 Mam died on the Monday before the end of summer holidays and Dad wisely 
suggested that returning to school as normal was in our best interests. Returning to 
school would enforce some level of normality to our lives that were upset by such a 
significant loss. 

	 I don’t remember the transition back to school feeling particularly laborious. 
That is, until we came to Patrick Kavanagh’s poem “In Memory of my Mother” in class. 
I could sense a palpable discomfort within the room as we turned to the page and read 
the title. The teacher called on a classmate to read the words aloud. As he did, I felt hot, 
salty tears begin rolling down my cheeks. I got up and left the room to compose myself. 
The class as a whole felt more comfortable to fail to acknowledge what was happening.

	 In the poem Kavanagh paints a picture of the warm affection he had for 
his mother. Although I share this sentiment, this is the only comparison I can draw 
between my Mother and his. My Mam was not the type for “second Mass on a summer 
Sunday.” However, the poem and my encounter with it still stick out in my memory. It 
marks a time when I had to publicly acknowledge the grief of having lost Mam.

	 While this was an upsetting occurrence, I’m not particularly resentful of the 
teacher for choosing to cover the material as normal. The experience prepared me for 
the many other instances like this in my personal and academic life, particularly since 
starting graduate medicine this past year.

	 Acknowledging the loss of my Mother is something I forced myself to consider 
when pursuing a medical career. It would be disingenuous of me to suggest that her 
loss didn’t affect my choice to study medicine. However, I also greatly enjoy science and 
how it forms the tools of medical understanding. Still, I fully expected that there would 
be – and will be – many more experiences like the reading of Kavanagh’s poem. When I 
started at UCD, I went to bereavement counselling for the first time, to try and mitigate 
some of the exposure to my loss that I believed lay ahead. It surprises me that after ten 
years, acknowledging the loss of Mam still inspires similar feelings to hearing Patrick 
Kavanagh’s poem read aloud in class that day.

	 I was perhaps unprepared for just how often this acknowledgement would 
occur. During first year, it seemed that every time cancer was mentioned, the particular 
and quite rare cancer that Mam died from got a mention. I quickly learned that this 
makes logical sense from a medical perspective. The cancer she had is predictably 
caused by a particular agent, a prime learning example for budding doctors. It was 
also oddly comforting to learn that this type of cancer is reliably fatal. This helped 
me appreciate that regardless of when her cancer was detected, there was actually 
nothing at all that could have been done to prevent her death. 

	 With the prospect of hospital work ahead, I have also given thought to the 
potential for me to end up practising on the ward where she died. I hope that, similar 
to hearing that poem in my Junior Cert year, the experience will in some way be 
constructive. 

	 These reminders I have had in the pursuit of my medical education along with 
the significant milestone of ten years since Mam died have moved me to write this 
tribute. The tribute that I can offer my Mother is not a romantic description of her 
daily goings-on as Kavanagh did for his. Instead, my tribute is to appreciate that the 
presence of my Mother in my life has shaped it so much more than her loss ever will. 
The friendship that I had the privilege of sharing with her has given me all that I will 
achieve. The qualities that she valued and encouraged in all of her children are what 
have given me the ability to cope with her loss. The actions of the husband she left 
behind, my Dad, gave example to us on getting through. The resilience we as a family 
have shown together means that I almost take these actions for granted. Her qualities 
in all of us that inspired this resilience would have been nothing without Dad’s example. 

	 Many years have passed, as will many more. As a doctor, I will likely witness 
many losses just like mine. There will be more times I’ll be reminded that I’ve lost her. 
But this is all part of her tribute that I live every day.
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