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“We represented everything from paediatric cardiology to social work to 

public health, but we all loved to read and write. ‘Physicians ought to 

write,’ said another lecturer, Dr Louise Aronson, ‘for three reasons: to 

reflect, to memorialize, and to advocate.’ This mirrored physicians’ triple 

obligation to self, patient, and society.” 

– Martina Scholtens MD 

 

It is such a pleasure to present to you the 13th edition of the RCSIsmj, a 

journal created and run entirely by students. Each year I am struck by the 

high calibre of research being undertaken, and articles being written, by 

RCSI students. Being involved with the RCSIsmj over the past three years 

has been a wonderful privilege. I have witnessed peer reviewers hone 

their skills in critical appraisal and leadership, we have published works 

from returning authors, and I’ve seen their passion for research and 

writing flourish from one year to the next. 

RCSI students continue to inspire and engage the RCSIsmj committee and 

our readers with the bold healthcare questions they ask and endeavour to 

answer in their articles; this year is no exception. From a look at the 

detrimental effects of maltreatment and intimidation within medical 

training, to a discussion on the importance of transgender health 

education and access, we trust that the topical works presented here will 

spark important discourse and reflection. 

As always, the RCSIsmj would not be possible without the support and 

encouragement of the Dean’s office, Prof. David Smith, many RCSI faculty 

members, and the tremendous publishing skills of Think Media – thank 

you all. We hope you enjoy Volume 13! 

As 2020 marks the beginning of a new decade, we reawaken with 

advancements in the field of medicine. However, in order to clearly see 

where we can go, we must take a step back and remember where we 

have come from. In Volume 13 of the RCSIsmj we take a look at how 

medicine has transformed into what it is today, from Anirudh Gautam’s 

perspective detailing the impact of the First World War, to Staff Writer 

Hannah Suchy’s and Senior Staff Writer Katie Nolan’s depictions of the 

evolution of specialties such as interventional radiology and precision 

psychiatry. Medicine is about having the hindsight to learn from the 

lives of supercentenarians, portrayed by Staff Writer Christine Okeefe, 

while simultaneously advancing the field. 

This volume of the RCSIsmj pays special tribute to where the field of 

medicine has evolved from, while igniting excitement for where it can 

go. We recognise that the development of a HIV vaccine, the 

incorporation of 3D models in surgical planning, and the 

implementation of the Tei index in cardiology are paralleled with 

advancements in the humanistic foundations of medicine: how we can 

communicate with patients using a narrative approach; how we can 

improve medical education by adjusting the medical hierarchy; and, 

how we as physicians can improve the lives of the transgender 

community. 

It is important to remember that medicine is as much an art as it is a 

science. As Hippocrates said: “Wherever the art of medicine is loved, 

there is also a love of humanity”. 

It is an incredible honour to share RCSIsmj Volume 13 with you. I am 

continually inspired that the dedication and hard work of my peers 

manifests so eloquently in this journal. I hope you enjoy reading it as 

much as we enjoyed creating it. 

Alyssa Conti 

Editor-in-Chief, RCSIsmj 2019-2020

Looking back to see the future of healthcare

Director’s welcome

Rachel Adilman 

Director, RCSIsmj 2019-2020



This is the twelfth installment of the RCSIsmj Ethics Challenge. 

The editorial staff would like to congratulate Gerges Abdelsayed 

on his winning essay in the 2019/2020 Ethics Challenge. Please 

see page 6 for his submission. 

We invite students to submit an essay discussing the ethical questions 

raised in the scenario presented. Medical ethics is an essential aspect 

of the medical curriculum and we hope to encourage RCSI  

students to think critically about ethical situations that arise during 

their education and subsequent careers. All essays will be reviewed  

by a faculty panel of experts and the winning essay will be published  

in the 2021 print edition of the RCSIsmj. The deadline for submission  

of entries will be separate from the general submission deadline for  

the 2021 edition of the RCSIsmj. Please visit our website at 

www.rcsismj.com for specific dates. Please contact us at 

editorsmj@rcsi.ie with any questions or concerns. 

Submission guidelines 

Please construct a lucid, structured, and well-presented discourse for 

the issues raised by this scenario. Please ensure that you have 

addressed all the questions highlighted and discuss these ethical 

issues academically, making sure to reference when necessary. 

Your paper should not exceed 2,000 words. 
 
Your essay will be evaluated on three major criteria: 

1. Ability to identify the ethical issues raised. 

2. Fluency of your arguments. 

3. Academic quality with regard to depth of research, appropriateness 

of references, and quality of sources. 

Good luck!
 

The winning entry will be presented with a prize at the launch 

of the next issue.

RCSIsmj     prize
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The concept of open disclosure of medical error – and the 

ethicality of criminal repercussions for failure to disclose – is a 

current ‘hot button’ issue within the Irish medical system. 

For this year’s ethics challenge, we would like you to consider this 

debate from all angles, and construct an argument either in 

support of, or against, criminal sanctions for failure to properly 

disclose medical error. 

 

Questions to address 

1. Should open disclosure of medical error be mandated by law? 

2. Should failure to properly disclose medical error result in criminal 

sanctions? What, if any, should be the criminal repercussions of 

failure to openly disclose? 

3. Please discuss the ethical and legal issues surrounding this issue. 

4. What professional impact might the threat of criminal sanctions 

have on physicians and trainees? 

The duty of candour:  
open disclosure of medical errors

Ethics Challenge 2020/2021
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Introduction 

In 2019, the RCSIsmj introduced an ethical case challenge involving 

the conflicting clinician and parental wishes regarding the course of 

action for a newborn infant with hypoplastic left heart syndrome 

(HLHS).1 Per the case, the newborn is currently on life-sustaining 

prostaglandin therapy, and has an estimated 75% chance of survival 

at five years with surgical intervention. However, this intervention will 

be very intensive, requiring three separate operations and a lengthy 

hospital stay. There is also a risk of neurological disability, and a 

chance that the child will require a heart transplant later in life. Due 

to these factors, the child’s parents have requested that the 

prostaglandin infusion be stopped, and the child be allowed to die. 

This request is contrary to the recommendations of the staff in the 

cardiology service, who suggest that the surgery be performed. 

This article aims to discuss the ethical and legal issues involved with 

this case, and how the clinical team should proceed. Using existing 

research and guidelines on disagreements between parents and 

healthcare professionals (HCPs) within paediatric care, it asks: is the 

clinical team obligated to withdraw life-sustaining support, even 

though they do not believe that it is in the child’s best interests? 

Neonatal care, at its core, is a very complex and multifaceted field in 

which ethical dilemmas often arise. Since neonates are not yet 

competent to make decisions regarding the care they receive, their 

parents are assigned as surrogates. Parents, in collaboration with 

physicians, decide on the care the infant should receive.2 It is the 

physicians’ duty to act in the best interests of the neonate, attempting 

to maximise benefits and minimise harm to the infant, while still 

attempting to respect and uphold parental wishes. Issues arise when 

there is disagreement between parents and HCPs regarding the most 

appropriate management plan. The parents’ wishes should  

be respected within reason. However, who determines what is  

‘within reason’? 

 

Nonmaleficence 

Nonmaleficence is defined as the duty to do no harm.3 HLHS is a 

congenital heart malformation that occurs in approximately 

0.016-0.036% of live births.4 It is described as a constellation of 

cardiac malformations, all characterised by underdevelopment of the 

left ventricle.4 Before the Norwood procedure, which was first 

ETHICS CHALLENGE WINNER 2019/2020 

Gerges Abdelsayed 
RCSI medical student

Page 6 | Volume 13: Number 1. 2020

Conflicting  
clinician  
and  
parental  
wishes
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performed in 1979, HLHS was associated with 95% mortality, and 

comfort care (palliation) was the accepted standard of care.4,5 

Currently, intervention using the Norwood procedure confers 

58-72% survival at five years of age.4 As surgical outcomes have 

improved, more neonatologists recommend surgical intervention for 

HLHS as opposed to end-of-life care.6 However, there is still a 

significant risk of morbidity, reduced quality of life, and mortality with 

the procedure. Such morbidities include right ventricular (RV) 

dysfunction, pulmonary artery occlusion and hypertension, 

thromboembolic strokes, developmental delay, hypoxic-ischaemic 

lesions, intracranial haemorrhage, and substantial functional 

disability.4 Furthermore, there is very limited data on the long-term 

prognosis with surgical intervention, as the oldest Norwood 

procedure survivors are still young adults.5 On account of these 

factors, it is difficult to determine if the benefits of intervention 

outweigh the risks to the child and family, and the cost to the 

healthcare system. These factors contribute to approximately 63% of 

parents opting for end-of-life comfort care.4 

 

Since neonates are not yet competent 
to make decisions regarding the care they 

receive, their parents are assigned as 
surrogates. Parents, in collaboration with 
physicians, decide on the care the infant 

should receive. 

 

Beneficence 

Beneficence is defined as the duty of a physician to act in a way that 

benefits the patient.3 Medical futility was first defined quantitatively 

by Schneiderman as “any treatment that is ineffective in more than 

1% of attempts”.7 This definition depends solely on the physiological 

outcome of the treatment, with no consideration of the benefits to 

the patient. Viewing medical futility in this way causes physician 

paternalism and overtreatment of patients.8 One example of this is 

illustrated by the Cruzan v Missouri Department of Health case in 

1990. This case involved a woman, Nancy Cruzan, who was left in a 

persistent vegetative state following a road accident.9 Cruzan’s family 

requested that she be taken off life support and allowed to die. 

However, Nancy’s doctors and the Missouri Supreme Court refused 

the request. This case facilitated the patients’ rights movement, 

helping to reform the laws behind the right to die. The Cruzan case 

aided the establishment of better medical futility policies, as well as a 

new qualitative definition, where a treatment is now also considered 

futile if it prolongs life without benefit to the patient.7,8 The 

application of medical futility as a reason to withdraw treatment was 

featured prominently in the Charlie Gard v Great Britain case of 2017.10 

Charlie Gard was an infant born with a severe genetic disorder.10 His 

parents requested treatment that his doctors believed to be futile. The 

parents and doctors were unable to reach agreement on how to 

proceed, so the case was taken to the British Supreme Court. The 

Court ruled in favour of the physicians, and Charlie’s artificial 

ventilation was withdrawn.10  

This case was revolutionary in shifting the standards of medical 

treatment for neonates, placing an emphasis on the patient’s best 

interests rather than the family’s desires.10 Parents should be involved 

in decision making for their children; however, they do not have an 

absolute, irrefutable right to refuse or require medical treatment for 

their child.10 

In keeping with this, decisions on medical futility must be made on a 

case-by-case basis, using patient beneficence to measure treatment 

futility. For a treatment to be deemed not futile, it must be beneficial 

and in the patient’s best interest, improving their quality of life.7,8 The 

Norwood procedure meets these criteria when compared to no 

intervention. However, the present lack of long-term follow-up and 

survival data makes it difficult to determine whether or not the 

procedure is compatible with a reasonable long-term quality of life in 

every HLHS case.11 

 

Autonomy 

Autonomy is defined as a patient’s right to make informed decisions 

on the care they receive.3 Due to the high risk of morbidity and 

mortality, and uncertainty regarding prognosis with interventions for 

HLHS, obtaining informed consent is challenging. Parents are 

burdened with deciding what plan of action is in the child’s best 

interest. They must consider the sanctity of life as compared to the 

quality of life. Is survival better than death if it means an existence full 

of interventions and complications? To respect the parents’ autonomy 

and assist them in deciding how to proceed, physicians must disclose 

all available treatment options, and educate parents on the benefits 

and risks of each.12 However, a study by Prsa et al. found that 99.7% 

of paediatric cardiologists discussed surgery, 67% discussed 

transplantation, 62.2% discussed comfort care, and only 14.9% 

discussed all possible options with parents of children with HLHS.6,13 

Furthermore, a study by Renalla et al. found that half of paediatric 

residents and nurses would choose comfort care if their own infant 

had HLHS, a position found to be directly proportional to the number 

of years spent as a paediatric healthcare professional.13,14 These 

findings are inconsistent with an open, shared decision-making model 

of informed consent and respect for patient autonomy.15 
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The role of a healthcare team is to show compassion, humility, 

courage, honesty, and sensitivity, as well as to provide the patient or 

guardians with all information regarding survival and follow-up 

statistics.2 HCPs should then assist the patient or decision makers 

with weighing the risks and benefits to come to a decision. Parents 

should be assured that the team will abide by their wishes, within 

reason, and avoid desperate heroics. Hippocrates advised physicians 

“to refuse to treat those who are overmastered by their diseases, 

realising that in such case medicine is powerless”.7 A study by Bastek 

et al. found that, during consultations, a minority of neonatologists 

helped parents to weigh the benefits and risks of treatment, and 

rarely discussed ethical or social factors, or the infant’s quality of 

life.16 These findings are not in keeping with the current guidelines. 

Without being fully educated on all options, the parents’ decision 

may be driven by misinformation. Neonatologists must be expected 

to discuss quality of life values, long-term outcomes, and other issues 

to give parents a chance at proper informed consent, allowing them 

to weigh all of their own options and come to an educated 

decision.16 

 

Studies have shown that mothers of 
infants with severe cardiovascular 

disease, such as HLHS, suffer significant 
deterioration of mental well-being. 

Healthcare providers recognise these 
factors, and a majority state that they 
would not take a family to court for 

refusing intervention for HLHS. 
 

Justice 

Justice is defined as the fair and equitable distribution of healthcare.3 

It is important to make an accepted standard of treatment available 

to all infants born with HLHS. However, this is often not the case, as 

large inequalities exist based on health system factors, such as organ 

availability, surgical skill, and facility quality.7 Many facilities do not 

possess the resources or expertise required for HLHS treatments.4 If 

treatment of a certain standard is offered to one infant with HLHS, 

then it should be offered to all infants with HLHS at that same 

standard. Similarly, if end-of-life comfort care is offered to one family, 

then it should be offered to all.17 Some physicians argue conscientious 

objection, and may withhold end-of-life comfort care, even though it 

is a reasonable and ethical option, due to their own beliefs.17 This 

injustice puts the physician’s autonomy above the patient’s and is an 

inexcusable exercise of power. 

The treatments are also very costly, leading to the debate on whether 

or not public health funds should be allocated to HLHS treatment. A 

typical Norwood procedure costs roughly $380,000 USD, and a 

typical cardiac transplant costs approximately $3,000,000 USD.18 Is 

the allocation of these resources to such cases an injustice to other 

patients who could have a larger benefit from the resources, or is it 

unjust to limit resources to HLHS patients in this way by putting a 

price on life? 

 

Decision 

For a decision to be made, each of the four previously discussed 

ethical principles must be weighted against one another. In such 

cases, patient nonmaleficence should be given greater priority than 

beneficence. Patient autonomy is also very important; however, this 

is difficult in circumstances where the patient does not have the 

capacity to make their own decisions. Justice is a significant 

consideration, as HCPs must take allocation of resources into 

consideration. In this case, pursuing treatment using the Norwood 

procedure may cause the neonate more harm than good, and may 

not be in their best interest. Deciding to perform the surgery would 

also go directly against the parents’ wishes, breaching their 

autonomy. Pursuing treatment would also cause unfairness in the 

allocation of medical resources, as many other lives may be saved 

with the healthcare costs required for this procedure. For these 

reasons, in this circumstance the parents’ decision should be 

respected. 

Due to the nature of neonatal medicine, disagreements are bound to 

occur between physicians and parents. When this occurs, physicians 

should utilise the hospital’s ethics committee. A study by 

Schneiderman et al. found that 87% of HCPs and families agreed that 

hospital ethics committees are a useful resource for managing 

conflict.19 The committee would review the literature, then meet 

with the parents and physicians to further discuss moral and ethical 

concerns regarding the case in question.  

The committee will also confirm that the parents are competent to 

make decisions on behalf of their infant.2,5 During these meetings, 

the committee will review the family’s motivation for their decision, 

to ensure that they are not acting out of fear, stress, lack of support, 

or misunderstanding. Children are not the possessions of their 

parents, so the right of the parents to make decisions regarding care 

can be overridden in the case of incompetence, abuse, or neglect.7 

In the event that a decision cannot be reached by the committee, it 

is taken to the courts.19 

Due to the nature of HLHS and its treatment, a large financial and 

emotional burden is placed on the family to care for the infant. 
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Studies have shown that mothers of infants with severe cardiovascular 

disease, such as HLHS, suffer significant deterioration of mental 

well-being.20 Healthcare providers recognise these factors, and a 

majority state that they would not take a family to court for refusing 

intervention for HLHS.5 

 

Conclusion 

Due to recent advances in treatment, HLHS has become a 

controversial condition. If left untreated, infant death occurs within 

three to four days.4 However, treatment may still carry considerable 

risks to the patient, and may have little benefit to their quality of life. 

Due to the potential long-term impacts of surgical treatment, parents 

must be given all available information on the condition so that they 

can decide on the plan of action they wish to pursue. Infants with 

HLHS in Ireland are eligible for perinatal palliative care.21 However, 

parents do not always have the final say in such treatment decisions. 

If the healthcare team disagrees with the parents’ decision, they 

should request further investigation into the case by the hospital’s 

ethics committee and the courts, who will then come to a decision 

that should be respected by both the healthcare team and the family. 

In this case, the parents’ decision should be respected. Overall, 

intervention will come at a great cost to the infant, the family, and the 

healthcare system. It will also provide very little benefit to the infant, 

as risk of mortality still remains high. These factors must all be 

considered when making decisions with regard to conflicting parental 

and clinician wishes. 
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Introduction 

The neurophysiological differences in brain structure and function 

between binary biological sexes (male and female) are well 

established.1 These differences can lead to variations in the 

susceptibility, presentation, clinical features, prognosis, and 

management of certain neurological diseases. For instance, it has 

been shown that there are clear sex-specific differences in the 

behavioural manifestations of Alzheimer’s disease (AD), a 

debilitating neurodegenerative disease that is the most common 

cause of dementia worldwide.2 Ott et al. determined that biological 

males with AD show more apathy and vegetative signs, whereas 

biological females show more reclusiveness and emotional lability.3 

Further, in patients with AD who have moderate cognitive 

deterioration (Global Deterioration Scale score of 5 or 6), men 

more commonly demonstrate physical aggression, whereas women 

are more verbally agitated and have higher rates of anxiety and 

depression.4 These differences allow clinicians to tailor AD 

management toward sex-specific presentations, leading to better 

patient care; however, these important findings are not accounted 

for as often as they should be in the diagnosis of neurological 

disease.5 

 

Since there is no cure for Alzheimer’s 
disease, early and accurate diagnosis is an 

important feature of the prognostic 
sequelae. This can potentially lead to 

improved patient outcomes and quality of 
life for a longer period of time. 

 

Reducing diagnostic error in aMCI: accounting for 

sex-specific verbal memory ability 

A recent cross-sectional study by Sundermann et al. has shown that 

using sex-specific verbal memory tests may more accurately diagnose 

amnestic mild cognitive impairment (aMCI), which is frequently 

Biological differences matter 
 

 

RCSI medical student 

AUDREY POTTS outlines 

research into sex-specific 

diagnosis of amnestic mild 

cognitive impairment.
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attributed to early-stage AD.6 aMCI is defined as a “state of 

circumscribed anterograde long-term memory impairment with 

preserved general cognitive and social functioning”.2 Given the 

strong predictability of the development of AD from aMCI, an 

accurate diagnosis of aMCI is crucial. 

It is known that women outperform men in verbal memory, but the 

usual non-sex-specific verbal memory tests typically used to 

diagnosis aMCI and AD do not account for this difference.6 These 

tests are adjusted for age and education level, but not sex. In this 

paper, the authors tested whether accounting for the difference in 

verbal memory ability between sexes was associated with 

under-diagnosis of aMCI in women and over-diagnosis in men, and 

whether the use of sex-stratified norms and cut-off scores can 

improve these diagnostic errors.6 They also investigated whether 

specific AD-associated markers, genetic markers, and biomarkers 

validated these reclassifications. 

The study included 453 women and 532 men selected from the 

Alzheimer’s Disease Neuroimaging Initiative (ADNI) database; these 

subjects did not have dementia and had neuropsychological and AD 

pathological marker data at baseline.6 As expected, women 

outperformed men on the Rey Auditory Verbal Learning Test 

(RAVLT) and delayed recall test (p<0.001). When non-sex-specific 

cut-off scores were used to diagnose aMCI, the frequency of aMCI 

diagnosis was significantly higher in men than women.  

However, when sex-specific norms and cut-off scores were used, 

10% of men were diagnosed as false positives (FP), and 10% of 

women were diagnosed as false negatives (FN).6 

These results correlated to the degree of AD pathology in the brain. 

The authors used the presence or absence of the APOE e4 allele as a 

genetic marker for AD pathology, and the cerebrospinal fluid (CSF) 

ratio of hyperphosphorylated tau (p-tau181) to β-amyloid (Aβ42), 

as well as cortical Aβ deposition, as biomarkers for AD pathology.6 

The likelihood of having cortical amyloid positivity, an APOE e4 

allele, and a positive CSF p-tau/Aβ ratio was significantly higher in 

FN women than true negative (TN) women. There were no 

differences in these rates in FN compared to true positive (TP) 

women, suggesting that the FN women were misdiagnosed, both 

using an objective measure of AD pathology as well as 

neuropsychologically. Further, the likelihood of having cortical 

amyloid positivity, an APOE e4 allele, and a positive CSF p-tau/Aβ 

ratio was significantly lower in FP men than in TP men, suggesting 

the opposite trend of aMCI diagnosis in men compared to women. 

 

Conclusion 

This study has numerous implications for clinical practice. Firstly, it 

highlights the importance of recognising sex-specific differences  

in neuropsychological ability to better diagnose and manage a 

patient with aMCI and, potentially, AD. Since there is no cure for 

AD, early and accurate diagnosis is an important feature of the 

prognostic sequelae.  

This can potentially lead to improved patient outcomes and quality 

of life for a longer period of time. Inaccurate diagnosis of aMCI and 

AD may lead to unnecessary prescriptions, as well as undue stress for 

patients and their families. Secondly, the study suggests that 

sex-specific neuropsychological testing can be useful in diagnosing 

other neurodegenerative or neurological conditions that use similar 

tests, such as Parkinson’s disease or non-Alzheimer’s dementia. This 

study is another example of the importance of accounting for 

sex-specific differences in neurology, and opens doors to new 

methods for diagnosis. Clinicians must be aware of these inherent 

biological differences in order to provide more holistic and accurate 

patient care.
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Over three decades of cancer therapy research have been dedicated 

to investigating the most frequently mutated oncogene: KRAS.1 

Approximately one million cancer deaths per year worldwide are 

traced to mutations in KRAS, which promote tumour formation and 

survival.2 Countless failed anti-KRAS therapies have deemed KRAS 

“undruggable”, as traditional medicinal chemistry seemed 

ill-equipped to design drugs against proteins, such as KRAS, with  

no obvious binding sites or “pockets”.3 Recently, the clinical 

development of a covalently binding small molecule known as  

AMG 510 has suggested that it may be the most promising 

anti-KRAS therapy.4 

KRAS resides within the RAS family of GTPase proteins described as 

on/off switches for cell growth and proliferation. The desire to 

specifically target mutant KRASG12C stems from its presence in some of 

the deadliest cancers, such as colorectal, pancreatic, and lung 

adenocarcinomas.5 The substitution of guanine with nucleophilic 

cysteine disrupts the GTPase activity of KRAS so that it is persistently 

active, forcing cells into a hyperproliferative state that increases 

susceptibility to mutation.5 

 
Not only did moderate doses of AMG 510 

inhibit tumour progression in mice,  
but higher doses led to significant tumour 

regression. A similar result was found  
in immune-competent, CRISPR-designed 

mice that harboured the KRASG12C 
mutation. Such results prompted  

the advancement of AMG 510  
into clinical trials. 

AMG 510: the kryptonite of 
mutant KRASG12C

 
 

 

RCSI medical student LORI ISRAELIAN describes research that may have 

found a therapy for a gene mutation linked to millions of cancer deaths.
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Entry of AMG 510 into clinical trials marks milestone for 

anti-KRAS therapies 

AMG 510 is the first small molecule inhibitor of KRASG12C to enter clinical 

trials.4 It was first discovered within a series of small molecule 

compounds, all of which were able to bind to an obscure pocket within 

KRASG12C.4 Extensive electrophile screening and structure-based designs 

have revealed that AMG 510 is able to bind to KRASG12C with substantially 

enhanced potency and specificity compared to any previously pursued 

KRASG12C inhibitor.4 When irreversibly bound to AMG 510, KRASG12C is 

held in an inactive state. 

Early functional assays conducted using KRASG12C mutant cell lines first 

showed that AMG 510 is able to inhibit KRASG12C and prevent the 

downstream phosphorylation and activation of ERK, a mediator of cell 

proliferation.4 This result was supplemented by in vivo pharmacodynamic 

assays involving three separate KRASG12C tumour models, further 

supporting its inhibitory effects on ERK-mediated tumour cell 

proliferation.  

In an additional component of the preclinical assessment, AMG 510 was 

administered to mice xenografted with human tumours. Not only did 

moderate doses of AMG 510 inhibit tumour progression in mice, but 

higher doses led to significant tumour regression.4 A similar result was 

found in immune-competent, CRISPR-designed mice that harboured the 

KRASG12C mutation.4 Such results prompted the advancement of AMG 

510 into clinical trials. 

Fast-tracked by the US Food and Drug Administration (FDA), AMG 510 

is currently undergoing clinical trials involving patients previously treated 

for metastatic non-small-cell lung carcinoma with a known KRASG12C 

mutation.6 Participants were allocated to cohorts with escalating doses of 

orally administered AMG 510, with the first cohort receiving 180mg 

(n=3) and the second cohort receiving 360mg (n=1).4 In just six weeks of 

treatment, one responder in the 180mg cohort exhibited a 34% 

reduction in tumour size, while a second responder, given 360mg, had 

a 67% tumour shrinkage as shown via computed tomography (CT) 

scans. An additional CT scan of the second responder, at 18 weeks from 

treatment initiation, demonstrated total resolution of the target lesions.4 

Insights into the mechanism of AMG 510 have also been discussed.4 

Immunophenotyping of KRASG12C tumours in mice following a four-day 

course of AMG 510 showed heightened infiltration of T cells, primarily 

CD8+ cytotoxic T cells.4  

Marked infiltration of macrophages was also reported. Of note, a 

specialised type of dendritic cell that is crucial for cytotoxic T cell priming 

and activation was identified, one that may also be implicated in their 

recruitment.4 To determine whether the enhanced immunosurveillance 

was a direct result of AMG 510 administration, KRASG12C tumour cells 

were treated in vitro and immune-mediating genes were profiled. Of 

note, CXCL10 and CXCL11 were upregulated, two chemokines that are 

known to play a pivotal role in anti-tumour immune responses.7 These 

results suggest that a heightened yet specific interplay of immune cells 

may contribute to the efficacy of AMG 510. 

 

Conclusion 

The significance of the entry of a KRAS inhibitor to clinical trials cannot 

be overstated. Oncogenic KRAS has been referred to as the Holy Grail of 

certain cancers, indicating tremendous implications if AMG 510 is to 

succeed.8 Its inclusion in clinical trials is already an immense milestone for 

covalent, small molecule discovery, let alone anti-KRAS therapies. 

Undoubtedly, the vast potential of novel technologies and inherent 

competition among pharmaceutical companies will propel the  

discovery of additional mutant KRAS inhibitors for treating cancers with 

poor prognoses. 
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Diabetes is a condition that all medical students become well 

acquainted with during medical school and on clinical 

placements. Your recent research has focused on mediators 

of inflammation in diabetes-associated atherosclerosis  

and nephropathy. Can you tell our readers a little  

more about this? 

Diabetes is a global healthcare crisis. Current statistics suggest that the 

global prevalence is almost 500 million persons and, alarmingly,  

the greatest increase in prevalence is seen in low- and middle-income 

countries. 

The impact of diabetes is mainly through the complications that arise. It 

is estimated that management and treatment of diabetes and associated 

complications consume 10% of national health resources. Diabetes is 

associated with macrovascular diseases such as atherosclerosis and 

stroke, as well as microvasculature conditions, including retinopathy. 

Diabetes is the leading cause of end-stage renal disease. As we 

understand more about the molecular mechanisms that drive diabetes 

and its associated complications, it has become clear that inflammation 

plays an important role. 

Inflammation is a vital process for the body to defend itself in response 

to trauma and infection. For inflammation to be effective, the ‘on 

switches’ and ‘off switches’ have to be very tightly regulated. We now 

appreciate that the same molecular processes that protect the body 

from trauma and infection are activated in numerous disease states 

such as atherosclerosis, arthritis, chronic kidney disease, and diabetes. 

For decades we have known the molecules that turn on inflammation 

and these have been the target of conventional pharmacological 

interventions (anti-inflammatories). However, drugs that act as 

anti-inflammatory agents may also compromise host defence and 

cause other off-target effects. There is now an appreciation that specific 

Separating signal from noise
Senior staff writer KATIE NOLAN spoke to Prof. Catherine Godson 

about her life in research.
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molecules are generated that activate the ‘off switches’ in 

inflammation. We have found that these ‘off switches’ are vital to 

resolving inflammation and facilitating the return of tissues to the 

pre-inflammatory state. We hypothesise that mimicking the activity  

of such molecules might be an attractive therapeutic paradigm  

that could promote resolution without compromising the innate 

immune response. 

Working with Prof. Pat Guiry in the School of Chemistry at UCD, we have 

designed and characterised several novel small molecules that promote 

the resolution of inflammation in cellular models and also in 

experimental models of disease characterised by acute inflammation 

including peritonitis, arthritis, and sepsis. Importantly, these molecules 

do not compromise innate immune responses. We have also seen 

efficacy of these molecules in chronic unresolved inflammation 

characterised by fibrosis, such as the micro and macrovascular 

complications of diabetes. Fibrosis, as manifested in diabetic kidney 

disease, has traditionally been considered an irreversible process leading 

to organ failure. The fact that our lead molecules drive the regression of 

diabetic kidney disease and atherosclerosis is especially interesting, as it 

suggests that fibrosis can be reversed and hints at the cellular plasticity 

that may underlie regeneration and repair. These investigations are  

part of an ongoing collaboration between Dr Eoin Brennan in my  

lab, and Prof. Mark Cooper and Dr Phil Kantharidis in Melbourne.  

Our investigations are funded by the JDRF New York, Science  

Foundation Ireland, and the Australian National Health and Medical 

Research Council. 

 

What is the most fulfilling part of your work? 

Working as part of a team and watching more junior investigators 

develop the rigour, integrity, and creativity that is really essential  

to progress in research. It is great to be challenged by my colleagues 

and frequently proven wrong as they surpass me with their knowledge 

and insights. 

 

As a professor of molecular medicine and with a long career 

of medical research, how important do you think it is for 

clinicians and junior doctors to understand and be involved 

actively in research? 

It is vital that clinicians and junior doctors have an appreciation of and 

exposure to research during their training. Every diagnostic, therapeutic, 

and procedural decision that is made is based on the outcome of 

research. Research is dynamic and the ability to critically evaluate 

processes and procedures is essential for any clinician. In an era of 

unqualified information, early exposure to research methodologies can 

help students separate signal from noise. 

We hypothesise that mimicking the 
activity of such molecules might be an 
attractive therapeutic paradigm that 

could promote resolution without 
compromising the innate  

immune response. 

 

From your experience of mentoring clinical fellows, what 

advice would you give for any medical student wishing to 

pursue a joint clinician-scientist career path? 

Take every opportunity you can with open arms. Start with modest 

summer projects. Keep an open mind. Progress can be slow. Patience is 

key. Approach principal investigators (PIs) who work in areas that you 

find interesting, and with research teams that are accommodating and 

have critical mass. Volunteer to help out in labs during the pre-clinical 

years. Not only do you have the satisfaction of contributing, but it also 

helps consolidate some of the more arcane learning that you may be 

exposed to. It might be a cliché, but ‘I hear and I forget, I see and I 

remember, I do and I understand’! Participate in journal clubs and 

research meetings. Submit abstracts; learn to write scientific papers. Be 

humble; it is the easiest way to learn. The resilience that you will develop 

in a research environment will be an enabler for future career 

development. Discovery and the generation of new knowledge is really 

thrilling. Clinician-scientist training and careers in Ireland are relatively 

under-developed, although this has greatly improved of late with the 

academic intern programmes and the Wellcome/Health Research Board 

Irish Clinical Academic Training (ICAT) programme. However, if you are 

not part of a dedicated structure, but are enthusiastic and committed, 

there are other routes and it is about finding your niche with the right PI 

and mentors to support you. 

 

You conducted your postdoctoral research in the United 

States in both San Diego and Harvard. Did you find your 

time there gave you greater opportunity for your research? 

Would you recommend this experience to Irish graduates? 

I spent over 10 years working in leading academic institutions (UC San 

Diego (UCSD) and Harvard). These were the most exhilarating times. I 

had been rigorously trained, albeit with limited resources, during my 

undergraduate and PhD degrees in Ireland. And to then find myself with 

an extraordinary opportunity and an uncommonly supportive PI at 

UCSD was fantastic. I saw first hand the advantages of collaboration, 

access to enabling technologies, and a critical mass of committed 

researchers and very impressive MD PhD students. Within my first year, 

I had published a major paper. I also developed a great professional 
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network and many enduring friendships, which have, in turn, 

generated opportunities for people in my lab and for colleagues. 

A definite strength of our national biomedical research community is 

that typically, PIs have spent time abroad. International exposure is 

really important for any biomedical research professional, not 

necessarily because things are always better, but because it is 

important to see things done differently. Science is an international 

enterprise and we have to stay connected to stay meaningful  

and competitive. 

 

You received the IAIS 2019 Women in Science Award. As a 

trailblazer in medical research, do you find it rewarding to 

mentor future clinician-scientists? 

The most rewarding aspect of my career is training the next generation 

of biomedical scientists to become independent, fulfilled scientists and 

clinician-scientists.  

I take huge pride in their achievements and whatever contribution I 

may have made in getting them to the starting blocks from where their 

own knowledge and creativity will propel them forward. I was 

delighted to receive the IAIS Award on behalf of my lab members, past 

and present. This award from the World Congress of Inflammation 

recognises their contributions at the highest level. 

 

Who inspired you/guided you along your career path? 

My parents were very supportive of all their kids’ academic 

aspirations. At school, my introduction to the periodic table in first 

year ignited my fascination with science. As an undergraduate at 

UCD, I was really inspired by the remarkable Dr Maura Beary. I did my 

undergrad research project in her lab. I still remember how exciting it 

was to take responsibility for my own experiments. I have been very 

fortunate in being supported by extraordinarily generous and 

ambitious mentors throughout my career and I hope that my efforts 

as a mentor reflect some of these experiences. Prof. Paul Insel at 

UCSD was a brilliant enthusiast who really empowered the people in 

his lab with an expectation of excellence. After returning to UCD I 

worked closely with two highly complementary mentors: Prof. Finian 

Martin and Dr Hugh Brady. The team in my lab and our international 

collaborators are a constant inspiration and challenge to be the  

best. My immediate family (my husband and three young adult 

children) have also guided me with regular reality checks and 

supportive interest. 

 

Science is an international enterprise and 
we have to stay connected to stay 

meaningful and competitive. 
 

 

What do you feel is your biggest career achievement to date? 

My biggest career achievement and legacy are the independent 

researchers that I have trained. I take great pride in the fact that within 

two years of returning from the United States, we were publishing at 

the same level from our Mater/UCD lab as I had previously been 

publishing from Massachusetts General Hospital/Harvard. We  

have made some discoveries about fundamental biological  

processes regulating the initiation, progression, and regression of 

diabetic complications.  

Very importantly, these findings have been replicated in numerous 

international labs. As explained above, these investigations have made 

significant contributions to develop novel therapeutic strategies that 

mimic endogenous processes promoting the resolution of 

inflammation. It has been a significant achievement to keep a basic 

biomedical research lab open and contributing at an internationally 

competitive level through the catastrophic changes in funding policy 

we have endured over the past several years. 

A life in science 

Prof. Catherine Godson has an undergraduate degree in 

biochemistry from UCD, completed her PhD in pharmacology at 

UCD, and undertook her postdoctoral research in Geneva, UC San 

Diego, and Harvard. She is the Director of the UCD Diabetes 

Complications Research Centre, Professor of Molecular Medicine in 

UCD, and Chair of the Royal Irish Academy Life and Medical 

Sciences Committee. In 2019, she was the recipient of the 

International Association of Inflammation Societies (IAIS) Women 

in Science Award, and presented a lecture on her research at the 

14th World Congress on Inflammation in Sydney, Australia.
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Introduction 

Spontaneous pneumomediastinum (SPM), also 

known as Hamman’s syndrome, is a rare cause of 

chest pain in the paediatric and adult populations. 

It is an uncommon, underdiagnosed condition in 

which gas accumulates in the mediastinum as a 

result of either alveolar rupture or, more rarely, 

through direct entry from the gastrointestinal tract 

or the upper airway.1 It occurs in 1 in 800 to 1 in 

42,000 hospital patients, although diagnosis is 

increased in centres that screen patients with 

dyspnoea and chest pain.1 It should be considered 

in patients presenting with these symptoms. 

Pneumomediastinum may be spontaneous, 

traumatic, or iatrogenic. SPM is induced by 

sudden pressure changes in the mediastinum and 

increased alveolar pressure.1-3 The risk factors for 

SPM include medical and surgical conditions, such 

as chronic obstructive pulmonary disease and 

A case of spontaneous 
pneumomediastinum in an 
asthmatic young adult
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Abstract  
Spontaneous pneumomediastinum (SPM), also known as Hamman’s syndrome, refers to the 

presence of air in the mediastinum. It is an unusual cause of chest pain and dyspnoea in the 

adult and paediatric populations, with smoking and acute asthma exacerbations being 

significant causative factors. The diagnosis of SPM requires either chest radiography or 

computed tomography (CT), and management is conservative therapy with oxygen and 

analgesia. This review presents the case of a 20-year-old female who presented to the Accident 

and Emergency Department with SPM resulting from poorly controlled asthma, air travel, and 

strenuous exercise. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 17-21.
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oesophageal rupture, and respiratory manoeuvres such as inhaling 

deeply, strenuous exercise, coughing, and vomiting, which trigger 

the Valsalva manoeuvre.1 It is usually seen in young men.1-3 One of the 

most common precipitants of SPM is an acute asthma exacerbation, 

during which bronchoconstriction results in increased pressure in the 

alveoli and can lead to alveolar rupture and subsequent leakage of air 

into the mediastinum.1,2  

SPM presents most commonly with retrosternal pleuritic chest pain, 

dyspnoea, and Hamman’s sign, defined as mediastinal crackles during 

systole.1,3,4 Before a diagnosis of SPM is made, more sinister cardiac, 

pulmonary, and pleural causes of the patient’s signs and symptoms 

must be ruled out.3 

The diagnostic gold standard is computed tomography (CT) of the 

chest.5 Management is usually conservative, and the prognosis is very 

good.1,5 Despite complications being rare, they can be quite severe 

and include pneumopericardium, pneumothorax, compression of the 

structures of the thorax, and pneumorrhachis.1,5 These should be 

considered in any patient presenting with SPM. 

 

Case summary 

MW, a 20-year-old female, presented by car to the accident and 

emergency (A&E) department with recent-onset chest pain and 

shortness of breath, after a seven-hour transatlantic flight. 

Approximately three hours after the flight, at 19.00 hours, MW was 

playing ice hockey and began to experience chest pain and the 

sensation of “not being able to take in a full breath”.  

This pain continued to increase throughout the evening, and MW 

experienced dyspnoea beginning at approximately 22.00 hours. MW 

attributed this shortness of breath to her poorly controlled asthma.  

At 02.00 the following morning, MW was awakened from sleep  

by chest pain and severe shortness of breath, prompting her to attend 

the A&E. 

At the hospital, her chest pain was 5/10 in severity, and was described 

as a crushing, retrosternal pain that felt sharp on inhalation, and 

radiated into her shoulders and neck. Nothing alleviated the pain, 

which was constantly present since onset, and had been increasing in 

intensity since it began at 19.00 hours the previous day. She denied 

any leg pain, changes in appearance to her legs, pre-syncope, or loss 

of consciousness, but she reported feeling anxious and fatigued. MW 

used salbutamol but denied any other drug use, including illicit 

substances. 

At the time of her presentation, MW was only able to speak in short 

sentences. She indicated that she had poorly controlled asthma with 

nearly constant daytime exacerbations. These were relieved with the 

use of salbutamol as needed, approximately 15-20 puffs per day. MW 

was also having nocturnal asthma exacerbations approximately five 

nights per week, which woke her from sleep. She used an additional 

10 puffs of salbutamol during these events. MW was also using a 

maintenance inhaler: fluticasone propionate/salmeterol (250/25mcg) 

twice daily. She was not taking any form of contraception and took 

no other medications. MW disclosed no known allergies, although 

she did report having childhood eczema and a mild contact allergy to 

latex, resulting in a rash. There was no other medical or surgical 

history of note. 

 

Clinical examination 

The patient’s vital signs on presentation were as follows: respiratory 

rate 28 breaths/minute; heart rate 114 beats/minute; temperature 

36.8º Celsius; oxygen saturation 98% on room air; and, blood 

pressure 122/81mmHg. 

In A&E, the patient was in obvious respiratory distress and was 

tachypnoeic. MW was holding a tripod position, with expiratory and 

inspiratory wheezing audible at the bedside, and she had a 

non-productive cough. She was alert and orientated to person, 

time, and place, and was not cyanotic. Examination of the hands 

and skin was unremarkable; there was no swelling, colour change, 

or tenderness in the lower extremities. Closer inspection of the 

anterior and posterior chest wall showed symmetrical movement; 

however, chest wall expansion was decreased at 4cm. The 

percussion note was mildly hyper-resonant bilaterally. Expiratory 

and inspiratory wheezes, louder on expiration, were present 

diffusely throughout the lungs, with decreased air entry bilaterally. 

Cardiac examination was unremarkable with the exception of 

tachycardia. 

 

Management and outcome 

After triage assessment, the patient was admitted to an 

observation bed within the emergency department. Continuous 

electrocardiograph (ECG) monitoring and pulse oximetry was 

commenced. Blood was taken for a full blood count with 

differentials, serum chemistry, coagulation studies including 

d-dimer, and cardiac enzymes. 

Anterior-posterior and lateral chest radiographs were performed, 

with no findings suggestive of pneumothorax, pulmonary 

embolus, or other focal lung abnormalities. Her blood work 

showed negative cardiac markers and a positive d-dimer (Table 1). 

Beta human chorionic gonadotropin was negative. Pre-emptive 

heparin was administered. A chest CT with contrast was ordered, 

which showed an extensive pneumomediastinum (Table 2 and 

Figure 1). 
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Test: CBC with differentials 

Collected 22/12/2014 05.11 

Result name                                                            Results                                  Units                                           Reference range 

 

Leukocyte count                                                                  11.8 H                                         X 109/L                                                4.0-11.0 

Erythrocyte count                                                                4.72                                            X 109/L                                                3.80-5.20 

Haemoglobin                                                                      124                                             g/L                                                      115-165 

Haematocrit                                                                        0.385                                                                                                      0.360-0.460 

Mean cell volume                                                                82                                               fL                                                         78-100 

Mean cell haemoglobin                                                      26.3 L                                          pg                                                       27.0-34.0 

Mean cell haemoglobin concentration                               323                                             g/L                                                      320-370 

Red cell distribution width                                                  15.5 H                                         %                                                        11.5-14.5 

Platelet count                                                                      348                                             X 109/L                                                150-400 

Mean platelet volume                                                         9.2                                              fL                                                         3.0-11.0 

Neutrophils                                                                         0.7                                                                                                           

Lymphocytes                                                                       0.18                                                                                                         

Monocytes                                                                          0.06                                                                                                         

Eosinophils                                                                          0.05                                                                                                         

Basophils                                                                             0.01                                                                                                         

Neutrophils #                                                                      8.3 H                                           X 109/L                                                1.5-8.0 

Lymphocytes #                                                                    2.1                                              X 109/L                                                1.0-4.8 

Monocytes #                                                                       0.8                                              X 109/L                                                0.0-1.5 

Eosinophils #                                                                       0.6                                              X 109/L                                                0.00-0.50 

Basophils #                                                                          0.1                                              X 109/L                                                0.0-0.3 

 

Test: Routine blood chemistry-serum 

Collected 22/12/2014 05.11 

Result name                                                            Results                                  Units                                           Reference range 

 

Glucose-random                                                                 4.6                                              mmol/L                                                

Urea                                                                                    4.9                                              mmol/L                                               2.3-7.6 

Creatinine                                                                            67                                               mmol/L                                               46-92 

Sodium                                                                                141                                             mmol/L                                               135-145 

Potassium                                                                            3.7                                              mmol/L                                               3.6-5.0 

Chloride                                                                              107                                             mmol/L                                               98-108 

Bicarbonate                                                                         24                                               mmol/L                                               21-31 

Anion gap                                                                           10.9                                            mmol/L                                                

AST                                                                                      21                                               U/L                                                      14-36 

ALT                                                                                      21                                               U/L                                                      6-52 

ALP                                                                                      61                                               U/L                                                      40-142 

CK                                                                                       176 H                                          U/L                                                      20-135 

Total bilirubin                                                                      6                                                  µmol/L                                                3-22 

Amylase                                                                               49                                               U/L                                                      30-110 

Lipase                                                                                  90                                               U/L                                                      23-300 

Troponin-I                                                                            <0.012                                        µg/L                                                    0.000-0.034 

 

Table 1: Laboratory tests.
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Test: Coagulation studies 
Collected 22/12/2014 05.11 
Patient not on anticoagulation therapy 
Result name                                                            Results                                  Units                                           Reference range 

 

INR                                                                                      1.0                                                                                                          0.9-1.1 

PTT                                                                                      32                                               Seconds                                              28-36 

D-dimer                                                                               387 H                                          ng/ml                                                  0-230 

 

Test: Urine HCG 

Collected 22/12/2014 07.40 

Result name                                                            Result                                                                                       Reference range 

 

Urine HCG                                                                          Negative                                                                                                 Negative 

Minimum detection level: 25I U/L 

Table 1: Laboratory tests (cont’d).

Table 2: Radiology report. 

 

Test: Chest x-ray, two views 

Report dictated: 12/22/2014 08.51.25 

Findings: The lung and pleural spaces are clear. The cardiomediastinal 

contour is within normal limits. The bones are normal. 

Impression: Normal chest radiograph 

 

Test: CT chest (rule out pulmonary embolism) 

Report dictated 12/22/2014 09.25.59 

Technique: Axial images were acquired through the chest with 

multiplanar reformats with intravenous contrast. 

Findings: No evidence of pulmonary embolus to the level of the 

subsegmental pulmonary arteries. 

 

 

 

There is extensive pneumomediastinum noted on the current exam 

extending towards the neck into the mediastinum and mildly 

surrounding the heart. Even in retrospect, this is essentially 

non-appreciable by plain radiograph. 

Thyroid is unremarkable. Aorta and main pulmonary artery are  

within normal limits. The heart is unremarkable. Trachea  

and oesophagus are midline and unremarkable. No evidence  

of enlarged mediastinal lymph nodes. Soft tissues are within  

normal limits. 

Lung and pleural spaces are clear. 

No aggressive bony lesions. 

Impression: Extensive pneumomediastinum.

FIGURE 1: Chest CT images. A. Axial chest CT image with contrast, showing pneumomediastinum. B. Axial chest CT image with contrast, showing 

pneumomediastinum. C. Sagittal chest CT image with contrast, showing air in anterior mediastinum.
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The patient completed three rounds of eight puffs of salbutamol 

100mcg and eight puffs of ipratropium 34mcg. The patient’s 

audible wheeze improved, and her respiratory rate decreased to 

approximately 24 breaths per minute. Because her pain was 

tolerable she did not receive analgesia. She was monitored until 

her respirations became stable. The patient was subsequently 

discharged with a referral to a pulmonary specialist to manage  

the pneumomediastinum, assess lung function, and optimise 

asthma management. 

 

This case illustrates the importance  
of considering the rare diagnosis of  

SPM in young patients presenting with 
unexplained chest pain and dyspnoea, 

particularly in patients with  
multiple risk factors. 

 

Discussion 

MW’s history of respiratory pathology and the onset of chest pain 

during exertion suggested that the likely origin of her SPM was a 

combination of poorly controlled asthma, recent air travel and 

barometric pressure changes, recent exertion causing Valsalva 

manoeuvres, and the frequent inhalation of salbutamol.  

These precipitants each resulted in increased intrathoracic 

pressure, leading to alveolar rupture and, ultimately, dissection  

of air through the perivascular and peribronchial sheaths into  

the mediastinum.1-3,6 

The initial investigation for suspected SPM is usually a chest 

radiograph with anterior-posterior and lateral views.5 Radiographs 

yield indicative signs, including the ‘thymic sail sign’, indicating air 

around the thymus, and the ‘tubular artery sign’, indicating air 

around the great vessels; however, CT scan with oral contrast is the 

gold standard for diagnosis, and indeed it revealed SPM in this 

patient.3,5 Endoscopy may be required if bronchial or oesophageal 

rupture is suspected.5  

Ultrasound has recently been found to be a useful screening and 

diagnostic tool in SPM, particularly given its ease of use in the 

emergency room setting; of note, ultrasound findings must be 

confirmed using other imaging techniques.1 

SPM has a very good prognosis and very low recurrence rates.1,5 

Conservative management with supplemental oxygen and 

analgesia, when required, is effective in adult and paediatric 

populations.3,4,7 In cases where inflammatory markers are 

deranged, antibiotics may also be given.4 Although SPM is usually 

benign, careful patient monitoring should be considered  

as complications may arise, including pneumothorax, 

pneumopericardium, cardiac tamponade, and respiratory 

failure.1,3,5 

 

Conclusion 

This case illustrates the importance of considering the rare 

diagnosis of SPM in young patients presenting with unexplained 

chest pain and dyspnoea, particularly in patients with multiple risk 

factors. Lack of early intervention and monitoring may lead to 

complications, including pneumopericardium, pneumothorax, 

compression of the structures of the thorax, and pneumorrhachis 

– all life-threatening conditions.1,3,5 Despite these risks, most 

patients with SPM can be well controlled in the hospital setting 

and have an excellent prognosis.1,5 
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Morvan syndrome:  
rare or underdiagnosed?

Abstract  
Morvan syndrome is a rare form of encephalitis with a highly variable presentation, making it 

largely unknown and under-reported. Patients who remain undiagnosed are likely to undergo 

rapid clinical deterioration. Quick diagnosis and treatment with immunomodulatory drugs such 

as steroids and intravenous immunoglobulin may reduce complications, and in many cases has 

been demonstrated to be curative. Presented here is the case of an 82-year-old man who 

received a delayed diagnosis of Morvan syndrome after presenting with vague symptoms that 

did not prompt immediate neurological review. The case illustrates the unique nature of 

Morvan syndrome, as well as the importance of early recognition and treatment of the 

condition. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 22-25.
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Background 

Morvan syndrome is a rare neurological condition that was first 

described in 1890. Few cases have been documented, with only 80 

reported in the literature as of April 2019.1 This form of 

encephalitis is characterised by hyperexcitability of the central, 

peripheral, and autonomic nervous systems due to production of 

antibodies against voltage gated potassium channels (VGKC), 

which function in neuronal signal transmission.1 There are multiple 

proteins that make up the VGKC complexes, resulting in  

the potential for numerous types of antibodies associated with  

the disease.  

The most common antibodies that have been identified to date 

target two key proteins, known as Caspr2 and LGI1.1 These 

proteins are believed to be critical for proper central and 

autonomic nervous system function, and the resulting antibodies 

cause neuronal hyperexcitation.1  

Consequently, typical features of reported cases of Morvan 

syndrome include encephalopathy, insomnia, hallucinations, 

delirium, confusion, autonomic instability, and peripheral  

nervous system features such as neuropathic pain, areflexia,  

and myokymia.1 

The precise aetiology of Morvan syndrome has not yet been 

elucidated, though it is currently believed to be autoimmune in 

origin. However, several cases report an association with thymoma 

or other malignancy, and thus diagnostic work-up may involve 

imaging to assess for evidence of a tumour.1  

Interestingly, the disease is noted to affect males almost exclusively, 

with only one case documented in a female in the English 

literature, resulting in an additional hypothesis that the  

male reproductive system produces antigens to which the 

antibodies bind.2  

Unfortunately, given its highly variable presentation and 

non-specific symptoms, making a diagnosis of Morvan syndrome is 

challenging and often results in delayed treatment. This is the case 

of JM, an 82-year-old man who, after extensive work-up, was 

ultimately diagnosed with Morvan syndrome. 

 

Interestingly, the disease is noted to 
affect males almost exclusively, with  

only one case documented in a female  
in the English literature, resulting in  

an additional hypothesis that the  
male reproductive system produces 

antigens to which the antibodies bind. 

Case report 

JM is an 82-year-old previously well man, who presented to the 

emergency department (ED) following an episode of loss of 

consciousness lasting 10 to 15 minutes that was witnessed by his 

family. During this episode his eyes were open, he was unresponsive 

to vocal stimuli, and he exhibited no tonic or clonic movements. 

There was no facial droop, limb weakness, or slurred speech. He 

reported no chest pain or palpitations. 

 

At the time of presentation, the 
differential diagnosis for JM included 
cardiac syncope, delirium, transient 

ischaemic attack, and early dementia,  
and thus he did not initially receive  

a neurology consultation. 

 

JM’s past medical history was significant for hypertension, diverticular 

disease, and depression. JM had also been suffering with insomnia for 

the previous six weeks, and had been treated for two weeks prior to 

his ED admission. Subsequent history taking also revealed that, for the 

previous six weeks, JM had been experiencing difficulty with balance 

accompanied by a burning sensation in his feet, along with two 

recent falls and intermittent confusion. 

On initial examination in the ED, JM was alert and oriented to person, 

place, and time. Glasgow Coma Scale (GCS) was 15/15 with a normal 

neurological exam at the time aside from some instability on 

standing. Respiratory and cardiovascular exams were grossly 

unremarkable, though a right bundle branch block was noted on 

electrocardiogram (ECG). He had mildly impaired renal function but 

otherwise normal laboratory results. At the time of presentation, the 

differential diagnosis for JM included cardiac syncope, delirium, 

transient ischaemic attack, and early dementia, and thus he did not 

initially receive a neurology consultation. 

Within a few days of admission to the hospital, JM was found to have 

regular, asymptomatic premature ventricular contractions (PVCs) on 

ECG, and suffered numerous falls presumed to be the consequence of 

severe postural hypotension, as significant drops in systolic blood 

pressure were noted when JM moved from sitting to standing. Level 

of consciousness deteriorated (GCS 11/15) over the course of his 

admission, and JM developed intermittent confusion, profound 

drowsiness, and visual hallucinations in which he reported seeing 

people who weren’t there. Initially, this progression was put down to 

delirium resulting from infection as he, at one point, became febrile 

with a cough and right lower lobe crepitations. However, he was 
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treated with antibiotics, which failed to improve his cognition and 

neurological symptoms. Consequently, he had a tonic-clonic seizure. 

This clinical deterioration prompted neurological review. 

A full neurological exam, performed two weeks after JM’s admission, 

demonstrated profound orthostatic hypotension and fluctuating 

levels of consciousness. On examination of the lower limbs, there was 

5/5 power, bilateral hyporeflexia (+1) of the knee jerk reflex, loss of 

ankle jerk reflexes bilaterally, absent vibratory sensation below the 

thighs bilaterally, absent proprioception bilaterally, and fasciculations 

in the hamstrings and calf muscles. On examination of the upper 

limbs, JM had 5/5 power bilaterally, hyporeflexia (+1) on left and 

right bicep and tricep reflexes, absent proprioception, but 

preserved vibration bilaterally. He had also experienced progressive 

weight loss since admission. At the time of the exam, he had been 

unable to walk for the previous 48 hours due to imbalance and 

weakness. JM’s confusion and fatigue worsened to a point where 

he became bedbound. 

 

Management 

JM underwent a full laboratory work-up, echocardiogram, CT 

brain, and MRI brain, all of which failed to explain the cause of his 

symptoms and deterioration. Assessment of cerebrospinal  

fluid ruled out infection, while a routine electroencephalogram 

(EEG) ruled out active epileptiform discharges while on  

anti-seizure treatment.  

Electromyogram (EMG) was technically difficult and failed to reveal 

myokymia or neuromyotonia. Once a consultant neurologist 

became involved, the progressive decline in cognition and 

autonomic dysfunction alerted her to have a high clinical suspicion 

of Morvan syndrome and empirical treatment with intravenous 

immunoglobulin (IVIG) and high-dose intravenous steroid  

was started. 

 

On examination of the lower limbs,  
there was 5/5 power, bilateral 

hyporeflexia (+1) of the knee jerk reflex, 
loss of ankle jerk reflexes bilaterally, 
absent vibratory sensation below the 

thighs bilaterally, absent proprioception 
bilaterally, and fasciculations in the 

hamstrings and calf muscles. 

                                                                                    Double negative             LGI1                 Caspr2                Caspr2  
                                                                                                                                                                               and LGI1  
 

Seizure                                                                      +                                      ++++                 +++                     +  

Faciobrachial dystonic seizures (FBDS)                   -                                       +++                   -                          +  

Amnesia                                                                    +                                      ++++                 +++                     ++  

Personality change                                                   +                                      +++                   ++                       ++  

Movement disorder                                                 +                                      +                       +                         +  

Dysautonomia                                                          -                                       +                       +++                     +++  

Neuromyotonia                                                        +                                      +                       ++                       +++  

Pain                                                                           +                                      +                       ++                       +++  

Tumour                                                                     +                                      +                       ++                       +++  

Other neurological diseases                                     +                                      -                        ±                         -  

Healthy controls                                                       +                                      -                        -                          -  

 
FIGURE 1: Clinical presentation of Morvan syndrome based on presence of autoantibodies: double negative, LGI1, Caspr2, and double positive (both 

Caspr2 and LGI1 antibodies).4
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Subsequently, serum and cerebrospinal fluid were found to be 

positive for antibodies against VGKC and Caspr2, and weakly 

positive for LGI1 antibodies, confirming the clinical suspicion of 

Morvan syndrome. A full body PET scan ruled out any 

malignancies. Although his encephalopathy and seizures resolved, 

severe mood issues persisted, along with ongoing autonomic 

dysfunction. Additional courses of IVIG and a single course of 

rituximab were given, subsequently stabilising the condition. He 

was transferred to a rehabilitation centre after five months in 

hospital. He made some recovery in autonomic function and 

mobility; however, death occurred nine months after the onset of 

symptoms secondary to lower respiratory tract infection. 

 

Diagnosis of Morvan syndrome requires a 
detailed history to recognise any patterns 

of change in behaviour, personality, 
cognition, or other symptomatology  

over the preceding months. 
 

Discussion 

Autoimmune encephalitis is increasingly recognised in elderly 

individuals, and prompt immunotherapy is essential for recovery.3 

The typical presentation of Morvan syndrome is difficult to define 

as it differs depending on which antibodies are present (Figure 1); 

however, this patient showed a typical presentation of the 

anti-Caspr2+ cohort.3,4 The initial symptomatology was very similar 

to a presentation of underlying cardiovascular aetiology in this age 

group, or evolving dementia such as Lewy body dementia, which 

made it challenging to diagnose an underlying autoimmune 

aetiology. As most routine investigations will not aid in the correct 

diagnosis, this rare condition may prove difficult to identify if it is 

not known to the treating physician, and definitive diagnosis 

requires specific antibody tests that are not universally available. As 

evidenced by this case, a delay in neurological review may result in 

clinical deterioration and a delay in treatment, with detrimental 

effects for the patient.5 Should physicians be unaware of this 

condition, or the appropriate autoimmune antibody tests  

required in order to make a diagnosis are not conducted,  

some patients may go undiagnosed. Worse yet, patients may 

receive more radical, unnecessary treatments if alternative 

diagnoses are suspected.  

Thus, Morvan syndrome may not, in fact, be as rare as it is 

currently thought to be; it may simply be underdiagnosed and 

under-reported. Therefore, such case reports are an important 

contribution to the neurology literature to raise awareness of the 

signs and symptoms of this disease. 

The prognosis of Morvan syndrome has been demonstrated to be 

highly variable. Although some forms may resolve spontaneously, 

many require treatment with IVIG and intravenous corticosteroids 

in order to induce partial or complete remission.1 As symptoms 

resolve, consultation with occupational and physical therapy is 

important to regain strength and ensure that the patient is safe in 

their activities of daily life. 

 

Conclusion 

This case describes the presentation, evaluation, and treatment of 

Morvan syndrome, an incredibly rare form of autoimmune limbic 

encephalitis, in an octogenarian. Diagnosis of Morvan syndrome 

requires a detailed history to recognise any patterns of change in 

behaviour, personality, cognition, or other symptomatology over 

the preceding months. Furthermore, consultation from a 

neurology team and a complete neurological exam is critical in 

making the diagnosis. Awareness of this autoimmune disease 

among physicians, as well as in emergency departments where 

these patients may present initially, is critical for reaching a prompt 

diagnosis and initiating treatment.



Clare Lambert 

RCSI medical student

Patient 
perception  
of health  
status in the 
setting of 
multimorbidity  
and 
polypharmacy: 
a preliminary 
analysis of 
baseline SPPiRE 
trial data

Abstract  
Introduction: Polypharmacy and multimorbidity are becoming increasingly common in an 

ageing population. Older people also exhibit greater utilisation of health services. Minimising 

adverse drug reactions and drug-drug interactions is becoming increasingly important; 

however, de-prescribing efforts often neglect to incorporate patient preferences.  

Methods: A total of 355 patients over the age of 65, who were prescribed more than 15 

medications, filled out a self-reported questionnaire that included multiple health-related 

quality of life scales and demographics. Prescription data was obtained from the patients’ 

general practice, and potentially inappropriate prescriptions (PIPs) were identified by a 

pharmacist. Univariate and multivariate regression analysis was carried out using the EuroQoL 

Visual Analogue Scale (EQ-VAS) as the outcome variable.  

Results: There was limited evidence for a relationship between patient characteristics (age, 

gender, education, number of medications, PIPs) and EQ-VAS score. Univariate analysis showed 

significant changes in EQ-VAS score corresponding with changes in various health-related 

quality of life subscale scores, particularly daily activities and pain.  

Discussion: Both pain and the ability to carry out daily activities have a large impact on 

patients’ global perception of their health. This study found no evidence to suggest that, in the 

setting of polypharmacy and multimorbidity, the number of medications or number of PIPs 

affects patients’ perception of their own health. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 26-33.
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Introduction 

Multimorbidity, defined as the presence of at least two chronic 

conditions, has become increasingly common in older people, and 

is associated with poorer health outcomes and significant 

polypharmacy.1,2,3 As a result, these patients tend to have high 

rates of health service utilisation.4  

Many elderly patients are diagnosed with more than one chronic 

condition and may be treated by a number of specialist consultants 

in addition to their general practitioner (GP).5,6 In the setting of 

numerous chronic diseases, complex treatment regimens may  

be assigned by different specialists and left to the GPs to manage 

long term.4  

While each prescription aligns with specialty treatment 

algorithms, this fragmented approach to healthcare can leave 

patients at risk of potentially inappropriate prescriptions (PIPs).7 

Past research has demonstrated that patients over age 65 in 

Ireland may be taking anywhere from one to 19 medications, 

where 15.8% of patients have at least one PIP.8 Research in the 

field of primary practice has identified the need for additional 

support in managing polypharmacy in older patients.9,10 

Alongside a deterioration in physical health, patient quality of life 

(QoL) can also decline with age.11  

Patients’ perception of their own health may differ significantly 

from how physicians view patients’ health in a number of ways. 

From a pharmacological standpoint, physicians aim to find the 

perfect balance between medications that optimise health, while 

minimising PIPs and adverse drug interactions.6,12 However, the 

patient may have different priorities and needs that predominate, 

such as maintaining independence and keeping up with their  

daily routine.13 

Polypharmacy in the elderly cohort is well established and 

growing, yet there has been a relative lack of scientific evidence to 

guide prescription writing for an elderly population due to their 

exclusion from clinical trials.7,10,14,15  

In an effort to combat polypharmacy in older patients, 

de-prescribing models and algorithms are being developed to 

support prescribers in managing complex patients.10,16 However, 

these programmes may neglect to incorporate patient 

preferences.15,17 

In an ageing population, it is essential to understand how patients 

view their health status in the setting of polypharmacy and 

multimorbidity, while also exploring patient preferences about 

de-prescribing. This information can provide targeted areas of 

focus for healthcare providers when attempting to formulate 

long-term management plans for these complex patients. 

Study objectives 

This study aims to investigate patients’ perceptions of their own 

health status in the setting of polypharmacy, and explore patients’ 

preferences regarding de-prescribing. A secondary aim is to 

characterise this patient cohort using self-reported measures of 

health-related QoL. 

 

Physicians aim to find the perfect 
balance between medications that 

optimise health, while minimising PIPs 
and adverse drug interactions.  

 

 

Methods 

This study utilised baseline data from an ongoing prospective cluster 

randomised controlled trial entitled Supporting Prescribing in Older 

People with Multimorbidity and Significant Polypharmacy in Primary 

Care (SPPiRE).9 The aim of the SPPiRE study is to assess the 

effectiveness of an intervention designed to support GPs in reducing 

PIPs and consider de-prescribing in older people with multimorbidity 

and significant polypharmacy in Irish primary care. Inclusion criteria 

required that patients be over 65 years old and taking more than  

15 medications. 

 

Data collection 

Irish GPs were asked to provide medical records, from which the 

baseline number of medications and PIPs were determined based on 

the published protocol.9 Patients were asked to fill out a self-report 

questionnaire that consisted of: 

 

■ basic demographic information: age, gender, marital status, 

language, education level, employment, medical insurance 

coverage, and distance from GP; 

■ patient-reported health service utilisation: GP visits, out-of-hours 

GP visits, emergency department (ED) visits, inpatient hospital 

stays, outpatient department visits, physiotherapist visits, 

occupational therapist visits, speech therapist visits, public health 

nursing service visits, optician visits, and dental visits; 

■ health-related QoL measures: Five Level EuroQol Five Dimension 

scale (EQ-5D-5L; dimensions: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression), and EuroQoL Visual 

Analogue Scale (EQ-VAS; patient’s self-rated health on a vertical 

visual analogue scale);18 

■ Multimorbidity Treatment Burden Questionnaire (MTBQ);19 and,  

■ revised Patient Attitudes Towards De-Prescribing scale (rPATD).20 
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Outcome variable 

The EQ-VAS is a visual analogue scale that provides additional insight 

into patients’ perception of their overall health by selecting a point 

and marking an ‘x’ on a 20cm scale ranging from 0 to 100, where 

100 is indicative of perfect health and 0 of very poor health.18 

 

Analysis 

Descriptive statistics were used to explore patient characteristics and 

perceptions of health. Results were recorded as mean/standard deviation 

(SD) for continuous variables, median/interquartile range (IQR) for 

variables that showed some evidence of skew, and range or 

count/percentage for categorical variables, where applicable. Spearman 

correlations and scatter plots were also carried out on variables of  

interest and EQ-VAS to explore relationships and determine if r 

egression was suitable.  

Univariate and multivariate mixed effects regression models, with GP as a 

random effect to account for the correlation between patients with the 

same GP, were used. EQ-VAS score was the primary outcome variable. Two 

models were carried out using Stata’s xtmixed command to examine the 

Variable                                                 Summary statistic       N 

Gender: % males                                           44.6%                               352 

Mean age (SD)                                              76.7 (7.0)                          343 

Healthcare usage 

Median number of GP visits 

in 12 months (IQR, min, max)                       6 (8, 0, 70)                       343 

No. patients who used ED  

in last 12 mo. (%)                                           143 (41.5%)                     345 

No. patients who were an  

inpatient in last 12 mo. (%)                           145 (42.2%)                     344 

No. patients who attended  

OOH GP in last 12 mo. (%)                           70 (20.23%)                     346 

No. of patients who were day  

patients in the last 12 mo. (%)                       232 (67.6%)                     343 

No. of patients who were  

outpatients in the last 12 mo. (%)                 218 (64.7%)                     337 

No. who used a public health nurse  

in the last 12 mo. (%)                                    120 (34.8%)                     345 

Indicators of polypharmacy 

Mean no. of repeat medications (SD)             16.9 (3.1)                          270 

Median no. of PIPs at baseline  

(IQR, min, max)                                              2 (1, 0, 5)                         270

Table 1: Patient demographic descriptive statistics.

Patient quality of life indicators (%)                                             N 
 

EQ-5D: Mobility score 

I have no problems in walking about                         61 (17.5%) 

I have slight problems in walking about                      77 (22.2%) 

I have moderate problems in walking about               104 (29.9%)       348 

I have severe problems in walking about                    90 (25.9%) 

I am unable to walk about                                           16 (4.6%) 

 

EQ-5D: Self-care score  

I have no problems with self-care                                199 (57.2%) 

I have slight problems with washing or  

dressing myself                                                             56 (16.1%) 

I have moderate problems with washing or                                           348 

dressing myself                                                            57 (16.4%) 

I have severe problems with washing or  

dressing myself                                                             22 (6.3%) 

I am unable to wash or dress myself                           14 (4.0%)  

 

EQ-5D: Pain score 

I have no pain or discomfort                                        37 (10.6%)             

I have slight pain or discomfort                                   81 (23.3%) 

I have moderate pain or discomfort                            126 (36.2%)       348  

I have severe pain or discomfort                                  86 (24.7%) 

I have extreme pain or discomfort                              18 (5.2%)  
 

EQ-5D: Activities score 

I have no problem doing my usual activities               92 (26.4%) 

I have slight problems doing my usual activities         79 (22.7%) 

I have moderate problems doing my usual activities  83 (23.9%)         348 

I have severe problems doing my usual activities        55 (15.8%) 

I am unable to do my usual activities                          39 (11.2%)  
 

Average anxiety/depression score (1-5 scale) 

I am not anxious or depressed                                    154 (44.9%) 

I am slightly anxious or depressed                               94 (27.4%) 

I am moderately anxious or depressed                        75 (21.9%)         343 

I am severely anxious or depressed                             12 (3.5%) 

I am extremely anxious or depressed                          8 (2.3%)  

Mean EQ-VAS score – out of 100 (SD)                                       60.4 (21.2)         338 
 

Mean MTBQ summary score – out of 65 (SD)                          17.55 (8.0)         345 
 

Mean rPATD Involvement summary score – out of 30 (SD)     20.9 (4.0)            329 
 

Mean rPATD Burden summary score – out of 30 (SD)              15.1 (4.3)            317 

 

Median rPATD Global Willingness to Stop  

summary score – out of 5 (IQR)                                                4 (1)                   343 

Table 2: Patient health-related quality of life indicators 
descriptive statistics.
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(Table 2 continued)
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FIGURE 1 (above and left): Histogram distribution of the five sections of the 
EQ-5D-5L. The x-axis denotes the subscale (mobility; self-care; daily 
activities; pain; and, anxiety/depression). These subscales are five-point Likert 
scales where 1 indicates no problems and 5 indicates extreme problems or 
the most ‘ill’ state with regard to the specific scale.
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relationship between patient characteristics and EQ-VAS score. Regression 

results were reported as beta coefficients, 95% confidence intervals (95% 

CI), and p-values. Model 1 examined the effect of patient characteristics 

(including age, gender, education level, healthcare service usage, and 

number of medications) and number of PIPs on EQ-VAS score. Model 2 

examined the impact of the EQ-5D-5L subscales, MTBQ summary score, 

and rPATD Burden and Involvement subscale on EQ-VAS scores. 

 

Results 

Descriptive statistics 

To date, 31 practices and 355 patients have been recruited into the 

SPPiRE study. Patient demographics, health-related QoL scales, and 

medication data were recorded (Tables 1 and 2). A total of 44.6% of 

Mean rPATD Appropriateness summary score  

– out of 25 (SD)                                                                         15.8 (4.2)           324 

 

Mean rPATD Concern About Stopping summary score  

– out of 25 (SD)                                                                          13.4 (3.9)           328 

 

rPATD Concern Subscale Question of Interest (Q19):  

I would be reluctant to stop a medicine that I had been taking for a long time. 

Strongly agree                                                                            27 (7.7%)  

Agree                                                                                      65 (18.8%)         345 

Unsure                                                                                      66 (19.1%)  

Disagree                                                                                      117 (33.9%) 

Strongly disagree                                                                       70 (20.3%)             
 

 

rPATD Concern Subscale Question of Interest (Q21): I get stressed whenever changes 

are made to my medicines. 

Strongly agree                                                                            67 (18.5%) 

Agree                                                                                      151 (43.9%)      344 

Unsure                                                                                      44 (12.8%) 

Disagree                                                                                      58 (16.9%) 

Strongly disagree                                                                        24 (7.0%)              
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patients were male and 55.4% were female. Patients in this cohort 

had a mean age of 76.7±7 years and the majority were married (51%) 

or widowed (28.9%).  

Some 85.5% of the patients were medical card holders living on 

average 5±5.2km away from their GP’s office. The vast majority of 

patients (98.3%) had visited their GP in the last year, with a median 

of six visits in the last 12 months (IQR 8). A total of 41.5% and 42.2% 

of patients reported at least one use of the ED and inpatient 

department, respectively, in the last 12 months. Patients in this cohort 

were on an average of 16.9±3.1 medications and had a median of 

two (IQR 1) PIPs. There was variability in the results of the EQ-5D-5L 

subscale scores; exact frequencies and percentages are listed in Table 

2 and visually demonstrated in Figure 1.  

The majority of patients on greater than 15 medications 

demonstrated moderate problems with mobility and pain, while they 

reported no problems with self-care, anxiety, or depression. There 

appeared to be a wide variability in the daily activities subscale scores. 

The mean MTBQ summary score was 17.55±8, where a score of 65 

indicated a large burden and 0 indicated no burden. Patients rated 

their global health as 60.4±21 out of 100 on the EQ-VAS, which was 

the main outcome variable.  

Patients’ willingness and barriers to de-prescribe were assessed with 

the rPATD subscales (Table 2). Patients scored an average of 13.4±4 

on the rPATD Concern subscale, where 25 indicated the most concern 

about stopping a medication, and a score of 5 indicated no concern 

about stopping. 

 

There is a high degree of heterogeneity in 
the healthcare experience, which is 

inherently difficult to capture on paper. In 
addition, day-to-day variability in one’s 
health perception presents a challenge 

when interpreting EQ-VAS results.  

 

Relationships between patient characteristics and EQ-VAS 

Model 1, involving univariate regression (Table 3), showed no 

evidence of a relationship between patient characteristics and EQ-VAS 

with the exception of ED usage (β=-5.77; p<0.05; 95% CI: -10.27, 

-1.27) and inpatient usage (β=-6.00; p<0.05; 95% CI: -10.36, -1.43). 

There was no evidence for any relationship between patient 

characteristics and EQ-VAS in the multivariable analysis. Model 2 

(Table 4), involving univariate analysis, showed a significant change 

in EQ-VAS score for almost all variables, excluding the rPATD Burden 

and Involvement subscales. A pattern of stepwise decline in EQ-VAS 

score was observed in association with increasing EQ-5D-5L subscale 

scores. Due to collinearity between the selected QoL variables, 

multivariable regression analysis was not carried out (Appendix A). 

 

Discussion 

The clinical cohort investigated in this study included elderly patients 

on a substantial number of medications, making them a niche subset 

of GP service users in Ireland. Prescription records indicated that 

patients in this study were on an average of 16.9±3 medications and 

had a median of two (IQR 1) PIPs at baseline, which many may 

consider grounds for a de-prescribing intervention to be 

implimented.10 However, 88 patients, just over one-quarter of the 

cohort (Figure 1), rated their health as 80/100 or better, despite 

being on 15 or more medications. 

 

Physicians are tasked with finding a 
balance between treatment needs 

(based on disease burden and limiting 
potential therapeutic interactions)  
and treatment regime acceptability 

(based on side effects and  
adverse reactions). 

 

Age, gender, education, PIPs, and number of medications did not 

appear to have any impact on perceived health (Table 3), suggesting 

that perception of overall health in this cohort was not influenced by 

polypharmacy. However, this population represents only a small 

subpopulation of those over age 65, and all patients included had a 

significant medication burden. A study of the entire over-65 

population in Ireland may yield different findings. 

Univariate analysis (Table 4) demonstrated that with decreasing 

scores on predictor variables, particularly the EQ-5D-5L subscales, 

there was a corresponding and stepwise decrease in EQ-VAS score. 

This indicated that the EQ-VAS was performing well as an indicator of 

overall global health, inclusive of various facets of health-related QoL 

examined in the EQ-5D-5L. Similar findings have been demonstrated 

in previous research.21  

Given the ability of the EQ-VAS to accurately describe health status, it 

is particularly interesting that no characteristics, such as age or 

number of medications, were able to account for variance in EQ-VAS 

scores. The strongest driver of health status, based on unadjusted 

analysis (Table 3), was self-reported daily activities and pain. Being 

unable to perform daily activities showed a decrease in EQ-VAS of 

33.56 (95% CI: -40.15, -27.00), and being in extreme pain showed a 
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34.52-point drop in EQ-VAS (95% CI: -45.21,-23.84). Physicians are 

tasked with finding a balance between treatment needs (based on 

disease burden and limiting potential therapeutic interactions) and 

treatment regime acceptability (based on side effects and adverse 

reactions).22 However, these preliminary findings suggest that this 

cohort of patients may not share the same treatment goals as  

their physicians.  

One patient, who rated their health as 100/100, listed their 

healthcare priority as ‘maintaining independence’. Another patient, 

who rated their health as only 10/100, also listed ‘maintaining 

independence and treating pain’ as their goals of care. Interestingly, 

over one-quarter (26.7%) of patients ‘agreed’ or ‘strongly agreed’ 

that they would be reluctant to stop taking a medication that they 

had been taking for a long time. In addition, 63.4% of patients 

‘agreed’ or ‘strongly agreed’ with the statement: ‘I get stressed when 

changes are made to my medicines’.  

Some patients may be unconcerned with their medication load and 

disinterested in changing their medicine regime. In this case, it is 

Model 1: Patient characteristics 

Do patient baseline factors such as age, gender, healthcare use, and polypharmacy predict perception of health? 

 
Variable                                                           Univariate analysis                   P value                             Multivariable regression         P value 
                                                                        Beta co-efficeint (CI)                                                        Beta co-efficeint (CI) 
                                                                         

Age                                                                           0.05 (-0.28, 0.38)                             0.761                                     0.03 (-3.7, 0.44)                               0.875 

Gender                                                                      -4.30 (-8.72, 0.13)                           0.057                                     -4.48 (-9.91, 0.95)                            0.106 

 

 

Education level 

(baseline of no schooling) 

i. primary school only                                                18.06 (-23.15, 59.27)                      0.390                                                  –                                            – 

ii. some secondary                                                    18.38 (-22.96, 59.73)                      0.384                                     2.88 (-3.72, 9.48)                             0.393 

iii. complete secondary                                              17.73 (-23.75, 59.20)                      0.402                                     -1.99 (-9.76, 5.78)                            0.616 

iv. some third level                                                    23.18 (-18.49, 64.85)                      0.276                                     2.56 (-8.29, 13.41)                           0.644 

v. complete third level                                               18.65 (-23.12, 60.43)                      0.382                                     2.82 (-7.5, 13.15)                             0.593 

 

                                                                                   

GP usage in 12 mo.  

(baseline of ⩾5 uses) 

i. 6-10 uses                                                                -0.10 (-5.56, 5.36)                           0.971                                     3.42 (-2.93, 9.77)                             0.291 

ii. 11-15 uses                                                              -6.93 (-13.66, -0.20)                        0.044                                     -3.48 (-11.38, 4.43)                          0.389 

iii. >15 uses                                                                -7.00 (-16.00, 2.00)                         0.127                                     -1.24 (-11.44, 8.96)                          0.811 

 

                                                                                   

ED usage (yes or no)                                                  -5.77 (-10.27, -1.27)                        0.012                                     -3.16 (-9.42, 3.10)                            0.323 

Inpatient usage (yes or no)                                        -6.00 (-10.36, -1.43)                        0.010                                     -1.52 (-7.80, 4.76)                            0.635 

Number of medications                                            -0.41(-1.21, 0.40)                            0.323                                     -0.30 (-1.23, 0.64)                            0.534 

PIP                                                                              -0.91 (-3.13, 1.31)                           0.423                                     -0.53 (-3.05, 1.98)                            0.678 

Table 3: Regression model 1.
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increasingly important for doctors to focus on individual patient 

priorities about health, while simultaneously keeping the patient safe, 

monitoring for potentially unsafe drug combinations, and 

de-prescribing when appropriate. 

The findings in this study must be interpreted with caution, as the 

intent of the study was to investigate polypharmacy and the effect of 

a support intervention to assist GPs with medication review. There is 

a high degree of heterogeneity in the healthcare experience, which is 

inherently difficult to capture on paper. In addition, day-to-day 

variability in one’s health perception presents a challenge when 

interpreting EQ-VAS results. In order to draw conclusions with regard 

to patient preferences and goals in the setting of polypharmacy and 

multimorbidity, qualitative survey research must be conducted in  

this cohort. 

 

The findings in this study must be 
interpreted with caution, as the intent  

of the study was to investigate 
polypharmacy and the effect of a  
support intervention to assist GPs  

with medication review.  

Conclusion 

Polypharmacy is on the rise, particularly in an ageing population that 

is living longer and accumulating greater disease burden over the 

course of their lifetime. Elderly patients with a high disease burden are 

often managed by numerous consultant services, which each focus 

only on their own area of specialisation. GPs are tasked with 

managing multiple medication regimes that align with different 

specialty treatment algorithms. An increasing rate of PIPs in Irish 

geriatric care has prompted research in the field on how to limit the 

number of medications and provide closer surveillance for PIPs in 

older patients. 

It remains important for GPs to prevent morbidity related to drug 

interactions in the setting of multiple PIPs; however, it is also 

important to keep in mind patients’ priorities and what contributes 

to their own sense of ‘healthiness’.12,22  

Perception of health in this patient cohort was found to be more 

heavily influenced by maintaining daily routine and independence 

rather than medication burden as assessed by number of 

medications prescribed. However, this finding may not hold true in 

the wider population. As de-prescribing algorithms come into 

general practice, it will become increasingly important for 

physicians to be conscious of patient priorities and goals when 

making final de-prescribing decisions. 
 

Model 2: Univariate analysis 
Are there any particular aspects of health-related quality of life that 
drive a patient’s self-rated global perception of helath as indicated by 
the EQ-VAS? 

 
Variable                              N            Univariate analysis         P-value 
                                                           Beta co-efficient (CI)       
 

Mobility  

i. Normal mobility                      59 

ii. Slight problems                      77             -5.17 (-11.39, 1.04)               0.103 

iii. Moderate problems               101           -20.17 (-25.02, -14.32)         0.000 

iv. Severe problems                    89             -27.03 (-33.01, -21.05)         0.000 

v. Unable to walk                       15             -20.18 (-30.31,-10.04)          0.000 

 

Self-care 

i. Normal self-care                      194 

ii. Slight problems                      55             -12.21 (-17.89, -6.62)           0.000       

iii. Moderate problems               56             -32.10 (-28.52, -17.68)         0.000 

iv. Severe problems                    22             -26.65 (-34.80, -18.49)         0.000 

v. Unable to wash/bathe            14             -21.62 (-31.65, -11.59)         0.000 

 

Pain 

i. No pain                                   37 

ii. Slight pain                              81             -7.66 (-15.11, -0.20)             0.044 

iii. Moderate pain                       122           -12.40 (-19.39,-5.41)             0.001 

iv. Severe pain                            84             -24.98 (-32.30, -17.66)         0.000 

v. Extreme pain                          17             -34.52 (-45.21, -23.84)         0.000 

 

Doing daily activities  

i. Able to do activty                    90 

ii. Slight problems                      78             -10.10 (-15.38, -4.80)           0.000 

iii. Moderate problems               81             -19.62 (-24.78, -14.46)         0.000 

iv. Severe problems                    54             -29.96 (-35.77, -24.14)         0.000 

v. Unable to do activities            38             -33.58 (-40.16, -27.00)         0.000 

                                                   

Anxiety and depression 

i. None                                       153 

i. Slight anx/dep                        92             -8.12 (-13.17, -3.08)             0.002 

ii. Moderate anx/dep                 74             -15.89 (-21.32, -10.46)         0.000 

iii. Severe anx/dep                      11             -23.29 (-34.71, -11.86)         0.000 

iv. Extreme anx/dep                   7               -30.53 (-44.56, -16.50)         0.000 

                                                   

MTBQ                                                         -1.14 (-1.40, -0.88)                0.000 

rPATD – Involvement                                 0.61 (0.05, 1.17)                   0.032 

rPATD – Burden                                         -0.23 (-0.77, 0.31)                 0.397 

Table 4: Regression model 2.
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Appendix A: Correlation table. 
Variables                                                                       EQ-VAS                                         Cohen’s standard effect size 
Age                                                                                          Not significant                                      
Number of medications                                                            Not significant                                      
PIPs at baseline                                                                         Not significant                                      
GP times used                                                                          -0.134, p<0.05                                    Small 
ED times used                                                                          -0.159, p<0.01                                    Small 
Inpatient night stays                                                                 -0.143, p<0.05                                    Small 
Healthcare usage                                                                      -0.236, p<0.01                                    Small 
Involvement sub score (rPATD)                                                 0.140, p<0.05                                     Small 
Burden sub score (rPATD)                                                         Not significant                                      
Concern about stopping sub score (rPATD)                              0.140, p<0.05                                     Small 
Appropriateness of medication score (rPATD)                           Not significant                                      
Global willingness to stop                                                         Not significant                                      
Mobility                                                                                    -0.456, p<0.01                                    Medium 
Daily activities                                                                           -0.569, p<0.01                                    Large 
Pain                                                                                          -0.425, p<0.01                                    Medium 
Self-care                                                                                   -0.487, p<0.01                                    Medium 
Anxiety and depression                                                            -0.369, p<0.01                                    Medium 
Multimorbidity treatment burden score                                    -0.380, p<0.01                                    Medium 
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Introduction 

Approximately 50 million people worldwide live 

with epilepsy, and roughly one-third of these suffer 

from a form of epilepsy that does not respond to 

pharmacological treatment, called drug-resistant 

epilepsy (DRE).1,2 Also known as refractory epilepsy 

or pharmaco-resistant epilepsy, DRE is defined by 

the task force of the International League Against 

Epilepsy (ILAE) as epileptic seizures that still persist 

following a trial of “two tolerated, appropriately 

chosen, and used antiepileptic drug schedules 

(whether as monotherapies or in combination)”.1 

Treatment of DRE depends on the nature of the 

patient’s epilepsy and the region(s) of the brain 

from which the seizures emanate, also known as 

the focus or foci. One curative option for eligible 

patients is resective surgery to remove the part of 

the brain that is responsible for their seizures.2-4  

A randomised trial showed that 77% of patients 

who received surgical treatment for their epilepsy 

were seizure free after 12 months, compared to 

7% of the medically treated group (p<0.001).3 

Neuromodulatory treatment options that are now 

Have you tried zapping it? 
Neuromodulatory treatments 
for drug-resistant epilepsy

Abstract  
One-third of the 50 million people worldwide who experience epilepsy do not respond  

to pharmacological treatment. For some of these patients, surgically removing the part of  

their brain that is misfiring can be a curative treatment. However, neurotechnology and 

neuromodulation are providing an alternate treatment route for patients. Treatments such as 

vagus nerve stimulation, deep brain stimulation, and responsive neurostimulation use varying 

methods to send electrical impulses to the brain or the epileptic foci in order to treat seizures. 

Advancements in technology, research, and neuromodulatory therapies, outlined here, hold 

promise for patients afflicted with refractory epilepsy. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 34-38.
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approved by the National Health Service (NHS) of the United 

Kingdom and the Food and Drug Administration (FDA) of the United 

States are giving adult and paediatric patients with DRE alternative 

options. These options, however, still face considerable challenges in 

their availability and use. An overview of standard surgical therapy 

and contemporary developments in neurotechnologies, such as vagus 

nerve stimulation (VNS), deep brain stimulation (DBS), and 

responsive neurostimulation (RNS), is presented here, with a focus  

on the application, mode of action, and barriers to use of  

these techniques. 
 

Standard surgical intervention 

Treatment methods for refractory epilepsy include surgical 

intervention and, for those patients who do not respond to 

medication and do not meet the requirement for surgery, 

neuromodulation.4 Surgical interventions aim to create lesions in or 

remove the part of the brain that is creating the abnormal electrical 

activity.4 These interventions include focal resection, 

hemispherectomy, lobar resection, amygdalectomy, and corpus 

callosotomy. Focal cortical resection is considered for drug-resistant 

patients with focal epilepsy where the seizures arise from a cortical 

region that can be excised with minimal risk of disability.4 In 

particular, eligible candidates include patients with medial temporal 

lobe epilepsy, epileptic foci in the amygdala or hippocampus, or 

lesional epilepsy.5 

 
Although brain surgery is becoming 

increasingly precise and safe with the 
emergence of technologies such as 

ultrasound-guided surgery and 
radiosurgery, some patients 

may not be ready to take 
on these risks. 

 

Although surgery is the only curative option, many patients with 

DRE are not eligible for surgery due to factors such as bilateral 

and/or multifocal seizure onset, diagnosis of generalised onset 

epilepsy, high risk of postoperative functional damage, and other 

medical comorbidities.5 As with any other surgery, neurosurgery 

carries a risk of complications, such as memory loss, learning 

difficulties, and visual defects.6-8 Although brain surgery is 

becoming increasingly precise and safe with the emergence of 

technologies such as ultrasound-guided surgery and radiosurgery, 

some patients may not be ready to take on these risks. 

Furthermore, the degree of irreversibility associated with 

neurosurgery and its complications may deter parents of children 

with epilepsy from choosing this treatment route. For these 

reasons, the emergence of neurotechnology and neuromodulation 

has made waves in the field of epilepsy treatment by introducing 

an option that has fewer risks and reduced invasiveness. 

 

In particular, eligible candidates include 
patients with medial temporal lobe 

epilepsy, epileptic foci in the 
amygdala or hippocampus, 

or lesional epilepsy. 
 

 

Vagus nerve stimulation 

VNS utilises a pacemaker-like device that is inserted beneath the 

skin of the left chest wall with wires that attach to the left vagus 

nerve. This provides electrical stimulation to the brain via the vagus 

nerve, which helps to control seizures. Newer models of this device 

have three modes: (i) the standard mode, which is used to prevent 

regular seizures by sending electrical stimulation at regular 

intervals throughout the day; (ii) a ‘detect and respond’ setting, 

which sends an electrical impulse when the system detects an 

increase in heart rate, which is associated with seizures, in hopes of 

preventing or reducing the impending seizure; and, (iii) a 

‘magnetic mode’, which allows the patient or a caregiver to 

manually send an electrical impulse in order to prevent or reduce 

the seizure once it starts.9 

While the mechanism of action of VNS is not completely 

understood, scientists theorise that it induces changes  

in neuroelectrophysiology, neurotransmitter release, and levels  

of inflammation.10  

In terms of neuroelectrophysiology, VNS blocks interictal spikes, 

thereby increasing the threshold of amygdalar seizures, mediating 

the amygdala neuron firing rate, and altering the expression of 

proteins such as neurexin-1α, cadherin 13, and various 

voltage-dependent calcium channels.10-13 VNS has also been 

shown to increase norepinephrine and gamma aminobutyric acid 

(GABA) levels, while decreasing glutamate in different parts of the 

brain.14,15 The direct link between the reduction of inflammatory 

cells and cytokines via VNS and its effect on epilepsy is not as clear; 

however, because VNS has been used to relieve other 

inflammatory disorders, the indirect link may point to an alternate 

mechanism of action.10 Side effects of VNS relate to the vagus 

nerve’s branches in the larynx and pharynx, with the potential to 
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cause hoarseness, cough, voice changes and, in some cases, 

paraesthesia.10 

VNS was first used to treat DRE in 1988, but was formally approved 

by the FDA to treat DRE in patients aged 12 years and older in 

1997.16 It took 20 more years for VNS to be approved in younger 

children, extending the age range to four years and older.16 Two 

randomised trials have shown that high-frequency VNS is 

associated with greater reduction in seizure frequency compared 

to low-frequency VNS when taken with anti-epileptic drugs.17,18 

Handforth et al. reported that in a sample of patients with 

refractory partial-onset seizures, with at least six episodes over 30 

days, there was a 28% reduction in seizure frequency after 

receiving high-stimulation VNS, whereas there was only a 15% 

reduction with low stimulation (p=0.04).18  

Similarly, Ben-Menachem et al. reported a 30.9% reduction in 

mean seizure frequency following high VNS compared to an 

11.3% reduction with low VNS (p=0.029) in patients with 

refractory partial seizures.17 Similar findings were reported by a 

retrospective study conducted in 2016.19 

 

In 2018, the FDA approved the 
use of deep brain stimulation 

in the anterior nucleus of the thalamus 
(ANT) as an adjunct therapy in 
patients with DRE, with focal 

epilepsy, aged 18 years and older. 

 

Deep brain stimulation 

DBS uses electrodes implanted in the brain to send electrical 

impulses to treat seizures. Prior to insertion of the deep brain 

electrodes, an electroencephalogram (EEG) is performed to 

determine the focus of seizures in the brain, and magnetic 

resonance imaging (MRI) of the brain is conducted to detect any 

structural abnormalities. A two-part surgery is then performed to 

insert electrodes into the brain, and thereafter a neurostimulator is 

implanted under the skin of the chest. The electrical stimulation is 

then titrated to find a setting that is personalised to the patient.20 

Dell et al. have described the therapeutic potential of DBS and 

summarised the mechanism by which it has its clinical effects.21 

According to their study, DBS increases GABA activity in the 

hippocampus and possibly re-establishes a balance between 

excitatory and inhibitory inputs via stimulation of the anterior 

nucleus of the thalamus (ANT). They also mention that EEG 

examination of animal models has shown that the ANT is an 

important structure in the spread of seizures. Furthermore, 

high-frequency electrical stimulations and lesions made to the ANT 

have stopped the spread of seizures in the abovementioned 

models. Activity in the ANT is correlated to activity within the 

hippocampus, where stimulation with DBS has been shown to 

increase GABAergic receptors.21 This increase in GABA stimulation 

is proposed to have a net reduction in excitability and thus to 

prevent seizure propagation. 

A 2010 randomised trial analysing bilateral stimulation of the ANT 

showed a reduction in seizure frequency, especially with respect to 

severe seizures.22,23  

The responder rate was sustained and improved at the five-year 

mark, showing long-term efficacy. In 2018, the FDA approved the 

use of DBS in the ANT as an adjunct therapy in patients with DRE, 

with focal epilepsy, aged 18 years and older.24 However, in the 

same year, the NHS released a statement stating that, due to a lack 

of sufficient evidence, it would not fund DBS for refractory 

epilepsy.25 Patients with refractory epilepsy are still able to receive 

VNS; however, if they fail to respond to VNS, treatment options  

are limited.26 

 

Responsive neurostimulation 

The RNS device is different from the aforementioned devices 

because it only administers electrical impulses to the epileptic 

focus when the monitor detects the onset of a seizure.27,28 The 

stimulator is placed in the skull with leads placed into the epileptic 

foci. Along with neurostimulation, RNS can be used for chronic 

ambulatory electrocorticography (ECoG), which allows for 

monitoring of the number of seizures, timing of seizures, 

pharmacological response, and surgical planning.27,28 A 

randomised controlled trial of 230 patients found the median 

seizure reduction to be 44% at one year, 53% at two years, and up 

to 66% from three to six years post implant.29  

Another clinical trial, conducted on 126 patients, has shown the 

safety and efficacy of the RNS device by demonstrating a median 

seizure reduction of 44% at the end of two years, and a 61-76% 

reduction after five and six years.30 Some 26% of patients in this 

sample also reported a six-month seizure-free period.30 The 

researchers also reported a low rate of adverse events related to 

surgery or device implantation.30 

A recent trial, conducted in 2019, used RNS to assess the response 

to anti-seizure medication. Researchers found that detection  

rates of medication response within the first one to two weeks,  

via RNS, may provide an early and objective measure of 

medication efficacy.31 
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Although this device is FDA approved, it can only be used to treat 

patients who are 18 years or older, creating a gap in paediatric DRE 

treatment.32 In 2018, however, researchers and clinicians studied 

the off-label use of RNS devices in two paediatric DRE patients as a 

palliative option.  

The first patient, a 14-year-old male with severe developmental 

delays, bilateral seizure onset, and type 1 cortical dysplasia, 

experienced a reduction in seizure frequency from a baseline of 15 

to 30 seizures per day down to three seizures per day.32  

The second patient, a nine-year-old female with an unresectable 

seizure focus, underwent RNS, which, over a 17-month period, 

reduced her seizure count from 12 per month to two per month; 

21 months after RNS she had been seizure free for four months.33 

 

The frequent improvements in 
neurotechnology are making waves in the 

world of epilepsy treatment, and also 
show promise for other neurological 
disorders such as Parkinson’s disease, 
obsessive compulsive disorder (OCD), 

and chronic pain. 
 

Conclusion 

Neuromodulation therapies such as VNS, DBS, and RNS may 

provide alternate treatment options for patients who are either not 

eligible for resective surgery or do not want to undergo high-risk 

brain surgery. The frequent improvements in neurotechnology are 

making waves in the world of epilepsy treatment, and also show 

promise for other neurological disorders such as Parkinson’s 

disease, obsessive compulsive disorder (OCD), and chronic 

pain.34-36  

Although these treatment options are becoming more popular, 

there are still barriers to accessing these therapies due to age 

limitations and insurance coverage approval in certain geographic 

regions.37 Notably, there is a gap in paediatric DRE treatment 

options, which should be addressed with further research into 

neuromodulation in children, especially following the recently 

successful, off-label use of RNS in the paediatric population. Since 

both DBS and RNS remain unapproved for paediatric treatment, 

the recommended therapies for children with refractory epilepsy 

remain resective surgery, VNS, and a ketogenic diet.38 

Neuromodulation provides a lower-risk and non-permanent 

alternative to resective surgery for patients with DRE, and offers an 

alternative option for the families and caregivers of these patients 

who may have to make life-altering treatment decisions.
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Blue light blocking glasses: 
should we all be wearing 
them?

Abstract  
Blue light ranges from 400 to 490 nanometres on the visible portion of the electromagnetic 

spectrum and is emitted from common electronic devices such as televisions, smartphones, and 

computers. With current widespread access to and usage of such devices, concerns regarding 

exposure to blue light are being increasingly acknowledged. Blue light has been found to be 

damaging to the eyes and sleep patterns, due to a reduction in the body’s natural production 

of the hormone melatonin. In response to this potential health problem, blue light blocking 

glasses have been developed, claiming to protect the eyes from strain and to aid sleep at night. 

Among current published literature, there is conflicting data as to the full extent of the efficacy 

of blue light blocking glasses. While some studies have found blue light blocking glasses to be 

effective, others have found no such effect. This paper reviews existing data on this health issue 

and the potential benefits of blue light eyewear. 
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Background 

Blue light is found on the visible portion of the electromagnetic 

spectrum, with a wavelength ranging from 400 to 490 nanometres 

(nm) (Figure 1). Blue light is emitted from the screens of electronic 

devices, with common devices including televisions, smartphones, 

and computers.1,2 Blue light is often utilised in such devices due to the 

fact that it is more efficient, produces less heat, and lasts longer than 

halogen lights.3  

High-energy short-wavelength blue light between 415 and 455nm is 

the most harmful component of visible light to the eyes.4 Although 

exact numbers are difficult to ascertain, it is estimated that in 2020, 

6.1 billion smartphones will be in use.5 With such widespread use of 

smartphones, the effect of screens and blue light emission on sleep 

has been increasingly recognised as a health issue. 

Blue light was found to affect circadian rhythms, and therefore sleep 

patterns, through the disruption of natural hormonal processes.6 In an 

attempt to reduce the ill-effects of increased blue light exposure, blue 

light blocking glasses were developed. These glasses are being sold 

with the promise of alleviating eyestrain when looking at screens, 

protecting eyes from retinal phototoxicity, and improving sleep 

quality.7 However, available data is limited and, prior to accepting 

these claims, it is important to assess all current relevant data on the 

efficacy and therapeutic effects of blue light blocking eyewear. 

 

Pathophysiology behind blue light: what is the problem? 

Light has an effect on sleep and circadian rhythms through the photic 

input pathways of the retinohypothalamic tract (RHT) to the 

suprachiasmatic nucleus (SCN). The SCN is the principal circadian 

pacemaker of bodily functions and mainly acts on the pineal gland, 

which is responsible for synthesising melatonin.8,9 Melatonin is a 

hormone released in response to darkness that regulates the 

sleep-wake cycle.10  

The leading theory is that blue light affects sleep by disrupting the 

function of retinal ganglion cells (RGCs), which are secondary 

photoreceptors in the retina, and decreasing the expression of 

melanopsin.8 Melanopsin is a photopigment that is sensitive to  

short wavelengths, with maximal sensitivity at wavelengths  

around 480nm, causing a majority of RGCs to be intrinsically 

photosensitive (Figure 2).8  

These intrinsically photosensitive RGCs produce pituitary adenylate 

cyclase-activating polypeptide, an important activator in the RHT. 

When light is transmitted through the RHT, the SCN is activated to 

control whole body circadian rhythms, and causes direct suppression 

of melatonin from the pineal gland (Figure 3).9,11-13  

This in turn will suppress the sleep-inducing effect of melatonin, as 

well as the ability to modify the sleep-wake cycle.9,11-13 Since the 

melatonin production is initiated in darkness, the presence of light 

during and just prior to sleep causes a disruption in the body’s 

circadian rhythm by decreasing melatonin production, therefore 

contributing to marked effects on physiologic functions.14 

Blue light-emitting waves are the most crucial component in the 

synchronisation of the circadian rhythm, especially when compared 

to green and yellow wavelengths.6,15  

A six-and-a-half-hour exposure to 460nm of blue light was shown to 

double the amount of time it takes to initiate the circadian phase 

when compared to 555nm of green light.6,15 Natural blue light is also 

critical for increased cognition, alertness, and supressed melatonin 

secretion during the day.6 Although blue light is important for 

FIGURE 1: The electromagnetic spectrum.30 
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daytime function, exposure to light-emitting diode (LED) screens, 

which emit predominantly blue light (approximately 460nm), 

contributes to melatonin suppression and reduced fatigue  

at bedtime.6  

Blue light, such as that released by screens, has the strongest ability 

to inhibit melatonin production.16 A study showed that individuals 

who used light-emitting devices, such as a light-emitting e-book, 

prior to sleep, had decreased melatonin levels, disruption of the start 

of the circadian clock, and overall required more time to fall asleep.17 

Similarly, another study assessed the melatonin levels in collected 

blood samples from individuals before and after they were exposed to 

various powers of LED blue light at peak wavelengths of 496nm for 

one and a half hours. The results displayed that increasing the power 

of blue light radiance correlates with increased suppression of 

melatonin secretion.18 

Activation of the RGC pathway by wavelengths in the blue light 

spectrum will suppress the secretion of melatonin and will therefore 

regulate the body’s circadian rhythm.  

This can explain how blue light impacts various physiological 

functions, including regulation of the circadian clock and sleep-wake 

cycles.2,6,8 

 

A six-and-a-half-hour exposure to  
460nm of blue light was shown  
to double the amount of time it  

takes to initiate the circadian phase  
when compared to 555nm  

of green light. 

 

Importance of protecting our circadian rhythm 

The detrimental health consequences of blue light lie in its ability to alter 

the circadian rhythm. Disruptions to the body’s natural circadian rhythm 

have been linked to a plethora of health problems, including 

cardiovascular disease, cancer, mood disorders, metabolic disease, 

diabetes, and cognitive impairments.16,19 Circadian rhythms are 

responsible for controlling cardiac repolarisation, and their disruption plays 

a pathogenic role in the development of cardiac arrhythmias, including 

those responsible for sudden death.20 Critically ill patients in the intensive 

care unit often suffer from sleep deprivation and sleep disturbances, which 

cause misaligned circadian rhythms.21 These changes in circadian rhythm 

lead to metabolic disturbances, such as mitochondrial and endothelial 

dysfunction, which hinder recovery in these patients.21 Circadian rhythm 

is most sensitive to phase delays in the evening; therefore, using artificial 

light at this time of day delays the timing of the circadian clock and sleep.8  

Using smartphones before bed causes increased insomnia, decreased sleep 

quality, and increased fatigue.22 Overall, disrupted sleep harms multiple 

organ systems and was clearly associated with detrimental health 

outcomes.16,19 Blue light blocking glasses attempt to resolve this issue by 

reducing the eyes’ exposure to artificial light, thereby protecting the 

body’s natural production of melatonin.19 

FIGURE 2: Schematic view of retinal photoreceptors and their specific 

wavelength sensitivities. a. Cross-sectional view containing rods, 

cones, and secondary photoreceptors (ipRGCs), which express 

melanopsin. b. Peak wavelength sensitivities in photoreceptors.8

FIGURE 3: Signal pathways that regulate the circadian rhythm and 

pineal gland. Signals from the activation of melanopsin in ipRGCs will 

travel via the RHT pathway (blue) to the SCN (green), which is the 

primary regulator of the body’s circadian rhythm. The information is 

then transmitted to the pineal gland through a pathway involving the 

paraventricular nucleus (yellow), the spinal cord, and the superior 

cervical ganglia.6
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Evidence behind blue light blocking glasses 

With the rise of screen usage in today’s society, and with the known 

effects of blue light on sleep, increasing therapies were developed to 

address this concern. At the forefront of these therapies are blue light 

blocking glasses. Multiple eyewear companies are producing blue light 

blocking eyewear, with the ability to add this feature to one’s standard 

prescription. The principle behind these glasses is to stop blue light from 

entering the eyes by using anti-reflection coatings, yellow tinting filters, 

or a combination of both.7,23 In doing so, these glasses effectively 

prevent light from interfering with the sleep-wake cycle.23,24 Multiple 

studies have assessed the efficacy of blue light blocking glasses  

in protecting sleep from disruption caused by late night screen  

usage (Table 1). 

The earliest study identified in this review was a randomised controlled 

trial conducted in 2009 that compared blue light blocking glasses to 

ultraviolet (UV) blocking yellow glasses.24  

Overall, the study found that those who were randomised to wear blue 

light blocking glasses for three hours prior to sleep had a statistically 

significant improvement in self-reported quality of sleep compared to 

those wearing glasses blocking UV light only.24 A similar study, published 

in 2016 by Ayaki et al., assessed the visual quality of participants after 

using two different types of eyewear, one blue light shielding and the 

other a control eyewear.25  

This study included 12 participants who wore the eyewear for two hours 

prior to sleep while using an electronic device with a blue light-emitting 

screen. Results showed that the secretion of melatonin overnight was 

notably higher after using the blue light shielding eyewear relative to  

the control eyewear, and participants noted an improvement in  

sleep quality.25 

A study conducted in 2018 by Perez et al. assessed the efficacy of blue 

light blocking glasses in 13 university-level students with sleep 

disorders.26 The results of this study showed that blue light blocking 

glasses worn at night were effective in reducing sleep disruption caused 

by screen time, as measured by a sleep diary.  

Additionally, the glasses were found to be a low-cost intervention, with 

no associated adverse effects.26 A study conducted by Esaki et al. in 

patients with delayed sleep phase disorder (DSPD) found that wearing 

blue light blocking glasses in the evening allowed participants to fall 

asleep 132 minutes more quickly, on average.23  

However, the results of both the Perez et al. and Esaki et al. studies were 

limited by small sample size, and would therefore need to be replicated 

with a larger cohort to provide higher quality evidence.23,26 At a slightly 

larger sample size, a randomised controlled trial completed in 2018 

assessed the efficacy of blue light blocking glasses in 76 participants. 

Results found that the use of blue light blocking glasses at night 

increased melatonin secretion and improved sleep quality.27 

The aforementioned studies have all confirmed the benefits of blue light 

blocking glasses; however, as seen in Table 1, the number of studies  

and participants remains relatively small. Additionally, publication  

bias may also be a factor, as it can be more challenging to publish a 

negative study.28 

As is often the case with novel wearable health technologies, there 

remains clinical equipoise around the significance and efficacy of blue 

light blocking eyewear. A systematic review that included randomised 

controlled trials published prior to May 2017 investigated the effects of 

blue light blocking glasses in reducing eyestrain, preventing macular 

degeneration, and improving quality of sleep.7 Contrary to other 

published data, this review found that there is a lack of evidence  

to support the claim that wearing blue light blocking glasses in the 

general population results in the alleviation of eyestrain or improvement 

in sleep quality.7  

This systematic review only assessed three papers, with a total of 136 

participants, indicating a general lack of high-quality data published on 

this topic and the need for larger studies.7 

Finally, a comparison study published in 2019 found that blue light 

blocking glasses do have the potential to protect the eyes from retinal 

damage, as well as to protect visual performance and circadian 

rhythms.29 The study assessed seven different blue light lens types, 

measuring their efficacy using a spectrophotometer. This study 

concluded that blue light blocking glasses were able to reduce blue light 

emission by 6-43%.29  

This shows that while blue light blocking glasses may be effective, the 

efficacy of the technology varies, with no existing type of blue light 

shielding glasses being able to block more than 50% of blue light.20 
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Table 1: Publications investigating blue light blocking eyewear. 

 Authors                Year                  Number of             Primary outcome                       Principal findings 
                            published          participants            

 
                             
Burkhart et al.24         2009                     20                             Change in overall sleep quality            Amber lens users experienced an 

                                                                                                                                                         improvement in sleep quality relative  

                                                                                                                                                         to the control group

                                                                                                                                                          

Ayaki et al.25              2016                     12                             Sleep quality and melatonin                Participants who wore blue light blocking  

                                                                                             production                                          glasses had higher secretion of melatonin 

                                                                                                                                                         compared to control group, and 

                                                                                                                                                         improved sleep quality 

 

 Esaki et al.23              2016                     9                               Efficacy of blue light blocking               Wearing amber lenses was effective in 

                                                                                             glasses in patients with delayed           patients with DSPD 

                                                                                             sleep phase disorder (DSPD)                 

 

Lawrenson et al.7      2017                     136                           Efficacy of blue light blocking              Lack of evidence to support the use of 

                                                                                             glasses on sleep quality and                 blue light blocking glasses to improve

                                                                                             eyestrain                                               sleep quality or reduce eyestrain 

 

Perez Algorta            2018                     13                             Feasibility of blue light blocking          Blue light blocking glasses were effective  

et al.26                                                                                     glasses at night in students with           in enhancing sleep in young adults 

                                                                                             sleep complaints 

                                                                                                                                                          

Zerbini et al.27           2018                     76                             Comparison of blue light blocking       Blue light blocking glasses are effective  

                                                                                             glasses and closing curtains in             in aiding melatonin secretion and sleep 

                                                                                             increasing melatonin and having  

                                                                                             an earlier sleep time 

                                                                                                 

Alzahrani et al.29        2019                     N/A                          Efficacy of blue light blocking              Blue light blocking glasses only block  

                                                                                             glasses on circadian rhythm and          blue light to a small extent of less  

                                                                                             protection from retinal damage           than 50%   

Finally, a comparison study published  
in 2019 found that blue light blocking 

glasses do have the potential 
to protect the eyes from retinal 
damage, as well as to protect  

visual performance and  
circadian rhythms. 

 

Conclusion 

The adverse effects of exposure to blue light on sleep and circadian 

rhythms are consistently reported in a somewhat limited body of 

literature. Blue light blocking glasses are being increasingly studied as a 

potential intervention to reduce the adverse effects of screen time on 

sleep. However, with the data published to date, there is conflicting 

evidence regarding the extent to which such glasses can protect 

circadian rhythms and, in turn, whether any health benefits will be 

realised. While multiple research articles state that blue light blocking 

glasses are effective in improving sleep quality, varying measures and 

methodologies limit the ability to translate this into benefits for 

individuals. Furthermore, despite the increase in literature on blue  

light blocking glasses, many of the trials included very small numbers  

of participants.  

Overall, the majority of current published literature provides relatively 

low-quality evidence, and further studies with larger patient  

cohorts examining the long-term effects of blue light blocking  

glasses are required to fully appreciate the potential scope of their 

therapeutic application. 
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Introduction 

The Tei index, or myocardial performance index 

(MPI), is a Doppler echocardiographic measure 

that simultaneously assesses systolic and diastolic 

myocardial function.1 This differs from older 

measures, such as standard echocardiography or 

ejection fraction, which were limited in their ability 

to measure either one or the other.2 Outlined here 

are the applications and limitations of employing 

the Tei index as a clinical tool for the assessment of 

myocardial function. 

The applications and 
limitations of the Tei index

Abstract  
The Tei index is a non-invasive Doppler echocardiographic indicator of systolic and diastolic 

myocardial function. It is calculated as the sum of the isovolumic contraction time and the 

isovolumic relaxation time divided by the ejection time. It is primarily used to diagnose and 

determine the prognosis of heart failure, but can also be applied to ischaemic heart disease, 

valvular heart disease, and other conditions affecting the cardiovascular system. However, it 

does have limitations, and requires further studies to conclusively determine its clinical 

significance. Ultimately, the evidence indicates that the Tei index is a promising measure of 

systolic and diastolic myocardial function. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 45-49.
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Calculating the Tei index 

The Tei index is defined as “the sum of the isovolumic contraction 

(IVCT) and relaxation (IVRT) times, divided by the ejection time (ET)” 

(Figure 1).1  

 

 

 

 

 

 

This is an easily measured value, obtained non-invasively, as it is primarily 

a ratio of time intervals: (IVCT + IVRT)/ET.3 It can also be measured by the 

equivalent formula (a-b)/b, where a represents the time between the 

termination and subsequent initiation of blood flow across the 

atrioventricular (mitral or tricuspid) valve, and the value b represents the 

ventricular ejection time.3 The Tei index is not affected by heart rate, blood 

pressure, or severity of mitral regurgitation, and therefore does not require 

specific adjustments for these parameters.2,3 In patients aged older than 

three years, the Tei index is not affected by age. It is more greatly affected 

by age, and has a higher average value, in patients less than three years 

old, likely due to ongoing development and maturation of the 

myocardium.3 The value of the Tei index has a narrow range in normal 

Table 1: Applications and results of the Tei index in various pathologies. 
 

Pathology                                Tei index: increased or decreased?                     Comments 
 

Heart failure                                    Increased in systolic and diastolic heart failure                Higher value indicates more severe disease 
 

Ischaemic heart disease                   Increased in acute MI; increased in more                       Increased during positive dobutamine 

                                                      severe vessel disease                                                       stress echocardiogram 

 

Valvular heart disease                      AS with systolic and diastolic dysfunction: increased;     May overestimate MR; may  

                                                      AS with isolated diastolic dysfunction: decreased            underestimate AS, AR, MS  

                                                                                                                                              

Pulmonary hypertension                 Increased                                                                        Most effective tool for detection and

                                                                                                                                             prognosis of pulmonary hypertension 

 

Diabetes mellitus                            Increased with progressive diastolic dysfunction             Resistant to pseudonormalisation 

 

Cardiac amyloidosis                        Increased                                                                        Higher value indicates a poorer prognosis 

 

Ebstein’s anomaly                           Increased                                                                        Quantitative measure for degree of dysfunction 

 

Cardiotoxicity                                 Increased prior to symptom onset                                  Toxicity from anthracyclines for treatment  

                                                                                                                                             of paediatric malignancies 

 

Chronic obstructive  

pulmonary disease                          Increased                                                                        Subclinical cardiac dysfunction 

 

Acromegaly                                    Increased                                                                        Subclinical cardiac dysfunction 

 

Cushing’s syndrome                       Increased                                                                        Subclinical cardiac dysfunction 

 

Metabolic syndrome                       Increased                                                                        Subclinical cardiac dysfunction 
 

MI – myocardial infarction; AS – aortic stenosis; MR – mitral regurgitation; AR – aortic regurgitation; MS – mitral stenosis.3,6-13

 

 

Tei index =
  IVCT + IVRT

  =
   a - b 

                              ET                   b

FIGURE 1: Calculation of the Tei index: IVCT – isovolumic contraction 

time; IVRT – isovolumic relaxation time; ET – ejection time; a – time 

between termination and initiation of blood flow across mitral valve;  

b – ventricular ejection time.1,3
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controls, while in most cardiac pathologies it is increased, due to 

prolonged IVCT and IVRT, and reduced ET.2-4 

The normal Tei index value for the left ventricle in adults is <0.39±0.1.2 

Mild-to-moderate disease status produces a Tei index of <0.59±0.1, while 

severe or pre-transplant disease generates a value of <1.06±0.2.2 

 

Clinical applications 

The values calculated from the Tei index produce similar results to values 

obtained via invasive measures such as cardiac catheterisation.5 Therefore, 

the Tei index has been considered a reliable indicator of systolic and 

diastolic function that may serve as a replacement for more invasive 

measurement techniques in heart failure and many other cardiovascular 

diseases (Table 1).3 

 

Summary of the applications of the Tei index 

Heart failure 

In heart failure, the Tei index is positively correlated with New York Heart 

Association (NYHA) functional class, and inversely related to left ventricular 

ejection fraction.3 A higher Tei index is seen in patients with heart failure 

compared to normal controls, indicating slower contraction and relaxation 

of the myocardium (larger isovolumic time intervals), with a shorter 

interval for ejection of blood.6 This accords with the pathophysiology of 

heart failure, where the myocardial function is compromised leading to an 

inability to meet tissue requirements of blood flow or pump failure.7 

There is a strong relationship between the Tei index and the long-term 

prognosis of heart failure.8 The correlation has been shown to be 

independent of other cardiac functional measurements and well-known 

heart failure risk factors.8 A Tei index >0.47 indicates the presence of heart 

failure (86% sensitivity, 82% specificity),3 while a value >0.77 correlates 

with higher mortality.9 In a retrospective cohort study of 75 patients with 

heart failure associated with idiopathic dilated cardiomyopathy, the 

median Tei index value was 0.77.9 Patients with a Tei index greater than 

the median value showed substantially higher mortality rates at one, three, 

and five years of follow-up (Figure 2).9 

 

Ischaemic heart disease 

The Tei index has been shown to be elevated in patients suffering from 

acute myocardial infarction (0.705±0.03; p<<0.05) compared to healthy 

controls (0.455±0.023; p<<0.05).3 The elevation arises from a prolonged 

IVCT and IVRT, while the ET is shortened.3 The index is also capable of 

stratifying patients into groups based on severity of coronary artery disease 

(CAD).3 The Tei index is substantially elevated in patients with severe 

coronary disease (three- or four-vessel involvement), compared to patients 

with mild-to-moderate CAD, defined as one- or two-vessel disease, 

suggesting that the Tei index may have predictive value in the progression 

of acute coronary syndrome.3 Furthermore, in patients who experience 

ischaemia during a dobutamine stress echocardiogram, i.e., have a 

positive test, Tei index values are higher than in patients who have a 

negative test.3 

 

Valvular heart disease 

In aortic stenosis, the Tei index is capable of classifying patients into 

different groups of severity. When aortic stenosis is associated with both 

systolic and diastolic dysfunction, the Tei index is elevated in relation to 

normal controls. Comparatively, with isolated diastolic dysfunction as a 

result of aortic stenosis, the Tei index is lower than the value in healthy 

controls.3 However, there is evidence to suggest that the prevalence of 

valvular heart disease may be inaccurately detected by the Tei index. The 

presence of aortic stenosis, aortic regurgitation, and mitral stenosis may be 

underestimated, while there is a tendency to overestimate the prevalence 

of mitral regurgitation.3 This suggests that the index has poor sensitivity 

and specificity in valvular heart disease. In order to explain these 

tendencies toward inaccurate reporting, further studies of the Tei index in 

valvular heart disease are required. 

 

Pulmonary hypertension 

While the Tei index is classically employed to assess left ventricular 

function, it can be applied to the right ventricle as well. Yeo et al. 

demonstrated that the Tei index was the most effective tool for 

diagnosing primary pulmonary hypertension, as well as assessing 

functional status and survival.10 Apart from treatment with calcium 

channel blockers, only the Tei index was predictive of adverse outcomes 

in these patients.10 A progressive increase in the Tei index of 0.1 was 

associated with a 1.3 times increase in mortality (95% CI: 1.09-1.56).10 

FIGURE 2: Clustered bar graph demonstrating the percentage survival in 

patients with Tei index ≤0.77 (n=37), compared to patients with Tei 

index >0.77 (n=38). 0.77 represents the median Tei index for this 

patient population.9
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Ogihara et al. performed a study demonstrating that the Tei index was 

a useful measure in pulmonary hypertension, not only for assessing 

disease severity, but also to monitor response to treatment.14 The right 

ventricular Tei index was also shown to be effective in making early 

diagnoses of pulmonary arterial hypertension in patients with 

left-to-right shunt congenital heart disease.15 

 

Diabetes mellitus 

Type II diabetes mellitus is associated with progressive diastolic 

dysfunction, which can be demonstrated as an elevated Tei index.11 

Typically, as myocardial diastolic function worsens, there is 

pseudonormalisation of the Tei index, due to increasing atrial pressure 

and an increased pressure gradient across the atrioventricular (AV) 

valve, which leads to altered IVRT and other diastolic measures.12 

However, the Tei index in diabetes mellitus remains abnormally 

increased despite these changes, likely due to eventual shortening of 

the ET.11 As diastolic dysfunction progresses in patients with diabetes, 

the Tei index becomes increasingly elevated, with no apparent 

pseudonormalisation.11 

 

Other applications 

The Tei index can also be employed as a prognostic assessment tool 

in cardiac amyloidosis, with a higher value indicating a worse 

prognosis in these patients.3 It can also be used as a quantitative 

measure in congenital heart defects such as Ebstein’s anomaly, to 

assess the degree of dysfunction.3,16 The index has been used to 

monitor adverse outcomes of chemotherapy, particularly the effect  

of anthracyclines, used to treat childhood malignancy, which are 

known to cause rapidly progressive cardiotoxicity before the onset 

of symptoms.3 

Wang et al. demonstrated a positive correlation between increased Tei 

index and brain natriuretic peptide (BNP) levels in patients with 

compensated cirrhosis compared to healthy controls.17 A further 

positive correlation was demonstrated between increased Tei index and 

BNP in patients with decompensated cirrhosis compared to those with 

compensated cirrhosis.17 Finally, subclinical cardiac dysfunction, as seen 

in chronic obstructive pulmonary disease (COPD), acromegaly, 

Cushing’s syndrome, and metabolic syndrome, can also be detected 

early by the Tei index.13 

 

Limitations of the Tei Index 

As mentioned above, the Tei index tends to overestimate the presence 

of mitral regurgitation, which may lead to some patients being treated 

unnecessarily for a condition that they do not have.3 Furthermore, the 

index may underestimate the prevalence of mitral stenosis, aortic 

regurgitation, and aortic stenosis.3 This increases the number of false 

negative test results and, subsequently, these patients may not receive 

appropriate treatment.  

Studies utilising animal models have demonstrated that the Tei index 

appears normal in severe diastolic dysfunction due to pressure 

overload hypertrophy, while many patient studies have indicated  

that the Tei index is a reliable indicator in the assessment of  

diastolic dysfunction.1  

This can likely be explained by the fact that most patients who were 

studied presented with mild-to-moderate diastolic dysfunction, while 

the animal studies were able to produce test subjects with severe 

diastolic dysfunction, leading to pseudonormalisation of the Tei 

index.1 To overcome this limitation, larger randomised controlled 

studies must be conducted, involving patients with more severe 

diastolic dysfunction, in order to assess the applicability of the Tei 

index in this setting.1  

The Tei index cannot be measured reliably in patients with atrial 

fibrillation, frequent ventricular ectopic beats, abnormal 

atrioventricular or interventricular conduction pathways, patients with 

a permanent pacemaker, or if clear Doppler images cannot be 

obtained.3 This is largely due to the fact that IVCT, IVRT, and ET are 

measured in sequence, as opposed to a simultaneous measurement of 

all three parameters during the same heart cycle.13  

herefore, heart rate and rhythm variations from one heart cycle to the 

next, such as in the aforementioned conditions, may lead to inaccurate 

measurement of variables.13 Tissue Doppler imaging (TDI) can be used 

to calculate the Tei index, as opposed to standard methods using 

pulsed-wave Doppler. TDI is capable of measuring systolic and diastolic 

function (and therefore IVCT, IVRT, and ET) simultaneously, and so  

is less vulnerable to inaccuracies resulting from fluctuations in  

heart rate.13 

The conventional Tei index was shown to have a close relationship with 

the peak rate of pressure change during systole and diastole.5,8 These 

values can be affected by altered preload conditions, even if heart 

contractility remains constant, potentially leading to a false positive Tei 

index value.13  

TDI can also circumvent this issue, as its measurements are relatively 

unaffected by blood volume, and therefore fluctuations in preload.4,13 

However, it should be noted that there is disagreement with regard to 

the similarity of results obtained from the conventional Tei index 

compared to the TDI-Tei index.18  

Since the majority of studies performed to date have included small 

patient cohorts, larger studies are required before reliable conclusions 

can be drawn.13,18 Systolic intervals are longer, while diastolic intervals 

are shorter when using TDI as opposed to the conventional Tei index.18 
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Hence, Rojo et al. have proposed the idea of using the TDI-Tei index as 

a practical but separate measure from the conventional Tei index. It is 

suggested that the TDI-Tei index requires its own set of normal values, 

and further studies of its clinical application are necessary, rather than 

attempting to replace the conventional Tei index with TDI.18 

Consequently, the conventional Tei index is used more commonly and 

has been studied in more depth than the TDI-Tei index.3 

 

Conclusion 

The Tei index has yielded promising results with respect to its 

application in the diagnosis and prognosis of heart failure and many 

other cardiac pathologies, such as ischaemic and valvular heart disease, 

pulmonary hypertension, cardiac amyloidosis, and subclinical  

cardiac dysfunction.  

However, a variety of limitations must be considered before its 

widespread implementation, such as poor sensitivity and specificity in 

valvular heart disease, diastolic dysfunction, arrhythmias, and 

implanted pacemakers. In states of altered preload, the Tei index tends 

to display false positive results. Furthermore, the vast majority of 

evidence has been obtained from small-scale studies. Therefore, the Tei 

index requires further studies on a larger scale to determine its 

significance as a reliable measure of myocardial performance. 
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In search of an HIV vaccination: 
failures, successes, and 
innovations in eliciting humoral 
and cellular immunity against HIV

Abstract  
Forty years ago, the human immunodeficiency virus (HIV) pandemic began. It has since claimed the 

lives of at least 39 million people. In this time, incredible progress has been made in the prevention, 

diagnosis, and treatment of HIV. However, an effective, economically viable vaccination remains 

elusive. Most viral vaccinations prompt the creation of neutralising antibodies, which bind surface 

antigens and prevent the infection of host cells. In the case of HIV-1, there exists only one envelope 

protein – the trimeric envelope spike. This spike consists of three gp120-gp41 heterodimers. Together, 

gp120 and gp41 are responsible for attachment and entry into CD4+ T-cells and macrophages. 

Unfortunately, the trimeric spike is not an ideal target.  

Neutralisation-sensitive epitopes are recessed and surrounded by host glycans, against which the host 

will not produce antibodies. The env sequence is highly variable between HIV strains, and undergoes 

extremely high rates of mutation. Researchers would ideally like to prompt the creation of broadly 

neutralising antibodies (bNAbs), which bind to, and neutralise, epitopes from different HIV strains. 

However, an immunogen that stimulates bNAb production to a significant degree has not yet been 

discovered. Many human trials have explored potential immunogens. For instance, recombinant 

gp120 with alum adjuvant, HIV-1 gag/pol/nef expressed by an adenovirus vector, and HIV-1 

gp120-gp41 expressed by a canarypox vector have all been tested in at-risk populations. Only one – 

the RV144 vaccination – has been modestly successful in preventing infection. Recently, innovations 

in the HIV-1 vaccination field have shown great promise.  

Researchers are attempting to target germline B-cells, which are capable of somatic hypermutation in 

order to keep pace with the rapid rate of mutation of HIV. They are synthesising ever-improving 

immunogens that closely resemble the quaternary structure of the envelope protein, exploring the 

possibility of passive immunisation, and probing the field of gene therapy, in which a viral vector 

delivers DNA to be incorporated into host cell genomes. All in all, it would seem that a safe and 

effective HIV vaccination is a challenging yet attainable goal – one that would prevent countless HIV 

infections worldwide and save the lives of millions. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 50-55.
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Introduction 

The human immunodeficiency virus (HIV) pandemic first began in the 

1980s, when an alarming number of people – initially men who had 

sex with men and injection drug users in the United States – 

contracted unexplained opportunistic infections, invariably 

succumbing to their illnesses. By the mid 1980s, the Centers for 

Disease Control and Prevention (CDC) recognised HIV infection to be 

the cause of acquired immunodeficiency syndrome (AIDS), which 

renders its victims vulnerable to life-threatening infections and 

malignancies. Since its discovery, HIV has infected at least 78 million 

people worldwide and has been directly responsible for 39 million 

deaths.1 In Ireland, approximately 8,350 people have been diagnosed 

with HIV since the early 1980s.2 

With the advent of educational campaigns, screening and diagnostic 

tests, antiretroviral drug cocktails, and pre- and post-exposure 

prophylaxis (PREP and PEP), HIV incidence and mortality have 

dropped steadily.3 Despite this progress, practitioners are not 

satisfied, citing the issues of late diagnosis, poor access and adherence 

to treatment, and the costliness of treatment and monitoring. HIV 

incidence remains high, at 5,600 new cases per day worldwide.1  

In 2016, 512 new HIV diagnoses were made in Ireland.2 One  

solution, proposed by concerned clinicians and research scientists,  

is to definitively protect at-risk individuals with a safe and 

cost-effective vaccination. 

HIV trimeric envelope protein 

HIV-1 and HIV-2 are enveloped retroviruses, with HIV-1 being the 

far more common pathogen.4 Their genomes contain three 

structural genes: pol, gag, and env. In the envelope of each virus, 

there exists a single viral protein: a trimeric envelope spike 

encoded by env.5 

In infected CD4+ T-cells and macrophages, the protein product of 

env, gp160, is heavily glycosylated and proteolytically cleaved into 

gp120 and gp41.  

Trimeric envelope spikes are composed of three gp120-gp41 

dimers, and are thus a trimer of heterodimers (Figure 1).5,6 Gp120 

mediates attachment to host cells and possesses binding sites for 

CD4, as well as for one co-receptor: either CXCR4 (on CD4+ 

T-cells) or CCR5 (on macrophages). The gp41 protein functions to 

anchor the trimer into the viral envelope.6 

 

Since its discovery, HIV has infected  
at least 78 million people worldwide 
and has been directly responsible for  

39 million deaths. In Ireland, 
approximately 8,350 people 
have been diagnosed with  
HIV since the early 1980s. 

FIGURE 1: Structure of the trimeric envelope protein of the HIV virus, including transmembrane gp41 and extracellular gp120 regions.7 
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The difficulty of vaccination 

Generally speaking, vaccinations elicit the production of neutralising 

antibodies that bind viral surface antigens and prevent subsequent 

infection of host cells.6 The trimeric spike is the sole viral protein in the 

HIV envelope; all other envelope proteins are derived from the host 

cell, as is the envelope itself. Thus, the spike protein is a logical target 

for vaccination. 

Unfortunately, neutralisation-sensitive epitopes on this trimer are 

recessed. The envelope protein is heavily glycosylated during its 

synthesis in host cells, and is therefore surrounded and effectively 

shielded by host glycans when expressed on the cell surface (Figure 

2). Neutralising antibodies produced by the host must either bind to 

these self-glycans, or avoid them.6,9 This is problematic, as the body’s 

immune tolerance mechanisms limit antibodies that target 

self-glycans.5,9 

Moreover, the envelope protein sequence is highly variable between 

HIV strains.4,5 A worthwhile vaccine candidate would ideally elicit the 

creation of broadly neutralising antibodies (bNAbs) that bind 

epitopes expressed by many different HIV strains. Epitopes of interest 

include the CD4 binding site (CD4bs) of gp120, the V1 and V2 loops 

of gp120, the V3 loop of gp120 (which facilitates binding to CCR5 or 

CXCR4 co-receptors), the interface between gp120 and gp41, and 

the membrane proximal external region (MPER) of gp41 (Figures 1 

and 2).4,5,6,10 These epitopes are variably accessible to antibodies 

depending on whether the env protein is in a pre-fusion or post-fusion 

conformation.10 

Most antibodies produced endogenously by HIV-1-infected 

individuals are non neutralising, meaning they do not prevent 

infection of new host cells, although there is some evidence that they 

reduce viral load via phagocytosis or antibody-dependent cellular 

cytotoxicity.3 bNAbs are produced endogenously in up to 20-30% of 

cases, beginning two to four years after infection.4,6,10,11 However, 

they are unable to suppress the rapidly dividing and mutating virus.1,5 

 

Early efforts towards HIV vaccination 
focused on creating immunogens  
that mimic the monomeric gp120 
structure, with the intention of  
initiating a humoral response  
against CD4bs and V3 regions. 

 

Early human trials: AIDSVax B/E and AIDSVax B/B 

Early efforts towards HIV vaccination focused on creating 

immunogens that mimic the monomeric gp120 structure, with the 

intention of initiating a humoral response against CD4bs and V3 

FIGURE 2: Structure of the HIV trimeric envelope 

protein, illustrating potential vaccination epitopes 

and shielding of these epitopes by host glycans.8 
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regions.6 This strategy was employed by the first vaccinations to reach 

randomised, placebo-controlled Phase III human trials: AIDSVax B/B 

and AIDSVax B/E.12-14 AIDSVax B/B randomised participants to receive 

either placebo or repeated intramuscular injections of a bivalent, 

recombinant gp120 (rgp120) HIV-1 vaccination. Specifically, 

researchers administered MN and GNE8 rgp120 from two different 

HIV-1 subtype B strains (predominant in North America), on alum 

adjuvant. The participants were men who have sex with men and 

high-risk heterosexual women in the Netherlands and North 

America.11,13 Similarly, AIDSVax B/E randomised participants to receive 

either placebo or a bivalent rgp120 vaccination. These antigens were 

derived from CXCR4-dependent subtype B (MN) and 

CCR5-dependent subtype E (A244) strains on alum adjuvant. The 

participants were injection drug users in Thailand.11,14 

Promisingly, neutralising antibodies – IgG4 and IgA – were produced 

against tier-1 (typically susceptible) viruses. Unfortunately, there  

was a weak response against tier-2 (typically resistant) viruses.  

The vaccine did not provide any protection against HIV-1 infection 

compared to the control group, and did not reduce viral load or slow 

the disease course following infection. The vaccinations were ruled to 

be ineffective.1,5,12-14 
 

No human trial to date has demonstrated 
an HIV vaccination as effective as the 
modern vaccinations against varicella, 

measles, or polio. However, several 
revelations have recently occurred that 

will rejuvenate efforts to this end. 

 

HVTN 502 (STEP) trial 

While a substantial humoral immune response was observed in the 

AIDSVax studies, researchers wondered if they might also be able to 

elicit cell-mediated immunity (CMI). The Phase II test-of-concept STEP 

study began with this aim.  

Participants were randomised to either a placebo group or a group 

receiving three doses of a Merck adenovirus serotype 5 (MRKAd5) 

HIV-1 gag/pol/nef vaccination.15 Each vaccination consisted of three 

recombinant, replication-defective adenovirus vectors expressing a 

single HIV immunogen – gag, pol, or nef. Participants were HIV 

seronegative and at high risk of infection.11,15 

Promisingly, when the trial concluded in 2008, 75% of vaccinees 

displayed a strong CMI response, as measured by IFN-γ ELISPOT 

testing.15 However, as in the AIDSVax trials, no significant protection 

was offered by vaccination.1,11,15 

RV144 trial 

It was not until 2009 that the first promising progress towards an 

effective HIV-1 vaccination in humans was reported. RV144 was a 

randomised, double-blinded, placebo-controlled trial that recruited 

16,402 subjects in Thailand, the majority of whom were at increased 

risk for heterosexual transmission of HIV-1.1,16,17 

Participants randomised to the vaccination group received four 

‘priming’ injections with the ALVAC-HIV vaccination, consisting of a 

recombinant canarypox vector expressing HIV-1 subtype B gag and 

pro, and HIV-1 subtype E gp120 linked to gp41.17 They also received 

two ‘boost’ injections of the AIDSVax B/E vaccine, consisting  

of rgp120 from HIV-1 subtype E and subtype B strains on  

alum adjuvant.1,16,17 

At long last, the first positive (albeit, statistically insignificant) results 

were reported. In intention-to-treat analysis, the RV144 vaccination 

prevented HIV infection after 42 months of follow-up with an efficacy 

of 26.4% (p=0.08; 95% CI: -4.0-47.9).17  

Later, when it was discovered that several participants had HIV-1 

infections at baseline, modified intention-to-treat analysis revealed an 

efficacy of 31.2% (p=0.04; 95% CI: 1.1-52.1) (Figure 3).1,12,17 

Vaccination-induced IgG1/IgG3 antibodies against the gp120 V1/V2 

region were likely responsible for this outcome, eliciting 

antibody-dependent cellular cytotoxicity.9,11,12,16 

These efficacy rates were certainly not sufficient for licensure, and the 

RV144 vaccination regime admittedly did not change disease 

progression in newly infected participants.1,17 This being said, RV144 

provided the first evidence of a correlate of protection from HIV-1 and 

paved the road to future studies. 

 

FIGURE 3: Modified intention-to-treat analysis of the RV144 trial results; an 

attempt to prevent HIV-1 infection in Thailand via administration of ALVAC and 

AIDSVax vaccinations.15
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HVTN 100 trial 

Following the relative success of RV144 in Thailand, a modified 

version of the RV144 vaccination was created, one that targeted HIV-1 

subtype C, which is predominant throughout Africa. This vaccination 

consisted of: 1. a canarypox vector, expressing HIV-1 subtype C 

gp120 and subtype B gp41/gag/pro; and, 2. a bivalent subtype C 

gp120, with squalene adjuvant and an extra ‘boost’ dose compared 

to RV144.1,16,18 An initial Phase I/IIa trial, termed HVTN 100 (HIV 

Vaccine Trials Network 100) took place in South Africa, with results 

showing increased antibody binding and a stronger cellular immune 

response than RV144.11,16,18 

 

Ongoing trials: HVTN 702 and HVTN 705 

HVTN 702, also known as Uhambo (English: journey), is the follow-up 

Phase IIb/III efficacy trial to HVTN 100.16 It began in South Africa in 

2016, with results expected by 2021. This trial will ascertain the 

efficacy of the HVTN 702 vaccination in preventing HIV-1 subtype C 

infection in an at-risk population. It will also assess the correlation 

between efficacy and vaccination-induced neutralising antibodies 

against the V1/V2 region of gp120.1,16 

Another trial, HVTN 705, will test a prime/boost vaccine that 

depends on a subtype C gp140 construct and an adenovirus vector; 

it is currently being tested in South Africa, with results expected  

by 2022. 

 

The development of a vaccination against 
one of the most aggressive and adaptable 

viruses in existence would be an 
admirable feat, substantially reducing the 
5,600 new HIV infections that occur every 

day and, by extension, preventing the 
deaths of millions. 

 

Progress and innovations 

No human trial to date has demonstrated an HIV vaccination as 

effective as the modern vaccinations against varicella, measles, or polio. 

However, several revelations have recently occurred that will rejuvenate 

efforts to this end.  

Firstly, it has been noted that the best way to neutralise HIV might be 

to sequentially administer a wide variety of immunogens that 

specifically activate germline B-cells.19  

The rapid rate of mutation of HIV-1 envelope glycoproteins necessitates 

a similarly rapid rate of mutation in neutralising antibodies. Most 

bNAbs isolated from infected individuals display vast numbers of 

V(D)J mutations.19 Only B-cells that express germline precursors, 

rather than mature antibodies, are capable of such somatic 

hypermutation in order to optimise antigen specificity and keep  

pace with HIV. This process of selection for adequate bNAb  

mutations depends largely on extended and amplified germinal 

centre activity.1,4,5,9,11 

Unfortunately, HIV-1 is skilled in host mimicry. Germline B-cell-derived 

bNAbs have the potential to neutralise HIV-1 epitopes, but are at least 

partially targeted against host cell elements, and thus are suppressed 

via immune tolerance.19  

Secondly, scientists are becoming more adept at creating 

recombinant immunogens that closely resemble the quaternary 

structure of envelope proteins.  

Frustratingly, the transmembrane domain of gp41 is difficult to 

synthesise and purify.6  

This led scientists to create gp140, a recombinant gp120/gp41 

protein that excludes the transmembrane and cytoplasmic gp41 

regions via the introduction of a premature stop codon.6 Further 

improvements resulted in BG505 SOSIP.664 gp140, a construct  

with an increasingly truncated gp41, but fewer aberrant  

disulphide bonds.6,11,20 

Thirdly, researchers have acknowledged the merits of a different 

approach: passive immunisation. It has been found that an infusion of 

‘second-generation’ bNAbs is capable of protecting macaques from 

simian-human immunodeficiency virus (SHIV).5,11 One particular 

infusion, which resulted in a serum titre of 1:100, protected 50% of 

macaques from a high-dose intravenous infection.5  

Granted, any passive preventive human vaccination would need to be 

administered bi-yearly or quarterly, if not more often, and may be 

expensive to manufacture.  

However, researchers argue that even a weekly administration of 

antibodies would be more convenient than the current treatment 

plan of daily anti-retroviral medications.1 

Finally, and perhaps most excitingly, there exists the possibility of 

gene therapy. In this technique, researchers implant bNAb-encoding 

genes into viral vectors whose DNA is incorporated into the host cell 

genome (commonly adeno-associated virus).1  

After only one intramuscular injection, the bNAb-encoding DNA may 

be transferred from viral genomes into host muscle cell genomes, 

causing bNAbs to be permanently expressed and secreted  

into circulation.1,9,11  

The challenge of choosing an appropriate antibody remains, as does 

the challenge of inducing expression to sufficiently high levels. 

Moreover, there is the possibility that hosts possess pre-acquired 

immunity against the viral vector, preventing uptake.1 
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Conclusion 

It is clear that a safe and effective HIV vaccination is worthwhile and 

attainable in the years to come. While only one trial (RV144) has put 

forward a vaccination that is modestly effective, innovations in 

targeting germline B-cells, understanding native env structure, 

creating native-like immunogens, and administering passive 

immunisations and bNAb-encoding gene therapies have shown  

great promise.  

The development of a vaccination against one of the most aggressive 

and adaptable viruses in existence would be an admirable feat, 

substantially reducing the 5,600 new HIV infections that occur every 

day and, by extension, preventing the deaths of millions.1 
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Abstract  
With the trends in global life expectancy being relatively stable, supercentenarians – individuals 

who live to more than 110 years of age – are a puzzling outlier. Clustered in areas of the world 

known as the Blue Zones, the reasons for this population’s exceptional longevity are 

multifactorial. Enrichment of polymorphisms in certain genes (FOX03, APOE4, ACE, KLOTHO, 

and IL-6) are partially responsible for this longevity; however, equally important are shared 

lifestyle factors among members of this group (natural movement, plant-based diet, sense of 

community, and sense of purpose) and a uniquely developed gut microbiota enriched in C. 

minuta. Additionally, when comparing their life course to the general population, this group has 

a much lower incidence of common chronic conditions associated with mortality 

(cardiovascular disease, diabetes, cancer, and dementia). If they do develop these conditions, 

it appears to be after 100 years of age, leading to the conclusion that they exhibit a 

compression of morbidity. One theory is that the cause of mortality in this group is organ 

exhaustion, prompted by the observation that many of them die within one year of becoming 

ill. Some of them are independent according to the Activities of Daily Living (ADL) scale, and 

do not represent a significant burden to the healthcare system. As the oldest known 

supercentenarian lived to 122 years of age, there is much debate around whether this 

represents the absolute maximum of human lifespan. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 56-61.
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Introduction 

According to the Tibetan proverb, “the secret to living long is eat half, 

walk double, laugh triple, and love without measure”. The desire to 

live a long, happy life is rooted deep within the human condition, and 

due to improvements in healthcare over the past century, the average 

global life expectancy has risen to 71 years of age, with higher income 

nations being closer to 80 years of age.1 However, this does not 

necessarily mean we are living longer without disease. Current 

literature estimates that disorders affecting people over the age of 60 

contribute almost 25% of the global burden of disease, which begs 

the question: are we trading gains in years of life for losses in quality 

of life?2 Interestingly, there is a growing subset of the population 

whose lifespan deviates far from the expected, living for a century or 

more with surprisingly few health issues. They can be divided into 

three main groups: centenarians, who live to 100-104 years of age; 

semi-supercentenarians, who live to 105-109; and, 

supercentenarians, who live to 110 or higher.3 How does this happen? 

In traditional ageing models, individuals are healthy until they 

develop a chronic disease (e.g., diabetes, hypertension, cancer or 

dementia), which, through its associated morbidity, reduces a 

person’s health until they pass away.4  

Therefore, although the risk of mortality naturally increases as we get 

older, usually peaking at around 80-85 years of age, the size of the 

increase is affected by the number of chronic conditions we have.4 

Supercentenarians, by way of comparison, are much less likely to 

develop chronic conditions and, if they do, these generally occur after 

105 years of age.5 This means that for most of their life, their risk of 

mortality, while still rising, remains relatively low.6 Once individuals in 

this population become sick, they generally pass away in less than a 

year, suggesting that their mortality is due to organ exhaustion and 

lack of functional capacity, not necessarily the condition itself.7 This 

review will focus on the fascinating group of supercentenarians, and 

will discuss the biological and social reasons for their extended 

longevity and the implications this has for healthcare systems around 

the world. 

 

Factors contributing to longevity 

Genetics 

As children and siblings of supercentenarians are more likely to reach 

the centenarian category themselves, there is evidence for a potential 

genetic component to longevity.8,9 All genes and polymorphisms 

associated with ageing can be viewed in the GenAge database, with 

the most recent update listing 307 polymorphisms.10 Within this 

database, there are approximately 20 genes that have been 

specifically associated with longevity.10,11 The individual effect size of 

each gene varies, and collectively they account for around 20-30% of 

the variance in longevity between individuals.12-14 Out of the 20, there 

are five genes that show a consistently strong association with 

longevity across multiple studies, and these are further explored  

in Table 1.15 

Many of these genes are linked to the cardiovascular system, which 

introduces the possibility of developing a polygenic risk score of 

cardiac genes to predict lifespan.16 Additionally, there are other genes 

that show varying levels of association with longevity, including CETP, 

SIRT1, TNF-α, HSP 70, and GH.13 It is possible that as more 

supercentenarians receive full genome sequencing, new genes will be 

added to the list. In addition to genetic profiles, recent literature has 

proposed that supercentenarians also have a different gut 

microbiome, enriched in bacteria such as C. minuta, which has  

been shown to reduce inflammation, lower body mass index, and 

promote longevity.17 

 

This review will focus on the fascinating 
group of supercentenarians, and will 

discuss the biological and social reasons 
for their extended longevity and the 
implications this has for healthcare 

systems around the world. 

 

Environmental and biopsychosocial 

Ageing is a complex process involving biological, psychological, and 

social components. Therefore, lifestyle factors are an important 

consideration for differences in longevity between populations. 

Additionally, these factors play a role in public health policy and the 

promotion of healthy ageing among members of the community.32 

Supercentenarians are still a rarity, with only around 1 in 1,000 

centenarians reaching this milestone.33  

Historically, they have been clustered in five regions of the world 

termed the Blue Zones: Okinawa, Japan; Ovodda, Sardinia; Loma 

Linda, California; Nicoya Peninsula, Costa Rica; and Ikaria, Greece.34 

Careful study of the inhabitants in these areas has shown that there 

are nine lifestyle characteristics common among all the zones, 

referred to as the “Power Nine” (Table 2).34 These commonalities 

emphasise that social, environmental, and lifestyle factors can be 

strong determinants of longevity. Additional cohort studies of 

individuals who live past the octogenarian stage (ages 80+) have 

contributed to the finding that subjective well-being, social resources, 

and physical activity all play a key role in healthy ageing.35-38 
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Impact on healthcare 

Impact on medical services 

One of the challenges facing healthcare systems around the  

world is the growth of an ageing population. As individuals in this 

group tend to have multiple noncommunicable diseases that 

require treatment from a variety of specialties, increased  

utilisation of medical services and access to quality care become  

significant issues.39 

If supercentenarians are to present with chronic conditions, this 

occurs late in life and it would appear that the direct burden to the 

healthcare system is relatively minimal compared to the elderly 

population (ages 65+) as a whole. The specific pattern traditionally 

seen with supercentenarians is referred to as “compression of 

morbidity”, since they tend to spend a much shorter amount of 

time experiencing health issues before passing away.40 

Current estimates put the worldwide population of centenarians at 

just over 500,000 individuals, and this is predicted to rise to over 

three million people by 2050.41  

Therefore, the possibility exists that there could be more 

supercentenarians in the future who do not demonstrate a 

compression of morbidity pattern, which may result in increased 

dependence on the healthcare system. 

Table 1: Genes associated with longevity. 

 

Gene         Function                                                                     Association with longevity 

 

FOX03         Provides protection from oxidative stress, influences             FOX03A variant is positively associated with longevity; however,  

                   the metabolic adaptations to caloric restriction, and             the exact mechanism has yet to be determined.19 

                   modulates the cell cycle by upregulating proteins   

                   involved with apoptosis.18                                                                                           

                                                                                                                  

APOE           Plays a key role in fat metabolism (well described                 Individuals with the E2 allele are more likely to live longer, possibly  

                   in relation to the onset of Alzheimer’s disease                                      due to its protective effect against developing neurodegenerative 

                   and dementia).20                                                                    conditions.21,22 APOE also interacts with other genes such as FOX03 

                                                                                                                 to promote longevity.23  

 

ACE              Regulates blood pressure throughout the body.15                              The D allele of this gene has been associated with reduced 

                                                                                                                 incidence of hypertension and subsequent increases in 

                                                                                                                 longevity.24,25 Note: this may only apply to Caucasian populations.26 

 

KLOTHO      Control of oxidative stress and insulin sensitivity.                              The KL-VS gene variant is particularly associated with longevity due 

                   Encodes a component of cerebrospinal fluid.15,27                   to its ability to suppress insulin signalling throughout the 

                                                                                                                 body.27  KL-VS also preserves cognitive function in older age groups, 

                                                                                                                 which may also contribute to the longevity effect.28 

 

IL-6              Pro-inflammatory mediator15                                                                                   Inflammation is a strong predictor of mortality in the elderly.   

                                                                                                                 There are decreased levels observed in semi-supercentenarians 

                                                                                                                 compared to controls.29 Certain polymorphisms, such as the GG

                                                                                                                 allele, lead to increased production of IL-6 and consequently are  

                                                                                                                 less expressed in centenarians compared to controls.30 The effect  

                                                                                                                 size of IL-6 in isolation appears to be weaker compared to other 

                                                                                                                 longevity-associated genes. Therefore, its observed association  

                                                                                                                 may be due to its interaction with other longevity-associated 

                                                                                                                 genes.31
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The desire to live a long, happy life is 
rooted deep within the human condition, 
and due to improvements in healthcare 

over the past century, the average global 
life expectancy has risen to 71 years of 
age, with higher income nations being 

closer to 80 years of age.
 

 

 

Impact on long-term care 

Regardless of other conditions, frailty and the ability to remain 

independent are strongly associated with the risk of dying.42 

Remaining physically independent at 100 years of age increases the 

likelihood  of living to 110+ years, and based on cohort studies, the 

individuals who are living in their own homes at 100 years of age are 

more likely to become supercentenarians.43 Therefore, having fewer 

conditions that may place one in a long-term care facility is ideal for 

preserving longevity. According to the literature, while having a 

stroke is the strongest predictor of needing long-term care, conditions 

associated with a wearing out of structures, such as osteoporosis, also 

play an important role.43 As the main health issues in the 

supercentenarian group are osteoporosis, cataracts, and fractures, it is 

unsurprising that the majority live either in a long-term care facility or 

with a loved one.3,44 Therefore, it is likely that an increase in the 

number of supercentenarians may lead to a corresponding increase in 

demand for long-term care facilities. In places where it is more 

common for relatives to take care of their elderly, there may not be a 

rise in long-term care, but instead, an indirect strain on the healthcare 

system via caregiver burnout, especially if the elderly person begins to 

develop multiple illnesses.45 

Impact on surgery 

Surgery in the elderly, specifically in those over 80 years of age, is 

associated with several outcomes not seen in younger populations, 

such as increased incidence of complications, longer hospital stay, 

and increased chance of being admitted to the intensive care unit.46 

Given their advanced age, these outcomes are likely to be more of an 

issue in supercentenarians, making this a potentially high-risk group 

to send to surgery. That being said, there are several case reports 

which indicate that it is possible for a supercentenarian to safely 

undergo surgerical procedures that can significantly improve their 

quality of life.47,48 However, given how small this group is, more 

studies need to be conducted before any claims can be made with a 

higher degree of confidence. 

Therefore, the effects of supercentenarians on the healthcare system 

are relatively small compared to the elderly population as a whole, 

mostly due to the fact that they are a small group. Increased numbers 

in this group may facilitate a push towards more long-term  

care facilities. 

 

Therefore, it is likely that an  
increase in the number of 

supercentenarians may lead to a 
corresponding increase in demand  

for long-term care facilities. 
 

 

Is there a limit to human longevity? 

With more and more people reaching the centenarian and 

semisupercentenarian milestone, this question is on the minds of 

demographers, insurance companies, and healthcare workers alike. 

Table 2: “Power Nine” characteristics (adapted from Buettner et al).34 

 

Characteristic                  Description  

Move naturally                      Movement as a part of daily activities (e.g., gardening, walking) 

Purpose                                 Having a sense of direction in life 

Downshift                              Incorporating stress reduction activities into daily living (e.g., praying, napping, meditation) 

80% rule                               Stop eating when one feels 80% full 

Plant slant                              Diets are rich in plant-based foods with little emphasis on meat 

Wine at 5                               Moderate daily alcohol intake  

Right tribe                             Having strong positive social ties to others and encouraging healthy behaviours in one another 

Loved ones first                     Remaining near one’s family; investing time and love into one’s partner and children 

Belong                                   Having a community that one can participate in, either faith based or social based
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Currently, there is debate around whether or not there is a maximum 

age that a human being can reach. The compression of morbidity 

theory would indicate that there is not, which is supported by 

historical data of verified supercentenarians demonstrating that the 

majority of this population lives to 115 years of age.49-51  

A potential caveat to these statistics is the ability to verify the exact 

ages of individuals in the supercentenarian category. The oldest 

verified individual is Jeanne Calment, a French woman who lived to 

122 years of age.52 It has recently been argued that her year of death 

was actually that of her daughter, which, if proven true, would put 

the longest lived individual at only 119 years of age.53  

The question is far from being answered, but it is possible to confirm 

a growing older population that, for some countries, is outstripping 

the pace of younger generations, making our world look very 

different than it did a century ago. 

 

Conclusion 

Supercentenarians are a fascinating group to study as they challenge 

our ideas of the ageing process and how it can take shape. The 

reasons for their exceptional longevity are multifactorial, resulting 

from genetic, environmental, microbiota, and community 

adaptations that promote long life.  

Compared to the general population, they exhibit a compression of 

morbidity pattern and often never develop the chronic conditions 

that significantly impact mortality.  

Currently, the oldest confirmed individual died at age 122, and there 

is much debate about whether this is the limit for human longevity.  

As more secrets of this population are unlocked, the hope is that the 

lessons learned will be used to promote healthy ageing, thereby 

allowing everyone to live a longer and happier life. 



RCSIsmj     staff review

22. Schupf N, Barral S, Perls T et al. Apolipoprotein E and familial longevity. 

Neurobiol Aging. 2013;34(4):1287-91. 

23. Fuku N, Diaz-Pena R, Arai Y et al. Epistasis, physical capacity-related genes and 

exceptional longevity: FNDC5 gene interactions with candidate genes FOXOA3 

and APOE. BMC Genomics. 2017;18(Suppl. 8):803. 

24. Kolovou G, Kolovou V, Vasiliadis I et al. The frequency of 4 common gene 

polymorphisms in nonagenarians, centenarians, and average life span 

individuals. Angiology. 2014;65(3):210-5. 

25. Pereira da Silva A, Matos A, Aguiar L et al. Hypertension and longevity: role of 

genetic polymorphisms in renin-angiotensin-aldosterone system and 

endothelial nitric oxide synthase. Mol Cell Biochem. 2019;455(1-2):61-71. 

26. Yang JK, Gong YY, Xie L et al. Lack of genetic association between the 

angiotensin-converting enzyme gene insertion/deletion polymorphism and 

longevity in a Han Chinese population. J Renin Angiotensin Aldosterone Syst. 

2009;10(2):115-8. 

27. Di Bona D, Accardi G, Virruso C et al. Association of klotho polymorphisms with 

healthy aging: a systematic review and meta-analysis. Rejuvenation Res. 

2014;17(2):212-6. 

28. Dubal DB, Yokoyama JS, Zhu L et al. Life extension factor klotho enhances 

cognition. Cell Rep. 2014;7(4):1065-76. 

29. Arai Y, Martin-Ruiz CM, Takayama M et al. Inflammation, but not telomere 

length, predicts successful ageing at extreme old age: a longitudinal study of 

semi-supercentenarians. EBioMedicine. 2015;2(10):1549-58. 

30.  Di Bona D, Vasto S, Capurso C et al. Effect of interleukin-6 polymorphisms on 

human longevity: a systematic review and meta-analysis. Ageing Res Rev. 

2009;8(1):36-42. 

31. Soerensen M, Dato S, Tan Q et al. Evidence from case-control and longitudinal 

studies supports associations of genetic variation in APOE, CETP, and IL6 with 

human longevity. Age (Dordr). 2013;35(2):487-500. 

32. Sowa A, Tobiasz-Adamczyk B, Topór-Mądry R et al. Predictors of healthy ageing: 

public health policy targets. BMC Health Serv Res. 2016;16(Suppl. 5):289. 

33. Maier H, Gampe J, Jeune B et al. (eds.). Supercentenarians. Demographic 

Research Monographs 07. Springer, Heidelberg, 2010:325. 

34. Buettner D, Skemp S. Blue Zones: lessons from the world’s longest lived. Am J 

Lifestyle Med. 2016;10(5):318-21. 

35. Sadler ME, Miller CJ, Christensen K et al. Subjective wellbeing and longevity: a 

co-twin control study. Twin Res Hum Genet. 2011;14(3):249-56. 

36. Margrett JA, Daugherty K, Martin P et al. Affect and loneliness among 

centenarians and the oldest old: the role of individual and social resources. 

Aging Ment Health. 2011;15(3):385-96. 

37. Cho J, Martin P, Poon LW, Georgia Centenarian Study. Successful aging and 

subjective well-being among oldest-old adults. Gerontologist. 

2015;55(1):132-43. 

38. Andrews RM, Tan EJ, Varma VR et al. Positive aging expectations are associated 

with physical activity among urban-dwelling older adults. Gerontologist. 

2017;57(Suppl_2):S178-86. 

39. World Health Organisation. Global health and ageing: WHO; US National 

Institute of Aging. 2011. 

40. Fries JF. Aging, natural death, and the compression of morbidity. N Engl J Med. 

1980;303(3):130-5. 

41. United Nations Department of Economic and Social Affairs. Profiles of Ageing 

2019: UN, 2019. 

42. Gu D, Feng Q. Frailty still matters to health and survival in centenarians: the 

case of China. BMC Geriatr. 2015;15(1):159. 

43. Kiyoshige E, Kabayama M, Gondo Y et al. Association between long-term care 

and chronic and lifestyle-related disease modified by social profiles in 

community-dwelling people aged 80 and 90; SONIC study. Arch Gerontol 

Geriatr. 2019;81:176-81. 

44. Schoenhofen EA, Wyszynski DF, Andersen S et al. Characteristics of 32 

supercentenarians. J Am Geriatr Soc. 2006;54(8):1237-40. 

45. Cho J, Nakagawa T, Martin P et al. Caregiving centenarians: cross-national 

comparison in caregiver-burden between the United States and Japan. Aging 

Ment Health. 2018:1-10. 

46. St-Louis E, Sudarshan M, Al-Habboubi M et al. The outcomes of the elderly in 

acute care general surgery. Eur J Trauma Emerg Surg. 2016;42(1):107-13. 

47. Dharmarajan TS, Sohagia A. Urgent surgery in a near supercentenarian nursing 

home resident: possible with favorable outcome! J Am Med Dir Assoc. 

2007;8(8):543-4. 

48. Tosun F, Ozen M, Tatar C et al. Unilateral spinal anesthesia experience in a 

supercentenarian. A A Case Rep. 2015;5(7):117-8. 

49. Dong X, Milholland B, Vijg J. Evidence for a limit to human lifespan. Nature 

2016;538(7624):257-59. 

50. Gavrilova NS, Gavrilov LA. Are we approaching a biological limit to human 

longevity? J Gerontol A Biol Sci Med Sci. 2019. 

51. Brown NJL, Albers CJ, Ritchie SJ. Contesting the evidence for limited human 

lifespan. Nature. 2017;546(7660):E6-7. 

52. Gerontology Research Group. Supercentenarian Research and Database 

Division 2019. [Internet]. [cited 2019 July 17]. Available from: 

http://www.grg.org/SC/SCindex.html. 

53. Zak N. Evidence that Jeanne Calment died in 1934 – not 1997. Rejuvenation 

Res. 2019;22(1):3-12.

Volume 13: Number 1. 2020 | Page 61



Hannah Suchy 

RCSI medical student

Living in lead: the evolution 
of interventional radiology

Abstract  
Since its advent in 1964, the field of interventional radiology (IR) has evolved from a specialty 

that historically served other physicians to one with the ability to treat a range of diseases and 

patients on its own. Successful use of percutaneous transluminal angioplasty (PTA) to restore 

blood flow through stenotic vessels in 1964 demonstrated the ability of IR techniques to treat 

disease, thereby avoiding open surgical interventions such as endarterectomy and bypass 

grafting. Since then, IR has further transformed into a specialty with a range of clinical 

applications, including some that are considered the gold standard in their field today. 

Percutaneous coronary intervention (PCI) is the first-line treatment for acute myocardial 

infarctions and similarly has applications in the prevention of coronary artery disease. IR has 

emerged as a valuable tool in acute settings, including embolisation of upper and lower 

gastrointestinal bleeds, diverticular diseases, and cases of massive blood loss or haemodynamic 

instability where both conservative and endoscopic treatments have failed. Furthermore, 

chemo-, radio-, and bland trans-arterial embolisation have revolutionised hepatocellular 

carcinoma treatment, offering an additional treatment option for select patients who are 

deemed inoperable. The impact that IR has had on the field of medicine to date is nothing short 

of remarkable; however, as one of the ‘youngest’ medical specialties, it is just getting started. 

The possibilities for discovery and invention within this field may yield an ever-expanding role 

for IR in the prevention and treatment of numerous disorders. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 62-68.
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Introduction  

Interventional radiology (IR) is a medical specialty that uses minimally 

invasive, image-guided procedures for the diagnosis and treatment of 

disease. IR is one of the newest medical specialties; it was recognised 

in 1994 by the American Board of Medical Specialties as a subspecialty 

of radiology.1 Currently, IR is used across many organ systems and 

medical conditions; however, this was not always the case. Prior to its 

emergence as a specialty in its own right, IR was primarily used as a 

service by other specialties. For example, interventional radiologists 

were called on to place peripherally inserted central catheter (PICC) 

lines into patients, for administration of total parenteral nutrition, 

chemotherapy, or medications. They were also largely responsible for 

performing biopsies, port insertions, abscess drainages, and other 

similar procedures to aid colleague physicians in their patient care. 

Although these procedures are still routinely done by IR, the field has 

expanded to include non-invasive approaches to the treatment  

of disease. 

The concept of IR as its own specialty was first introduced in June 

1963 by Charles Dotter, who described catheterisation as a treatment 

rather than a diagnostic tool.1 Just seven months later, in January 

1964, Dotter successfully performed percutaneous dilation of a 

stenotic superficial femoral artery for limb salvage, thereby ‘inventing’ 

percutaneous transluminal angioplasty (PTA).1 Through research and 

innovation, IR has grown from a service used to supplement other 

specialties, to a specialty with its own fully developed modalities for 

treating disease. 

 

Traditional surgical procedures are 
associated with a greater risk of adverse 

events, a longer recovery time, and  
may even result in the amputation  

of a limb, causing a substantial  
impact on quality of life. 

 

Interventional radiology in angioplasty 

The advent of IR was rooted in ‘opening up’ occluded or stenotic 

arteries of the lower limb through PTA. This procedure involves 

inserting a catheter into the common femoral artery, advancing the 

catheter to the site of occlusion or stenosis, and slowly inflating a 

balloon to expand the vascular lumen, thus restoring blood flow 
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throughout the vasculature.2 The two main alternatives to PTA are 

endarterectomy or bypass grafting, both of which are open surgical 

procedures that involve general anaesthesia. Open surgical 

treatments are more invasive, expensive, and associated with a longer 

hospital stay. In addition, traditional surgical procedures are 

associated with a greater risk of adverse events, a longer recovery 

time, and may even result in the amputation of a limb, causing a 

substantial impact on quality of life (QoL).3 Infra-popliteal PTA has 

been shown to be safe and effective in patients facing limb salvage 

surgery, providing an advantage in QoL compared to traditional 

management.4 In 1981, the effectiveness of PTA was demonstrated in 

the treatment of carotid artery stenosis, a significant risk factor for 

stroke and neurological deficits.5 As in the lower limb, the alternative 

to PTA is endarterectomy with surgical removal of the endoluminal 

atheromatous plaque or, less often, an open arteriotomy dilation.6 

The ability to perform PTA under conscious sedation with local 

anaesthesia, rather than general anaesthesia as is required for 

endarterectomy, allows for intraoperative visualisation of the upper 

limit of stenosis using fluoroscopy.6 This enables specific targeting of 

affected areas only, and avoids further damage to the vessel.7 

 

Having transitioned from a 
service for other specialties 

to a field with its own treatments 
for disease, interventional 

radiologists have gone from being 
‘a doctor’s doctor’ to 
‘a patient’s doctor’. 

 

The topic of carotid endarterectomy versus angioplasty remains hotly 

debated and, though many studies indicate endarterectomy to be the 

preferred treatment, more recent randomised controlled trials (RCTs) 

suggest otherwise.8-10  

The Carotid Revascularization Endarterectomy versus Stenting Trial 

(CREST), an RCT involving 2,502 patients, showed no significant 

difference in the two treatment strategies.11 In the study, patients with 

evidence of carotid artery stenosis, as demonstrated by angiography, 

ultrasound, or computed tomography/magnetic resonanace imaging 

(CT/MRI) angiography, were randomised to receive preventive 

treatment with either endarterectomy or angioplasty with stenting.  

The primary endpoints were evidence of periprocedural stroke, 

myocardial infarction (MI), death, or ipsilateral stroke within four 

years of the procedure.12 The trial found no significant difference in 

the incidence of primary endpoints in the periprocedural period. 

Similarly, there was no difference in the rates of ipsilateral stroke in the 

four-year follow-up period (2.0% vs 2.4%, p=0.85).11 Furthermore, 

results remained insignificant when stratified by patient factors.10 The 

ambiguity of these results has prompted several additional trials, 

including a CREST-2 trial that is currently ongoing.12 The controversy 

surrounding this topic demonstrates the need for further research; 

angioplasty may soon be the preferred treatment for carotid stenosis 

given that the outcomes appear to be as good as those for surgical 

intervention, while the technique is less invasive. 

As the use of angioplasty migrated from pathologies in the lower limb 

to those in the carotid artery, the now most commonly used form of 

angioplasty was born: percutaneous coronary intervention (PCI). PCI 

is used in both the acute treatment of MI and in the preventive 

setting, and has proved to be a life-saving technique by restoring 

blood flow to ischaemic cardiac tissue. It is now routinely used as the 

preferred treatment of coronary artery disease when fewer than three 

coronary arteries are involved with significant atheromatous disease.13 

Thus, it was the evolution of IR, beginning with lower limb 

angioplasty, that has led to significant reductions in mortality and 

complications, and an improvement in QoL. 

 

IR in the acute setting 

Following the introduction of IR in the setting of elective procedures 

to symptomatically treat peripheral vascular disease, it was soon 

discovered that interventional procedures were effective in the acute 

management of bleeding, specifically within the gastrointestinal (GI) 

tract. Initially, this was done with local infusion of a vasoactive drug, 

such as epinephrine or norepinephrine, to induce vasoconstriction 

and reduce bleeding.14 The procedure was then modified to treat GI 

bleeding from both arterial and oesophageal varices via injection of 

vasopressin.15 Ultimately, the most effective method for arterial bleeds 

was shown to be embolisation, a technique in which a catheter is 

threaded through the vasculature and deposits an embolic agent such 

as Gelfoam, coils, or ‘glue’ within the vessel to artificially plug the 

bleeding site.16 This method has proven to be highly effective and has 

been widely used, particularly in cases where the patient is a poor 

surgical candidate.17 

Embolisation has been demonstrated to be particularly effective in 

patients with massive blood loss or haemodynamic instability who 

have failed both conservative and endoscopic treatment.18 Additional 

studies have shown that embolisation and surgery are equally 

effective in the treatment of upper GI bleeds, defined as those 

proximal to the ligament of Treitz at the fourth part of the 

duodenum.19,20 Although embolisation for lower GI bleeding carries a 

higher risk of bowel infarction due to limited collateral blood supply, 
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studies have shown a similar success profile over surgical methods to 

that seen in upper GI bleeds.21 For example, a meta-analysis 

conducted at the University of Rochester School of Medicine, New 

York, found that embolisation for diverticular bleeds was successful in 

85% of patients and therefore concluded that lower GI embolisation 

is an effective treatment for diverticular bleeding.22 These results 

illustrate the critical role that IR can play in the acute setting, 

particularly for those patients whose lives are at risk from significant 

GI bleeding. 

 

Thus, it was the evolution of IR, 
beginning with lower limb angioplasty, 

that has led to significant reductions 
in mortality and complications, and 

an improvement in QoL. 
 

 

IR as standalone treatment 

Once established as a treatment in the acute setting, and with the 

development of smaller devices that could be used percutaneously, the 

practice of IR expanded to a be definitive treatment for certain chronic 

disorders, such as cancer. Minimally invasive interventional techniques 

have drastically altered available treatments for hepatocellular carcinoma 

(HCC). HCC is the most common primary liver tumour in adults and is 

the third most common cause of cancer-related death worldwide.23 HCC 

occurs in up to 90% of patients with cirrhosis, and is thus linked to 

chronic hepatitis and alcohol use, two incredibly common health 

problems worldwide.24 

Traditionally, surgical approaches such as local resection and liver 

transplantation have been regarded as the standard of care in the 

treatment of HCC.25 However, surgery is often deemed unsafe or 

impossible due to the tumour’s location or other comorbidities that 

render the cancer unresectable from a surgical perspective. IR offers 

alternative approaches for the treatment of HCC, such as percutaneous 

radiofrequency ablation (RFA), other methods of thermal ablation, or 

embolic approaches. 

RFA involves percutaneous placement of an electrode into the tumour 

using either CT or ultrasound guidance, with subsequent application of 

an electrical current. This causes frictional heating of the tissue 

surrounding the electrode, killing the tumour cells along with a margin 

of normal hepatic tissue by heating to above 60°C.26 Microwave and 

laser can also be used for thermal ablation; however, the body of 

literature assessing RFA is most extensive.27 Several studies in patients 

with HCC have demonstrated RFA to be as effective as surgical resection 

in prolonging survival, with the added advantage of being less invasive 

and associated with fewer complications and shorter hospital stays.28,29 

As with many medical procedures, the use of RFA for HCC carries some 

challenges. Although RFA is equally effective in prolonging survival, some 

studies have shown that RFA possesses a higher incidence of local 

recurrence compared to surgical resection.30,31 Additionally, larger 

tumours (>5cm) may be difficult to treat with single probe ablation, and 

may require additional probes and more complex procedures.30 Larger 

tumours have also been demonstrated to carry a higher local recurrence 

rate than those measuring less than 3cm.32 Finally, tumour location may 

serve as a contraindication to RFA due to increased risk of bleeding, 

peritoneal seeding, or injury to adjacent structures such as local 

vasculature or bile ducts.31 

Alternative approaches for the treatment of HCC include embolisation 

both with and without chemotherapeutic agents. These approaches are 

particularly effective in treating HCC as the cancer typically receives its 

blood supply exclusively from the hepatic artery, as opposed to the rest 

of the liver parenchyma, which receives dual blood supply from the 

hepatic artery as well as the portal vein.24 The vasculature directly 

supplying the tumour can thus be used to deliver therapeutic agents 

such as chemotherapy or radioactive substances to the tumour cells, or 

it can be therapeutically blocked to stop nutrient flow to the tumour.33 

Figure 1 shows axial CT and CT angiography images of HCC before and 

after treatment with embolisation. 

 

RFA involves percutaneous placement  
of an electrode into the tumour using either 

CT or ultrasound guidance, 
with subsequent application  

of an electrical current. 
 

These three techniques have been termed chemo-, radio-, and bland 

trans-arterial embolisation, and all involve intra-arterial placement of 

embolic material such as Gelfoam or beads.34 The material may be 

packed with a chemotherapeutic agent, such as doxorubicin, which is 

then delivered locally rather than systemically to the tumour.35 Similarly, 

this can be done with application of Yttrium-90 (Y-90), a radiation 

therapy used to treat HCC. However, when the embolic material is used 

alone to cut off blood supply to the tumour, this is termed bland 

embolisation; this has been proposed to be as effective as 

chemo-embolisation, but with a reduced number of adverse effects 

compared to chemotherapy.36 There is some debate over which form of 

embolisation is most effective, with different physicians in support of 

each one. Regardless, this wide range of IR techniques used to treat HCC  

is crucial given the number of patients who are deemed unsuitable  

for surgery. 
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The future of IR 

As IR has become an established specialty on its own, recognised by 

colleagues and organisations within medicine, it is critical to look to its 

future growth and development. As of April 2019, IR has established an 

integrated residency programme in the United States that allows trainees 

to transition directly into IR training after two years of diagnostic 

radiology (DR) residency. Such a scheme differs from the previous 

system where individuals wanting to practise IR would be required to 

apply to an IR fellowship after their DR residency. This alone will allow 

FIGURE 1: 1a. Non-contrast CT from 25/7/16 demonstrating localised HCC in the right lobe of the liver. 1b. Venous phase CT from 15/11/16, 

demonstrating tumour shrinkage post emoblisation. 1c. CT angiography with evidence of tumour blood supply. 1d. CT angiography after selective 

embolisation of tumour vascular supply with maintained parent vessels to preserve liver tissue.
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the specialty to further set itself apart from its ancestry in DR, and allow 

trainees to gain specialisation and expertise in the field. Furthermore, 

having transitioned from a service for other specialties to a field with its 

own treatments for disease, interventional radiologists have gone from 

being a ‘doctor’s doctor’ to a ‘patient’s doctor’.37 However, few people 

are aware of IR, and may only encounter this specialty once they 

require one of these minimally invasive procedures.37  

The introduction of IR to a patient’s care team earlier in their disease 

course may allow patients to better understand the field and its role in 

diagnosis and treatment, which can therefore provide more comfort 

once faced with an interventional procedure.  

As healthcare systems evolve with the advent of new technology and 

an ever-changing climate for physicians, interventional radiologists will 

need to further establish their role.  

With the skills of a surgeon, the keen eyes of a radiologist, and the 

compassion of a clinician, interventional radiologists have the unique 

opportunity to flourish in an environment with new tools for 

evaluation, advances in treatments and innovation, and a patient 

population that understands the value of good practitioners.38 

 

Conclusion 

IR has evolved from a support service for other medical specialties to a 

specialty in its own right. The advancements within IR have altered the 

standard of treatment for numerous diseases, both acute and chronic, 

and have reduced complication rates, length of hospital stay, and the 

medical costs associated with prolonged hospital stay. Minimally 

invasive, image-guided procedures are also less costly compared to their 

surgical equivalents. Additionally, interventional radiology allows for 

less-invasive procedures with faster recovery times, potentially improving 

QoL. Going forward, IR will continue to play an ever-expanding role in 

the definitive treatment of many disorders, reducing the need for 

invasive approaches. 
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3D models lead a revolution

Abstract  
Three-dimensional (3D) printing is revolutionising healthcare as we know it. The technology 

involves taking a digital model of a subject and printing it in consecutive layers to create a fully 

formed object in the form of a 3D model. Diseased organs can be modelled and reproduced, 

allowing surgeons to handle and examine them before, during, or after an operation. The 

ability to prepare for surgery with this direct, hands-on approach has improved outcomes 

around cost, speed, and precision. In addition, the ability to view pathological diseases tangibly 

is invaluable for patients’ understanding of diseases, thereby improving the overall 

patient-doctor relationship. Likewise, medical students can further their understanding of 

complex human anatomy and deepen their knowledge of pathology. The technology is also a 

large contributor to precision medicine, through its ability to create prosthetic designs suitable 

for patients’ unique aesthetic and functional needs. Furthermore, the ‘polypill’, a product of 3D 

printing, can package multiple complex medications into a single tablet – a promising tool for 

addressing the challenges of polypharmacy. Despite the notable applications developed thus 

far, 3D printing has not yet reached the limit of its vast capabilities. With the increased 

implementation of the technology within the healthcare sector, additional efforts and research 

towards enhancements will allow us to realise the full potential of 3D models. 

Royal College of Surgeons in Ireland Student Medical Journal 2020; 1: 69-74.
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Introduction 

Each year, the healthcare industry continues to make leaps and 

bounds towards greater achievements. Three-dimensional (3D) 

printing, an up-and-coming technology with highly versatile 

societal applications, has captivated the medical community as a 

rapidly expanding medical tool with the potential to revolutionise 

healthcare.  

Though it is called 3D ‘printing’, the technology itself does not 

involve any ink, but rather utilises materials such as plastics or living 

cells.1 This is done through the process of additive manufacturing, 

where a software directs hardware to deposit material in successive 

layers until a fully formed 3D model has been created. 

Although one may think of 3D printing as a recent technology, its 

history begins in 1981 with a Japanese doctor’s patent application for 

a 3D printer. Unfortunately, Dr Hideo Kodama’s application was not 

successful and, as such, it was not until 1986 that the first patent was 

granted to an American inventor named Charles Hull. This led to the 

creation of the first 3D printing company: 3D Systems. Today, 3D 

Systems is one of the largest 3D printing companies and a leader in 

3D printing innovation. Even Hull himself admits that he 

underestimated the impact and potential of this technology.2 

Since then, there have been major improvements in both imaging 

and printing that have led to further reductions in cost, making 3D 

printing technology attractive to multiple fields.3  

Its impact on medicine has been compared with the revolutionary 

role of computerised tomography (CT) scans in the 1970s, which 

served as a ground-breaking substitute for exploratory invasive 

procedures.4 While a CT scan will produce hundreds of images at 

once that subsequently need to be reviewed, 3D technology allows 

cross-sectional slices to be combined into a concise 3D representation 

of the area being scanned, allowing for greater accuracy compared to 

the commercially available two-dimensional displays.5  

3D printing in healthcare is allowing medical professionals to offer 

patients new diagnostic and management strategies, especially when 

used concurrently with medical imaging.6 

 

Three-dimensional (3D) printing,  
an up-and-coming technology with  

highly versatile societal applications,  
has captivated the medical community  

as a rapidly expanding medical 
tool with the potential to 
revolutionise healthcare. 

 

Uses of 3D printing 

Optimising surgical planning 

Even before a surgery takes place, 3D printing technology is making 

significant changes in the way surgeons think about procedures and 

the technical challenges that they may encounter. There have been 

many publications regarding tissue replicas being used as a 

supplement to scans from traditional imaging modalities in 

preoperative surgical planning.7-10 This has been particularly helpful in 

patients with unique anatomies where the 3D print can be used as a 

visual aid and a printed record of the original anatomy, such as in 

children who require complex surgeries due to anatomic anomalies.8,9 

The first step in generating a 3D object is acquiring the image data 

from traditional imaging modalities. The quality of the image is 

important as low-resolution images can result in discrepancies 

between the generated model and the patient’s actual anatomy.11 

Following this, the region of interest is extracted through a process 

called ‘segmentation’. The data is then transformed into a format 

recognised by the 3D printer, and is subsequently printed.12,13 

These patient-specific organ replicas can allow surgeons and trainees 

to familiarise themselves with the patient’s unique anatomy, 

contributing to the emerging model of personalised medicine. This 

has the potential benefit of reducing operating time and risk of 

trauma to the patient.11 The reduction in operative times is important 

to note as this has led to overall cost reduction attributed to using the 

technology.14 In a study examining the use of 3D printing in 

orthopaedic surgical planning, the researchers observed a decrease in 

bleeding (average decrease of 50%) and a decrease in surgical time 

in all cases (mean time decreased by 43%), which consequently 

resulted in a reduction in the amount of anaesthesia required. 

Furthermore, once the models were examined by the surgeons, 

decisions were made to opt for a different surgical strategy for some 

patients than what is normally done to reduce the risk and the 

number of operations.6 

The models used for preoperative planning can also be used 

intraoperatively. 3D models can be colour coded to highlight certain 

areas of pathology that a surgeon may want to either excise or avoid 

during surgery.15 This function may help to orient surgeons during the 

operation, thereby minimising damage to surrounding healthy tissues 

and reducing error.5 

In conjunction with the aforementioned advantages to the surgeons, 

patients themselves can also benefit directly from 3D printing. The 

use of pre- and postoperative surgical models can increase patients’ 

understanding of their upcoming procedures.11 Studies have shown 

that when physicians used a 3D model to explain a procedure, 

patients and their families had an increased understanding of the aims 
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and possible complications, resulting in greater patient 

satisfaction.15,16 

The list of surgical specialties that have been enhanced by 3D printing 

is an expanding one. In 2012, surgeons from the Cardiovascular 

Division of the University of Wisconsin School of Medicine turned to 

3D printing to print out a scaled replica of a heart containing a left 

ventricle pseudoaneurysm, a complication of myocardial infarction 

carrying an increased risk of mortality.17 Using the 3D model, 

surgeons were able to determine the best approach to cannulate the 

aneurysm, and select the appropriate shape and size of the catheter 

and occlusion device to be used specifically for this patient’s 

dimensions. With guidance from the 3D model, percutaneous closure 

of the pseudoaneurysm was successful. 

In 2015, surgeons from the Children’s Hospital of Fudan University in 

Shanghai used 3D printing to create a scaled replica of conjoined 

twins with a shared digestive tract.18 The model served as an accurate 

representation of the complicated anatomical structures and 

anomalies that would be encountered during the operative 

separation. This allowed surgeons to practice alternative techniques 

to determine the safest way to proceed.18 

 

Educating future doctors 

Understanding gross anatomy requires complex spatial awareness. A 

thorough understanding of 3D anatomic relationships is vital to the 

interpretation of imaging studies, the safe and effective execution of 

surgical procedures, and the prompt arrival at accurate diagnoses.19 

Human anatomy has traditionally been taught using cadaver 

dissection, where students gain understanding through direct 

visualisation and manipulation of the 3D structures of their cadavers; 

however, 3D models may prove to be more advantageous due to 

superior cost–benefit ratios, easier storage, and the ability to display 

rare diseases through intricate 3D replications.20 Furthermore, the 

specific organ positioning displayed through this technology is a 

closer representation of what may be encountered in the operating 

room compared to the fixed tissue of cadavers, and would facilitate 

the depiction of structures that could have been damaged during 

cadaver preparation.21 

 

There have been many publications 
regarding tissue replicas being used as a 

supplement to scans from traditional 
imaging modalities in preoperative 

surgical planning. 

 

A randomised controlled trial examined medical students’ 

understanding of complex spinal anatomy using teaching modules 

across three different formats: CT images, 3D images, or 3D-printed 

models.22 The result of the chi-squared analysis showed that those 

with exposure to 3D-printed models were more confident with the 

material and had a deeper understanding of the mechanisms  

of disease compared to students trained using the other two mediums 

(p<0.05). The ability to manipulate physical models allowed for  

a more wholesome understanding of anatomic relationships  

and showed superior educational benefit compared to  

cadaver dissections.13,23,24 

Additionally, medical students can ease their way into their clerkship 

years by practicing invasive procedures on 3D models rather than the 

traditional method of ‘see one, do one’. By providing a 3D model for 
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teaching and practicing a complicated spinal procedure, such as a 

lumbar puncture, the risk of injury to actual patients can be 

reduced.25 In a study examining the impact of 3D models on the 

understanding of congenital heart disease within residents, there was 

added benefit among those in the interventional group, particularly 

regarding complex anatomical conditions such as Tetralogy of 

Fallot.26 3D models appear to be an efficacious adjunct to traditional 

cadaveric teaching and a valuable tool for medical students in both 

their lecture-based and early clinical years.27 

 

Innovations 

3D printing has influenced many aspects of healthcare, providing 

novel opportunities to create or enhance the function of various 

innovations across multiple fields. With the introduction of 3D 

printing, prosthetic limbs have gained increased symbiosis with 

patient uniqueness. 3D printing allows for the design of comfortable 

and cost-effective prostheses that can suit a patient’s specific body 

type.28 Importantly, the advantages of such technology are not bound 

by borders or socioeconomic status. Low-cost 3D printers are being 

used in war-torn developing countries to make prosthetics for 

amputees, such as in Sudan where there are an estimated 50,000 

patients in need.29 The United States Army also aims to implement 3D 

printing by first imaging all their soldiers in a healthy state, so that in 

the case of an amputation, they can reconstruct the prosthesis in  

the field.30 

Areas that are under blockade often have trouble accessing basic 

medical supplies and likely depend on overseas shipments for their 

materials. Obtaining medical devices with 3D printing or placing a 

3D printer directly in the area of need can provide immediate access 

to critical supplies. Dr Tarek Loubani, an Associate Professor at the 

University of Western Ontario, was working in the Gaza Strip during 

times of hostility when there was a shortage of medical supplies due 

to a long-standing blockade. Dr Loubani’s solution included utilising 

3D printing technology to create supplies such as stethoscopes, for 

as little as 30 cents.31 Having almost immediate access to scarce 

medical supplies in war-ridden regions can help to ensure that 

victims receive a level of care that is not limited by a lack of  

basic supplies. 

Additionally, the 3D printing technology facilitates the creation of 

artificial tissue with the use of living cells, as opposed to traditional 

synthetic agents.32 These tissues may be used for medical research, as 

they are miniature replicas of organs, or as cheaper alternatives to 

human organ transplants.33  

The use of 3D printing in transplant surgery addresses most moral 

and ethical issues that may be tied to traditional transplant methods. 

Additionally, 3D printing decreases the risk of tissue rejection, as 

customised organ development utilises the patients’ cells; however, 

the revascularisation of tissue remains a challenge.34 NASA is offering 

a $500,000 prize for the first research team that can establish 1cm 

thick human vascularised organ tissue in an in-vitro environment, that 

can maintain metabolic function similar to their in-vivo native cells 

throughout a 30-calendar-day survival period.35 

Moreover, 3D printing has the potential to change the 

pharmaceutical world and simplify daily life for patients with multiple 

ailments and complex drug regimens through the creation of a 

unique pill that can hold multiple drugs at once, each one with 

different release times.36  

This has already been done with the so-called ‘polypill’, which 

demonstrates that complex medication regimes can be combined 

into a single personalised tablet.36 The pill is designed in such a way 

that there are several compartments, each one with a drug that 

requires a specific release time. Distinct release profiles were made 

possible by utilising various material compositions that altered drug 

distribution and diffusion when placed in solutions.37 In addition to 

enhanced pharmacokinetics and pharmacodynamics, 3D-printed pills 

in the polypill concept can be highly cost effective, thereby making 

the technology accessible to poorer developing countries and 

applicable to health programmes at an affordable price. 

 

The future of 3D printing 

Dr Frank Rybicki, a leading American expert in the applications of 3D 

printing in medicine, has been recruited as chief of medical imaging 

at The Ottawa Hospital to direct the hospital’s implementation of 3D 

printing technology.  

Part of his role is to speak out publicly to share the realities and 

potentials of such technology with members of the public and 

healthcare workers. As he is from the United States, where 3D 
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printing has been expanding most, he is certain that the widespread 

acceptance of this “ultimate form of personalised medicine” is 

currently underway, and it is merely a matter of time before it 

becomes the standard in radiology departments across the country.38 

As 3D printing becomes more widely available, opportunities for 

innovation will continue to arise. In the field of orthopaedics, 

3D-printed casts are being developed. The aim is to create an 

injury-localised exoskeleton, with denser material focused on the 

fractured area for more support and a well-ventilated, lightweight 

structure designed for patient comfort.39 In addition, further 

innovations are being considered as scientists are developing 

four-dimensional (4D) printing methods derived from 3D-printed 

models, with the added ability to change shape once printed.40 

Interestingly, such technology would have applications in wound 

treatment, as the 4D-printed structures can be seeded in with living 

cells. The future of this technology depends on further research, 

awareness of the boundless potential, and leadership dedicated to 

implementing programmes within a clinical setting. 

 

Conclusion 

Technology drives innovation in healthcare, from CT scans to 

anaesthetics to antibiotics, and these advancements have made 

significant improvements to the practice of medicine. 3D printing 

is a technological innovation that is transforming healthcare by 

assisting medical students, residents, physicians, and surgeons in a 

variety of ways. Medical training programmes could avail of 3D 

modelling to improve anatomy teaching and allow students to 

have a more hands-on approach.  

Physicians can utilise these models to explain disease 

pathophysiology to patients, and this enhanced understanding 

may empower patients to ask specific questions about their health. 

Additionally, surgeons can use 3D-printed patient-specific organ 

replicas to simulate procedures as part of postgraduate surgical 

training and preoperative complex surgical planning.  

We have also seen that this technology is not confined to 

developed countries.  

The applications of 3D printing in the field of medicine are nearly 

limitless, and it is indeed a promising field that mandates further 

exploration. 3D printing is paving the way for a universally 

enhanced approach to healthcare due to improved patient 

satisfaction and comprehension, enhanced surgical planning, and 

greater savings to the healthcare system.
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Abstract  
As medical technology advances and new medical treatments become more sophisticated, 

research has begun to focus on individual patient characteristics rather than the overall disease 

process. Precision medicine has emerged in all medical specialties and aims to tailor medical 

treatments to patient-specific genetic and environmental characteristics. Psychiatry is an area of 

medicine that has been slow to adopt the precision medicine approach. Mental illness and 

psychiatric disorders are a leading cause of disability worldwide and treatment options for 

patients are limited by a lack of understanding of disease mechanisms. The emerging field of 

precision psychiatry aims to delineate the underlying neuropsychobiology of common 

psychiatric disorders and develop patient-centred treatments, which target the underlying 

cause rather than just treating the presenting symptoms. This review aims to give an overview 

of the current research and advances in precision psychiatry. 
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Introduction 

Modern medical advances are moving away from a ‘one size fits all’ 

model and embracing the importance of approaching each patient as 

a unique case. These advances combine genetics, environmental 

exposures, and lifestyle choices to develop robust treatment 

paradigms tailored to the individual.1 Precision medicine identifies 

and harnesses the uniqueness of each patient and their illness to 

deliver targeted diagnostic, prognostic, and therapeutic approaches.2 

Precision medicine has gained extensive ground in areas such as 

oncology, where the identification of tumour biomarkers has led to 

targeted therapy.3,4 In the past, cell lines were analysed to test novel 

molecular therapies and targets; however, newer patient-centred 

models use patient-derived cells and tumour models to ensure more 

precise treatment targets and reliable outcomes.5 In neurology, 

precision medicine is being used to target heterogeneous diseases 

such as Alzheimer’s disease and dementia, to both understand the 

multimodal processes at play, and develop new, targeted 

therapeutics.6,7 The combination of targeted biomarkers and systems 

biology, in addition to rapid advances in imaging and scientific 

technology, has ensured the expansion of precision medicine into all 

medical fields. Scientists and clinicians are now identifying a need for 

precision therapy for mental illness and psychiatric disorders. 

 

Precision medicine in the field of psychiatry 

Figures from the World Health Organisation (WHO) in 2019 estimate 

that 44.3 million people in Europe are suffering from major 

depression and 37.3 million people are suffering from major anxiety.8 

In addition to being a leading cause of disability, the WHO identified 

mental illness as the most significant public health challenge in the 

European Union.8 

Innovations in both screening and diagnostics have resulted in key 

medical advances within the last two decades.9,10 Many areas of 

medicine now focus on personalised treatment models tailored to  

the individual patient. Advances in precision medicine observed  

in other medical fields serve to emphasise the need for psychiatry  

to adopt similar approaches and therapies for individualised  

patient management. 

Contemporary scientific techniques such as genomics, 

transcriptomics, proteomics, and metabolomics are leading scientists 

and clinicians to investigate the neurobiology of psychiatric diseases, 

with the aim of identifying novel biomarkers and gene targets for 

multiple psychiatric disorders.11 Proponents of this emerging field 

describe the potential for a paradigm shift within psychiatry and a 

narrowing of the gap between illness pathophysiology and symptom 

variability among patients.12 In the current climate, where 

pharmaceutical companies are decreasing drug development for 

psychiatry, but the incidence of mental illness is increasing in the 

population, a new therapeutic approach is needed.13 

Schizophrenia is a prime example of an illness that has benefited 

greatly from the precision medicine approach. Numerous studies 

have identified the heritability of schizophrenia; risk of developing this 

mental illness has repeatedly been shown to be higher in first- and 

second-degree relatives, with an underlying genetic cause in familial 

cases.14,15 Genome-wide association study (GWAS) results have 

identified a major histocompatibility complex (MHC) on chromosome 

6 as a locus of importance for schizophrenia.16 This locus has been 

linked to immunoregulatory genes and supports the multifactorial 

mechanism of schizophrenia development.17 Despite this clear 

correlation, the disorder’s heterogeneity has prevented the discovery 

of a causative gene and, to date, research has not yielded any 

substantial therapeutic targets. With precision medicine advances 

leading to genetically guided immunotherapy treatments in other 

fields of medicine, it is hoped that focused precision medicine in 

psychiatry will alter the therapeutic landscape.18 

 

Precision medicine has gained extensive 
ground in areas such as oncology, where 
the identification of tumour biomarkers 

has led to targeted therapy. 
 

 

Impact of precision psychiatry on diagnostics 

When examining progress in medical diagnostics and therapeutics in 

the last 20 years, it is apparent that psychiatry has taken a back seat. 

Currently, diagnosing a mental illness or psychiatric disorder relies on 

identifying clusters of signs and symptoms that fit the Diagnostic and 

Statistical Manual of Mental Disorders (DSM) and the International 

Classification of Diseases (ICD) criteria.19 However, these diagnostic 

classification tools do not utilise evidence from emerging 

neurobiological or behavioural systems research and, therefore, are 

not evolving with the current theories in psychiatry.20 

Currently, patients and their doctors must work together in a 

therapeutic alliance using a trial and error system to identify therapies 

that may or may not alleviate psychiatric symptoms. For many 

patients, this process can be a long and drawn out search for 

symptomatic relief, and even trials of multiple or combination 

treatments may not provide adequate resolution. Examples of this can 

be seen in patients treated for depression who, despite multiple 

antidepressants, do not make a full return to psychosocial functioning 

and remain at high risk for relapse.21 A new Korean longitudinal study, 
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the MAKE Biomarker Discovery for Enhancing anTidepressant 

Treatment Effect and Response (MAKE BETTER) study, aims to create 

a treatment–response prediction index by combining genetic, 

demographic, clinical, and blood-marker data.22 The study aims to 

use integrated biological markers from the patient to predict 

antidepressant treatment response on a patient-specific basis.22 As 

with schizophrenia and other psychiatric illnesses, disease 

heterogeneity means that identifying specific risk factors and 

biomarkers remains difficult and requires precision medicine 

techniques to elucidate important targets.23 

 

Genetic targets and novel biomarkers 

Heterogeneity refers to the differences and diversity that occur in 

humans and in cellular systems.24 Heterogeneity within patients and 

illness mechanisms accounts for the differences in treatment 

response, which is well documented in the literature.25,26 The 

Psychiatric Genomics Consortium, which began in 2009, is an 

international GWAS that aims to identify the genomic basis for 

common psychiatric disorders.27  

Eight hundred investigators across 36 countries have analysed data 

from more than 400,000 patients.28 This worldwide large-scale 

genetic analysis of psychiatric disorders aims to overcome the 

heterogeneity that has hampered smaller study samples and 

prevented investigators from drawing conclusions from data samples. 

Further research will be needed to link these highlighted genomic 

regions to underlying biological disease processes, and it is this 

multi-system approach for which precision medicine is renowned and 

celebrated. A recent GWAS analysis of genetic loci across 16,992 

patients with anorexia nervosa (AN) identified a metabolic 

mechanism for the disease. Authors pointed to a fundamental 

metabolic dysregulation in patients who develop AN that can affect 

their treatment and recovery, and there is a call for further research 

focused on AN as a metabo-psychiatric disorder.29 Prioritising genes 

for further follow-up will require more input from scientists, clinicians, 

and systems biologists to model the genetic architecture.30 

 

A new Korean longitudinal study, the 
MAKE Biomarker Discovery for  

Enhancing anTidepressant Treatment 
Effect and Response (MAKE BETTER) 
study, aims to create a treatment– 

response prediction index by combining 
genetic, demographic, clinical, and 

blood-marker data. 
 

Metabolomics is an area of research that analyses the global 

metabolite profile of a given system, be that cell or organism, under 

defined conditions.31 Metabolomics employs precise quantitative 

methods such as nuclear magnetic resonance and mass spectrometry 

to examine the ‘metabolic fingerprints’ of a disease.32  

Examination of a system at the molecular level can provide key 

evidence for the role of particular molecules in a disease process or 

signalling pathway and, thus, provide insight into treatment design. 

Patients with schizophrenia were found to have differential expression 

of gamma aminobutryic acid (GABA), 3-methyl-2-oxobutanoic acid 

(MAO), and p-aminobenzoic acid (PABA) when compared to 

non-schizophrenic control patients.33 A systematic review of the 

current literature has also identified dysregulation of inflammatory 

markers such as essential polyunsaturated fatty acids (EPUFAs), lipid 
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peroxidation metabolites, and glutamate in patients with 

schizophrenia.34 In one study, analysis of lipids identified significant 

differences in serum lipid profiles between patients with bipolar 

disorder and those with schizophrenia.35 Metabolomic analysis of this 

nature could provide precise biomarker profiles – biosignatures – for 

specific psychiatric disorders, which could, in turn, be used to screen 

patients to provide more accurate diagnoses. A corresponding area of 

interest at the molecular level is the role of food and the 

gastrointestinal microbiome in depression.  

The microbiota and the gut–brain axis have been assessed in animal 

models with evidence that dysregulation of the microbiome can lead 

to anxiety and stress behaviours in animals.36 When rats born without 

their own microbiome were given faecal microbiota transplants from 

patients with depression, they began to exhibit anxiety behaviours 

and anhedonia.37  

The role of dysbiosis in the gastrointestinal tract is well represented in 

schizophrenia, which has demonstrated a high correlation with 

inflammatory bowel disorders.38,39 Patients with schizophrenia 

demonstrate pro-inflammatory gut microbiomes, which have been 

linked to breakdown of the gastrointestinal barrier.40 This evolving 

area of research has prompted investigation of the role of therapeutic 

probiotics as adjuvant therapies in patients with psychiatric and 

neurodevelopmental disorders.41 Further elucidation of the structure 

of our microbiome and its role in psychiatric disorders may contribute 

to direct and adjuvant therapies, and increased understanding of the 

link between psychiatric conditions and body system dysfunction. 

The emerging research into novel genetic targets and biomarker 

profiles of psychiatric disease provides insight into future therapeutics 

in the field of precision psychiatry. 

 

Genes for variable drug response 

The growing popularity of pharmacogenomics has aided the 

advancement of precision medicine in many fields. Through the 

identification of biomarkers from GWAS and other genomic studies, 

the therapeutic value of new drugs can be monitored and assessed. 

For example, in major depressive disorder, first-line treatment is a 

selective serotonin reuptake inhibitor (SSRI), yet only 50-60% of 

patients respond to these drugs and treatment effect can take weeks 

to become evident.42  

This is an example of how data analysis from GWAS, imaging, and 

clinical trials could help to overcome the ‘trial and error’ method of 

many psychiatric treatments.43 In patients with bipolar disorder who 

respond well to the first-line treatment lithium, researchers were able 

to identify specific genetic loci with strong association to lithium 

response.44,45 Similarly, GWAS analysis was able to identify a single 

nucleotide polymorphism (SNP) on chromosome 4p15 that is 

associated with a favourable response to antipsychotic treatment in 

patients with schizophrenia.46 The DRD2 gene locus was identified as 

a risk locus for schizophrenia, and SNPs in this locus are significant 

predictors of response to risperidone, an antipsychotic.47,48 Genetic 

analysis such as this helps clinicians to determine which patients may 

be suitable for treatment and reduces the need for trial and error in a 

vulnerable patient cohort. 

In recent years, the role of C-reactive protein (CRP), an inflammatory 

marker, has been investigated for major depressive disorder. Levels of 

CRP were shown to predict better treatment response to nortriptyline, 

a norepinephrine reuptake inhibitor, compared to escitalopram, an 

SSRI.49 Low CRP levels were shown to correlate with greater 

reductions in disease severity with SSRI treatment.50 This research 

identifies the important role for biomarker analysis in patient 

treatment, and points to further investigation of antibodies against 

pro-inflammatory cytokines as a novel antidepressant treatment for 

patients with an inflammatory profile.51  

Pharmacogenomics can be applied to nearly any psychiatric disorder 

and can be used to predict treatment response to commonly used 

psychiatric medications. In the future, this genetic information can be 

combined with other clinical data, such as neuroimaging and a 

patient’s specific physiology, to deliver tailored drug regimens for 

each patient. 

 

Further elucidation of the structure of  
our microbiome and its role in psychiatric 

disorders may contribute to direct  
and adjuvant therapies, and increased 

understanding of the link between 
psychiatric conditions and body  

system dysfunction. 
 

Computational psychiatry 

At the forefront of combining new data from neuroscience research 

with what is known about psychiatry is the field of ‘computational 

psychiatry’. This combines both theory and systems biology data to 

help classify disease and predict treatment outcomes for patients.52 

Computational psychiatry aims to improve mental illness 

classifications and treatment by combining neurobiology, 

neuroscience, and symptomatology using refined computational 

systems. It allows for more rigorous descriptions and mapping than 

the biopsychosocial model.53 Systems biology in psychiatry uses 

algorithms to stratify psychiatric illnesses and clinical populations into 
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clusters or subgroups, which can overcome the heterogeneity seen in 

clinical research. It can incorporate neuroimaging data, symptom 

data, and biological data into specialised in silico models.54 With 

further refinement, these ‘machine learning analyses’ may help to 

predict, diagnose, and provide specific treatments for patients on an 

individual basis.55 

 

As new research dissolves the long-held 
belief in psychiatric illness as simply a 

constellation of mood symptoms, 
precision medicine aims to give a 
pathophysiologic mechanism for 

individual disorders and provide targeted 
treatments based on a patient’s specific 

physiology, genetic factors,  
and environment. 

 

Advanced diagnostics and emerging therapies 

Clinicians and researchers are utilising modern wearable technology 

such as smartphones, smartwatches, and portable technology to 

analyse circadian rhythms, heart rate, mood, sleep, and appetite for 

more immediate and affordable patient analysis.56,57 One study used 

wrist-worn technology to predict depression by identifying 

parameters such as repetitive fine motor movements or reduced 

movements at specific times of day.58  

Clinicians with access to data collected by these devices could 

monitor patients’ progress in real time and provide assistance or 

changes in treatment prior to relapses or in cases of poor drug 

tolerance. The first meta-analysis of smartphone applications for 

treating depressive symptoms identified 18 randomised controlled 

trials (RCTs) incorporating 3,414 participants.59 The analysis showed a 

significant improvement in depressive symptoms in patients using 

smartphone apps compared to control patients, but could not 

identify significant improvements with cognitive training or 

mindfulness apps.59 These results suggest a need for further research 

on the specific aspects of these apps that improve depression. Online 

messaging and telephone services can also allow clinicians to offer 

treatment and support to patients in remote areas who might not 

otherwise have access to treatment.60 

While smartphone apps and online platforms hold promise for 

improving modern psychiatry, research has also shown that some 

mental health apps make unsubstantiated claims about their 

effectiveness. One study of 73 apps found that most used scientific 

language, were not validated, and provided low-quality evidence of 

effectiveness.61 Studies such as these highlight the need for combined 

research between psychiatry and app manufacturers to ensure that 

mental health apps and smartphone technology provide effective 

treatment and benefit to patients. 

 

Conclusion 

In an era of fast-paced medical and scientific advances, when CRISPR 

technology is promising precision genetic alterations and precision 

medicine is offering a personalised treatment plan for multiple illnesses, 

it is important for psychiatry to make similar strides in both diagnosis 

and treatment. Mental illness is a rapidly increasing worldwide 

problem. As new research dissolves the long-held belief in psychiatric 

illness as simply a constellation of mood symptoms, precision medicine 

aims to give a pathophysiologic mechanism for individual disorders and 

provide targeted treatments based on a patient’s specific physiology, 

genetic factors, and environment. While further advances are needed, 

current research demonstrates that new ground is being broken and 

provides hope for treatment strides in this underdeveloped area of 

medical treatment.
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Abstract  
There have recently been significant changes surrounding the legalisation of marijuana in numerous 

countries worldwide. Considering its legalisation, as well as its continued usage in the field of 

medicine, it is crucial to familiarise oneself with different aspects of the drug. These aspects include 

cannabinoid bioavailability, evidence-based research demonstrating its clinical effectiveness, the 

long-term impacts on the human body, and physicians’ opinions surrounding the general use of 

cannabinoids. The human body has an endocannabinoid system that plays a role in homeostatic 

functions. When synthetic cannabinoids are introduced into the body, they interact with the 

endocannabinoid receptors and disrupt homeostasis. These disruptions can present as euphoria, 

changes to sensorimotor function, or altered sleep patterns. There are two main components to 

cannabis: the psychoactive delta-9-tetrahydrocannabinol (THC); and, the non-psychoactive 

cannabidiol (CBD). Treatment methods revolve around maximising the impact of CBD while 

minimising that of THC. Currently, studies have shown effective use of cannabinoid-based products 

in the treatment of multiple sclerosis, epilepsy, glaucoma, pain modulation, and symptom 

management for oncology patients experiencing negative effects from chemotherapy. However, the 

current treatment of some conditions, such as anxiety-related disorders, remains controversial. As with 

any new medication, it is important to educate those who will be prescribing it. With evidence from 

several surveys, the current standpoint is that further education is required before this medication can 

be comfortably prescribed, as some of the long-term impacts of the drug can outweigh the 

short-term benefits. Some long-term impacts potentially include lung disease if the medication is 

taken via inhalation, changes to fertility, and schizophrenia-related disorders. Overall, the effective use 

of cannabinoids in modern-day medicine relies on further concrete research to support its regular use 

in clinical practice. 
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Introduction 

Marijuana is made from shredded and dried components of the 

Cannabis sativa or Cannabis indica plant, and was initially discovered 

in Central Asia where it was burned for religious ceremonial 

purposes.1-3 In 1836, cannabis was introduced to European countries; 

however, shortly after its introduction into the United Kingdom, the 

British colonies banned the usage of cannabis in 1840 due to its 

negative psychoactive effects on their workers.3-4 The United States 

banned the sale of cannabis in 1906 and Canada followed suit in 

1923.5 Arguably one of the most controversial drugs on the market, 

marijuana is now legal in more than 30 countries worldwide and has 

recently gained momentum in the realm of medical treatment.1 Over 

the last 20 years, the legality of medicinal and recreational marijuana 

use has been debated, culminating in its current decriminalised status 

in Canada and many parts of Australia and the United States.6 The 

legalisation of marijuana allows for safer methods of obtaining the 

drug and introduces a new industry that provides additional jobs and 

revenue for the economy.7  

There are, however, many important questions surrounding its 

legalisation such as the direct, long-term effects of cannabis use and 

whether physicians are comfortable prescribing a drug that still 

requires more scientific investigation. This is evident in Ireland and the 

United Kingdom where marijuana use is legal for limited medicinal 

purposes only.8 

The medicalisation of marijuana requires a full understanding of its 

impact on the body and the development of evidence-based 

recommendations for its effectiveness in treating disease. The 

pharmacological impact of cannabis on the endocannabinoid system, 

an outline of its studied risks and benefits, and a discussion of 

physicians’ opinions on the integration of marijuana into the world of 

medicine are all crucial aspects to understanding its role in 

modern-day medicine. 

 

Effects of marijuana on the body 

The body contains an endogenous cannabinoid system comprised of 

two G protein-coupled receptors: cannabinoid 1 (CB1); and, 

cannabinoid 2 (CB2). These receptors regulate various functions in 

inflammation, neural development, pain, immune function, and 

memory.9-14 When these receptors are activated via 

endocannabinoids, there is a subsequent release of acetylcholine, 

dopamine, and glutamine neurotransmitters, along with the 

inhibition of γ-aminobutyric acid, N-methyl-D-aspartate, opioid, and 

serotonin receptors.15 The CB1 receptors are concentrated in the 

central nervous system (basal ganglia, cerebellum, and spinal cord) 

while the CB2 receptors are located in the immune system.15-17 

Marijuana is made of more than 60 pharmacologically  

active cannabinoids that act on these CB receptors.18-19 The  
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primary active cannabinoids contained in marijuana include delta 

9-tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is the 

psychoactive component, contributing to feelings of euphoria, 

psychosis, impaired memory, reduced locomotor and cognitive 

function, increased appetite, and drowsiness.16 The 

non-psychoactive component, CBD, does not interact with the  

CB receptors, but rather with a multitude of ion channels  

and endogenous enzymes exerting anti-epileptic, anti-inflammatory, 

and anti-emetic effects.20 When marijuana is taken, it over-activates 

these receptors and subsequently changes the body’s normal 

homeostatic processes. 

 

In 1836, cannabis was introduced to 
European countries; however, shortly 
after its introduction into the United 

Kingdom, the British colonies banned the 
usage of cannabis in 1840 due to its 

negative psychoactive effects on  
their workers. 

 

Routes of administration and bioavailability 

Cannabis is usually inhaled or taken orally, and the method used 

dictates the bioavailability of the drug. Smoked or inhaled cannabis 

has an increased rate of bioavailability and allows for easier dose 

titration.21-22 Additionally, cannabinoids in the form of aerosolised 

particles are rapidly absorbed and delivered to the brain in a similar 

fashion to that of highly lipid-soluble drugs.23-24 A single marijuana 

cigarette, with a mass of 0.5-1 grams, can increase venous blood 

levels of THC to 75-150 nanograms per ml of plasma; however, these 

levels of THC decrease within minutes and can drop to 5-10% of their 

peak within one hour.21-23 The rapid drop in plasma THC levels is not 

due to clearance from the body, but rather a redistribution to other 

tissues. Once in the tissue, metabolism is relatively slow, resulting in a 

half-life ranging from 20 hours to 13 days.23 

Comparatively, oral ingestion of cannabis has a delayed onset of 

action, whereby maximum THC venous blood levels are reached one 

to six hours after ingestion.25 The liver metabolises cannabis through 

hydroxylation and oxidation, resulting in the creation of psychoactive 

metabolites. These metabolites result in a greater level of sedation 

compared to those from inhaled cannabis. In terms of elimination, 

most THC passes through the faeces and approximately 33% is 

eliminated in the urine. Furthermore, when cannabis is administered 

in either form it has the ability to partially inhibit drugs metabolised 

by cytochrome P450 and compete with drugs that are bound to 

plasma proteins.25-29 

 

A single marijuana cigarette, with a  
mass of 0.5-1 grams, can increase venous  
blood levels of THC to 75-150 nanograms 
per ml of plasma; however, these levels 

of THC decrease within minutes and  
can drop to 5-10% of their  

peak within one hour. 
 

Use and uptake in medicine 

Multiple sclerosis 

In the treatment of multiple sclerosis, marijuana is taken either orally 

as CBD oil or via inhalation as a combination of THC and CBD. It has 

been found to aid in sleep, deterioration of continence, spasticity, and 

mood derangements.30  

A randomised placebo-controlled trial, which enrolled 667 patients 

with stable multiple sclerosis, assessed the efficacy of treating these 

patients with oral cannabis extract, THC, or placebo.30 The primary 

outcome was measured using the Ashworth spasticity scale. This 

study demonstrated an improvement in spasticity (p=0.003) in 61%, 

60%, and 46% of participants on cannabis extract, THC, and placebo, 

respectively.30  

Another randomised controlled trial assessed the efficacy of oral 

cannabis extract versus placebo on walking ability and muscle 

stiffness.31 Treatment of muscle stiffness was twice as high in the 
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group treated with cannabis extract as compared to placebo (29.4% 

vs 15.7%; p=0.004). It is from these and similar studies that cannabis 

has been shown to be an effective form of symptom mitigation in 

patients with multiple sclerosis.32 

 

Treatment of muscle stiffness was twice 
as high in the group treated with 

cannabis extract as compared to placebo 
(29.4% vs. 15.7%; p=0.004). 

 

Epilepsy 

Evidence has demonstrated that use of marijuana is effective for seizure 

mitigation as a primary or adjunctive form of treatment in patients who 

have failed to respond to other first-line medications.33  

However, further research is required to demonstrate if this form of 

medication is superior to current standard anti-seizure medications. 

Marijuana is taken either topically as CBD oil or orally as a combination 

of CBD and THC for epileptic seizure mitigation. Currently, the Epilepsy 

Foundation is undertaking research on an oral oil-based CBD extract 

called Epidiolex.33 This product was Food and Drug Administration 

(FDA) approved in the United States in December 2018 and is currently 

undergoing phase three clinical trials.  Epidiolex has been involved in a 

multicentre, double-blind, placebo-controlled trial whereby patients 

diagnosed with Lennox-Gastaut syndrome, a severe childhood-onset 

epilepsy syndrome, between the ages of two and 55 years, were 

assigned to a cannabinoid (Epidiolex) group or a placebo group.  

A total of 225 patients were enrolled and administered a daily dose of 

the medication for 14 weeks. The cannabinoid group was further divided 

into a 10mg or a 20mg daily dose. Symptomatically, the medication 

resulted in a 41.9% decrease in seizures for the 20mg cannabinoid 

group, a 37.2% decrease in the 10mg cannabinoid group, and a 17.2% 

decrease in the placebo group. Common adverse effects in the 

cannabinoid group included somnolence, decreased appetite, and 

diarrhoea. Overall, the addition of cannabis to the medication regime for 

these patients was shown to reduce seizure frequency.33 

 

Overall, the addition of cannabis to  
the medication regime for these  
patients was shown to reduce  

seizure frequency. 

 

Glaucoma 

For the treatment of glaucoma, topical CBD is preferred over inhaled 

combinations of CBD and THC.34 Topical CBD reduces intraocular 

pressure by increased activation of the CB1 receptors and  

reduced breakdown of naturally occurring endocannabinoids, thus  

prolonging duration of action due to inhibited monoacylglycerol 

lipase (MAGL).35-36  

While research supports the use of topical CBD oil, inhalation of 

marijuana for glaucoma treatment is not supported by 

ophthalmology societies worldwide due to the short duration of 

action and psychotropic effects with smoking (risks of use outweigh 

short-term benefits of treatment).34 

 

Pain modulation 

Nabilone, an oral CBD that has been FDA approved for the treatment 

of nausea and vomiting, has also been effectively used for pain 

manangment.37 A systematic review identified nine randomised 

controlled trials whereby cancer-related pain, chronic non-malignant 

pain, and acute postoperative pain were treated using 

cannabinoid-based substances or codeine.37  

This review found that a combination of oral THC (20mg), oral 

synthetic nitrogen analogue of THC (1mg), and intramuscular 

levonantradol (1.5-3mg) was almost as effective as codeine 

(50-120mg).37 Despite effectiveness, the psychotropic adverse effects 

from THC emphasise the potential negative side effects impacting the 

central nervous system.38 Controversy arises in attempts to determine 

if the psychotropic effects outweigh the benefits of pain modulation 

when taking THC, specifically when the ratio of THC:CBD favours 

THC. Additionally, a risk–benefit ratio must be established on a 

case-by-case basis to determine the beneficence of cannabis for  

pain management.39 
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Groups were compared using statistical 
parametric brain mapping, as well as a 

subjective change in anxiety-related 
symptoms. Results from this study  
found that CBD use was associated  

with a significant decrease in  
subjective anxiety (p<0.0001). 

 

Anti-anxiety 

There have been numerous studies to determine the impact of CBD 

on anxiety-related disorders. As of now, there is low-quality evidence 

supporting the use of CBD due to the contradictive evidence  

linking cannabis use with anxiety-related symptoms and cannabis 

abuse disorder.40 

In 2011, a multi-session study assessed the impact of cannabis on 

patients with generalised social anxiety disorder in an attempt to 

ascertain the direct relationship between anxiety and cannabis.41 In 

the first session of this study, 10 treatment-naive patients were either 

given an oral dose of CBD at 400mg, or a placebo. In the second 

session, both groups of patients were given the medication they had 

not received in the first session. Groups were compared using 

statistical parametric brain mapping, as well as a subjective change  

in anxiety-related symptoms. Results from this study found that CBD 

use was associated with a significant decrease in subjective  

anxiety (p<0.0001).41  

Despite these results, a more recent systematic review of the literature 

in March 2013 outlined 31 studies with cross-sectional and 

prospective cohort designs, whereby anxiety was positively associated 

with cannabis use or cannabis use disorder.42 

Anxiety as a result of cannabis use can manifest as symptoms of a 

cannabis abuse disorder or withdrawal, typically present one to three 

days after cessation, and can last for up to 28 days.43 

A survey-based study conducted in Canada analysed the impact of 

cannabis for medicinal purposes in the treatment of anxiety and 

depression.40 Of the 2,032 consumers that were verified with a 

Canadian licensed producer, 92% reported that cannabis improved 

their anxiety symptoms despite standardised anxiety and depression 

scales indicating no change to disease during the study course.40 

Nevertheless, the possibility of cannabis use disorder as well as 

confounding non-psychiatric factors contributing to improvements in 

anxiety cannot be ruled out. 

Overall, due to the contradictive nature of the current evidence to 

support CBD usage in anxiety patients, further research is required to 

determine if cannabis use results in symptom reduction, or if it further 

contributes to anxiety associated with cannabis use disorder.40 

 

Despite these results, a more recent 
systematic review of the literature  
in March 2013 outlined 31 studies  

with cross-sectional and prospective 
cohort designs, whereby anxiety  
was positively associated with  

cannabis use or cannabis  
use disorder. 

 

When marijuana meets cancer 

The use of cannabis has been suggested as a treatment for the side 

effects of chemotherapy, namely anxiety, lack of appetite, depression, 

disturbed sleep, fatigue, nausea, pain, and vomiting.44 Therefore, 

marijuana acts to aid in the overall well-being of the patient as 

opposed to treating the cancer itself. 

In Israel, a study was conducted from 2015 to 2017 analysing 2,970 

cancer patients treated for six months with 16 different strains of 

cannabis with varying THC:CBD concentrations that were 

administered either topically or orally via oil extracts.45  

 
Of the remaining 1,211 patients, 95.9% 

reported an improvement in their 
symptoms regardless of the particular 
cannabis strain and concentration, as 

most patients (72.1%) consumed a 
combination of the two strains  

(sativa and indica). 
 

The main symptoms treated were sleep disturbances (78.4%), pain 

(77.7%), weakness (72.7%), nausea (64.6%), and lack of appetite 

(48.9%). Throughout the course of this study, over 900 patients died 

and 600 terminated treatment. Of the remaining 1,211 patients, 

95.9% reported an improvement in their symptoms regardless of the 

particular cannabis strain and concentration, as most patients 

(72.1%) consumed a combination of the two strains (sativa and 

indica). Therefore, the study concluded that cannabis is an effective 

and safe method of symptomatic treatment for patients alongside 

other active cancer treatments or while in palliative care. However 

further research is required to determine effective dosages to 

maximise symptom relief.45 
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Currently, two cannabinoids (dronabinol and nabilone) have been 

FDA approved for the treatment of chemotherapy-induced nausea 

and vomiting. They act to reduce the release of serotonin from 

enterochromaffin cells in the small intestine, which initiate the 

vomiting reflex.37,46,47 

 

The long-term impacts of marijuana 
inhalation are associated with damage to 
bronchial passages resulting in ongoing 
productive cough and wheeze. This can 

lead to both acute and chronic conditions 
such as pneumothorax, chronic 

obstructive pulmonary disease, and lung 
cancer. 

 

Long-term impacts of marijuana 

The long-term impacts of marijuana inhalation are associated with 

damage to bronchial passages resulting in ongoing productive cough 

and wheeze. This can lead to both acute and chronic conditions such 

as pneumothorax, chronic obstructive pulmonary disease, and lung 

cancer.1 Paradoxically, long-term marijuana use may also lead to cyclic 

vomiting syndrome, despite the drug’s well known anti-emetic 

properties. This syndrome is a chronic condition characterised by 

recurring attacks of nausea and vomiting with associated abdominal 

pain and migraines.48 

From a cardiovascular perspective, marijuana has the ability to 

increase the heart rate for up to three hours, which can be fatal to 

patients with ongoing arrhythmias, electrocardiogram abnormalities, 

or coronary artery disease.1,49 Additionally, marijuana use is suspected 

to impact fertility in both male and female populations through 

alterations in the stimulation of CB1 and CB2 receptors.50-51 It has 

been postulated that cannabis causes a reduction in the synthesis of 

both testosterone and luteinising hormone by disrupting the 

hypothalamic-pituitary-gonadal axis; however, more research is 

required to provide definitive proof of changes in fertility.50-51 

From a mental health perspective, long-term use of marijuana from a 

young age has been linked to schizophrenia and memory 

difficulties.52 This occurs when marijuana is inhaled due to the 

increased amount of psychoactive THC in comparison to 

non-psychoactive CBD that enters the body. With this in mind, the 

therapeutic effect of marijuana is dictated by the higher ratio of CBD 

to THC to minimise the psychoactive effects of THC and maximise the 

therapeutic impact of CBD.19 

 

Often, first-time users can have a 
negative reaction in the form of 

disorientation and gastrointestinal  
upset; however, this is more common  

in older patients. 
 

 

The role of the physician 

Pertaining to the ethical principle of non-maleficence, a physician 

should be well versed in the risks and benefits of any medication or 

substance prior to recommending, prescribing, or administering it to 

a patient. The medical use of cannabis-based products should be no 

different. A study conducted in Colorado, USA, assessed family 

physicians’ comfort levels in prescribing marijuana through 

questionnaires containing various situations in which medicinal 

marijuana may or may not be warranted.53 Results showed that 64% 

of family physicians were not convinced that the use of marijuana 

outweighed the long-term risks, and nearly all physicians in the study 

agreed that formal education with respect to the use of medicinal 

marijuana would be necessary if there were plans to move forward.53 

Current guidelines in Canada are based on the idea of prescribing 

smaller amounts at a lower potency, and state that the use of medical 

marijuana is exclusive to cases where patients have failed to respond 

to other forms of therapy.54 Often, first-time users can have a negative 

reaction in the form of disorientation and gastrointestinal upset; 

however, this is more common in older patients.19 
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In June 2019, we celebrated the 100th anniversary of the treaty that 

ended one of the most brutal conflicts ever to face humanity. The First 

World War, fought from 1914-1918 between the Central Powers and 

the Entente Cordiale, was arguably the conflict that marked the start 

of the modern era. In Ireland, over 100,000 men volunteered to serve 

in the British Army, Navy, and Royal Air Force, and over 60 million 

people served in armed forces worldwide.1,2 The war was fought from 

the banks of the river Seine to the far reaches of Tsingtao on the other 
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FIGURE 1: Christmas Day in hospital ward. Watercolour by Nurse Dakin (?), 1917-18. 
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side of the world. The ‘War to End All Wars’ saw many advances, from 

the Schlieffen-Moltke plan to the Hundred Days Offensive. However, 

born from the grit, mud, blood, and suffering of this struggle, 

advances were also made on another great front: medicine (Figure 

1). Outlined is a panorama of the lives of certain legendary figures 

who came to prominence during the Great War, who were integral 

to the practice of modern medicine in the fields of plastic surgery, 

anaesthesia, wound care, and psychiatric nursing. 

 

While plastic surgery is an ancient field 
stretching back centuries, the First World 
War spurred the need for reconstructive 
surgery. The advances made in plastics 
during the Great War were intimately 
related to maxillofacial surgery, which  

did not become a fully fledged  
specialty until after the  

Second World War.  
 

Plastic surgery 

While plastic surgery is an ancient field stretching back centuries, 

the First World War spurred the need for reconstructive surgery. 

The advances made in plastics during the Great War were 

intimately related to maxillofacial surgery, which did not become a 

fully fledged specialty until after the Second World War.3 Sir Harold 

Delf Gillies, an otolaryngologist from New Zealand, was especially 

prolific in advances around repairing jaw defects and using skin 

flaps for reconstruction of the eyes, ears, mouth, and eyelids 

(Figure 2).4 On the first day of the Battle of the Somme, which was 

the single bloodiest day in the entire war, over 2,000 patients 

arrived at his new unit in the Cambridge Military Hospital at 

Aldershot for reconstructive work.3 In the words of Andrew Bamji, 

the historian of Sidcup Hospital: “There is no doubt whatever that 

the casualties of the Western Front were the vital experimental 

subjects who enabled the modern specialty of plastic surgery to 

develop”.3 Gillies subsequently played a prominent role in the 

creation of the American Association of Plastic Surgeons.4 His 

successes spurred a flurry of activity in other Commonwealth 

countries, including Canada, New Zealand, and Australia. Henry 

Pickerell, a leading figure in plastic surgery advancement efforts in 

New Zealand, described several procedures, including bone grafts 

from the tibia and the treatment of gunshot wounds, in his work 

Facial Surgery.5 Contemporaneously across the globe, Vilray Blair 

from the United States helped to establish plastic and maxillofacial 

surgery in America.3,6 Their counterparts in the Central Powers, 

including August Lindemann, Christian Bruhn, and Johannes Esser, 

also attempted to relieve those suffering on the opposite side of 

the field, and their work was especially important in establishing 

the importance of revascularisation.6 

 

Anaesthesia 

One great in the history of anaesthesia that Ireland can claim as its 

own is Sir Ivan Magill, an Ulsterman from Larne and a colleague of 

Gillies.7 Having graduated from Queen’s University in Belfast with 

an MB BCh BAO in 1913, he joined the Royal Army Medical Corps 

at the onset of the war. While serving as a Captain in the Irish 

Guards, he joked about being an anaesthetist, even though he had 

little prior exposure to the field.8 However, this eventually placed 

him at Queen’s Hospital in Sidcup immediately after the War, 

FIGURE 2: Sir Harold Delf Gillies.
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where he met individuals such as Dr Gillies.8 Being primarily a 

maxillofacial practice, injuries to the facial regions presented 

unique challenges. In order to maintain a stable airway, Magill 

introduced a mainstay of modern medicine, the endotracheal (ET) 

tube, and his eponymous forceps with which the tube is placed.7 

While he described his successes in endotracheal insufflation, many 

difficulties still arose with the device, including anaesthetic 

compounds being expelled back to the anaesthetist with each 

breath.8-10 He went on to be hailed as one of the founding fathers 

of modern anaesthetics, continuing to make advances in 

intubation, thoracic surgery, and anaesthetic agents and 

techniques until the 1970s.9 Magill’s legacy also remains in the 

foundation of the Association of Anaesthetics of Great Britain and 

Ireland, where he was the honorary Secretary of the Section of 

Anaesthetics of the Royal Society of Medicine.10 

 

Nurses were as important as medical 
personnel to the war effort. Particularly 

of note are certain Australian nurses 
who would prove instrumental in 

advancing nursing in mental health, 
including Ellen Julia Gould and Dame 

Maud McCarthy. 
Wound care 

Wound treatment, a relatively more established field, was a 

necessary prerequisite for eventual transport to and treatment in 

hospitals like the one at Sidcup.  

Debridement and antiseptic use, followed by immediate primary 

closure, was the standard of wound care prior to the Great War.11 

FIGURE 3: Queen Elisabeth of Belgium and Dr Antoine Depage in the military 

hospi tal in Vinkem (Alfred Bastien, 1918).

FIGURE 4: Caricature of Georges Villa (1913) produced with reference to his stay in 

New York.
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Dr Antoine Depage, a renowned Belgian surgeon with experience 

treating the Turkish in the prior Balkan wars, was a key figure in 

improving effective wound management.  

During the War, he at first organised the Belgian Red Cross  

in Brussels; after the Germans took Brussels, he developed  

several advanced war-oriented surgical hospitals across the 

Northern Front (Figure 3).12  

Depage, participating in the Allied Front since 1915, described his 

successes in removal of dead tissue (debridement, in its literal 

sense, simply involves the opening of the wound), in delayed 

primary closure to prevent bacterial infection, and in treating these 

infections with hypochlorite of soda in the fallout of the war.11,13  

He also described his advances in the care of open fractures  

and amputations.12 Later in his life, Depage founded the first 

cancer institute in Belgium alongside a certain Jules Bordet of 

Bordetella fame.12 

 

In order to maintain a stable 
airway, Magill introduced 

a mainstay of modern medicine, 
the endotracheal (ET) tube, 

and his eponymous 
forceps with which 
the tube is placed. 

 

 

The solution of hypochlorite, essential for Depage, would not have 

existed without the English chemist Dr Richard Drysdale Dakin and 

his partner, the French physician Dr Alexis Carrel.  

In the trenches of France, soldiers were exposed to several species 

of bacteria, including B. tetani, B. perfringens, and staphylococci.14 

While innocuous on their own, they could become important 

pathogens in war wounds, with over 90% of wounds containing 

microorganisms that had a serious impact on treatment.15 It was 

on this background that Dr Dakin joined Dr Carrel, prior to 1915, 

at Hôpital Complémentaire 21 to develop his famous solution of 

hypochlorite.14,16,17  

Carrel, having established funding from the Rockefeller 

Foundation, utilised this antiseptic effectively in establishing the 

Carrel-Dakin method of wound care. Though labour intensive, this 

process, in which Dakin’s solution is used to irrigate rubber tubing 

dressings regularly, was nonetheless a breakthrough that would be 

the most important advance until the advent of sulfa antibiotics 

two decades later.16  

While the remainder of Dakin’s life was uneventful, his solution 

continued to be used even without Carrel’s method for decades 

after the war.16 Carrel, on the other hand, went on to make 

advances in transplant medicine (Figure 4).  

While he was awarded numerous decorations from several 

countries for his service during the War, including the Belgian 

Officier de l’Ordre de Leopold, the American Distinguished Service 

Medal, and the British Cross of the Knight Commander of St 

Michael and St George,14 his name was tarnished by ambivalent 

associations with the eugenic ideas embraced by the National 

Socialist movement of Germany and by his friendship with Charles 

Lindbergh, who himself had Nazi affiliations.18 

 

Carrel, having established funding from 
the Rockefeller Foundation, utilised  

this antiseptic effectively in  
establishing the Carrel-Dakin  

method of wound care. 
 

 

Psychiatric nursing 

Nurses were as important as medical personnel to the war effort. 

Particularly of note are certain Australian nurses who would prove 

instrumental in advancing nursing in mental health, including Ellen 

Julia Gould and Dame Maud McCarthy.  

During the Great War, a phenomenon of ‘shell shock’ was noticed 

in active military personnel after combat, with signs and symptoms 

including disordered gait, tremors, headaches, and vivid, 

terrifying dreams.19  

 

Dr Antoine Depage, a renowned Belgian 
surgeon with experience treating  

the Turkish in the prior Balkan wars,  
was a key figure in improving  
effective wound management.  

 

 

Dame Maud McCarthy, born in Sydney and trained as a military 

nurse before participating in the South African War in the late 

1800s, was made the Matron-in-Chief of France and Flanders on 

the bulk of the Western Front.  

Being one of the first to notice shell shock affecting soldiers, she 

founded a special psychiatric nursing service to alleviate their 

suffering.20 Another nurse leader, particularly trained as a ‘mental 

nurse’, was Ellen ‘Nellie’ Julia Gould, who worked with several 
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senior physicians to codify the diagnosis and initiate rudimentary 

treatment for shell shock.21 While this diagnosis would be refined 

over decades and would eventually be classified in the Diagnostic 

and Statistical Manual (DSM) as post-traumatic stress disorder 

(PTSD),19 both McCarthy and Gould were instrumental in the 

nascent practice of nursing in Australia and were thus highly 

decorated by the British Empire.20,22 

 

Understanding this history  
is of importance to any student of 

medicine. From the ancient Greeks to  
the Mayo Clinic, medicine continues  

to evolve around us, and the relics of  
the past continue to surround us,  
from medical journal articles to  

physical objects.  
 

 

Conclusion 

We do not stumble into modernity, blind and without precedent, 

but instead are moulded by those who came before us, through 

the light of the tunnel of history. Modern medicine is no exception 

– figures such as Gillies, Depage, Dakin, Carrel, Magill, McCarthy, 

and Gould are integral to our understanding of saving and 

improving lives. Institutions, instruments, and techniques that we 

find omnipresent in healthcare settings had a historic beginning. 

Understanding this history is of importance to any student of 

medicine. From the ancient Greeks to the Mayo Clinic, medicine 

continues to evolve around us, and the relics of the past continue 

to surround us, from medical journal articles to physical objects.  

Indeed, in the basement at the Royal College of Surgeons in 

Ireland (RCSI), an exhibition of antique equipment is displayed, 

and students attending Cappagh National Orthopaedic Hospital 

will find displayed an authentic Esmarch tourniquet. When one 

explores deeper, one learns that these people and instruments 

arose from a time of immense suffering and atrocity; an 

examination of these lives reveals the substance of legends.
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Introduction 

As medical students enter their clinical years of education and begin 

to apply their knowledge and interact with patients, there is a greater 

pressure to prove their competence. During these years, those lower 

down in the medical hierarchy may experience what has come to be 

known as ‘pimping’, a process in which medical students, interns, and 

residents are inundated with difficult questions from senior 

physicians.1 This cross-examination has a tendency to result in the 

belittlement and humiliation of the learner if they respond incorrectly 

to questions.1 Seen as a rite of passage in the culture of medicine 

worldwide, those that experience this demeaning behaviour often 

end up becoming perpetrators later on, and act to preserve the cycle 

of condescension.1 Seemingly contradictive to the goals of medicine 

Breaking the cycle of 
condescension: the 
medical hierarchy 
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to train compassionate, tolerant, respectful, and professional 

physicians, this behaviour nonetheless persists, and has been 

increasingly associated with detrimental effects on trainees’ 

well-being and patient care alike.2-4 Increasing numbers of physicians 

and students are leaving medicine or regretting the decision  

to pursue this career path due to this negative and stressful  

learning environment.1,4-7 

 

The key factor contributing to medical 
students not speaking up is fear: fear that 

if they report their superiors, it could 
poorly impact their grades, influence 

whether or not they receive references to 
further their careers, disrupt their positive 

image, or encourage further 
mistreatment.  

 

The prevalence of belittlement 

Students have the highest risk of experiencing various forms of 

harassment, including racism and verbal, physical, and sexual abuse, 

during the clinical years of medical school.8 Among these, verbal 

abuse and the abuse of power are the most widespread.8 In particular, 

humiliation is found to have the greatest impact on students, and is 

only possible where there is a difference in power.4 Wilkinson et al. 

found the experience of humiliation and degradation to be highly 

prevalent among 49% of medical students across New Zealand.4 

Similarly, 45% of Canadian family medicine residents,5 52% of 

Pakistani students,7 50% of Saudi Arabian students,9 and 84% of US 

students10 all endured some form of humiliation during their medical 

training, including belittlement, intimidation, unjustified criticism, 

exclusion, and demoralisation. Humiliation is also a common 

occurrence for medical students in Ireland, South Australia, and other 

parts of the world.5 

Although there is a consensus that humiliation as a method of 

teaching is ineffective for those experiencing it, one of the main 

reasons it persists is because students generally remain silent and do 

not report incidents.5 Since humiliation occurs rather often, it may not 

be considered worth reporting despite its negative consequences.4 

One study compared the difference in reporting of mistreatment 

between nursing and medical students. Nursing students were more 

likely to confront or report their clinical supervisors, while medical 

students were prone to avoiding their supervisors.11 Despite the 

majority of medical students experiencing some type of humiliation 

during their education, these incidents are not commonly reported.12 

The key factor contributing to medical students not speaking up is 

fear: fear that if they report their superiors, it could poorly impact 

their grades, influence whether or not they receive references to 

further their careers, disrupt their positive image, or encourage 

further mistreatment.3-5,12 Additionally, there is a general lack  

of confidence in the medical system to act even if incidents  

are reported.4 

In some countries, such as Pakistan, students believe that they do not 

have access to adequate support when mistreatment occurs.7 

However, in Australia, even with access to support, 54.8% of junior 

medical officers do not make use of it.6 Instead, students commonly 

avoid the perpetrator or that area of medicine altogether; they may 

isolate themselves, or even quit medical school.4 While some students 

are unaware of how to report these situations to perpetrators or 

senior administrators, some also rationalise humiliation as an 

educational tool.5 

 

Alternatively, many believe that it 
motivates students to study harder, 

allows them to recognise their 
weaknesses, and prepares them  

for the demands of a  
medical career.  

 

Accepting the status quo 

The four main factors that contribute to the continued mistreatment 

of students are: the medical institution; the nature of the work; the 

perpetrator; and, the victim.8 Doctors with greater hierarchical power 

who perpetuate ‘pimping’ or belittlement do not acknowledge that it 

is a problem. Alternatively, many believe that it motivates students to 

study harder, allows them to recognise their weaknesses, and 

prepares them for the demands of a medical career.3 Ultimately, many 

of these doctors believe that since they themselves became successful 

after experiencing these same approaches, this method of teaching 

must be ideal for students or is a form of ‘good intimidation’.13 Some 

doctors are hesitant to label the rite of passage as harassment since 

they believe the behaviour is intended to push students to improve.13 

One surgical resident went as far as to say “some people need to  

be scared into doing things” as a means to justify belittling  

teaching techniques.13 

The concept behind this type of learning is negative reinforcement, 

where students will study and prepare more to remove the negative 

consequence of being humiliated for not knowing the answers to 

questions. Regardless of the perpetrators’ intentions, only 25% of 
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New Zealander students found this technique motivational,4 and only 

2% of doctors who experienced harassment agreed that it made 

them more eager to learn medicine.5 Despite the impact on their 

well-being, many of those who experience harassment end up 

becoming perpetrators as they move up the medical hierarchy.1 

According to social learning theory, successful behaviours depend on 

differential reinforcement.14 In this case, since the majority of students 

do not report incidents of harassment, the perpetrator’s behaviour 

endures without consequence. The infrequency of reporting has likely 

contributed to ‘pimping’ becoming widespread and largely 

normalised. In clinical years, medical students look to physicians as 

role models of how they should act when they gain their own 

professional identities as doctors.15 Even for students who do not 

necessarily agree with these teaching methods, if they are sufficiently 

rewarded for acting similarly to their superiors, they will likely become 

perpetrators of this demeaning teaching method in the future.14 This 

is also known as anticipatory socialisation, where peers will exhibit 

traits to match the ‘in-group’, even if the behaviour is seen as 

undesirable outside of that group.15 The students that do not become 

perpetrators may become uninterested in or even avoid specialties 

that highlight this behaviour.15 

 

Even for students who do not necessarily 
agree with these teaching methods,  

if they are sufficiently rewarded  
for acting similarly to their superiors, 
they will likely become perpetrators  
of this demeaning teaching method  

in the future. 
 

Changing the system 

Even though the practice of medicine evolves with new research 

and technological developments, the educational framework 

utilised by medical institutions is more resistant to change.16 While 

medical school curriculums are always adapting to incorporate the 

latest best practice guidelines and new evidence-based medicine, 

these reforms often do not consider the preferred teaching 

methods of different educators.16 Instead, there is a greater 

emphasis on the corporate structures required to maintain schools, 

such as tuition and competitive programmes, rather than on 

promoting humanistic and compassionate educational 

behaviours.16 Medicine can become dehumanised when the 

scholarly aspect of medical education takes prominence.16 For 

instance, anatomy laboratories at medical schools are seen as a 

valuable resource that allows prospective students to determine 

which school they should attend.16 However, many students 

become desensitised to cadavers due to the overwhelming concern 

of avoiding embarrassment during their next anatomy questioning 

period.16 Methods of teaching or ‘pimping’, where students are 

compelled to focus on appearances and grades rather than fuelling 

a true passion for medicine, should be a concern, especially as this 

relates to the care of future patients. 

It is the high-risk nature of certain medical specialties that allows 

little liberty for error when it comes to caring for patients.13 In these 

high-stakes scenarios, there may be a sense of urgency or 

impatience evoked from those higher up in the medical hierarchy, 

and this attitude may be perceived by junior trainees as blunt or 

rude behaviour. While this behaviour might allow for a patient’s 

care to continue efficiently, conversely, the presence of a hostile 

environment with poor communication could lead to increased 

medical errors, and patient morbidity or mortality.17 This tense 

environment often discourages entry into specialties such as 

general surgery, urology, gynaecology, paediatrics, plastic surgery, 

and interventional radiology.1,10,13,17 This then perpetuates a cycle 

wherein those who do not believe there is a systemic problem will 

continue entering these specialties with little or no desire for 

change, thus allowing the intimidating behaviour to persist. 

 

Long-term implications 

Intimidating ‘teaching’ methods, such as ‘pimping’, have many 

negative long-term consequences for those lower down in the 

medical hierarchy, as well as indirect effects on patient care. This 

method of teaching negatively affects students’ and junior trainees’ 

mental health, with increased levels of depression, anxiety, burnout, 



and suicidal ideation, and many individuals cope by abusing alcohol 

and drugs.1-5,7-12,13,18,19 Additionally, students who have experienced 

this type of humiliation have lower self-esteem and confidence in  

their clinical abilities.1-3,5,8,11,13 Being humiliated can translate into 

medical errors, because students either do not want to disagree  

with their superiors when it comes to treatment plans, or  

develop decreased empathy and compassion due to burnout and 

desensitisation.1-3,5,8,11,18 One study examining physician behaviour in 

an emergency department found that 71% of medical errors were 

due to poor communication and collaboration.19 Ironically, the 

presence and persistence of this negative learning environment are 

accepted in a profession that advocates for considerate, empathic, 

and respectful behaviour towards others. 

Conclusion 

The harassment and humiliation of medical students is being 

increasingly recognised as an issue rather than accepted as a rite of 

passage. The justifications by perpetrators for mistreatment during 

training are severely outweighed by its negative consequences on 

students’ and patients’ well-being.  

Contrary to the beliefs of some perpetrators, medical students do not 

need to ‘toughen up’ and submit to a cycle of condescension in order 

to become competent doctors. Instead, deep systemic change is 

required to foster safe, positive learning environments that respect 

and support trainees. Ultimately, this will allow patients to receive a 

higher standard of care by supporting and promoting the 

fundamental tenets of medicine.
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Introduction 

Narrative medicine was first introduced in the 1980s by Dr Arthur 

Kleinman, a medical anthropology professor at Harvard University, 

who proposed that in the management of the chronically ill, there 

was value in understanding the patient’s story of their illness.1 The 

modern definition, established in 2014 by a committee of 

international experts in narrative medicine, states that narrative 

medicine is both a tool to comprehend and integrate the different 

perspectives of all participants in the illness experience, and a clinical 

intervention based on a communicative competence.2 In other words, 

narrative medicine aims to directly improve care by offering various 

narrative-based therapies to patients themselves, or to indirectly 

improve patient care by developing physicians’ soft skills. Narrative 

medicine humanises the clinical process and draws from the art of 

medicine, without minimising the importance of empirical, 

evidence-based science.3 

 

Narrative medicine in practice 

Two anecdotes may be helpful in highlighting ways in which a 

narrative medicine approach can enhance the patient-doctor 

interaction, offering greater insight into patients’ disease experience 

The story of  
narrative medicine 
 

BRIAN LI discusses how narrative medicine can improve both patient  

care and physician well-being. 



to better aid management planning. Dr Miriam Divinsky, a 

Canadian family physician, describes how exercising silence during 

a consultation allowed her to learn the true underlying cause of her 

patient’s extensive chainsmoking: not merely a physical addiction, 

but rather loneliness.4  

The patient described smoking as one of her best friends, and that 

while quitting might be an achievement, it would also feel like  

a loss.  

 

A systematic review conducted on the 
effects of reflection on health 

professional education and practice 
highlighted its utility in helping 

healthcare providers to understand  
and learn from situations, most  
often those that are complex. 

 

By simply listening, Dr Divinsky discovered the root cause of her 

patient’s habit, allowing her to offer supportive counselling aimed 

at the patient’s social circumstances rather than solely focusing on 

medically treating her addiction. 

Dr Rita Charon, a physician, professor, and literary scholar from 

Columbia University, wrote about a middle-aged patient with a 

long history of hospitalisations due to uncontrolled diabetes.5 After 

allowing the patient to freely vent about her illness, her unhelpful 

doctors, and her lost livelihood, the patient then disclosed what 

she really wanted: a new set of dentures (her diabetes had caused 

severe gum disease, which led to significant tooth loss).  

Three months later, after writing letters to Medicaid and calling in 

favours from dental clinics, Dr Charon met the patient again, who 

returned in high spirits.  

Typically, a physician would have simply focused on the patient’s 

uncontrolled glucose levels. In this situation, Dr Charon recognised 

that it was only through re-establishing the patient’s confidence 

and sense of self – in this case, restoring the patient’s smile – that 

a path towards healing was most likely. 

 

By simply listening, Dr Divinsky 
discovered the root cause of her 

patient’s habit, allowing her to offer 
supportive counselling aimed at the 
patient’s social circumstances rather  

than solely focusing on medically 
treating her addiction. 

 
Narrative medicine in physician training 

A narrative-based approach to medicine begins with developing 

the foundational clinical skills and attitudes taught to all medical 

trainees: from gaining a biopsychosocial understanding of the 

whole patient, to building rapport and allowing patients ample 

opportunity to describe their disease experience. Evidence has 

shown that the simple act of using open-ended questions at the 

start of a consultation can significantly increase patient 

satisfaction.6  

This satisfaction has been shown to be associated with 

improvements in physical functioning, adherence to management 

plans, and fewer malpractice litigations.7-9 Narrative medicine, of 

course, does not hold ownership of open-ended questioning or 

many other established techniques. Rather, it develops our 

appreciation for these processes, which can heighten our clinical 

intuition about what to do with the open-ended answers that  

we receive.5 

 

Honing clinical skills 

The key to developing a narrative-based approach to clinical 

medicine first lies in exercising effective communication skills, 
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INITIATING THE SESSION

GATHERING INFORMATION

PHYSICAL EXAMINATION

EXPLANATION AND PLANNING

CLOSING THE SESSION

Providing 
Structure 

 
Making 

organisation 
overt 

 
Attending 

to 
flow

Preparation 

Establishing initial rapport 

Identifying the reason(s) for the consultation

Exploration of the patient’s problem to discover: 

■ Biomedical perspective ■ The patient’s perspective 

■ Background information – context

Providing the correct amount and type of information 

Aiding accurate recall and understanding 

Achieving a shared understanding: incorporating the 

patient’s illness framework 

Planning: Shared decision making

Ensuring appropriate point of closure 

Forward planning

Building the 
relationship 

 
Using 

appropriate 
non-verbal 
behaviour 

 
Developing 

rapport 
 

Involving 
the 

patient

FIGURE 1: Calgary-Cambridge Communication Skills Guideline.19
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which is easier said than done, considering how complex the 

patient-doctor interaction can be. Physicians must be well 

acquainted with a litany of verbal and non-verbal abilities that can 

easily be forgotten or undervalued, but are essential to building 

rapport with patients. These abilites include, but are not limited to, 

active listening, appropriate eye contact, quality of information 

given, language, and empathy.10,11 It is unsurprising to hear reports 

of patients still complaining about doctors who seem uninterested 

and unable to address their concerns, while physicians counter 

with complaints of difficult patients and the pressures of managing 

their practice.12 

 

Almost all models share the common 
thread of active listening, which is one 

of the most important skills of 
narrative-based medicine. 

 
There is no shortage of evidence-based models and guidelines 

focusing on developing clinical communication skills.13-16 Many 

guides provide step-by-step instructions from the initial patient 

greeting to the conclusion of the interview (Figure 1), 

supplementing each section with clinical techniques and 

recommendations.10,13,17 One guide delineates seven guiding 

principles for a narrative-based approach to medicine (Table 1) 

and includes specific phrases to be used when interviewing 

patients (Table 2).14,18,19 Almost all models share the common 

thread of active listening, which is one of the most important skills 

of narrative-based medicine. 

 

Encouraging reflective practice 

There are many broad definitions of ‘reflection’ found in the 

literature, but most emphasise a purposeful appraisal of one’s and 

others’ knowledge and experience, in order to derive greater 

meaning and understanding.20,21 Reflective practice is often cited 

as an important part of developing professional competence that 

can improve empathy, emotional self-awareness, and 

understanding of past clinical interactions.21 This is not limited to 

students; many medical institutions now include reflective practice 

as part of the physician licensing and revalidation processes.22,23 

A systematic review conducted on the effects of reflection on 

health professional education and practice highlighted its utility in 

helping healthcare providers to understand and learn from 

situations, most often those that are complex.21 Due to the nature 

of reflection, it is difficult to ascertain true improvements in aspects 

such as self-understanding or professional practice, since most data 

do not go beyond self-reports. Research on the effects of reflective 

practice is relatively new; most studies have been qualitative and 

have contributed to developing theoretical models.21 Creative 

writing classes and reflective writing are two different methods 

that have been hypothesised to facilitate the development of 
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Table 2: Exploratory phrases and questions.18 
 

Exploratory                                                          Inviting change  
 

Tell me about it                                                   How else might you explain…? 

 

Tell me more                                                       Suppose... 

 

What is worrying you most?                              Are there any other possibilities? 

 

What does this mean for you?                           What needs to happen to change the situation? 

 

What do you think might be causing…?           If the situation changed, what would happen? 

 

How would you describe…?                               What will happen if nothing changes? 

Table 1: An outline of Launer’s 7 principles or the 7 Cs.14 
 

Launer’s 7 principles 

 

Conversations                   Allowing patients to express their story fully without judgement or interference, but facilitating the 

                                           conversation in a way that is most conducive to understanding 

 

Curiosity                          Having a genuine interest while being aware of one’s emotional reactions to patients’ stories 

 

Context                              Exploring the reason behind why the patient is presenting their problem at that moment in the context  

                                           of family, work, community, spirituality, beliefs, values, and personal expectations 

 

Complexity                       Having an awareness of the intricacies of patients’ lives and their health so as not to be fixated  

                                           on singular solutions to problems 

 

Challenge                         Being willing to challenge patients and oneself with new ideas and new management plans 

 

Caution                            Being aware of one’s limitations and being understanding of patients’ needs and their ability to cope  

                                           with change 

 

Care                                 Being non-judgmental and accepting of patients



reflective skills.24,25 Classes allow for the exchange of ideas in an 

environment where participants are encouraged to think broadly.24  

Reflective writing, which is notably different from creative writing, 

is more targeted to the writer’s specific experiences.25 Although 

there are no ‘ground rules’ for reflective writing, it typically 

involves examining the thoughts, feelings, reactions, and questions 

that arose from an encounter.17 Reflection, in the context of 

narrative medicine, goes beyond just recall, review, and analysis, 

and is more focused on the interpretation of lived events.26 

 

Consuming literature 

Reading and analysis of literature, both medical and non-medical, 

has also been proposed as a powerful way to learn narrative 

skills.17,27 Much like literary texts, patient stories can either be 

straightforward or complex. They encourage us to be open to new 

ideas and possibilities, while ultimately pursuing the goal of 

heightened understanding, particularly with regard to stories 

about relationships and human nature.17 The application of literary 

analysis in the field of medicine is not so dissimilar to history, law, 

and other humanities; there is simply less recognition for the 

interpretive and more emphasis on empirical science.28 Consuming 

literature can also be therapeutic for medical students  

and physicians, providing catharsis, personal insights, and a  

vehicle for reflection.29  
 

Narrative medicine as a therapeutic intervention 

Narrative medicine has been shown to have therapeutic effects on 

patients when applied as a clinical intervention.30 These 

interventions, which borrow techniques from psychotherapy, are 

centred around forms of artistic expression such as writing, 

speaking, or applied theatre.2 These techniques provide patients 

with different platforms through which to share the story of their 

illness; they can give healthcare providers more knowledge of 

patients’ symptomatology, but can also be therapeutic in and  

of themselves.2,21 

A systematic review was conducted on randomised controlled trials 

investigating the effects of expressive writing (EW) as an 

intervention on the health outcomes of patients with breast 

cancer.31 Researchers found that patients with breast cancer who 

engaged in EW experienced a significant improvement in physical 

symptoms, although these effects were only observed within a 

three month follow-up. Similar to this study, a meta-analysis of 

experimental studies on clinical populations demonstrated that EW 

was associated with significant relief of physical rather  

than psychological symptoms (p<0.05).32 One randomised 

controlled trial investigated the effects of storytelling on health 

promotion and found that the experimental group, patients with 

baseline uncontrolled hypertension, experienced significantly 

reduced systolic and diastolic blood pressures after three  

months (p=0.012).33  

These results are surprising since these techniques, which stem 

from the field of psychiatry and are intended for psychological 

symptom management, appeared to mitigate physical symptoms 

in non-psychiatric patients. 
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Other narrative-based approaches have 
demonstrated improvement in 

psychological symptoms such as 
depression, but also in more complex 

areas of psychosocial burden, such as a 
sense of life purpose, a sense of 

well-being, or a feeling of suffering.



RCSIsmj     perspective

Volume 13: Number 1. 2020 | Page 105

Other narrative-based approaches have demonstrated 

improvement in psychological symptoms such as depression, but 

also in more complex areas of psychosocial burden, such as sense 

of life purpose, sense of well-being, or feeling of suffering.  

Dignity therapy, an evidence-based and clinically effective 

psychotherapeutic technique, was studied in 100 end-of-life 

patients in Canada and Australia over a two-year period.34 This 

type of intervention offers patients an opportunity to openly reflect 

on issues that matter most to them and discuss aspects of their 

lives that they cherish the most.  

A test-retest analysis demonstrated that patients who engaged in 

dignity therapy experienced a significantly improved sense of 

purpose, an increased will to live, and reduced depressive 

symptoms (p<0.05).34 

Although there is now more discussion on narrative medicine, the 

number of studies investigating its clinical benefits is still relatively 

sparse. The majority of published literature on this topic consists 

largely of theoretical articles, editorials, and reviews.2 In order to 

bridge the gap between theory and evidence-based practice, there 

is a need to demonstrate the clinical benefits of narrative-based 

therapies in robust, experimental studies. Fioretti et al. conducted 

a systematic review on the scientific value of narrative medicine’s 

role in patients’ and/or their caregivers’ experiences with disease.2  

In all ten studies included in the review, with interventions ranging 

from writing, storytelling, and drawing therapy to applied theatre, 

a narrative-based approach was found to be beneficial to both 

delivering patient-centred care and directly improving aspects of 

patients’ health. Specifically, it was noted that narrative-based 

therapies helped patients to manage their pain, improve their 

sense of well-being, and improve communication with their family 

members. Despite the current shortage of robust scientific studies 

on narrative-based approaches, it is difficult to dismiss the 

potential benefits patients may experience. Researchers are 

encouraged to use interventions that are built upon existing 

narrative medicine frameworks and develop standardised protocols 

in future studies to achieve the highest quality of evidence. 

 

Sometimes, medicine does not have  
an answer, and all we as healthcare 

providers have left to offer our patients 
is a kind reminder that they have  

been listened to, that they are 
important, and that they are  

not alone. 
 

Conclusion 

There is certainly room for, if not a need for, narrative-based 

medicine in the field of healthcare. The ideals of narrative medicine 

can provide guidance for improving physicians’ clinical skills, 

attitudes, and well-being, and can also be implemented as an 

intervention for patients through artistic pursuits. It would be 

unreasonable to deny the absolute importance of data, logical 

reasoning, and biomedical knowledge. However, it is equally 
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unwise to reduce the field of healthcare to just symptom 

management and identification of disease processes. Sometimes, 

medicine does not have an answer, and all we as healthcare 

providers have left to offer our patients is a kind reminder that they 

have been listened to, that they are important, and that they are 

not alone. 
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Introduction 

The transgender community is heavily marginalised, with 

individuals facing stigmatisation and discrimination in social and 

healthcare settings. The violence and psychological harm 

experienced by transgender people severely impacts on their 

quality of life, and is a direct breach of fundamental human rights. 

Twenty-five million people, approximately 0.5% of the world’s 

population, identify as being transgender.1 The World Health 

Organisation (WHO) defines universal health coverage as 

“ensuring that all people have access to needed health services”, 

but globally, members of the LGBTQ+ community face significant 

barriers to care.2 To improve healthcare delivery to transgender 

individuals, it is crucial to understand the challenges they face 

when accessing healthcare, and the role that healthcare 

professionals have in breaking down these barriers. 

 The WHO’s universal health coverage 
goals for 2030 address improving  

health equity, which should ideally 
include access to gender  

affirmation therapies.
 

 

Gender identity  
and stigma 
 

 

EMILY HUTCHINGS looks at the impact of stigma on quality of life and 

healthcare in the transgender population. 
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Unique healthcare needs of the transgender 

population 

A transgender individual is defined as someone whose biological or 

assigned sex does not match their experienced gender.3 The WHO 

International Classification of Disease revision 11 renamed gender 

identity disorder and transsexualism to gender incongruence in 

2019.4 It now classifies gender incongruence as a sexual health 

disorder, representing a shift away from what was previously 

considered a psychological diagnosis.5  

The new diagnostic criteria aim to provide transgender individuals 

with greater access to gender-affirming treatments, including 

hormonal therapy, surgery, and psychological counselling services. 

The WHO’s universal health coverage goals for 2030 address 

improving health equity, which should ideally include access to 

gender affirmation therapies.6 

The transgender population has been identified to be at increased 

risk of substance abuse, mental health disorders, sexually 

transmitted infections (STI), and physical and psychological 

violence.7 Therefore, healthcare professionals should ensure that 

special considerations are made when delivering standard care 

practices to transgender patients. This may include increased 

attention to and frequency of mental health assessments, 

screening for STIs and violence, and assessing the patient’s 

available social supports and barriers to care. 

The World Professional Association for Transgender Health has 

created reference guidelines outlining the gold standards of care.8 

These guidelines, last updated in 2012, include information on 

available hormonal and surgical gender affirmation treatments, as 

well as psychological support and care for paediatric patients with 

gender incongruence.8  

Social, psychological, and behavioural counselling are extremely 

important in supporting these patients, and should be included as 

part of gender-affirming care.9  

Despite the existence of such guidelines, evidence suggests that 

physicians are not appropriately applying them to benefit their 

transgender patients.  

A survey conducted in Ireland found that 58 out of 64 general 

practitioners (GPs) who participated in the study did not follow 

any guidelines for LGBTQ+ care, with some GPs even stating that 

the practice guidelines were unnecessary.10 

Physicians need to ensure that they are providing optimal care to 

their transgender patients. This can be achieved, in part, by being 

aware of and following established guidelines. 

The healthcare needs of transgender individuals differ from those 

of the general population. Increased health risks to transgender 

patients are multifactorial, relating to behavioural patterns, social 

determinants of health, stigma, and poor healthcare access.7,11,12 

Increasing patient access to gender-affirming therapies, 

transgender counselling services and opportunistic screening, and 

care that follows transgender guidelines, may help to address 

health risks and support equitable health access and support for 

transgender patients. 

 
 
 
 

The most significant predictor of 
positive mental health in transgender 
youth is family connectedness; those 

with greater social support have more 
favourable mental health outcomes. 

Implementing programmes to promote 
safe and supportive communities for 

transgender people is imperative.
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Stigma and discrimination: their effects on mental 

health 

The stigma faced by transgender individuals can be debilitating 

and can significantly affect quality of life.7 Someone who is 

transgender is more likely to suffer from abuse, discrimination, and 

violence.7 Difficulty obtaining employment secondary to 

discrimination has been linked to transgender individuals being 

more likely to engage in commercial sex work.5 The Human Rights 

Campaign Foundation reported 26 violence-related deaths among 

transgender persons in the United States, and over 60 

violence-related transgender deaths in Pakistan in 2018.11 They 

also reported that 84% of transgender youth have felt unsafe in US 

schools, and over 30% of transgender employees reported being 

denied equal opportunity in the workplace due to their gender 

identity in the US.11 

 

A paediatric study conducted in the US 
found that over 30% of transgender 

adolescents reported having attempted 
suicide, a rate four times greater than 

the general youth population. 
 

 

In 2013, Transgender Equality Network Ireland (TENI) evaluated 

the mental health and well-being of 164 transgender people in 

Ireland.13 They reported that 74% of transgender people have had 

a negative healthcare experience, and 69% specifically had a 

negative healthcare experience in gender identity clinics. These 

negative encounters included inappropriate responses, inadequate 

training and knowledge, and unclear treatment paths provided by 

physicians. This affirms the need for increased awareness among 

health practitioners of the importance of non-discriminatory  

care and gender-affirming care pathways for transgender people  

in Ireland. 

A paediatric study conducted in the US found that over 30% of 

transgender adolescents reported having attempted suicide, a rate 

four times greater than the general youth population.14 By 

adulthood, 52% of American transgender individuals will have 

attempted suicide.15 The Irish Health Service Executive (HSE) 

identified isolation, family rejection, violence, and stigma as 

contributors to depression, anxiety, substance abuse, self-harm, 

and suicide in the transgender population.16 The most significant 

predictor of positive mental health in transgender youth is family 

connectedness; those with greater social support have more 

favourable mental health outcomes.17 Implementing programmes 

to promote safe and supportive communities for transgender 

people is imperative. 

 

Effect of stigma on access to healthcare 

Healthcare providers have unfortunately contributed to the 

stigmatisation, discrimination, and health inequality faced by 

transgender populations.2 The “heteronormative attitude of 
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healthcare providers” has been shown to impact the LGBTQ+ 

population’s access to safe and ethical care.2 Lack of education, 

confounded by a cultural, moral, and institutional ‘transphobia’ 

may explain some of the barriers to appropriate transgender 

care.12 For example, transgender patients are less likely to access 

healthcare screening such as cervical checks, breast screening, and 

other preventive and routine testing.12 In addition, these patients 

often postpone seeking medical care, compared to the general 

population.12 Transgender patients also frequently choose not to 

disclose their gender identity to their physician due to a fear of 

discrimination.12 Surveys conducted in the US found that 22% of 

transgender adults avoid seeking healthcare due to anticipated 

discrimination.18 

 

Lack of education among healthcare 
practitioners can result in a  

poorer quality of care, as well as  
increased discrimination against  

transgender patients. 
 

 

In 2015, the National Centre for Transgender Equity (NCTE) in the 

US conducted a survey of 28,000 transgender patients and 

identified that 9% of respondents had been directly refused care 

for routine or gender-related issues by a healthcare provider due to 

their identification as transgender.19 Some 33% of respondents had 

been verbally harassed, physically or sexually assaulted, refused 

care by their practitioner, or had to educate their own care 

provider on appropriate care.19 Discrimination in the form of 

harassment or refusal of care due to an individual’s sexual identity 

is both a violation of human rights, and a violation of justice under 

the Hippocratic Oath.20 

 

Role of healthcare professionals in improving quality of 

life for transgender patients 

Breaking down the barriers experienced by transgender patients 

plays a significant role in improving quality of life and access to 

healthcare. As patient advocates, physicians have a fundamental 

role to play in both identifying and eliminating these barriers.12 

Lack of education among healthcare practitioners can result in a 

poorer quality of care, as well as increased discrimination against 

transgender patients.13  

Ireland has acknowledged a crucial need to change the approach 

to transgender care throughout the country. In 2015, a systematic 

review was carried out by the HSE identifying the need to further 

explore the specific healthcare requirements of transgender 

patients.10 In 2019, the HSE partnered with TENI to implement an 

intensive training programme aimed at developing physicians’ 

skills in providing care for transgender individuals and their 

communities.21  

Currently, there is no formal training on transgender care for 

medical students in Ireland, and thus the European Medical 

Students’ Association is now advocating for gender education to 

be included in medical school curriculums. Education on 

transgender health, especially during medical training, can 

improve the knowledge, skills, and attitudes of physicians 

providing care to transgender patients.13,22 These interventions 

must address medical care needs, social determinants of health, 

and cultural awareness in relation to transgender care. Improved 

clinical education would help to ensure that transgender patients 

receive equitable access to culturally competent care with respect 

and dignity, in safe environments. 

 

Conclusion 

The marginalisation, stigmatisation, and discrimination faced by 

transgender people results in violence, psychological harm, 

inadequate access to health services, and overall poorer quality of 

life. This must change. To provide universal health coverage as 

outlined by the WHO, the quality of healthcare received by the 

transgender population needs to improve significantly. Educational 

programmes on the healthcare needs of transgender individuals 

aimed at healthcare providers, and improved psychological and 
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social supports for transgender patients, will improve access to 

care and lessen the degree of stigma faced by transgender people. 

Receiving culturally competent care, regardless of gender identity, 

should be considered a human right, and must go hand in hand 

with freedom from discrimination. De-stigmatisation, through 

education and advocacy, would not only be a meaningful step 

towards addressing the human rights and healthcare needs of 

transgender people, but is fundamentally a necessary step. 
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FIGURE 1: H&E visualisation of neuroblastoma cell line SH-SY5Y.
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Introduction 

Three-dimensional (3D) collagen-based scaffolds are bridging the gap 

between traditional 2D in vitro cell models and in vivo tumours. 3D 

models can be designed to mimic the physiological conditions that 

partially represent a solid tumour microenvironment.1  

A major challenge in the drug development pipeline for 

neuroblastoma, a paediatric cancer arising from the sympathetic 

nervous system, is to accurately represent tumour geometry and 

heterogeneity in in vitro experimental models.1 The aim of this study 

was to characterise neuroblastoma cell growth, migration, and 

colonisation in 3D in vitro models using collagen-based scaffolds that 

model tumour geometry. 

 

Methods 

Neuroblastoma cell line IMR 32 was plated onto three collagen-based 

scaffolds – hyaluronic acid (Coll-HyA), nanohydroxyapatite 

(Coll-nHA), or chondroitin (Coll-Chon) – each mimicking primary and 

bone microenvironments. Cells grown on scaffolds were formalin 

fixed and paraffin embedded. They were then cut into 10µm sections 

using a microtome, stained with haematoxylin and eosin (H&E), and 

examined using bright-field microscopy (Figure 1).  

Cell proliferation and growth were assessed using the PicoGreen assay 

for the IMR 32 cell line and compared to the results for  

the SH-SY5Y cell line obtained from a previous research project 

(Figure 2). 

 

Results 

Both neuroblastoma cell lines – SH-SY5Y and IMR-32 – actively 

infiltrated into the Coll-HyA and Coll-nHA scaffolds, but not the 

Coll-Chon scaffolds, as demonstrated by histological examination 

and DNA quantification (Figure 3).  

When quantifying double-stranded DNA (dsDNA) for the IMR 32 

cell line, the amount of dsDNA nearly tripled by day 28 when 

compared with day 1 for all three types of scaffolds. A similar trend 

was observed for the SH-SY5Y cell line. 

 

Discussion 

Collectively, the data demonstrate that collagen-based scaffolds 

can be successfully used to model neuroblastoma tumour growth, 

and that there is a direct correlation between total DNA content 

and neuroblastoma cell growth and proliferation.  

The results give important insights into how 3D models can be 

designed to replicate the physiological conditions that partially 

mimic neuroblastoma tumour microenvironment and determine 

its growth and migration patterns in different microenvironments.  

This suggests that 3D collagen scaffolds can be useful in the study 

and profiling of neuroblastoma, which may have future 

implications in clinical settings and drug development. Although 

neuroblastoma was the focus of this project, this 3D model can be 

applied to other malignancies. 

 

 

3D in vitro collagen-based scaffold platform to study 
neuroblastoma growth and migration  
Sanat Rashinkar 
RCSI medical student
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FIGURE 2: H&E visualisation of neuroblastoma cell line IMR-32. FIGURE 3: DNA quantification of IMR 32 cells grown in 3D.
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One of the great joys of being a medical student is sharing your 

experiences with other medical students. Medicine is a rewarding 

but tough job, and not only because of the hours poring over 

endless books and learning aids.  

One day you are learning new techniques, scrubbing in on exciting 

cases, and helping your team to handle their caseload. The next, 

you can be overwhelmed by the tragedy of a patient’s illness or the 

inevitability of death.  

The importance of shared experience cannot be overstated for 

medical students trying to navigate all the new experiences that 

come when embarking on a career as a doctor. Colleagues become 

your confidantes, counsellors, and supports through tough and 

turbulent times. 

The Soul of a Doctor is shared experience put onto the page. It 

comprises 44 essays recounting the personal experiences and 

insights gained in the hospital from 44 Harvard medical students. 

These experiences will be familiar to the majority of medical 

students who are meeting patients daily and endeavouring to put 

their medical knowledge into practice. The stories are grouped 

under four themes: communication; empathy; easing suffering; 

and, finding a better way. 

Medical students may take comfort from 
some of the stories as they demonstrate 

that the dilemmas facing students are not 
new or unique, and every encounter is a 

chance to learn how to be a better doctor.  
 

All of the themes of the stories are easily identifiable because similar 

themes present themselves regularly to students in all fields of 

medicine: patients who are convinced they have one diagnosis and 

cannot be persuaded otherwise; the first experience of witnessing 

patients receiving a devastating and life-changing diagnosis; tackling 

difficult feelings and moral questions in the intensive care unit; or, 

overcoming cultural or social differences to treat a patient. These are 

not miraculous stories about curing people, nor are they triumphant. 

Rather, they touch on the very real feelings, and the anti-climax, that 

can occur when navigating medicine and treating patients. Medical 

students may take comfort from some of the stories as they 

demonstrate that the dilemmas facing students are not new or 

unique, and every encounter is a chance to learn how to be a better 

doctor. It is a highly relatable read for all medical students and indeed 

for all doctors.

The Soul of a Doctor:  

Harvard Medical Students Face Life and Death 

Susan Pories, Sachin H. Jain, Gordon Harper 

(Eds.) 

 

Paperback: 274 pages 

Publisher: Algonquin Books 

Published: 2006 

ISBN-13: 978-1565125070

It’s all about soul 
 

In The Soul of a Doctor, Harvard medical students write about the lived 

experience of medical practice says Senior Staff Writer KATIE NOLAN.
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