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Dear Reader,

Welcome to the 2010 edition of the Trinity Student Medi-
cal Journal. It has been a busy year for the TSMJ team, 
with unprecedented numbers of submissions and a mini 
tour of the country spreading the word about the jour-
nal. I am proud to say that the result is a great edition of 
the TSMJ that I hope you enjoy reading as much as we 
enjoyed producing.

I want to thank the indefatigable committee; our editors 
for their many hours spent pouring over rough drafts, 
the sponsorship team for balancing the books, the con-
ference coordinators for masterminding the launch, the 
production team for making the journal a reality and our 
predecessors for all their help and guidance.

This peer-reviewed medical journal is an indispensable 
outlet for the presentation of original research, aca-
demic review and personal opinion for Health Science 
students across Ireland and none of this would be pos-
sible without the generosity of our sponsors, patrons 
and advertisers. The Trinity College School of Medicine 
has been a constant support and as always St. James’s 
Hospital, AMNCH, CWIUH and the TCMA have dug deep 
in their coff ers to sponsor our annual scholarships and 
prizes. Yet again we have been humbled by the support 
of our consultants and GPs in what has proven to be a 
very fi nancially challenging time globally.

With this continuing support the TSMJ has grown year 
on year and evolved from what was originally a publica-
tion for only Trinity medical students to an all-Ireland 
journal. We want the TSMJ to not only be an outlet for 
undergraduate writing but also a guide and an encour-
agement to students to get involved in original research.

Evidence based medicine and medical research are be-
coming more and more integral to all health science 
courses. We are committed to making the TSMJ, and 
research in general, more accessible to students. We 
continue to off er awards for Best Research and Best Ar-
ticle within the journal and also prizes for best Research 
Poster at our annual launch. This year, however, we have 
become a bit more proactive. The TSMJ Tercentenary 
Research Grant is a grant available to undergraduate 
medical students to fund a six week research project in a 
Trinity associated laboratory or clinical directorate.

“Medicine is not only a science; it is also an art. It does 
not consist of compounding pills and plasters; it deals 
with the very processes of life, which must be under-
stood before they may be guided.” Paracelsus

This grant has been set up in the hope that it will provide 
a framework for other students approaching research in 
the future and we hope that we can continue to off er 
the grant in coming years.

The TSMJ is never happy to just sit on its laurels; the fu-
ture will bring many challenges and opportunities for us 
but we hope to make the TSMJ bigger and better. As we 
proceed into our second decade of production we have 
come a long way and we hope that the hard work and 
dedication shows in this, our 11th TSMJ edition.

Best wishes,

Libby Ennis
Director 2010
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 The world is in a perpetual state of fl ux.  
Each day, people’s lives are aff ected in unimagi-
nable ways by unpredictable events, from natu-
ral disasters to economic recession.  Amidst this 
environment of uncertainty, one thing remains 
certain:  our health is of central and utmost impor-
tance. In fact, some might say our health is synon-
ymous with our wealth. Nevertheless, our health 
care systems are strongly impacted by economic 
and political developments. Over the past few 
years, the world has experienced a recession of 
historic proportions.  Some countries are on the 
road to recovery while others have suff ered more 
enduring consequences.  Recessionary times have 
led to stringent budget cutbacks and new policies 
for the allocation of scarce resources, ultimately 
aff ecting the quality and provision of health care.
This edition of the TSMJ explores the current eco-
nomic reality in the context of the Irish health care 
system.  For example, a review of recent trends in 
drug prescribing reveals Ireland’s struggle to of-
fer an eff ective system for delivering medications 
to those in need given a shrinking healthcare bud-
get.  Furthermore, this issue of the TSMJ raises the 
question whether the current focus on budgets 
and fi gures is impeding the successful delivery of 
high quality, personalized health care.  One of our 
authors considers the potential risks of budget 
cuts for the mental health care sector while an-
other author discusses the nearing extinction of 
the GP house call in rural Ireland and the transfor-
mation of GPs’ offi  ces into “mini hospitals”.   
 In these times of economic hardship and 
instability, the fact remains that our health re-
quires priority attention.  As physicians, we can-
not ignore the implications of recession on both 
our patients and our society as a whole.  If ever 
there was a time to remind ourselves of the im-
portance of the personal side of medicine, now is 
that time.
 Likewise, in this climate of cutbacks and 
compromise, we must not forget the value and im-
portance of medical research.  Ongoing research 
facilitates advancements in medical knowledge, 
technology, diagnostics and therapeutics, which 
in turn allow us to deliver a system of health care 
that is effi  cient, high quality and responsive to our 
evolving world.  The TSMJ promotes continuing 
medical education by off ering students the unique 
opportunity to participate in and learn from the 
research process.  Throughout this edition of 
the TSMJ, it is evident that current research is 
expanding our knowledge and changing our ap-

proaches to treatment.  New concepts such as 
inducing hypothermia to treat cardiac arrest and 
the introduction of vaccines to prevent cervical 
cancer are reviewed in this edition.  In addition, 
new insight into the treatment of hyponatraemia 
and trigeminal neuralgia are addressed and serve 
as a testament to the value of evidence-based re-
search and lessons learned in the clinical context.  
Interesting developments in the complex areas of 
hippocampal neurogenesis, cardiac rehabilitation 
programs, and atopic disease illustrate the far 
reaching and diverse impacts that research has on 
our current and future health care systems.
 As medical practitioners, we can do our 
part to ensure that the quality of health care is not 
compromised by investing time and energy in our 
professional development.  Medical students are 
constantly taught and tested on the more com-
mon medical affl  ictions.  While these conditions 
contribute to a vast majority of medical diagno-
ses, as future medical practitioners we must not 
overlook the weird and wonderful medical illness-
es we may encounter. By committing to continual 
learning and staying abreast of research develop-
ments, we increase our ability to recognize new 
and rare conditions, often misdiagnosed as more 
classic conditions, thereby ensuring appropriate 
management. In this edition of the TSMJ, we ex-
plore the diagnosis and management of new and 
rare conditions such as congenital long QT syn-
drome, broken heart syndrome and eosinophilic 
oesophagitis. 
 Over the past decade, the TSMJ has ex-
panded to include student works from all fi elds 
of health care and all of Ireland’s medical schools. 
We received an overwhelming number of submis-
sions this year, and we are proud and excited that 
the student community has demonstrated such 
a keen interest in the journal and in research as 
an entity.  We thank all of this year’s authors and 
editors for their hard work and commitment to 
the TSMJ. We extend our appreciation, as well, 
to all students who submitted articles and we en-
courage and welcome your submissions to future 
publications.  We hope that, as medical students 
and future physicians, you will strive to question 
what you hear, validate what you learn and con-
secrate your knowledge through evidence-based 
research.

Samara Kraus and Erin Hanley
Co-Chief Editors 
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INTRODUCTION

Health accounted for 27% of 
Ireland’s total public current 
expenditure in 2008 and, therefore, 
is of central importance in any 
strategy to ease the public budget1. 
The Health Service Executive (HSE) 
provides most public healthcare and 
had a budget of over €14 billion in 
20082. €1.9 billion of this was spent on 
prescription drugs supplied through 
pharmacies via the Community 
Drugs Schemes3. The cost of these 
schemes has been growing lately by 
about 12% each year3,4 (Figure 1), and 
quintupled during the last decade 
because of changing demographics, 
the introduction of expensive new 
therapies, and a bloated supply 
chain. The rate of increase is among 
the highest in Europe5 and the 
burden on public fi nances has come 
under increasing criticism. Mary 
Harney, Minister for Health and 
Children, recently implemented 
cost-containment measures to 
reduce payments to manufacturers, 
wholesalers and pharmacists, and to 
increase patient co-payments. This 
paper will examine the background 
and eff ects of these changes, the 
potential for further cost-control 
legislation, and the role of prescribers 
in the development of an effi  cient 
drugs supply system.

OVERVIEW OF DRUG 
DEVELOPMENT AND SUPPLY IN 
IRELAND

Drug research and manufacturing 
produces over half of Ireland’s 
exports, employs about 24,500 
people directly, and contributes 
over €1 billion in corporation tax6: it 
naturally also enjoys considerable 
political clout. To bring a new drug 
to market can take a research-based 
manufacturer upward of a decade 
and cost as much as €1 billion7. Once 

Taming the escalating costs of Ireland’s community 
drugs schemes
Duncan Fortescue-Webb (Third Year Medicine, TCD)

 CLINICAL POINTS

 The Community Drugs Schemes provide prescription drugs to patients 

through community pharmacies, and cost €1.9 billion in 2008.

 Minister Harney has recently implemented legislation to reduce the cost of 

the Community Drugs Schemes by reducing payments to drugs manufac-

turers, wholesalers and pharmacists; and requiring patient co-payments 

for all prescriptions dispensed.
 Future legislative reform is likely to include introduction of reference pric-

ing, pharmacist-led substitution, renegotiation of prices with manufac-

turers, and disinvestment of ineff ective drugs.

 Prescriber initiatives to reduce drugs expenditure can signifi cantly ease 

the healthcare budget and forestall cutbacks to services.

 Generic prescribing continues to have an important role in improving pa-

tient safety and reducing drugs costs.
 Prescriber comparison of the prices of competing drugs and brands for 

the same indication can improve cost-eff ective prescribing.

 One third of prescriptions for the over 70s contain potentially inappropri-

ate items. The most frequent include: PPIs at full therapeutic strength for 

over 8 weeks, NSAIDs for over 3 months, long-acting benzodiazepines for 

over 1 month, and duplicate drugs.
 Use of antibiotics to treat illnesses that are not likely to be bacterial is 

ineff ective, causes adverse eff ects in one fi fth of patients, and leads to 

antimicrobial resistance.

ABSTRACT

A reduced public budget has increased pressure to improve the effi  ciency 
of healthcare provision in Ireland. Legislative changes to reduce margins 
throughout the drugs supply chain and increase patient co-payments have 
recently been implemented. The background and implications of these 
changes are considered for manufacturers, wholesalers, pharmacists, 
patients and the public purse. Together, the changes are predicted to 
reduce the cost of providing drugs in the community in 2010 by nearly 
€270 million (11% of the projected €2.4 billion they would otherwise cost). 
However, underlying growth trends in drugs expenditure, particularly 
in the burgeoning high-tech drugs market, mean that although recent 
changes should contain the cost of drugs in 2010 at a level similar to 
2009, annual growth of 12% is likely to resume thereafter unless additional 
reform is implemented. Slated future legislative changes that could be 
worth a further €200 million or more annually include: reference pricing, 
pharmacist-led substitution, renegotiation of manufacturer prices, and 
disinvestment of non-cost-eff ective drugs from public schemes. Finally, 
ways to improve prescriber habits are considered that could save an 
additional €100 million annually. These include periodic and critical 
reviews of patient prescriptions, more judicious use of antibiotics, 
generic prescribing, prescriber awareness of drug prices, and provision 
of prescribing software. 
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chemical entities with promising 
biological activity are identifi ed they 
must be assessed for safety, toxicity, 
pharmacokinetics, metabolism and 
effi  cacy via a series of in vitro, animal 
and human clinical trials. The vast 
majority of potential drugs fail. A 
twenty year patent is commonly 
granted to the originator company 
once a promising chemical entity has 
been identifi ed. This patent typically 
lasts 8-12 years beyond the time 
required to bring the drug to market7 
and gives the company exclusive 
rights to manufacture and supply 
the drug. When the patent expires, 
generic competitors may enter the 
market.

Every drug has an International 
Nonproprietary Name (INN) granted 
by the World Health Organisation 
(WHO). The INN refl ects the 
therapeutic mechanism of the drug 
and is used to refer unambiguously 
to a specifi c chemical entity (e.g. 
omeprazole). In addition, the 
originator company chooses one 
or more brand names under which 
to market the drug (e.g. Losec). 
When the patent expires other 
manufacturers may also market the 
same drug under generic brands (e.g. 
BySec, Lopraz, Losamel, Ulcid) or the 
INN. These generic manufacturers 
incur relatively low development and 
regulatory costs, and typically sell 
the drugs at a lower price than the 
originator company.

Once a drug has been approved for 
sale in Ireland, the HSE negotiates 
an ex-factory price with the 
manufacturer based on the average 
price in nine European countries8. 
The manufacturer sells the drug to 
wholesalers, who add a mark-up 
and sell it on to pharmacists and 
hospitals. Pharmacists then dispense 
the drug, adding any applicable 
mark-up and fees. A prescription 
that specifi es a brand of drug cannot 
be dispensed as another brand, but 
a generic prescription (where only 
the INN is used) can be dispensed 
as any available brand. About 85% 
of all community prescription drugs 
are paid for by the HSE through the 

Community Drugs Schemes9; the 
remainder is paid for by patients.

There are four major Community 
Drugs Schemes in Ireland providing 
prescription drugs through 
pharmacies. The largest Community 
Drugs Scheme is the means-tested 
General Medical Scheme (GMS) 

which provides drugs to medical 
card holders for 50c an item. The 
Long-Term Illness scheme (LTI) 
provides drugs to treat any of 
fi fteen chronic conditions (e.g. cystic 
fi brosis, epilepsy, diabetes) for 50c 
an item. Together, the GMS and LTI 
cover approximately one third of 
the population and account for two 
thirds of expenditure3 (Figure 2). 
The Drugs Payments Scheme (DPS) 
is available to all residents and limits 
the drugs cost to a €120 co-payment 
per family per month. Finally, the 
High Tech Drugs scheme (HTD) 
provides certain high-price drugs 
such as chemotherapy adjuncts and 
biologic agents that would otherwise 
be provided primarily in hospitals, 
with patient co-payment dependant 
on eligibility under the GMS, LTI or 
DPS schemes. The HTD is the most 
rapidly expanding scheme, with 
costs increasing between 2004 and 
2008 by 18% a year (Figure 1) (HTD 
historic cost data from M Barry; 
personal communication, 16 February 
2010)10,11,12.

Minister Harney has sought ways 
to control drugs costs while still 
encouraging future drug innovation 
and ensuring continuity of supply 
to patients. To achieve this she 
has recently undertaken extensive 
renegotiation of the agreements that 
govern costs throughout the drugs 
supply chain.

RECENT LEGISLATIVE CHANGES 
AFFECTING THE COMMUNITY 
DRUGS SCHEMES

In order to conserve scarce resources 
for home support and acute 
hospital activities, Minister Harney 
implemented several measures in 
2009 and 2010 to reduce public costs 
throughout the drugs supply chain. 
The groups targeted to achieve this 
reduction include manufacturers, 
wholesalers, pharmacists and 
patients.

Since 2006, under the IPHA/HSE 
Agreement, when a drug’s patent 
expires and a generic competitor 
enters the market, the price is 
reduced immediately by 20% 
and then by another 15% of the 
original price 22 months later13. The 
Irish Pharmaceutical Healthcare 
Association (IPHA) of research-based 
manufacturers have now agreed 
to reduce prices of nearly 300 off -
patent drugs by a further 40% from 
February 201014, leaving these drugs 
at least 61% below their previous on-
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patent price. Prior to February 2010, 
original branded drugs typically 
cost 10% more than their generic 
competitors15. Now, however, Ireland 
is in a unique situation with many well 
known proprietary brands of drugs 
from IPHA manufacturers costing 
about 30% less than equivalents from 
competing generic manufacturers.

In addition, IPHA manufacturers 
are required from February 2010 to 
pay the HSE a rebate of 4% of the 
ex-factory price for all other drugs 
sold under any of the Community 

Drugs Schemes. Previously a 3.53% 
rebate applied under only the GMS. 
Together, the 40% price reduction and 
the increased rebate are expected to 
save €94 million per year14.

Legislative changes to wholesale 
and pharmacist mark-ups and fees 
were implemented in July 2009 to 
contribute to cost reduction. The 
wholesale mark-up has been reduced 
from 17.66% to 10%, which brings 
the price paid for delivery of drugs 
to pharmacies back towards the 
European average of 8%16. Previously 
about half of the wholesale mark-up 
was being passed from wholesalers 
to pharmacists as discounts17. The 
pharmacist mark-up applicable 
under the DPS and LTI schemes has 
also been reduced from 50% to 20%. 
Furthermore, the previous standard 

dispensing fee structures under 
the GMS, LTI and DPS (to cover 
miscellaneous costs such as spoilage 
and repackaging) have been replaced 
with a more generous single sliding 
scale: €5 for the fi rst 1667 items 
dispensed by a pharmacy per month, 
€4.50 for the next 833, and €3.50 for 
any remaining items18. The standard 
patient care fee of €60.52 per month 
paid to pharmacists under the HTD 
scheme is unaff ected. These changes 
in payments to wholesalers and 
pharmacists should save €141 million 
per year.

Finally, the maximum patient co-
payment under the DPS has been 
increased by 20% to €120 per family 
per month from January 2010. Patient 
co-payments of 50c per item (capped 
at €10 per family per month) have also 
been introduced under the GMS and 
LTI schemes from April 2010. These 
co-payments should save €52 million 
per year1.

Without intervention, the 12% per 
year growth trend of the Community 
Drugs Schemes would have brought 
their cost to about €2.4 billion in 2010. 
Altogether, the above measures 
recently introduced by Minister 
Harney are predicted to reduce the 
2010 Community Drugs Schemes cost 
by €270 million (about 11%), minimising 
any cost increase over 2009.

EFFECTS OF RECENT 
LEGISLATIVE CHANGES

Minister Harney’s recent legislative 
changes will promote effi  cient 
healthcare and bring long term cost 
benefi ts. However, the disruption as 
the drugs market adjusts to these 
changes is likely to bring many 
indirect consequences which will 
erode the cost savings.

Minister Harney’s recent changes 
will reduce revenues of IPHA 
drug manufacturers through the 
implementation of the 40% price 
reduction on 300 off -patent drugs 
and the 4% rebate for all other drugs. 
However, these manufacturers have 
secured two signifi cant concessions 
by agreeing to reduce prices six 
months before their existing contracts 
were due to expire in September 
2010. Firstly, renegotiation of prices 
for on-patent drugs (which account 
for about 75% of drug expenditure19) 
has been deferred 18 months until 
February 2012, protecting the 
largest part of the manufacturers’ 
revenues from any further reduction. 
Secondly, the 40% price reduction 
will not automatically apply to drugs 
whose patents expire after January 
201020. Several blockbuster drugs 
will come off  patent in 2011 including: 
atorvastatin (Lipitor) which cost 
€94 million in 2008, clopidogrel 
(Plavix) which cost €24 million, and 
olanzapine (Zyprexa) which cost €23 
million3. Revenues from these drugs 
will therefore remain relatively high 
even once the patents expire and 
generic competitors can enter the 
market. These two concessions mean 
IPHA manufacturers will be able to 
maintain revenues from their most 
lucrative drugs for longer, off setting 
the price reductions for their off -
patent drugs and the increased 
rebate, and thereby diminishing the 
true savings to the Community Drugs 
Schemes.

Figure 2. Expenditure by Community Drugs Scheme (in millions of Euros), 2008
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However, non-IPHA generic 
manufacturers declined to match 
the IPHA 40% price reduction and 
4% rebate. Their prices are now 
less competitive compared to IPHA 
manufacturers’, and they risk losing 
signifi cant market share. Many 
generic manufacturers may fi nd that 
it is no longer profi table to operate 
within the Irish market and may cease 
operations in Ireland entirely, with 
adverse implications for employment 
and long-term competition. 
Additionally, the 2006 IPHA/HSE 
Agreement triggers a phased 35% 
price reduction when a drug comes 
off -patent only if a generic competitor 
enters the market. If fewer generic 
manufacturers operate in Ireland 
it is likely there will be a longer 
delay between patent expiration 
and generic entry, allowing IPHA 
manufacturers to maintain market 
dominance and high prices for their 
drugs that come off -patent.

The recent changes are also expected 
to bring wholesaler and pharmacist 
dispensing revenues down by about 
30%17, encouraging competition and 
effi  ciency. Between 2004 and 2010, 
the number of pharmacies in Ireland 
increased by 28% to 170521,22. This 
boom is unsustainable in the face 
of such severe revenue cuts and the 
general economic downturn. Already 
many pharmacies are running at a 
loss, several have closed, and the 
Independent Pharmacy Ownership 
Scheme (which had minority holdings 
in nearly 150 pharmacies) has gone 
into liquidation23. There is a risk 
that patient access to services will 
be hindered if pharmacies in rural 
or deprived areas close. A further 
problem is that the Community Drugs 
Schemes provide a perverse incentive 
to pharmacists and wholesalers to fi ll 
generic prescriptions with the most 
expensive available drug in order 
to maximise their mark-up. With 
many pharmacies and wholesalers 
in fi nancial diffi  culty it is likely some 
will resort to preferentially supplying 
more expensive brands, infl ating 
the costs of the Community Drugs 
Schemes. Parallel imports, where 
pharmacists and wholesalers source 

drugs more cheaply from wholesalers 
abroad, allow greater profi t margins 
and are likely to increase, bringing 
the hazard that counterfeit drugs 
may more easily enter the supply 
chain.

Changes to patient co-payments 
are intended both to raise revenue 
and to discourage unnecessary 
drug use by infl uencing prescriber 
and patient habits. However, the 
system of patient co-payments has 
two major fl aws. Firstly, increased 
patient co-payments will cause some 
price-sensitive patients to reduce 
their consumption of drugs that have 
signifi cant clinical merit for chronic 
conditions such as cardiovascular 
disease24. Reduced consumption 
will hinder disease management 
programmes, increase acute hospital 
admissions, and add to HSE running 
costs. Secondly, although the co-
payments may ease the Community 
Drugs Schemes budget, they 
merely shift the costs onto patients. 
Therefore the overall proportion of 
the nation’s wealth that is spent on 
drugs is not reduced, and so no net 
resources are freed for use elsewhere. 
Future reform should aim to reduce 
total drug expenditure across both 
public and private sectors.

Altogether, Minister Harney’s recent 
reforms are intended to reduce 
the projected €2.4 billion cost of 
the Community Drugs Schemes in 
2010 by €270 million. Assuming that 
market adjustments do not erode 
these savings signifi cantly, this will 
be suffi  cient to restrain overall drug 
expenditure near 2009 levels during 
2010. However, unless long-term 
strategies are developed to improve 
both price competition within the 
drugs market and prescribing habits, 
underlying growth trends of 12% per 
year will then resume. An emerging 
issue is the HTD scheme, which cost 
€290 million and accounted for 15% 
of the Community Drugs Schemes 
expenditure in 2008. Recent reforms 
fail to address the cost of the scheme 
beyond imposing a 4% rebate on the 
ex-factory price of these drugs, worth 
€14 million in 20103,18. The cost of the 

HTD scheme has been increasing by 
18% per year between 2004 and 2008, 
far more than the 11% increase of 
the other schemes (Figure 1). If this 
growth rate continues unchecked, 
the HTD scheme expenditure will 
approach €900 million in 2015.

Long-term control of the costs of the 
Community Drugs Schemes without 
compromising patient care requires 
ongoing reform from both legislators 
and prescribers. Several strategies to 
further reduce drug expenditure are 
available. Future legislative reform 
off ers the chance to address some of 
the current shortcomings in current 
drugs market legislation as well as to 
implement entirely new initiatives. 
Educational eff orts to improve the 
cost-eff ectiveness of prescribing 
while improving patient care could 
begin immediately but are likely to be 
relatively slow to show results.

FUTURE LEGISLATIVE CHANGES 
TO THE COMMUNITY DRUGS 
SCHEMES

Four major changes expected for 
the Community Drugs Schemes are 
reference pricing, pharmacist-led 
drug substitution, renegotiation of 
drug prices with manufacturers, and 
disinvestment of selected drugs.

Introduction of a reference 
pricing system has been proposed 
for 201111. Under this system, a 
maximum reimbursement price 
would be agreed for groups of 
interchangeable drugs with the 
same active ingredient. For example, 
whether omeprazole is dispensed as 
the original brand, Losec, or as one 
of many available generic versions, 
the HSE will only reimburse at the 
stated reference price based on the 
cheapest alternative. If the patient 
insists on a more expensive branded 
product without medical justifi cation, 
he must pay the price diff erence from 
his own pocket25. Reference pricing 
is an eff ective way to legislate for 
reduced drug expenditure without 
compromising prescriber autonomy 
or patient care26, and is already in 
place in eighteen European countries. 
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Also proposed for 201111, obligatory 
pharmacist-led substitution would 
complement reference pricing by 
requiring that the cheapest available 
version of a drug be dispensed 
regardless of any brand specifi ed 
on the prescription, unless the 
prescriber insists otherwise. There 
are situations when continuity of 
the same brand may be important 
and substitution is inappropriate. If 
the drug has a narrow therapeutic 
index between effi  cacy and toxicity, 
then small potential diff erences in 
bioavailability mean that continuity 
of a single brand for a patient may 
be important (e.g. ciclosporin, 
lithium). Also potentially unsuitable 
for substitution are medicines with 
modifi ed release preparations, 
multiple ingredients, diff erent 
administrative devices (e.g. between 
brands of inhalers or pre-fi lled 
syringes), diff erent preparations with 
diff erent indications, and products of 
biological origin27. 

Irish drug prices are about 20% above 
the European average28, indicating 
that substantial savings are achievable 
through renegotiation of prices with 
manufacturers. Renegotiation with 
non-IPHA generic manufacturers 
will take eff ect in September 2010 
when the current contract expires. 
Renegotiation for on-patent drugs 
has been deferred 18 months until 
February 2012. Drugs which are on-
patent or lack generic competitors 
make up about 75% of the cost of 
the Community Drugs Schemes19, 
meaning that even a modest 5% price 
reduction would save in the region of 
€100 million per year from 2012.

To reduce drugs costs further, 
certain drugs that have not been 
shown to be cost-eff ective should 
be disinvested from the Community 
Drugs Schemes. In 2008, €52 million 
was spent on clinical nutritional 
products3 that have not been shown 
to bring long-term benefi t in the 
community setting, and half of 
which are not consumed29. Over €5 
million was spent on glucosamine for 
osteoarthritis without good evidence 
of benefi t3. Disinvested products 

could remain available over the 
counter at the patient’s expense.

A guiding principle for future 
legislation should be to simplify 
the supply and reimbursement of 
drugs. This would improve market 
transparency and competition, 
reduce perverse incentives, and 
lower administrative costs.

PRESCRIBER INITIATIVES TO 
REDUCE DRUGS COSTS

Changes in prescriber habits could 
eff ect far-reaching improvements 
in healthcare effi  ciency without 
compromising patient care or 
requiring further legislation. Rational 
prescribing aims to use drugs most 
eff ectively while minimising risks and 
unnecessary costs, and is essential 
to effi  cient healthcare. Examples of 
rational prescribing habits include 
periodic and critical review of the 
drugs taken by every patient, judicious 
antibiotic use, generic prescribing, 
and cost-aware prescribing. To help 
improve rational prescribing habits, 
specialist prescribing software could 
be provided to GP surgeries and 
hospitals to automatically assess the 
quality of prescriptions.

Periodic and critical review of 
the drugs prescribed to every 
patient could reduce unnecessary 
expense, adverse drug eff ects, drug 
interactions and wastage. Over 
a third of prescriptions for those 
over age 70 have been shown to be 
potentially inappropriate, costing 
€46 million in 2007: 9% of the total 
drug expenditure for that age 
group. The main contributors to 
this include: proton pump inhibitors 
(PPIs) prescribed at full therapeutic 
dose for more than eight weeks, 
non-steroidal anti-infl ammatory 
drugs (NSAIDs) prescribed for more 
than three months, long-acting 
benzodiazepines prescribed for more 
than one month, and duplicate drugs 
on the same prescription claim30. 

Ireland has been among the least 
successful of European countries at 
reducing unnecessary antibiotic use31. 

Prescribers often feel pressured to 
provide antibiotics even for viral 
infections such as colds and fl u where 
they off er no benefi t32. Unnecessary 
antibiotic use wastes about €41 
million a year and leads to adverse 
drug eff ects for one fi fth of patients33.

It also threatens the health of the 
wider community by encouraging 
antimicrobial resistance, which leads 
to the increased morbidity, increased 
fatality and prolonged epidemics 
seen with multidrug-resistant 
Staphylococcus aureus (MRSA), 
Streptococcus pneumoniae and 
Haemophilus infl uenzae34. Redoubled 
education campaigns such as the 
European Antibiotic Awareness 
Day are required to change patient 
expectations and prescriber habits. 

Generic prescribing, where drugs 
are specifi ed by their INN, is usually 
seen as a key strategy to improve 
patient safety by avoiding potential 
prescriber, pharmacist and patient 
confusion over the diverse brand 
names that exist for the same drug. 
Fewer mistakes translate into fewer 
adverse drug reactions, better 
patient outcomes and reduced 
healthcare costs. Generic prescribing 
also has potential to reduce drugs 
costs (without waiting for reference 
pricing or pharmacist-led substitution 
to be legislated) by allowing the 
cheapest equivalent alternative 
brand of a drug to be dispensed. This 
in turn encourages price competition 
between manufacturers. In England 
nearly two-thirds of prescription 
items are dispensed generically35, 
contrasting with less than one fi fth 
here4. The low rate seen in the Irish 
system is driven by the marketing 
of branded drugs to prescribers, 
public perception that generic drugs 
are inferior, and prohibition of 
pharmacist-led generic substitution 
for branded prescriptions. The IPHA 
40% price reduction for 300 off -
patent drugs has temporarily created 
an anomalous situation in Ireland 
where many well-known branded 
drugs cost considerably less than 
their generic equivalents from non-
IPHA manufacturers. This anomaly 
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will not persist if reference pricing 
and pharmacist-led substitution are 
introduced in 2011, or if non-IPHA 
generic manufacturers agree to 
reduce their prices from September 
2010. Meanwhile, prescribers can 
maintain patient safety and ensure 
their patients receive the cheapest 
version of a drug by checking prices 
in an up-to-date Monthly Index of 
Medical Specialties (MIMS) and 
specifying both the least expensive 
brand and the INN on the prescription 
e.g. “BySec (omeprazole) 20 mg”. 
However, if the pharmacist is out 
of stock of a particular brand of a 
drug, then specifying that brand on 
a patient’s prescription may lead to a 
delay in dispensing while supplies are 
delivered.

Additionally, prescribers should be 
aware that competing drugs for 
a given indication may have very 
similar effi  cacy and safety, yet very 
diff erent prices. For example, there 
may not be any medical reason to 
prefer a particular PPI over another 
for a patient with dyspepsia. Yet, 
despite evidence that esomeprazole 
(Nexium) and omeprazole are equally 
eff ective for most patients36, the ex-
factory price of Nexium is double 
that of the cheapest omeprazole 
because it is still on-patent. Nexium 
cost €37 million in 20083. As Thomas 
Scully said while Administrator of the 
Centers for Medicare and Medicaid 
Services in the US: ‘’You should 
be embarrassed if you prescribe 
Nexium,’’ because it increases costs 
with no medical benefi ts37.

Drug prices can also vary considerably 
between hospital and community 
settings. Hospital prescribers initiate 
over a third of GMS prescriptions, at 
a median cost 70% greater than those 
initiated by general practitioners4. 
In part, this refl ects the diff ering 
morbidities of patients seen in 
hospital and by GPs. Also, however, 
hospitals are often off ered discounts 
on certain drugs, which lead to 
these drugs’ continued prescription 
in the community after discharge 

despite their community cost being 
signifi cantly higher than competing 
drugs for the same indication. 
Hospital prescribing guidelines 
should be amended to refl ect costs 
both to the hospital and to the 
Community Drugs Schemes4.

These suggested changes to 
prescriber habits will require an 
ongoing investment in the education 
of prescribers and patients about best 
practices. Provision of prescribing 
software to general practitioners 
and in hospitals would facilitate 
analysis and feedback in relation to 
quality prescribing indicators such as 
dose, duration, potential drug-drug 

and drug-disease interactions, and 
generic prescribing rates4. If such 
software is able to save prescribers 
time, improve the quality of their 
prescribing, and prevent drug errors 
that harm patients and lead to 
lawsuits: it is likely to be received 
enthusiastically.

Prescribers control patient access 
to prescription drugs and therefore 
have a responsibility to ensure that 
they prescribe eff ectively based on 
best evidence and up-to-date cost 
data. Eff orts to improve rational 
prescribing such as periodic patient 
drug reviews, more judicious 
antibiotic use, generic prescribing, 
and cost aware prescribing all off er 
improved patient care and more 
effi  cient drug use. This in turn will 
reduce the costs of healthcare.

THE OVERALL FINANCIAL 
EFFECT OF RECENT AND 
PROPOSED CHANGES

The cost savings from these recent 
and proposed changes are not 
trivially additive; ways to erode the 
savings will be found by those whose 
incomes are aff ected, investment 
will be required for reform, there 
will be knock-on eff ects throughout 
the supply chain, and secondary 
eff ects such as reduced antibiotic-
resistant infections will alter 
healthcare requirements. However, 
simple summation does indicate 
something of the magnitude of 
savings available. Minister Harney’s 
recent changes could save €270 
million in 2010. Future introduction 
of reference pricing, pharmacist-led 
substitution, renegotiation of on-
patent and generic drug prices, and 
disinvestment of ineff ective drugs 
could save over €200 million more. 
Prescriber initiatives such as periodic 
prescription reviews, more judicious 
prescribing of antibiotics, generic 
prescribing, cost-aware prescribing 
and amended hospital prescribing 
guidelines off er another €100 million 
per year. 

Minister Harney’s recent reforms 
should be suffi  cient to restrain overall 
drug expenditure at 2009 levels 
during 2010 but, unless long-term 
strategies are developed to improve 
both prescribing habits and price 
competition within the drugs market, 
underlying growth trends will then 
reassert and growth of 12% per year 
will resume.

The magnitude of available savings 
still available for the Community 
Drugs Schemes indicates the 
signifi cant direct benefi t of renewed 
eff orts to reduce drugs costs. The 
secondary benefi ts from resource 
reallocation, reduced drug-resistant 
infection and improved health that 
these policies could bring are diffi  cult 
to quantify, but are perhaps even 
more valuable.
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“You should be 
embarrassed if you 
prescribe Nexium, 

because you’re 
screwing your patients 

and you’re screwing the 
taxpayers.”
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CONCLUSION
Public budget cuts provide an impetus 
to legislators and prescribers to 
overhaul the provision of healthcare. 
Eff orts to improve the effi  ciency of 
the drugs supply in Ireland can both 
save public money and improve 
patient care. Recent changes to the 
Community Drugs Schemes are a 
generally promising fi rst step, but the 
need remains for further legislation 
and improved prescriber habits. Future 
policy debate is likely to be dominated 
by how to encourage price competition 
within the drugs market and how to 
address the rapidly growing costs of 
novel biologic products.  Ireland can 
aff ord to maintain one of the best 
healthcare systems in the world; what 
we can no longer aff ord is to run the 
system ineffi  ciently.
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INTRODUCTION

Over the past few decades there has 
been a progressive increase in the 
incidence of atopic diseases. More 
than 20% of the world population 
is aff ected by IgE-mediated allergic 
diseases, with an estimated 300 
million people alone suff ering from 
allergic asthma1,21,31.

The central pathophysiology behind 
allergic diseases is believed to be 
an imbalance in the expression of 
two CD4+ T lymphocyte subsets: Th1 
and Th2. Th1 lymphocytes secrete IL-
2, IFN- and TNF-β, which activate 
macrophages and are involved in 
stimulating cell-mediated immunity 
whilst simultaneously inhibiting 
humoral immunity. Th2 lymphocytes 
secrete IL-4 and IL-13 and are 
involved in activating the humoral 
immune response by promoting B 
cell proliferation and heavy chain 
class switching, stimulating allergen-
specifi c IgE production. It has 
been hypothesised that abnormal 
polarization of the immune system 
from an early age leading to an 
increased Th2:Th1 ratio could result in 
an atopic phenotype14,40.
 
IgE-mediated hypersensitivity  is 
thought to be triggered by a sequence 
of events following initial allergen 
exposure. Specialised antigen 
presenting cells, such as macrophages 
and dendritic cells, process and present 
allergens via cell surface MHC class 
II molecules to allergen-specifi c Th2 
cells. This activates allergen-specifi c 
Th2 cells, causing them to release IL-4 
and IL-13. The secretion of IL-4 and IL-
13, combined with T cell CD40 ligand-
CD40 receptor interaction, facilitates 
B cell proliferation, diff erentiation and 
heavy-chain isotype class switching to 
the IgE subtype. The activated B cells 

     CLINICAL POINTS

 HIV positive patients had statistically signifi cant lower absolute basophil 

counts and higher levels of CD63 expression in vivo compared to healthy 

controls.
 Absolute basophil counts in the eczema, asthma and allergy patient 

groups did not statistically diff er from the healthy controls.

 There was no statistically signifi cant variation in basophil CD63 expres-

sion in the eczema, allergy and asthma patient groups in comparison with 

healthy controls.
 This study is one of the fi rst to compare absolute basophil counts along-

side in vivo CD63 expression. The majority of other studies have focused 

on CD63 expression following allergen challenge in vitro.

 Future research directives may focus on the role of basophils in diff erent 

stages of HIV infection.

ABSTRACT  
Background: Recent experimental evidence has implicated a role for 
basophils in allergic diseases. Basophils are also believed to be stimulated 
in HIV-1 infection by the glycoprotein expressed on the surface of the viral 
envelope, gp120, and directly through viral interaction with the chemokine 
receptor CCR3. 

Objectives: To investigate absolute basophil counts and peripheral blood 
basophil surface marker expression in healthy individuals, patients with atopic 
diseases and HIV positive patients.

Methods: Blood was taken from a total of 68 patients: 17 healthy adult 
volunteers, 18 patients diagnosed with asthma, four patients with eczema, 14 
patients with a suggestive history of allergy and 15 HIV positive patients. The 
samples were stained with anti-CD123, anti-HLA-DR and anti-CD63 antibodies. A 
double gating strategy was used to isolate the basophil population and analyse 
CD63 expression.

Results: No signifi cant diff erence was found between the absolute basophil 
count in patients with asthma (p=0.402) and eczema (p=0.947) compared to 
the healthy volunteers. HIV positive patients (p=0.007) and allergic patients 
(p=0.022) had statistically signifi cant lower basophil counts compared to healthy 
controls. No signifi cant diff erence was found in the level of CD63 expression 
in asthma patients (p=0.521), eczema patients (p=0.288) and patients with 
allergies (p=0.346). HIV positive patients expressed signifi cantly higher levels 
of CD63 compared to healthy volunteers (p=0.005). 

Conclusion: There was a signifi cant reduction in absolute basophil counts in 
patients with HIV, which may be due to the virus directly infecting basophils, 
reducing their T1/2 in circulation. The reduction in basophil count seen in allergic 
patients could be explained by allergen-induced migration. Basophils from 
HIV positive individuals expressed signifi cantly higher levels of CD63, possibly 
owing to the allergen-like function of HIV gp120. There was no evidence to 
suggest patients with atopic diseases expressed higher levels of CD63.
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produce and secrete allergen-specifi c 
IgE antibodies, which bind to FCεRI 
receptors on basophils and mast cells. 
Subsequent allergen exposure cross-
links the IgE molecules and leads to 
activation, basophil degranulation, 
the release of vasoactive amines and 
lipid mediators and the synthesis 
of cytokines17, 21, 22, 26(Figure 1). These 
mediators stimulate vasodilatation, 
increase vascular permeability, 
activate the complement cascade 
and cause migration of neutrophils, 
mast cells and basophils. This leads 
to the clinical manifestation of 
allergic diseases such as urticaria, 
angioedema and anaphylaxis.

Recent experimental evidence 
has demonstrated the pathogenic 
role of basophils in IgE-mediated 
hypersensitivity8,10,12,14,17,20. Basophils 
have been found in bronchial 
biopsies from asthmatic patients, in 
nasal lavage fl uids following allergen 
provocation in patients with allergic 
rhinitis and in skin biopsies from 
patients with atopic dermatitis14,30,37.

Basophils are small, circulating 
leukocytes with cytoplasmic granules 
that stain metachromatically with 
basic dyes (Figure 2)32. They constitute 
less than 0.2% of peripheral blood 
leukocytes and are only recruited in 
peripheral tissue in disease states3,6. 
They are derived from CD34+ 
haematopoietic progenitor cells, 
which diff erentiate and mature in 
the bone marrow in the presence of 
IL-3, and have a lifespan of several 
days12,13,19.

The cellular source of the early peak 
in IL-4 responsible for triggering 
the Th2-type immune response has 
been the subject of much debate; 
however, basophils have recently 
been identifi ed as the main source 
of the cytokine. IL-4 stimulates 
the diff erentiation of naïve CD4+ 
T cells to the Th2 type; basophils 
are consequently thought to act 

as modulators of the immune 
response. Following activation, they 
release large quantities of the pro-
infl ammatory mediators histamine 
and leukotriene C4 and rapidly 
synthesise the Th2-type cytokines 
IL-4 and IL-133,6,12,16. Release of these 
cytokines combined with T-cell 
-CD40 ligand interaction promotes 
B cell proliferation and heavy chain 

isotype switching to the IgE and 
IgG4 subtypes. The cytokines also 
play an important role in leukocyte 
recruitment to aff ected tissues 
by increasing expression of the 
cell adhesion molecule VCAM-1 in 
endothelial cells and synthesis of the 

chemokine eotaxin 3, 6, 15, 27.

What is the link between HIV infection 
and allergic diseases? Although there 
is no direct relationship between the 
two, studies have shown that HIV-1 
infection may infl uence the behaviour 
of basophils by polarising the host 
immune response to be humorally-
mediated24,25.This may explain why 
HIV positive patients demonstrate 
increased prevalence and severity of 
allergic reactions33, 36.

Previous studies on HIV-1 
pathogenesis showed a shift to 
the Th2-type immune response, 
an increase in serum IgE levels and 
increased IL-4 and IL-13 in patients’ 
lymph nodes. This indicates a possible 
allergen-like function executed by 
HIV-124, 25, 33. The basophil chemokine 

receptor CCR3 also serves as a co-
receptor through which HIV-1 particle 
can directly infect the basophil28. 
Further investigation has revealed 
that the HIV-1 glycoprotein gp120 
contains a superantigen domain, 
which binds to the VH3 region of 
VH3+ IgE molecules bound to the 
FCεRI on basophils and mast cells. 
This gp120 - VH3 domain interaction 
resembles that of an allergen, 

Figure 2. Peripheral blood film showing 
basophil in centre, which stains blue due 
to the negatively charged cytoplasmic 
granules44.
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stimulating the basophil and leading 
to degranulation. This is an important 
mechanism by which the virus 
modulates the immune response to 
the Th2-type, inhibiting the host’s 
adaptive cell-mediated immunity 
vital in killing HIV infected cells, whilst 
simultaneously increasing the pool of 
cells susceptible to infection23,25,28. 

Another product of the HIV-1 virus, Tat 
protein, increases the accessibility of 
basophils and mast cells by acting as 
a virokine33. Tat protein is released by 
HIV-1 infected cells and stimulates the 
migration of basophils and mast cells 
to the site of HIV-1 infection through 
its interaction with the chemokine 
receptor CCR3 expressed on the 
surface of basophils. In addition, Tat 
stimulates the up-regulation of CCR3 
receptors, further facilitating HIV-
1 infection of FCεRI positive cells33, 

34(Figure 3).

How can the peripheral basophil 
population and activation marker 
expression be analyzed? Basophils 
can be identifi ed by labelling the 
cells with antibodies conjugated 
with fl uorochromes. Laser light 

excites the fl uorochromes and this 
causes them to emit light at a specifi c 
wavelength. The cells themselves 
also scatter light according to their 
size and cytoplasmic complexity. 
The light emitted and scattered is 
then detected by photomultipliers 
and is processed by the computer 
enabling specifi c cell populations 
to be analyzed through a variety of 
diff erent parameters. 

Basophils constitutively express high 
levels of the IL-3 receptor α chain, 
CD123. CD123 is a member of the type 1 
cytokine receptor family with a single 
transmembrane-spanning segment. 
It is a low affi  nity IL-3 receptor and 
its stimulation encourages cell 
proliferation and diff erentiation. This 
receptor is also expressed on CD34+ 
cells, monocytes, neutrophils and 
plasmacytoid dendritic cells. The use 
of monoclonal antibodies against the 
α chain of the CD123 predominantly 
stains basophils and dendritic cells. 
This enables accurate diff erentiation 
from neutrophils and monocytes in a 
side scatter versus CD123 expression 
graph, otherwise known as a ‘dot 
plot’. Basophils express very low 

levels of HLA-DR, which can be used 
to diff erentiate them from dendritic 
cells7,29.

Quantifying the expression of the 
glycoprotein CD63 on the plasma 
membrane of basophils can be used 
as a measure of basophil activation. 
CD63 is expressed on mast cells, 
macrophages, eosinophils and 
platelets. It is usually found within 
the cell attached to intracytoplasmic 
granules. Following stimulation, 
degranulation leads to the fusion 
of these granules with the plasma 
membrane and their subsequent 
expression on the surface of the 
cell2,4,5. It is believed that CD63 
mediates signal transduction events 
involved in cell development, 
activation and motility, although 
its precise function in basophils is 
unknown. Previous studies have 
shown that CD63 expression mirrors 
basophil histamine release, which 
demonstrates that it is a reliable 
method of evaluating basophil 
activation2,4,5,11, 13,20.  

Previously, the lack of basophil-
specifi c markers and the diffi  culties 
in purifying techniques meant that 
very little was understood about the 
function of basophils; however, recent 
development of specifi c monoclonal 
antibodies has enabled basophil 
enumeration and identifi cation in 
tissues, shedding further light on 
their role. To date, CD63 expression 
has been used to analyse allergen-
specifi c activation of basophils in 
vitro2,10,12; however, few studies have 
compared the resting in vivo basophil 
CD63 expression of individuals with 
atopic diseases and HIV infection to 
those of healthy controls20,37. This 
paper aims to explore if there is a 
diff erence in basophil number and 
activation marker expression in atopy 
and HIV infection compared with 
healthy controls, helping to further 
understand their behaviour in vivo.

Figure 3. FCεRI positive cells express CCR3 and CXCR4 which act as co-receptors for 
specific strains of  HIV-1 can serve as direct routes for HIV-1 infection. Shed or bound viral gp 
120 also binds to the VH3+ domain of  surface bound IgE molecules, stimulating the release 
of  IL-4 and IL-13. The viral protein Tat functions as a virokine through its interaction with the 
chemokine receptor, CCR3 on FCεRI positive cells, stimulating the migration of  basophils and 
mast cells to the site of  HIV-1 infection45.
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METHODS
In this study, approved by the 
institutional ethics committee, blood 
was taken from 17 healthy adult 
volunteers who were HIV negative 
and had no history of atopy (7 
females, 11 males, mean age=38.8, 
range 23-58). Samples were taken 
from 18 patients diagnosed with 
asthma (13 females, 5 males, mean 
age=54.9, range 30-80), four patients 
diagnosed with eczema (3 females, 
1 male, mean age=44.3, range 22-73) 
and 14 patients with a suggestive 
history of allergy (10 females, 4 
males, mean age=43.1, range 20-
68). Blood was taken from 15 HIV 
positive patients and was analysed 
(1 female, 14 males, mean age=37.7, 
range 22-45). All participants gave 
informed consent. Patients had 
previously been diagnosed and were 
attending dermatology, respiratory, 
immunology and infectious diseases 
outpatient clinics for their conditions. 
Patients remained on treatment 
throughout the study. Inclusion 
criteria for the allergy subgroup 
consisted of a history of urticaria, 
angioedema or anaphylaxis. For 
the asthma and eczema subgroups, 
we set out to include patients with 
a history of childhood onset only; 
however, in practice some of the 

samples obtained were from patients 
who suff ered from intrinsic asthma. 
Patients with serological evidence 
of HIV infection were included in the 
HIV positive subgroup. No specifi c 
exclusion criteria were defi ned for 
the study.

100 μL of venous whole blood 
collected in EDTA-coated tubes was 
incubated with antibodies (5 μL PE-
CD123, 5 μL APC AntiHLA-DR, 5 μL 
Anti-human CD63) for 15 minutes 
at room temperature in the dark. 
2ml of LysingSolution ® was then 
added to lyse the erythrocytes. The 
samples were then centrifuged at 
room temperature at 1200 rpm for 
5 minutes. The supernatant was 
discarded and the cells were washed 
in 2mls of FACSfl ow. The samples 
were re-centrifuged at 1200 rpm for 5 
minutes, the supernatant discarded, 
and the cells were suspended in 
0.5mls of Cell FIX. 

The data was then acquired using 
a FACSCalibur and analyzed using 
Cell Quest Pro software® (BD 
Biosciences). A double gating 
strategy was employed. Initially, a 
dot plot of side scatter versus CD123 
expression (Figure 4) was drawn 
up to gate on cell populations with 
relatively high CD123 expression. 

The basophil population was then 
identifi ed as displaying relatively high 
levels of CD123 expression coupled 
with low HLA-DR expression (Figure 
5). At least 1000 basophils were 
gated on. Absolute basophil count 
was calculated using the percentage 
of total cells acquired that were 
identifi ed as basophils and the total 
white cell count. 

Absolute basophil count = 
(Percentage total x White cell 
count)/100

The gated basophil population was 
then analysed using a biparametric 
dot plot of CD123 expression against 
CD63 expression (Figure 6). Basophil 
population CD63 expression was 
measured as the geometric mean 
fl uorescence intensity detected for 
CD63-FITC. A reference range for 
CD63 expression was established 
using values from the volunteers: 
24.19-13.71 (mean: 18.95, SD: 2.62, 
Range: 22.90- 14.76). 

The protocol employed to identify 
the basophil population and CD63 
expression using fl ow cytometry was 
similar to that used by Gyimesi et al 9.  

Statistical analysis was performed by 
Microsoft Excel.

Figure 4. Cell populations with high 
levels of  CD123-PE are gated on; region 
consists of  basophils, monocytes and 
dendritic cells.    
 .

Figure 5. The basophil population is 
gated on; high CD123 expression coupled 
with low HLA-DR expression. 

Figure 6. Basophils in the upper right 
quadrant stain positive for CD63.
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RESULTS
Table 1 compares the absolute 
basophil count between the diff erent 
patient groups. Full blood counts for
three of the allergy patients were 
unavailable; consequently, only the 
results of 11 allergic patients were 
available for comparison. 

HIV positive patients (p=0.007) 
and allergic patients (p=0.022) 
had statistically signifi cant lower 
basophil counts compared to the 
healthy controls. No signifi cant 
diff erence was found between the 
absolute basophil count in patients 
with asthma (p=0.402) or eczema 
(p=0.947) compared to healthy 
controls (Figure 7). 

On analysing the results from the 
healthy volunteers, a large proportion 
of basophils (mean: 93.81%, range: 
100.00-76.26%, SD: 5.85) were present 
in the positive quadrant, which 
indicates that the majority weakly 
expressed CD63. No signifi cant 
diff erence was found between the 
percentages of basophils present 
in the positive quadrant in healthy 
controls compared to asthma 
patients (p=0.489), allergy patients 
(p=0.254), eczema patients (p=0.251) 
or HIV patients (p=0.471) (Table 2).
 
HIV positive patients expressed 
signifi cantly higher levels of CD63 
compared to the healthy controls 
(p=0.005). No signifi cant diff erence 

was found in the level of CD63 
expression in asthma patients 
(p=0.521), eczema patients (p=0.288) 
or patients with allergies (p=0.346) 
compared to healthy controls (Figure 
8).

There was no signifi cant diff erence in 
the level of CD63 expression in atopic 
individuals (serum IgE levels >120 
kU/L) in comparison to non-atopic 
individuals (p=0.919) (Figure 9).

The results also showed no 
signifi cant diff erence in the level of 
CD63 expression between males 
and females in the control group 
(p=0.593). 

Table 1: A table displaying the mean, standard deviation (SD) 
and range of  absolute basophil counts in the different patient 
groups.

Table 2: A table displaying the mean, standard deviation (SD) and 
range of  basophil CD63 expression measured as mean fluorescence 
intensity in the different patient groups.

 

Figure 7. A graph comparing absolute basophil counts in 
the different patient groups. There was no significant difference 
between CD63 expression in patients with eczema, asthma 
compared to the healthy volunteers. There was a significant 
decrease in the basophil counts of  HIV patients and patients with 
allergies.

Figure 8. A graph comparing the level of  CD63 expression in the 
different patient groups. There was no significant difference between 
CD63 expression in patients with eczema, asthma and allergies 
compared to the healthy volunteers. There was a significant increase in 
CD63 expression in HIV patients

Healthy 
Controls

Asthma 
Patients

Allergy 
Patients

Eczema 
Patients

HIV 
Patients

Number of 
Patients:

17 18 11 4 15
Mean 

absolute 
basophil no: 
x103cells /μL 

0.0515 0.0453 0.0321 0.0507 0.0297

SD: 0.0222 0.0214 0.0151 0.0075 0.0203
Range: 0.016-

0.099
0.0141-
0.0955

0.0137-
0.0639

0.0415-
0.0584

0.0069-
0.0655

Healthy 
Controls

Asthma 
Patients

Allergy 
Patients

Eczema 
Patients

HIV 
Patients

Number of 
Patients:

17 18 14 4 15

Mean CD63 expression:
Mean fluorescence 

intensity (MFI) 

18.95 18.27 20.31 17.42 23.41

SD: 2.62 3.52 5.09 2.01 5.41
Range: 22.90-

14.76
26.38-
12.78

29.77-
13.39

20.33-
15.79

30.29-
15.51
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DISCUSSION
Basophil counts were reduced 
in allergic patients. This may be 
due to allergen-induced basophil 
migration into the aff ected tissues 
uncompensated by release from 
the bone marrow, reducing the 
numbers in circulation. Since a 
relatively small patient sample was 
used, it is necessary to repeat the 
investigation with larger patient 
groups to determine the signifi cance 
of this apparent reduction. It 
would be valuable to elucidate the 
relationship, if any, between diff erent 
allergic reactions, such as urticaria, 
angioedema and anaphylaxis, and 
absolute basophil counts. 

There was a statistically signifi cant 
reduction in absolute basophil counts 
in patients with HIV. Basophils express 
CCR3, which binds to the chemokines 
eotaxin and RANTES, mediating 
signal transduction events necessary 
for migration. CCR3 also functions 
as a co-receptor for HIV infection. 
Consequently, a fraction of basophils 
in HIV positive patients are directly 
infected by the virus, signifi cantly 
reducing their half-life in circulation. 
Basophil maturation and release may 
be unable to compensate for the 
decreased half-life of HIV-infected 
basophils. Another suggestion for 

the observed decrease in basophil 
counts may be due to Tat-mediated 
basophil migration to HIV-1 
infected tissue, thereby decreasing 
basophils in systemic circulation. 
All HIV positive individuals who 
took part in this study were on 
anti-retroviral therapy, it would be 
interesting to investigate whether 
antiretroviral drugs have any eff ect 
on peripheral blood basophil counts 
and activation marker expression.

No signifi cant diff erence was 
found in the absolute basophil 
counts in patients with asthma or 
eczema as compared to healthy 
volunteers. This could suggest that 
basophil migration from systemic 

circulation to the aff ected tissues 
in these conditions is balanced by 
basophil maturation and release into 
peripheral blood.  

The results obtained from this 
experiment revealed no signifi cant 
diff erence in the level of basophil CD63 
expression in asthmatic patients. This 
could be explained by the fact that 
most of the patients who took part 
in the study were on treatment with 
steroids. Steroids have been shown 
to cause a reduction in absolute 
basophil count and inhibit mediator 
release38. It would, therefore, be 
recommended to exclude patients 
on regular systemic steroid therapy 
from future investigations.

No signifi cant diff erence was found 
in the level of CD63 expression in 
allergic patients. It is important to 
note that a heterogeneous patient 
group was selected. Some individuals 
who reported allergic reactions 
to unspecifi ed allergens may have 
suff ered from idiopathic urticaria 
or angioedema. The underlying 
mechanism may be autoimmune in 
nature, mediated by auto-antibodies 
directed against the FCεRI receptors.

The eczema patient group was too 
small to allow for eff ective analysis 
and comparison.  Nevertheless, 
statistical analysis showed no 
signifi cant diff erence in CD63 
expression. Two of the patients were 
on oral steroids and one was on 
immunosuppressant therapy, which 
might explain the results obtained.

The site of allergen exposure 
determines the organ systems 
aff ected. In patients with asthma, 
eczema and allergies, the allergens 
remain localised to the tissues 
aff ected. Basophils have been shown 
to migrate to those tissues in those 
conditions14,18,37. Consequently, the 
results could demonstrate that 
basophils in peripheral blood are not 
an accurate representation of those 
directly involved in the pathogenesis 
of the conditions. Basophils that have 
migrated to the aff ected regions 
are exposed to the allergen and are 
more likely to be stimulated and 
may consequently express higher 
levels of CD63 than those present in 
circulation. 
 
This study demonstrated a signifi cant 
increase in basophil CD63 expression 
in HIV patients despite a signifi cant 
reduction in absolute basophil counts 
compared to the healthy controls. 
This could suggest that a greater 
proportion of basophils present in 
peripheral blood were stimulated 
in HIV in comparison to healthy 
controls. The HIV glycoprotein, 
gp120, is a viral envelope protein. 
It is present in systemic circulation 
as either virus-bound or in its shed 
form and its concentration in 
circulation increases as the virus 
replicates. In the early stages of HIV 
infection associated with viraemia, a 
rise in serum IgE and IL-4 has been 
clinically observed23,24,25,33.  Since 
the glycoprotein is not localised to 
specifi c tissues, peripheral blood 
basophils are exposed to the 
superantigen and are stimulated via 

Figure 9. This graph compares the level of  
CD63 expression in non-atopic individuals and 
atopic individuals.
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its interaction with the VH3 domain 
of the VH3+ IgE molecules23,24,25. This 
may lead to the production of the 
Th2 type cytokines IL-4 and IL-13 and 
the up-regulation of CD63 on the cell 
surface. HIV preferentially replicates 
in Th2 cells. Hence, HIV-1 induced 
basophil activation can be considered 
a method by which the virus optimises 
conditions for replication. Early 
studies have shown that peripheral 
IgE levels may serve as a marker 
for poor prognosis in HIV positive 
individuals39. It would be interesting 
to see if there is a relationship 
between a history of atopy and 
disease severity following infection. 
It is also a potentially exciting 
avenue to explore with regards to 
novel medical interventions. Could 
inhibition of HIV-induced modulation 
of the immune response in early 
stage HIV infection serve as a viable 
therapeutic option? 

CONCLUSION
The results of this study showed 
no diff erence in absolute basophil 
counts in patients with asthma or ec-
zema compared to healthy controls. 
There was a signifi cant reduction in 
the basophil counts in patients with 
allergies and HIV positive patients. 
There was no evidence to suggest 
that peripheral blood basophils from 
patients with atopic diseases ex-
pressed higher levels of the basophil 
activation marker CD63 compared to 
healthy individuals. Basophils from 
HIV positive individuals expressed 
signifi cantly higher levels of CD63, 
possibly owing to the allergen-like 
function of the viral envelop protein, 
gp120. Further studies should investi-
gate basophil CD63 expression in HIV 
positive patients at diff erent stages 
in disease progression and assess 
absolute basophil numbers in better 
characterised allergic patient groups. 
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INTRODUCTION

First described in 19911, tako-tsubo 
cardiomyopathy (TCM) is a discrete, 
transient cardiomyopathy which clini-
cally mimics acute myocardial infarc-
tion (MI). The syndrome is defi ned by 
its clinical characteristics: dyskinesia 
of the mid and apical segments of 
the left ventricle, normal or non-sig-
nifi cantly stenotic coronary arteries, 
abnormal electrocardiogram (ECG) 
fi ndings and moderately elevated 
cardiac enzymes. A patient with TCM 
typically presents with acute chest 
pain and dyspnoea, temporally asso-
ciated with an acute psychologically 
or physically stressful event. The pre-
cise nomenclature of TCM remains 
controversial; the condition is also 
referred to as transient left ventricu-
lar apical ballooning syndrome, stress 
cardiomyopathy and “broken heart 
syndrome”. A “tako-tsubo” is a pot 
used by Japanese fi shermen to cap-
ture octopuses and resembles the 
“ballooned” appearance of the left 
ventricle observed in TCM (Figure 1). 

Current studies estimate that TCM is 
responsible for 1-2% of admissions for 
acute MI2,3,4. American Heart Associa-
tion data reports that approximately 
732,000 Americans are discharged 

Figure 1: A tako-tsubo. This is a device used by Japanese 
fi shermen to capture octopuses. Reproduced with permis-
sion29.
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  CLINICAL POINTS

• Tako-tsubo cardiomyopathy (TCM) is a clinical mimic of acute myocardial 

infarction (MI) and usually presents with chest pain and dyspnoea. 

Studies estimate that TCM accounts for 1-2% of acute MI hospital 

admissions. 
• The condition is most common in postmenopausal women, and 

two-thirds of cases are preceded by an identifi able physically or 

psychologically stressful event.
• Non-specifi c fi ndings on electrocardiogram and cardiac enzyme assays 

similar to MI are associated with TCM. “Ballooning” of the left ventricle 

on systolic ventriculogram is pathognomonic of the condition.

• Management is usually supportive, although complications are managed 

as they arise. There is a potential role for chronic beta-blockade and 

ACE-inhibition on discharge.
• TCM usually resolves spontaneously, has a low mortality rate and recurs 

in less than 10% of individuals.

ABSTRACT 
Tako-tsubo cardiomyopathy is a recently described clinical entity which 
classically presents as an acute coronary syndrome. Key features include 
“ballooning” of the left ventricle, patent coronary arteries, non-specifi c 
electrocardiogram changes and elevated cardiac enzymes. This condition 
clinically mimics acute myocardial infarction and is believed to account for 
at least 1-2% of patients admitted to hospital with this diagnosis. The typi-
cal patient with tako-tsubo cardiomyopathy is a postmenopausal woman 
presenting with acute onset of chest pain and dyspnoea, who has recently 
experienced a profoundly stressful physiological or psychological event. 
Catecholamines are implicated in the pathophysiology of this condition, 
although their precise role is the subject of much debate. Currently, rou-
tine investigations are not specifi c for tako-tsubo cardiomyopathy and it 
should be considered as a diagnosis of exclusion. Relative to myocardial 
infarction, the prognosis of tako-tsubo car-
diomyopathy is excellent; the mortality rate 
is low, fewer than 10% of patients experience 
a recurrence of the condition and recovery 
is generally spontaneous with minimal in-
tervention. Herein, the aim of this review is 
to provide an overview of tako-tsubo car-
diomyopathy by examining its pathophysi-
ology and clinical characteristics. 
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with a primary diagnosis of acute MI 
each year5.  Therefore, it may be sur-
mised that TCM accounts for at least 
7,000-14,000 hospital discharges per 
year in the United States. Similarly, 
ESRI (HIPE) data suggests that TCM 
is responsible for 60-121 hospital dis-
charges from Irish hospitals per year6.

TCM shows a marked preponderance 
for females7, with women account-
ing for 89% of patients. The mean 
age ranges from 58-75 years and <3% 
of patients are under the age of 50 
years7,8,9. A stressful triggering event 
is readily identifi able in two-thirds 
of cases9,10. Classical emotional trig-
gering events include major medical 
diagnoses11, confrontational argu-
ments12, unexpected death of a friend 
or relative, gambling losses and do-
mestic abuse7.  Examples of reported 
physical stressors include demanding 
work or exercise13, administration of 
EpiPen14 and non-cardiac surgery9,15. 
One interesting study16 reported a 
rise in incidence of TCM following the 
Central Niigita Prefecture earthquake 
in Japan in 2004. In the four weeks 
preceding the earthquake, only one 
case of TCM was reported, whereas 
25 cases of TCM were confi rmed in 

the four weeks following the inci-
dent.

By considering TCM as a diff erential 
diagnosis of acute MI, patients may 
be rendered a diagnosis with an ex-
tremely good prognosis and less sig-
nifi cant emotional burden. Indeed, 
both the recurrence and mortality 
rates for TCM are extremely low rela-
tive to MI and it generally resolves 
spontaneously with minimal or sup-
portive therapy. There is confl icting 
evidence regarding how to diff eren-
tiate TCM from acute MI using rout-
ing investigations in the acute set-
ting. Emerging research is focused 
on identifying fi ndings on routine 
investigations which are specifi c for 
TCM and elucidating the underlying 
pathophysiological mechanisms. An 
increased understanding and aware-
ness of this unique condition is neces-
sary to improve diagnostics and opti-
mize management. The aim of this 
introductory review, therefore, is to 
present the pathophysiology of TCM 
as it is currently understood and to 
provide an overview of the clinical as-
pects of this increasingly recognised 
clinical entity. 

PATHOPHYSIOLOGY

The precise pathological mechanism 
of TCM has yet to be identifi ed5. Al-
though several hypotheses have 
been proposed, the Catecholamine 
Hypothesis is the most widely ac-
cepted. Therefore, a detailed over-
view of this theory will be provided, 
in addition to a synopsis of the salient 
points of alternative theories under-
lying TCM.

CATECHOLAMINE (NEUROHUMORAL) 
HYPOTHESIS

Catecholamines are released from 
the adrenal glands and some pre-
synaptic neurons during episodes 
of stress, exercise or other “fi ght or 
fl ight” reactions.

Raised serum total catecholamine 
levels of up to 3600 pg/L have been 
reported in TCM17 (normal level <250 
pg/L18). This catecholamine excess 
has been implicated in the pathogen-
esis of so-called myocardial “stun-
ning”17, proposed as the cause of 
apical ballooning of the left ventricle 
which is pathognomonic of the syn-
drome. The neurohumoral hypoth-
esis postulates that a complex in-
terplay between neural (related to 
nervous system) and humoral (per-
taining to elements in blood) factors 
is responsible for the manifest fea-
tures of TCM19.

Norepinephrine and epinephrine 
exert their eff ects on the heart pri-
marily through β1 and β2 adrenergic 
receptors (the ratio of β1:β2 in the 
heart is approximately 4:120). Binding 
at these receptors normally results in 
activation of a cascade of signalling 
molecules beginning with Gs, which 
results in a positive inotropic eff ect 
(more forceful contraction of heart 
muscle)21. While this normal path-
way is preserved at the β1 receptor, 
extremely raised catecholamine con-
centrations result in a switch at the 
β2 receptor from a Gs to a Gi pathway 

Figure 2: Illustration of the densities of Beta-2 receptors and sympathetic nerve fi bres in the apical 
and basal myocardium. A comparable dilation is seen at the apex relative to basal contraction ("balloon-
ing"). This is due to the greater density of beta-2 receptors at the apex and the greater density of sympa-
thetic fi bres at the basal myocardium. Thus, serum catecholamines have a more pronounced eff ect at the 
apex, causing a localised relative negative inotropic eff ect. 
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(probably via phosphorylation of the 
β2 receptor22). The Gi pathway results 
in negative inotropy and is believed 
to act as a protective mechanism 
against myocyte apoptosis. It is pro-
posed that as serum catecholamine 
levels rise, a greater proportion of β2 
receptors transduce signals through 
the Gi pathway causing an increas-
ingly negative inotropic eff ect. Mean-
while, the stress response in the 
central nervous system (sympathetic 
response) results in both positive 
chronotropy (increased rate of con-
traction) and positive inotropy.

In the human heart, the density 
of sympathetic nerve fi bers is ap-
proximately 40% higher in the basal 
myocardium than in the apical myo-
cardium23 (Figure 2). Conversely (ex-
trapolated from a canine model), 
the apical myocardium has a greater 
concentration of β receptors than 
the basal myocardium24. Thus, neural 
input has a greater eff ect in the basal 
myocardium and receptor-mediat-
ed eff ects are greater in the apical 
myocardium. Functionally, this sug-
gests that the negative inotropic ef-
fect produced by transduction from 
the β2 receptor in the presence of 
raised cathecholamines is relatively 
larger in the myocardium at the apex 
of the heart. This mildly counteracts 
the sympathetic overdrive, leading to 
relatively weaker contractions in the 
apical than in the basal myocardium – 
a local humoral response at the apex 
resisting the generalized positive in-
otropy. This provides a possible ex-
planation for the characteristic takot-
subo-like ventricular changes of basal 
contraction and apical ballooning. 

In the presence of raised serum cat-
echolamines, cardiac myocytes un-
dergo oxidative stress and some may 
apoptose (though less than encoun-
tered in MI). Since both TCM and MI 
share the feature of myocyte apopto-
sis, this may explain their similar ECG 
and biochemical fi ndings. Moreover, 

as this apoptotic phenomenon is 
present to a lesser degree in TCM, this 
may explain why these abnormalities 
are less marked and observed for a 
shorter period of time.

Additional support for catechol-
amine involvement in TCM includes 
the fi nding that β blockers such as 
propranalol have also been eff ective 
in preventing certain stress-induced 
cardiac pathology25. Furthermore, in 
some cases of phaeochromocytoma 
(a catecholamine-secreting adre-
nal gland tumour), a similar pattern 
of apical ballooning has been ob-
served26.

INFLAMMATORY HYPOTHESIS

This hypothesis postulates that cat-
echolamine excess directly causes 
cardiac infl ammation and apoptosis, 
which in turn gives a picture of heart 
failure27. This arose from the detec-
tion of elevated non-specifi c infl am-
matory markers such as C-reactive 
protein (CRP)28, as well as the ob-
served infi ltration of infl ammatory 
cells into the myocardium in TCM29. 
Catecholamines can cause apopto-
sis via cyclic AMP-mediated calcium 
overload30, serving also as a poten-
tial source of oxygen-derived free 
radicals31. The signifi cance of raised 
infl ammatory markers has been dis-

puted and is currently believed to 
be an epiphenomenon as CRP levels 
reach a peak several days after pre-
sentation. 

CORONARY FLOW IMPAIRMENT 
HYPOTHESIS

Coronary fl ow impairment was one 
of the earliest pathophysiological 
hypotheses of TCM. This theory pos-
tulates that increased sympathetic 
activity from stress induces coronary 
artery spasm and vasoconstriction32, 
resulting in transient ischaemic myo-
cyte apoptosis. Recently, many stud-
ies using acetylcholine or ergonovine 
to induce coronary artery vasospasm 
during angiography have yielded in-
conclusive results7. However, further 
research has indicated that microvas-
cular spasm may result in impaired 
blood supply to discrete areas of the 
myocardium and reversible myocar-
dial dysfunction33.

MYOCYTE METABOLISM 
HYPOTHESIS

Having observed that coronary mi-
crocirculation may be markedly im-
paired in the early stages of TCM33, 
researchers sought to elucidate 
whether abnormalities of myocyte 
metabolism similar to those seen in 
acute MI are also present. Under aer-

Table 1: Mayo Clinic Diagnostic Criteria for Tako-tsubo Cardiomyopathy (TCM)8

Mayo Clinic Diagnostic Criteria for TCM 

Each of the following criteria must be satisfied for the diagnosis of TCM: 

1) Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid 
segments with or without apical involvement; the regional wall motion 
abnormalities extend beyond a single epicardial vascular distribution; a 
stressful trigger is often, but not always present. 
2) Absence of obstructive coronary disease or angiographic evidence of 
acute plaque rupture. 
3) New electrocardiographic abnormalities (either ST-segment elevation 
and/or T-wave inversion) or modest elevation in cardiac troponin. 
4) Absence of phaeochromocytoma and myocarditis. 



TSMJ  | 2010 | Volume 11

LITERATURE REVIEW

obic conditions, the normal myocar-
dium utilises fatty acids (via β oxida-
tion) as 70-80% of its energy source. 
In TCM, fatty acid oxidation is signifi -
cantly impaired with only a slight de-
crease in perfusion34. This dispropor-
tionate impairment was confi rmed 
in multiple studies, usually involving 
reduced uptake of iodine-123-BMIPP 
radioisotope tracer into myocytes 
and is thought to be consistent with 
a mildly ischaemic picture34. 

CLINICAL PRESENTATION AND 
DIAGNOSTIC CRITERIA
Clinically, TCM is essentially indistin-
guishable from acute MI with revers-
ible left ventricular dysfunction. In 
a systematic review by Gianni et al7, 
cardiac-type chest pain and dyspnoea 
were reported as cardinal symptoms 
in 67.8% and 17.8% of TCM patients, 
respectively. Nevertheless, patients 
may present with more serious com-
plications, such as cardiogenic shock 
(4.2%) and/or ventricular fi brillation 
(1.5%)5. Mild to moderate congestive 
cardiac failure is frequent and due to 
the reduction in stroke volume, hypo-
tension may occur, though syncope 
is uncommon8. Rarely, patients may 
present with sudden cardiac death 
syndrome35.

To assess a patient with the above 
clinical picture for the presence of 
TCM, the Mayo Clinic has proposed 
several diagnostic criteria36 (Table 1).

INVESTIGATIONS

ELECTROCARDIOGRAM FINDINGS

The most commonly observed ab-
normality on the electrocardiogram 
(ECG) is ST-segment elevation which 
mimics ST-elevation MI (STEMI)15. Few 
identifi ed features distinguish STEMI 
from TCM on ECG, with some papers 
denying that discriminatory features 
exist37. However, a growing evidence 
base suggests that certain fi ne char-
acteristic features may be useful.  In a 

cross-sectional retrospective record 
review of low power (n=26) by Ogu-
ra et al38, ST-elevation was quantita-
tively measured in patients with TCM 
and acute anterior MI. There was a 
statistically signifi cant (p=0.008) dif-
ference in the level of ST-elevation in 
leads V1-3 in patients with acute ante-
rior MI (11.04+/-7.35millimetres) than 
with TCM (4.33+/-3.10mm). In leads 
V4-6 the ST-segment elevation was 
also marked but similar in both con-
ditions (p=0.56): MI (7.73+/-6.10mm) 
versus TCM (6.44+/-4.69mm).  Most 
notable, however, was the diff erence 
noted in the ratio of ST-segment 
elevation in leads V4-6 to leads V1-3
(STeV4-6:STeV1-3): MI (0.56+/-0.57mm) 

versus TCM (1.55+/-0.53mm), which 
is statistically signifi cant (p=0.0004). 
Thus, while ST-elevation is present in 
both conditions, it was found in this 
study to be quantitatively greater in 
MI. In practical terms, the ratio of el-
evation in V4-6:V1-3 has the potential to 
be a specifi c marker for TCM and re-
quires further investigation in a study 
of higher power. 

Other changes which may prove use-
ful in distinguishing TCM from acute 
anterior MI include the absence of 
ST-segment depression in inferior 
leads39 and resolution of QT-interval 
prolongation and T-wave inversion 

over 4-6 months40,41. Pathological Q 
waves may be less common in pa-
tients with TCM than in patients with 
acute MI38.

CARDIAC IMAGING

Transthoracic echocardiography and 
ventriculography are useful tools in 
detecting wall motion abnormalities 
typically seen in TCM, specifi cally hy-
pokinesis or dyskinesis of the mid or 
apical portions of the left ventricle. 
Subsequent “ballooning” of the left 
ventricle may be observed and is 
considered to be pathognomonic of 
the syndrome (Figure 3). Similar re-
gional wall motion abnormalities are 
seen in the right ventricle in approxi-

mately 30% of patients who tend to 
be sicker and are more likely to de-
velop congestive cardiac failure42,43. 
However, visualisation of the true 
anatomical apex can be diffi  cult in 
acutely ill patients8. It is worth noting 
that the characteristic wall motion 
abnormalities involve myocardium 
supplied by branches of both the left 
and right coronary arteries44. In stud-
ies by Wittstein et al17, Bybee et al45

and Tsuchihashi et al15, left ventricular 
ejection fraction (LVEF) at presenta-
tion of TCM was markedly reduced 
(to an average of 20%, 39% and 41%, 
respectively). Full recovery was the 
trend in each of these trials; follow-
up LVEF values were measured at 

Figure 3: The characteristic appearance of TCM on ventriculogram. Diastolic and systolic freeze 
frames from a left ventriculogram of a patient with classic TCM. This illustrates hyperdynamic basal con-
traction but akinesis of the mid and apical segments of the left ventricle. Reproduced with permission8.
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an average of 60%, 60% and 64%, re-
spectively (within the normal healthy 
range of 62.3+/-6.1%)46. 

Unlike typical patients with acute 
coronary syndromes, angiographi-
cally normal or mildly atherosclerotic 
coronary arteries are usually seen on 
emergency coronary angiography in 
patients with TCM7,9.

LABORATORY STUDIES

In TCM, cardiac biomarkers tend to 
be modestly raised relative to the 
levels observed in MI. Sharkey et 
al47 found the mean peak Troponin 
T titre to be elevated in 95% of TCM 
patients at 0.64+/-0.86 ng/ml, but 
lower than in those with left anterior 
descending coronary artery occlu-
sions (3.88+/-4.9 ng/ml). As would 
be expected, patients demonstrat-
ing left heart failure were noted to 
have elevated serum brain natriuretic 
peptide (BNP) levels. Further, serum 
catecholamines have been noted to 
be two to three times higher than in 
patients with acute MI17.

MANAGEMENT AND 
PROGNOSIS

Optimal management of TCM has yet 
to be established.  The initial man-
agement should therefore be that 
of myocardial ischaemia until a diag-
nosis of TCM is made.  Management 
would include continuous ECG moni-
toring, administration of aspirin and 
IV heparin and β-blockade are indi-
cated. Discontinuation of all medica-
tions except for β-blockade and sup-
portive fl uids is recommended once 
the diagnosis of TCM is established8. 
Complications should be treated as 
they arise.  Congestive cardiac failure 
complicates 20% of TCM cases7 and as 
with acute MI, mechanical (e.g. free 
wall rupture and mitral regurgitation) 
and arrhythmic complications (both 
atrial and ventricular) may occur. 
Given the excess of catecholamines, 

it is sensible to avoid catecholamine 
vasopressors in treating hypoten-
sion9,48. Anticoagulation is advisable 
in the presence of severe left ventric-
ular systolic dysfunction, with warfa-
rin maintenance until function recov-
ers. Mayo Clinic guidelines suggest a 
role for chronic β-blockade in reduc-
ing the likelihood of recurrences and 
for ACE-inhibitors on discharge8. 

Complete recovery is seen in virtually 
all patients within 4-8 weeks8,15,17,48

and recurs in less than 10% of pa-
tients10. In a four-year follow-up study 
of 70 TCM patients in Rhode Island, 
among three deaths in the cohort, 
only one was reported to be due to 
cardiovascular morbidity49. This fur-
ther reinforces the low mortality rate 
reported by other studies8,48. Overall, 
long-term survival is similar to that 
of the general age-matched popula-
tion10. 

CONCLUSION

As evidenced by phrases such as 
“scared to death” and “dying of a 
broken heart”, TCM seeped into pop-
ular culture long before it was recog-
nised and aff orded a name. As TCM 
is further unmasked, its implications 
are becoming better understood. 
Improving diagnostics is incentivised 
not only by the opportunity to off er 
patients a diagnosis with an excellent 
prognosis and more tolerable treat-
ment, but also to reduce unnecessary 
expenditure by shortening inpatient 
stays and avoiding costly interven-
tions. This unique syndrome should 
be included in the diff erential diag-
nosis of any patient presenting with 
suspected acute MI. Currently, there 
is signifi cant international interest in 
TCM, as refl ected by the exponential 
growth in the number of publica-
tions in recent years.  As the evidence 
evolves, enthusiasm for research into 
this disease has reached new heights 
and the prognosis will continue to im-
prove.
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ARTICLE OF INTEREST

It was twelve noon on a typical wet 
and windy Saturday in the west of Ire-
land. My GP, having fi nished his break-
fast and perused the Irish Times, calls 
to say that he will shortly be making a 
routine house call to change the cath-
eter of an elderly man confi ned to his 
bed for the past few months. As a 
medical student with a strong inter-
est in family medicine, I ask if I can tag 
along. Dr S, a veteran with 25 years of 
GP experience, duly obliges. Rather 
than seeming inconvenienced, he ap-
pears excited to impart some of his 
knowledge to a student eager to gain 
insight into how the front line of pri-
mary care actually works.

On the 10 minute journey through 
meandering roads to the small farm-
house, Dr S briefs me on the patient’s 
history: ‘An 80 year-old-man with 
atrial fi brillation, benign prostatic hy-
perplasia and early onset dementia; a 
real classic’, he says. He explains how 

the patient’s wife has been caring for 
him over the previous months, and 
how this particular case is a perfect 
example of the kind of house call one 
could expect when working in rural 
Ireland. He stresses the importance 
of providing support for the man’s 
carers, which he tells me is one of the 
most salient priorities when dealing 
with a case of this nature. While both 
the patient’s history and the thought 
of witnessing a new clinical proce-
dure interest me, it’s the dynamic 
between the doctor and the family in 
this, the most private of places, I fi nd 
most intriguing.

Contemporary family practice can act 
as a microcosm of hospital medicine. 
Under the guise of mini hospitals, 
primary care facilities are now ex-
panding to include an ever-enlarging 
multidisciplinary team, with doctors, 
nurses, physiotherapists, pharma-

cists and social workers attempting 
to provide complementary care — 
often all under one roof.  Many of 
these modern health care practices 
are further diversifying to incorpo-
rate X-ray facilities, DEXA scanners 
and minor ops clinics. Now, the once 
small and personalized GP surgeries 
are increasingly becoming expansive, 
sanitized clinical limbs of hospital 
medicine. Or are they? This got me 
thinking. What is it that sets general 
practice apart from hospital medi-
cine? 

Let’s take shopping as a crude anal-
ogy. I personally despise even the 

thought of fi nding myself at 5 o’clock 
on a mundane Friday afternoon, in a 
faceless, soulless, multinational su-
perstore.  To me, the prospect of try-
ing to shout and push my way through 
a hot and overcrowded supermarket 
is far from desirable. I would be far 
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more comfortable visiting my local 
village shop, where I will be greeted 
by name and asked how I’m doing. I 
would rather a pleasant ten minutes 
in a shop that is as sparsely popu-
lated as the countryside in which it 
fi nds itself. A place where queuing 
is as obsolete as mobile phones that 
can change the channel on your TV 
or running shoes with a built-in GPS 
tracking device.

Here in lies the beauty of the family 
practice. It’s local and it’s personal. 
It’s about family, it’s welcoming, it’s 
relatively quiet, it’s on your doorstep, 
and in the case of house calls, it will 
even come directly to your home. 
Sure, there are times when I need to 
source a dozen duck breasts from a 
small farm in the Dordogne to show 
off  at a dinner party. On the odd oc-
casion when this occurs, I will head 
to the nearest Hypermarket to brave 
the crowds and queues. Equally oc-
casionally, I may need to make the 
trek, like many others in rural Ireland, 
to get my gallstones removed by 
Endoscopic Retrograde Cholangio-
pancreatography (ERCP). When this 
happens, I take a deep breath, bless 
myself and launch into the lion’s den, 
ready to become a number on a form, 
a faceless statistic on someone’s re-
port. However until then, where pos-
sible, give me local, personalized GP 
care. 

So why general practice? Why local? 
Why somewhere with a personal 
touch? Why a partnership rather than 
a totalitarian regime, where a con-
sultant tells me how it’s going to be, 
or an advertising executive tells me 
why I need to buy overpriced ham 
from Iberia? Well it’s obvious! It’s the 
same reason people spend six times 
as much to fl y fi rst class to New York 
and stay in The Waldorf, rather than 
fl ying economy and bunking at the 
nearest Travel Lodge. It’s about ser-
vice. It’s about the welcome you re-
ceive from staff  who care about how 

your day is going. In short, it’s the 
idea that when you need someone 
or something, day or night, it will be 
there, just like your humble GP ser-
vice.

So here in lies the beauty of the house 
call. On demand, personal service in 
the privacy and comfort of your own 
home. With the exception of the lo-
cal Parish Priest coming to administer 
the last rights, there is no other ser-
vice where you can ring up and within 
the hour have a skilled professional 
kneeling by your bedside. I fi nd it 
somewhat humorous to toy with the 
idea of ringing my bank manager, ac-
countant or solicitor at 10 o’clock on 
a Saturday night to ask them to come 
round for a chat about my fi nances. 

It is easy to argue that GP home vis-
its are reserved for emergency cases 
only, or for people who are very ill. 
The reality, however, is that the ma-
jority of home visits are more about 
psychosocial and palliative care. Of-
ten visits are more to provide support 
and counsel than to explore clinical 
issues. Often these visits are simply 
to let carers know that they haven’t 
been forgotten, that there is support 
for them and that they’re not alone.

A recent survey of GP home visits in 
Donegal (yet to be published), which 
I have been involved in collating, has 
revealed some pertinent fi ndings. Our 
study calculated a home visiting rate 
of 158/1000/year with a 9-fold varia-
tion between practices. The gender 
spread was approximately even, with 
54% of calls made to female patients, 
while the average patient age was 
79 years. The mean time taken for a 
house call was found to be about 30 
minutes and the majority of calls were 
initiated by the patient or a relative 
(63%). Only 14% were found to be initi-
ated by the GP. Interestingly, of the 
651 home visits surveyed, 257 (39.5%) 
were classifi ed as routine calls, which 
could have waited at least another 24 

hours. Only 59 (9%) resulted in a hos-
pital admission. 

So what does this tell us? What is the 
role of the house call in the current 
climate of the increasingly deperson-
alized healthcare system? The results 
from this study highlight that house 
calls still comprise a substantial part 
of the workload for many rural GP’s. 
Further, these home visits tend to be 
weighted towards elderly patients 
who often only require routine sup-
port, and not for medical emergen-
cies as the service is often sold. Per-
haps then, the greatest strength 
of the house call is that it provides 
a means of protecting older, more 
dependent and vulnerable patients; 
those who cannot protect them-
selves. 

Aside from Ireland, Great Britain and 
the Netherlands are two of the few 
countries that still provide GP house 
calls. This leads one to ask, is this 
the mark of a society that is grasp-
ing onto an archaic way of life and 
lagging behind the remainder of the 
developed world? Or are we pioneers 
for sticking to our traditions and pro-
viding a more personal form of health 
care that greatly fosters community 
cohesion? To paraphrase Fyodor Dos-
toevsky, ‘the degree of civilization 
within our society can be judged by 
the way we treat our outcasts.’ We 
live in a society intent on destroying 
the local grocer and losing the per-
sonal touch, a society accelerating 
away from one focused on family to 
one obsessed with personal profi t 
and gain. In order to protect our in-
dividuality, our elderly, our marginal-
ized, and our weak, we must also pro-
tect the house call. 
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INTRODUCTION
Hyponatraemia, commonly defi ned 
as a serum sodium ≤ 135 mmol/L, is 
the most frequently encountered 
electrolyte abnormality in clinical 
practice1. Both the disorder itself and 
its management can lead to signifi -
cant morbidity and mortality. Severe 
hyponatraemia (≤120 mmol/L) devel-
oping acutely can result in serious 
neurological sequelae due to water 
shift into brain cells, leading to con-
fusion, restlessness, seizures, coma, 
brainstem herniation, respiratory ar-
rest and even death. These 

neurological signs and symptoms are 
usually absent in those in whom hy-
ponatraemia develops gradually due 
to the ability of brain cells to adapt to 
the slow change in the tonicity of the 
extracellular fl uid2. 

Patients in whom the development 
of hyponatraemia is gradual are not 
always truly asymptomatic, however, 
and they may have subtle neurologi-
cal abnormalities that lead to atten-
tion defi cits and an increased risk of 
falls3. This is crucially important in the 
elderly, a population at increased risk 

of both falls and hyponatraemia4,5. 
There is also emerging evidence to 
suggest that chronic, mild hyponat-
raemia may result in metabolic bone 
loss, further increasing the risk of 
fracture in the elderly patient with 
chronic hyponatraemia6. In hospi-
talised patients, low serum sodium 
is an independent risk factor for in-
hospital mortality, meaning that re-
gardless of the cause of the hyponat-
raemia or the co-morbidities present, 
these patients have a greater mortal-
ity risk and this risk increases in pro-
portion with the decrease in their 
serum sodium concentration7. Fur-
thermore, hyponatraemia may be a 
modifi able risk factor for mortality in 
congestive heart failure as suggested 
by the Acute and Chronic Therapeutic 
Impact of a Vasopressin 2 Antagonist 
(Tolvaptan) in Congestive Heart Fail-
ure (ACTIV in CHF) study in which an 
increase in serum Na+ of ≥ 2 mmol/L 
almost halved the mortality rate sixty 
days post discharge after an exacer-
bation of congestive heart failure8. 
More research is needed in this area 
to evaluate the role of serum sodium 
as a risk factor for mortality in seri-
ously ill patients.

In addition to appreciating the signifi -
cance of hyponatraemia as it relates 
to patient outcomes, a thorough un-
derstanding of the treatment of this 

 CLINICAL POINTS

 The sequelae of hyponatraemia can be varied and devastating, 

therefore prompt and appropriate correction is vital.

 Hyponatraemia has multiple aetiologies and the cause needs to be 

determined before the appropriate treatment can be chosen

 Measurement of volume status, serum osmolality, urinary sodium 

concentration and urinary osmolality are fundamental in order to 

correctly diagnose the precipitating cause.
 Over-rapid correction of chronic hyponatraemia can have perma-

nent and devastating neurological consequences

 The introduction of new drugs for the treatment of hyponatrae-

mia, the ‘Vaptans’, which block the vasopressin receptor and cause 

excretion of free water are an important addition to the options 

available to the clinician for the treatment of hyponatraemia.

ABSTRACT
Hyponatraemia is the most common electrolyte abnormality in clinical prac-
tice. While it may be an incidental discovery or manifest with subtle symp-
toms such as mild confusion, it can also be associated with severe neuro-
logical complications and may even result in death. Mismanagement of 
hyponatraemia with over-rapid correction of the electrolyte abnormality can 
cause serious and long-lasting neurological consequences. An understanding 
of the pathophysiology of hyponatraemia is necessary in order to select the 
appropriate treatment and avoid the complications associated with this con-
dition and its management. The recent introduction of vasopressin receptor 
antagonists off ers clinicians a new option in the management of this chal-
lenging condition. 
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condition is essential to avoid the 
devastating consequences of mis-
management. Over-rapid correction 
of long-standing hyponatraemia can 
result in a demyelination syndrome 
in the central nervous system (CNS) 
which destroys CNS structures and 
leaves the patient with serious, per-
sistent neurological disabilities. Clas-
sically, demyelination occurs in the 
pons resulting in central pontine my-
elinolysis (CPM) but demyelination 
due to over-rapid sodium correction 
can occur anywhere in the CNS9.

The following paragraphs will explain 
the pathophysiological mechanism 
of various types of hyponatraemia 
and their potential consequences. 
Moreover, a discussion of the pro-
posed method of correction of each 
of these conditions will be provided. 

PATHOPHYSIOLOGY
Treatment of hyponatraemia in clini-
cal practice fi rstly involves correctly 
identifying the cause in order to 
choose the most appropriate ther-
apy. The causes of hyponatraemia 
are exceedingly varied and an un-
derstanding of the underlying patho-
physiology of the condition is of ut-
most importance. This understanding 
helps the clinician distinguish a pa-
tient who may have hyponatraemia 
merely from excessive consumption 
of water from one in whom a subtle 
electrolyte imbalance is their fi rst 
presentation of malignancy. 

Broadly speaking, hyponatraemia oc-
curs due to an excess of extracellular 
water relative to extracellular so-
dium. In order to discuss the causes 
of this excess in extracellular water, 
two important terms fi rst need to be 
defi ned: osmolality and tonicity. The 
osmolality of a solution is the number 
of osmoles of solute per kilogram of 
solvent. Note that the particles con-
sidered in the calculation of the os-
molality of a solution may or may not 
freely cross the cell membrane; that 

is, this measurement does not con-
fer any information about how the 
dissolved particles will aff ect trans-
cellular shifts of water in vivo. The 
tonicity of a solution, however, is the 
measure of the total concentration 
of particles which cannot freely cross 
the membrane and these, there-
fore, do induce transcellular shifts 
of water. The causes of the excess 
in extracellular water that lead to hy-
ponatraemia can be associated with 
a hypertonic, isotonic or hypotonic 

extracellular fl uid and the treatment 
of these types of hyponatraemia dif-
fers. There is also the case of pseu-
dohyponatraemia, which refers to 
a laboratory artefact that results in 
a low sodium measurement in the 
presence of normal serum sodium10.

NON-HYPOTONIC HYPONATRAEMIA

Consider fi rst the following types of 
non-hypotonic hyponatraemia, that 
is those associated with a hyper-

tonic or isotonic extracellular fl uid 
and pseudohyponatraemia resulting 
from a laboratory artefact.

HYPERTONIC HYPONATRAEMIA

This can be caused by any solute 
which remains in the extracellular 
space and cannot cross the mem-
brane, thereby inducing movement 
of water out of cells and a decrease in 
the concentration of the extracellular 
sodium. A common example of this is 
the dilution of extracellular sodium 
that occurs due to the osmotic eff ect 
of extracellular glucose in diabetic 
ketoacidosis. In this condition, glu-
cose cannot enter the cell due to lack 
of insulin and the high extracellular 
concentration of glucose therefore 
draws water out of the intracellular 
compartment and dilutes the serum 
sodium (See Figure 1, example B)11.

ISOTONIC HYPONATRAEMIA

This situation occurs when there is 
infusion or absorption of an isot-
onic solution, such as mannitol, that 
does not contain sodium. As a result, 
the measured sodium concentra-
tion will be low, but there will be no 
transcellular shifts in water. Isotonic 
hyponatraemia can arise following 
trans-urethral resection of the pros-
tate (TURP) and does not require cor-
rection unless there is progression 
to hypotonic hyponatraemia as sub-
stances in the irrigating fl uid such as 
glycine are metabolised to CO2 leav-
ing free water in the serum11. 

PSEUDOHYPONATREMIA 

This occurs when the sodium con-
centration is measured using meth-
ods that allow high serum protein or 
lipid concentrations to interfere with 
the interpretation of the result, lead-
ing to a falsely low sodium measure-
ment. Pure pseudohyponatraemia 
does not require any correction of 
the serum sodium. It does, however, 
alert the clinician to the presence of 
a serious derangement in a patient’s 

Figure 1.  A. Normal plasma osmolality and 
tonicity with normal cell size. B. Hypertonic hypo-
natraemia with cell shrinkage due to hyperglycae-
mia. C. Hypotonic hyponatraemia with low plasma 
osmolality. D. Hypotonic hyponatraemia with nor-
mal/high osmolality due to th abnormal presence 
of a substance that can cross the cell membrane. 
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blood lipids or protein concentration 
and could, for example, suggest a di-
agnosis of familial hypertriglyceridae-
mia or multiple myeloma12.

HYPOTONIC HYPONATRAEMIA

This is, by far, the most common type 
of hyponatraemia in clinical practice 
and can be associated with low, nor-
mal or increased serum osmolality 
depending on the cause. Again, de-
termining the serum osmolality will 
give essential clues to the cause of 
the hyponatraemia and will guide the 
treatment required.

Hypotonic hyponatraemia with nor-
mal or high serum osmolality occurs 
when there is a large volume of a 
solute such as urea, ethanol, metha-
nol or ethylene glycol in the extracel-
lular fl uid that can freely cross the 
cell membrane. These substances 
contribute to the osmolality but have 
no eff ect on the tonicity of the extra-
cellular fl uid. Consequently, they do 
not aff ect transcellular shifts in water 
(See Figure 1, example D). This is im-
portant as these patients are as much 
at risk for the complications of a hy-
potonic extracellular fl uid as are pa-
tients with hypotonic hypo-osmolar 
hyponatraemia. This means they are 
equally at risk of suff ering from the 

osmotic demyelination syndrome as 
a patient with both low osmolality 
and low tonicity if their serum sodi-
um is corrected too quickly11. 

Finally, hypotonic hyponatraemia 
may be associated with low osmola-
lity. The extracellular sodium in this 
case is diluted by either excessive 
water intake or, more commonly, by 
some impairment in the ability of the 
kidney to excrete excess water. Total 
body stores of sodium in these pa-
tients may be decreased, normal or 
increased and the sodium stores can 
be clinically estimated by assessing 
the volume of extracellular fl uid, as 
will be discussed below11.

HYPOTONIC HYPONATRAEMIA – 
EXCESS WATER INTAKE

In this situation, water intake ex-
ceeds the maximum diluting capac-
ity of the kidney and thus the kidney 
cannot correct the serum electrolyte 
concentrations. The kidney can ex-
crete approximately 17 litres of wa-
ter per day with a minimum urinary 
osmolality of 50 mmol/kg. Water 
consumption in excess of 17 litres per 
day will therefore result in dilution 
of the extracellular fl uid. This occurs 
most often in psychiatric disease as 
psychogenic polydipsia and is also 

seen following endoscopic surgery in 
which hypotonic irrigation solutions 
are used13.

Psychogenic polydipsia occurs most 
frequently in patients with schizo-
phrenia and hyponatraemia in these 
patients is more severe than in a 
healthy subject for an equivalent wa-
ter intake. This may be attributed to 
alterations in the secretion of vaso-
pressin (antidiuretic hormone–ADH), 
atrial natriuretic peptide (ANP) or 
both. Vasopressin acts in the collect-
ing duct of the kidney and results in 
retention of free water. In the pres-
ence of a hypotonic extracellular 
fl uid the secretion of vasopressin 
should be suppressed. ANP also acts 
on the kidney through multiple mech-
anisms causing excretion of sodium. 
In patients with schizophrenia, vaso-
pressin often fails to suppress com-
pletely in the presence of hypotonic 
extracellular fl uid and ANP release 
is stimulated resulting in retention 
of free water and loss of sodium, re-
spectively, thus exacerbating the ef-
fects of excessive intake of free wa-
ter14.

TURP and trans-cervical resection 
of the endometrium (TCRE) are en-
doscopic surgeries for treatment 
of benign prostatic hyperplasia and 
menorrhagia, respectively. Both pro-
cedures can require the use of hypo-
tonic irrigating fl uid. These hypotonic 
solutions may be absorbed into the 
circulation and cause dilution of the 
extracellular fl uid thereby causing a 
hypotonic hyponatraemia15. While ex-
cess water absorption in both TURP 
and TCRE can have serious, even fa-
tal, consequences, the case of TCRE-
induced hyponatraemia is especially 
alarming as menstruating females, 
for reasons that are as yet unclear, 
are 25 times more susceptible to 
permanent brain damage and death 
than men once cerebral oedema 
from a sudden fall in serum sodium 
occurs16,17.

Figure 2.  A. Normal serum sodium and extracellular volume. B. Hypovolae-
mic hyponatraemia. Serum sodium concentration  is reduced and extracellular 
volume is reduced. C. Euvolaemic hyponatraemia. Serum sodium concentra-
tion is reduced. Note that the extracellular volume is slightly increased, but not 
enough to cause oedema. D. Hypervolaemic hyponatraemia. Serum sodium con-
centration is decreased and extracellular volume is increased and causes oedema. 
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HYPOTONIC HYPONATRAEMIA – 
IMPAIRED WATER EXCRETION

Hypotonic hyponatraemia associ-
ated with an impaired ability of the 
kidney to excrete excess water can 
be subdivided into hyponatraemia 
with a hypovolaemic, euvolaemic or 
hypervolaemic state. In hypovolae-
mic hypotonic hyponatraemia, total 
body sodium as well as total body 
water is low but there is a relative 
excess of body water leading to dilu-
tional hyponatraemia (See Figure 2, 
example B). The total body sodium 
can be reduced by renal sodium loss 
(for example in adrenal insuffi  ciency, 
salt wasting nephropathy and diuret-
ic use), extra-renal sodium loss (for 
example diarrhoea, vomiting, blood 
loss and excessive sweating) or by 
sequestration of fl uid in a third space 
(for example burns or peritonitis)11.

HYPERVOLAEMIC HYPONATRAEMIA

Characterised by high total body so-
dium and a relative excess of body 
water leading to dilutional hyponat-
raemia. This occurs in conditions 
where the eff ective circulating vol-
ume is reduced and there is secretion 
of aldosterone and vasopressin in or-
der to stimulate the kidney to retain 
sodium and water to restore the cir-
culating volume. Such conditions in-
clude congestive heart failure (CHF), 
cirrhosis and nephrotic syndrome. 
Hypervolaemic hyponatraemia also 
occurs in renal failure where the kid-
ney loses the ability to excrete excess 
water (See Figure 2, example D)11.

EUVOLAEMIC HYPONATRAEMIA 

It can be associated with decreased 
intake of solutes. This often occurs 
in individuals who are malnourished 
such as elderly persons who con-
sume a tea-and-toast diet or in beer 
potomania in which there is regu-
lar intake of large amounts of beer 
with little food consumption. The 
low intake of solutes impairs the abil-
ity of the kidney to excrete water. 

Hypothyroidism, through multiple 
mechanisms which are incompletely 
understood, as well as adrenal in-
suffi  ciency, through loss of sodium 
from the kidney due to defi ciencies 
in aldosterone and cortisol, can also 
cause euvolaemic dilutional hyponat-
raemia2. The syndrome of inappro-
priate antidiuresis (SIAD), which is 
caused by inappropriate vasopressin 
release in the presence of hypotonic 
extracellular fl uid leading to reten-
tion of free water by the kidney, is 
another commonly diagnosed cause 
of hypotonic euvolaemic hyponat-
raemia. SIAD has many varied causes 
ranging from cancers, CNS disorders, 
drugs, pulmonary conditions, human 
immunodefi ciency virus, pain, nausea 
and the post-operative state (See Fig-
ure 2, example C)18.

DIAGNOSIS
The symptoms of hyponatraemia de-
pend on the degree of the hyponat-
raemia and the speed with which it 
develops. The most serious mani-
festations of hyponatraemia occur 
when serum sodium is rapidly (with-
in 48 hours) and severely reduced 
(<120mmol/L). Symptoms include 
confusion, hallucinations, seizures, 
coma, and death. Conversely, chronic 
mild hyponatraemia may be asympto-
matic, or may have subtle symptoms 
such as poor concentration3,11.

Patients presenting with symptoms 
that could result from hyponatrae-
mia should be questioned about con-
ditions that lead to derangements of 
serum sodium concentration in their 
medical history. It is evident from the 
extensive range of types and causes 
of hyponatraemia that all elements 

Figure 3  U Os - Urinary osmolality; U Na - Urinary sodium concentration. Adapted from 2,11,23,25. 
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of the medical history are of utmost 
importance since long-standing or re-
cent illness, psychiatric illness, medi-
cations, recent surgery and poor so-
cial circumstances may either cause 
or exacerbate the condition.

Once a diagnosis of hyponatraemia 
has been confi rmed by a serum so-
dium level, the aetiology needs to 
be confi rmed. The cornerstone tests 
used in the diff erential diagnosis of 
hyponatraemia are serum osmolal-
ity, urine sodium and urine osmo-
lality. These simple tests help clas-
sify the hyponatraemia as discussed 
above and allow the clinician to iden-
tify the cause of the hyponatraemia 
and thereby choose the appropriate 
treatment2. 

A step-by-step approach to elucidat-
ing the cause of hyponatraemia fi rst 
begins with ruling out pseudohy-
ponatraemia by checking total se-
rum protein and a lipid profi le (See 
Figure 3). Serum osmolality should 
then be considered. If it is normal or 
high, substances such as glucose and 
urea in the serum that can increase 
the osmolality, should be sought 
(use of the osmolal gap at this point 
has been shown to be unhelpful; for 
further discussion see references 19-
21).  It is useful to remember that if 
the osmolality is normal or high the 
tonicity may be low, normal or high 
depending on the nature of the sub-
stance that is causing the increase in 
the osmolality of the 
extracellular fl uid. A 
low osmolality, how-
ever, always implies a 
low tonicity2.

If serum osmolality is 
low, the volume sta-
tus, which is an indica-
tion of total body so-
dium stores, should be 
established.  Many of 
the traditional clinical 
signs of hypovolaemia 

such as sunken eyes and dry mucous 
membranes, have very poor sensitivi-
ty and specifi city, but the presence of 
dry axillae is a good clinical indication 
of hypovolaemia and low total body 
sodium. Hypervolaemia is most relia-
bly indicated by measurement of the 
jugular venous pressure22. To increase 
accuracy, these clinical parameters 
can be combined with measurements 
of serum urea (low in hypervolaemia 
and SIAD, high in hypovolaemia) and 
serum uric acid (normal or high in hy-
povolaemia except in renal salt wast-
ing where levels are surprisingly low; 
low in SIAD)23. If the patient is found 
to be hypovolaemic, the urine sodi-
um concentration can help reveal the 
underlying cause. In all cases of hypo-
volaemia, with the exception of renal 
salt wasting, the kidney will avidly re-
tain sodium and the urinary sodium 
will be less than 20 mmol/L (urine so-
dium <20mmol/L is a sensitive indica-
tor of decreased circulating volume)2. 

The presence of a euvolaemic state 
can be confi rmed by a urinary sodium 
measurement of > 40 mmol/L, assum-
ing suffi  cient dietary salt intake. The 
causes of euvolaemic hyponatrae-
mia can be further diff erentiated by 
measuring the urinary osmolality. The 
urinary osmolality will be low, that is 
the urine will be maximally dilute, in 
conditions where there is appropri-
ate suppression of vasopressin such 
as in primary polydipsia. Conversely, 
urine will be less than maximally di-

lute in SIAD and cerebral salt wasting 
(remember that urinary osmolality is 
made up of many osmolytes other 
than sodium so there is no direct rela-
tionship between urinary sodium and 
urinary osmolality)2,24. 

In hypervolaemic patients, the uri-
nary sodium again helps to diff eren-
tiate the cause. Renal failure in hyp-
ervolaemic patients is suggested by a 
urinary sodium of >40 mmol/L. Other 
causes of hypervolaemia (CHF, cirrho-
sis, nephrotic syndrome) will result 
in a decreased eff ective circulating 
volume and avid retention of sodium 
by the kidney through the renin-angi-
otensin-aldosterone system2,25.

TREATMENT
There is not a single, proven strategy 
for the treatment of hyponatraemia11. 
However, irrespective of the treat-
ment modality chosen, in the case of 
symptomatic hyponatraemia in which 
correction is critical to avoid neuro-
logical damage, it must increase se-
rum sodium with suffi  cient speed in 
order to prevent serious neurological 
sequelae while avoiding the devastat-
ing eff ects of osmotic demyelination. 
When hyponatraemia presents with 
less severe symptoms, correction is 
still necessary but it can be achieved 
over a longer time period as the im-
mediate risks of severe neurological 
damage due to the hyponatraemia 
are not present. 

Osmotic demyelination oc-
curs with the over-rapid cor-
rection of long-standing hy-
ponatraemia (>48 hours). The 
signifi cance of the risk of os-
motic demyelination cannot 
be overestimated. Sodium 
correction of >12mmol/L/24 
hours, or in some reported 
cases as little as 10 mmol/L/24 
hours26, can result in central 
pontine demyelination. This 
condition leads to multiple 
neurological defi cits including 

Figure 4. Calculating infusion rate in symptomatic hyponatraemia. 
      Adapted from 11,29.
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dysarthria, dysphagia, quadriparesis, 
pupillary and occulomotor abnormal-
ities. Osmotic demyelination can also 
occur outside the pons resulting in a 
huge variety of lesions in structures 
such as the cerebellum, external cap-
sule, hippocampus, putamen, cer-
ebral cortex, thalamus and caudate 
nucleus27.

Certain populations are more at 
risk for osmotic demyelination syn-
dromes. These include alcoholics, 
malnourished populations, those 
with prolonged use of diuretics as 
well as patients post-liver transplant. 
It should be emphasized, however, 
that regardless of the aetiology of 
the chronic hyponatraemia and the 
method used to correct it, there is 
always a risk of osmotic demyelina-
tion with rapid correction of hyponat-
raemia27.  This review focuses on the 
treatment of the most common type 
of hyponatraemia encountered – hy-
potonic hyponatraemia.

Symptomatic hypotonic hyponatrae-
mia with euvolaemia or hypervolae-
mia and concentrated urine should be 
treated with hypertonic saline until 
such time that either i) the symptoms 
have resolved ii) the serum sodium 
is >130mmol/L or iii) the serum so-
dium has been increased by a total 
of 18mmol/L. Associated hypothy-
roidism and cortisol defi ciency should 
be treated concurrently as appropri-
ate. (Note that autocorrection of hy-
ponatraemia can result from treat-
ment of these conditions without the 
addition of saline or water restriction 
so these patients are at particular 
risk for inadvertent rapid correction 
of the serum sodium and osmotic 
demyelination). The serum sodium 
may be increased by 1-2 mmol/L for 
several hours in patients with severe 
symptoms, but total correction in 24 
hours should ideally be kept below 8 
mmol/L. This should be feasible, as 
small increases in serum sodium sub-
stantially decrease cerebral oedema 

and alleviate symptoms28. There are 
several formulae available to calcu-
late the speed and concentration of 
the infusion necessary to achieve a 
controlled increase in serum sodium 
and one example is given in Figure 
4. This formula calculates the magni-
tude of the change in serum sodium 
with infusion of 1 full litre of infusate. 
The litre of fl uid should be given over 
a suffi  cient amount of time so that the 
hourly increment in sodium concen-
tration does not exceed 1–2mmol/L/
hour29. Furosemide – a loop diuretic 
– may be administered along with 
hypertonic saline to avoid excessive 
volume expansion28. 

Patients with hypervolaemia and con-
centrated urine with less severe or no 
symptoms and patients with hypot-
onic euvolaemic hyponatraemia with 
dilute urine can be treated with wa-
ter restriction (usually < 800mL/day) 
and close observation. Severe symp-
toms (for example seizures or coma) 
may call for the use of hypertonic sa-
line in those with dilute urine. Water 
restriction in these cases needs to be 
closely monitored as water restric-
tion carries the same risk of osmotic 
demyelination as the use of hyper-
tonic saline28.  

Hypovolaemic hypotonic hyponat-
raemia can almost always be man-
aged with isotonic saline2. Patients 
with hypovolaemic hypotonic hy-
ponatraemia associated with the use 
of thiazide diuretics use should stop 
the drug and it should not be reintro-
duced as the hyponatraemia is likely 
to return with reintroduction of the 
drug30.

Details of the long-term manage-
ment of hypotonic hyponatraemia is 
beyond the scope of this article but 
broadly speaking SIAD is tradition-
ally managed by removing any incit-
ing cause as well as restricting water 
intake. Hypervolaemic hypotonic hy-
ponatraemia is more eff ectively man-

aged with salt restriction and diuret-
ics (with the exception of renal failure 
where fl uid restriction is necessary)28.

VAPTANS

The recent introduction of vaso-
pressin antagonists, the ‘vaptans’, 
off ers clinicians new options for the 
management of hyponatraemia. 
These drugs work by antagonising the 
vasopressin receptor in the medullary 
collecting duct (V₂R) of the kidney. 
This halts insertion of water channels 
and leads to increased excretion of 
free water. The fi rst of these drugs, 
conivaptan, approved by the FDA in 
2005, has been approved for short-
term in-patient intravenous use. It is 
restricted to inpatient use due to its 
potent inhibition of the cytochrome 
P450 isozyme CYP 3A4 and subse-
quent potential for serious drug inter-
actions. Its action is not confi ned to 
the V₂R as it antagonises vasopressin 
receptors on blood vessels, plate-
lets and the myocardium, increasing 
the potential for adverse eff ects28,31-2. 
This drug’s ability to antagonise such 
a wide range of receptors may have 
advantages, however, and current 
research is exploring the potential 
use of conivaptan in congestive heart 
failure where antagonism of vaso-
constriction and increased platelet 
adherence mediated by vasopressin 
may be advantageous33-4.

In contrast to conivaptan, the newly 
approved tolvaptan is V₂R selective. 
It is available as an oral preparation 
and exhibits fewer CYP 3A4 interac-
tions. It is indicated for the treatment 
of hypervolaemic and euvolaemic 
hyponatraemia with inappropriately 
concentrated urine where the serum 
sodium concentration is <125 mmol/L 
or where the patient is symptomatic 
and has resisted correction with fl uid 
restriction35-6. As it is an oral prepara-
tion with fewer drug interactions it is 
suitable for outpatient use. However, 
as with all methods of correcting hy-
ponatraemia, initial correction must 
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be closely monitored and the patient 
should be admitted to hospital for 
this28.

An understanding of the pathophysi-
ology of hyponatraemia makes the 
indications for the use of the vaptans 
clear. In situations where there is in-
appropriate concentration of urine, 
that is where the total body water 
is normal or increased, the vaptans 
can be used to encourage the ex-
cretion of free water by the kidney 
in order to increase the sodium con-
centration. There is no role for the 
vaptans in conditions where urine is 
appropriately concentrated, such as 
in dehydration, or where the sodium 
is low due to increased water or de-
creased solute intake. Finally, the role 
of vaptans in the treatment of acute 
severe hyponatraemia that is unsuita-
ble for a trial of water-restriction has 
yet to be defi ned.

CONCLUSION
Hyponatraemia is a common elec-
trolyte imbalance with an aetiology 
that is still imperfectly understood. It 
can be associated with a large spec-
trum of neurological complications 
ranging from mild, reversible cogni-
tive defi cits to permanent and dev-
astating neurological disability. The 
cause of the drop in serum sodium 
must be accurately determined in 
order to choose an appropriate and 
safe treatment. Once the diagnosis is 
made, striking the balance between 
adequate and dangerous correction 
still poses a signifi cant challenge. The 
introduction of vasopressin antago-
nists has been a signifi cant advance-
ment in the management of the con-
dition. This treatment option, along 
with ever-expanding knowledge of 
the complex physiology underlying 
sodium homeostasis, promises to im-
prove the outlook for patients with 
hyponatraemia in future years. 
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CASE STUDY

PRESENTATION OF CASE
RD, a twenty-fi ve year old Irish female, 
presented to her general practitioner 
(GP) following a recent episode of 
food impaction in her oesophagus 
and associated chest tightening af-
ter a meal. Although she admitted to 
having suff ered from swallowing dif-
fi culties over the past fi ve years, RD 
had never sought previous medical 
attention as she found it diffi  cult to 
describe her symptoms and felt they 
would not be recognized as a medical 
problem. 

RD reported that whenever she swal-
lowed food, it ‘did not clear properly 
from her throat.’ She also reported 
feeling ‘bloated’ and ‘over-full’ after 
small meals; however, she did not 
experience symptoms of heartburn 
(a burning sensation in the chest or 
throat) or gastro-oesophageal refl ux 
(regurgitation of gastric acid into 
the oesophagus). RD further denied 
any abdominal pain, haemateme-
sis (vomiting of blood) or changes 
in her appetite or bowel habit.  She 
did, however, admit to eating less 

at mealtimes to ease the bloat-
ing she experienced but denied any 
weight loss as a result. Moreover, she 
was unable to identify any other fac-
tors that aggravated or relieved her 
dysphagia (diffi  culty in swallowing) 
and bloating. 

Aside from additionally noting an 
itchy rash on her left forearm, RD was 
healthy, with no other relevant medi-
cal or surgical history. She was not 
taking any medications at the time of 
presentation and denied any drug al-
lergies. When questioned about her 
family’s medical history, she reported 
that her father had been diagnosed 
four years previously with hyperten-
sion, and that both her brother and 
aunt each suff ered from asthma and 
eczema. At the time of consultation, 
RD was a student living in Dublin. 
She was a non-smoker, had never 
taken illicit drugs and consumed ap-
proximately eight units of alcohol per 
week. Review of systems was non-
contributing.

On examination, RD was apyrexi-
al with a blood pressure of 115/75 

mmHg and a pulse rate of 68 beats 
per minute. Her abdomen was found 
to be soft and non-tender. On the an-
terior surface of her left forearm, her 
GP noted an erythematous, macular 
rash. There were no positive fi ndings 
on physical examination of cardiovas-
cular, respiratory, genitourinary and 
neurological systems. 

INVESTIGATIONS AND 
DIAGNOSIS
The diff erential diagnosis for RD’s 
symptoms included both oesopha-
geal and gastric pathologies. Poten-
tial oesophageal aetiologies included 
oesophagitis (infl ammation of the 
oesophagus), oesophageal web (a 
thin, smooth extension of normal 
oesophageal tissue into the lumen of 
the oesophagus causing dysphagia), 
achalasia (inability of the lower oe-
sophageal sphincter to relax) and oe-
sophageal cancer. Gastric diagnoses 
considered included gastro-oesopha-
geal refl ux disease (GORD), gastritis 
(infl ammation of the gastric mucosa) 
and infection with Helicobacter pylori 
(a fl agellate organism that causes ex-
cess gastric acid secretion and poten-
tial ulcer formation). Coeliac disease 
was also considered as a diff erential 
as it is known to cause vague abdomi-
nal bloating and indigestion, as well 
as an itchy, blistering skin rash (der-
matitis herpetiformis), and in addi-
tion, is a very common condition in 
Ireland.

Initially, RD’s GP ordered a full blood 
count, as well as ferritin, folate and 
B12 levels to rule out anaemia since 
RD was only eating small meals (po-
tentially causing a reduced nutrient 
intake), in addition to this being a 
sign of malabsorption. Her GP also 
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 CLINICAL POINTS

 Eosinophilic oesophagitis (EO) is a relatively novel infl ammatory  

disease characterized by eosinophilic infi ltration of the oesophageal 

mucosa.
 Symptoms of EO include dysphagia, food impaction, chest pain, 

heartburn, early satiety and abdominal pain.

 Diagnosis of EO is made histologically by taking a biopsy of oesoph-

ageal tissue on endoscopy.  
 Various food, environmental and drug allergens are thought to play 

a role in the pathogenicity of EO.
 The mainstay of treatment of EO includes ingested corticosteroids 

and identifi cation and avoidance of dietary allergens. Mechanical 

dilatation of the oesophagus may be carried out in severe cases.
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Figure 1: View of eosinophilic oesophagitis on 
endoscopy.

measured her tissue transglutamin-
ase (tTG) autoantibody level, as tTG is 
a marker for coeliac disease. All were 
found to be normal. The rash on RD’s 
left forearm was diagnosed by her GP 
as eczema.

RD was then referred by her GP to 
a consultant gastroenterologist for 
an oesophago-gastro-duodenoscopy 
(OGD), which involves visualizing the 
oesophagus, stomach and duode-
num with a gastroscope, and permits 
biopsy of the gastrointestinal muco-
sa. On OGD, infl ammatory changes 
consistent with gastritis were seen 
in the antrum of RD’s stomach. Fur-
thermore, an oesophageal tissue bi-
opsy revealed ‘moderate eosinophilic 
infi ltration’ which is consistent with 
current guidelines published by the 
First International Gastrointestinal 
Eosinophilic Research Symposium 
(FIGERS) for a diagnosis of eosino-
philic oesophagitis (EO). Refer to Fig-
ures 1 and 2 for gross and histological 
examples, respectively, of EO. 

Of note, testing for Helicobacter py-
lori was undertaken by performing a 
rapid urease test on a tissue biopsy 
sample taken during her OGD; this 

was found to be negative. In addi-
tion, RD had also been referred for 
a barium swallow test. This test in-
volves the oral consumption of a bar-
ium sulphate solution that permits 
the visualization of oesophageal nar-
rowing, hiatal hernias (a defect of the 
lower oesophageal sphincter causing 
parts of the stomach to slide into the 
oesophagus), ulcers and oesopha-
geal tumors on x-ray. No abnormality 
was detected. 

MANAGEMENT
A dual diagnosis of EO and gastritis 
was established in RD and thus man-
agement required targeted treat-
ment of both conditions. To treat her 
EO, RD was prescribed Fluticasone 
in inhaler form (200mcg, four puff s 
twice daily) by her consultant gas-
troenterologist. In order to target 
the proximal oesophagus, RD was 
advised to ‘ingest’ the Fluticasone, 
which involved spraying the inhaler 
into the back of her throat while 
holding her breath and then swallow-
ing. This technique diff ers from the 
inhaler technique used in the treat-
ment of asthma whereby the patient 
is instructed to ‘inhale’ deeply after 
spraying the corticosteroid inhaler.

Fluticasone is a corticosteroid that 
acts to decrease infl ammation of the 
oesophageal mucosa by reducing the 
synthesis of the infl ammatory media-
tors IL-5 and eotaxin-3, both of which 
play a signifi cant role in eosinophil 
activation and have been shown to 
be upregulated in EO. A reduction in 
these infl ammatory mediators has 
been proven to decrease oesopha-
geal mucosal infl ammation, thereby 
alleviating symptoms of dysphagia 
and food impaction1. 

In addition, RD was prescribed 30 mg 
of Lansoprazole twice daily, and 10 
mls of Gaviscon three times daily for 
her gastritis. Lansoprazole is a proton 
pump inhibitor, which reduces the 
secretion of gastric acid by blocking 
the hydrogen/potassium ATPase en-
zyme system of gastric parietal cells. 
Reduced acid secretion helps to alle-
viate symptoms of bloating and early 
satiety. Like Lansoprazole, Gaviscon 
also has an antacid eff ect. The combi-
nation of calcium carbonate, sodium 
bicarbonate and magnesium carbon-
ate permits neutralization of gastric 
acid, and thus provides similar relief 
of the symptoms of gastritis.Figure 2: Histological appearance of eosinophilic oesophagitis. Many eosinophils are present at 

the luminal surface in this biopsy. Notice the eosinophilic microabscesses and ‘moth-eaten’ appearance 
due to intercellular oedema (haematoxylin-eosin, original magnifi cation x400).
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RD was advised to use an over-the-
counter hydrocortisone cream for 
her eczematous rash.

OUTCOME AND FOLLOW UP
RD was followed up one month later 
with her consultant gastroenter-
ologist at which time she reported a 
dramatic reduction in her symptoms 
of dysphagia and bloating. Conse-
quently, the consultant reduced both 
her Fluticasone and Lansoprazole to 
maintenance doses of 200mcg two 
puff s, twice daily and 15mg twice dai-
ly, respectively. RD is due to meet her 
consultant again in six months time 
for further review of her symptoms 
and medications. In the long term, 
RD is likely to be on a maintenance 
dose of 15mg Lansoprazole twice dai-
ly and Fluticasone 200mcg one puff , 
once daily as symptoms of EO have 
been found to recur on cessation of 
corticosteroid therapy2.

DISCUSSION
Eosinophilic oesophagitis (EO) is de-
fi ned as an infl ammatory disease of 
the oesophagus and is characterized 
by eosinophilic infi ltration of the oe-
sophageal mucosa3. An American 
gastroenterologist, Robert Landres, 
fi rst described the condition in 19784; 
but it was not until the late 1990s 
that EO was established as a clinical 
condition5.  Until approximately ten 
years ago, EO was considered to be a 
rare disease and patients were often 
misdiagnosed as having GORD5. Its 
prevalence, however, is now on the 
rise as it becomes more widely rec-
ognized among physicians. A study 
carried out in Ohio in 2003 described 
a prevalence rate of four in ten thou-
sand children in the United States6. 
Exact fi gures for the Republic of Ire-
land are currently unknown.

As EO is a relatively new condition, 
its exact pathophysiology is not 
well understood. Currently, how-
ever, the eosinophilic infl ammation 

seen in patients with EO is thought 
to represent an allergic process and 
many food (wheat, eggs, milk, soy)7 
and drug (carbamazepine)8 aller-
gens have been implicated. These 
allergens are believed to induce T 
helper cells to produce infl ammatory 
mediators IL-5 and IL-13, which are 
thought to play a key role in eosino-
phil activation. IL-13 appears to cause 
epithelial cells of the oesophagus to 
overexpress eotaxin-3 (an eosinophil 
chemoattractant), while IL-5 appears 
to regulate eosinophil numbers and 
their response to eotaxin-35. This eo-
sinophilic allergic response results in 
impaired smooth muscle function of 
the oesophagus giving rise to the typ-
ical clinical symptoms of EO such as 
dysphagia, food impaction and chest 
tightening5, all of which were experi-
enced by the patient in this particular 
case.  Other common symptoms of 
EO not experienced by RD include 
refl ux and heartburn9. It is this hy-
persensitivity response to various 
allergens in association with eosino-
philic infi ltration of the oesophageal 
mucosa by which EO receives the title 
‘asthma of the oesophagus’10. 

Given that EO is an atopic condition, 
patients commonly present with co-
morbid eosinophil-mediated allergic 
diseases such as eczema, allergic 
rhinitis, asthma or various food aller-
gies9. If food allergens are implicated, 
dietary alterations in conjunction with 
corticosteroids may provide maximal 
symptom relief9. Interestingly, after a 
diagnosis of EO was established, RD 
underwent skin prick testing and was 
found to have a wheat allergy, a com-
mon allergen associated with EO11. 
RD has thus since been observing a 
wheat-free diet which, in combina-
tion with the use of Fluticasone, has 
alleviated her symptoms of dyspha-
gia, chest tightening and food impac-
tion. 

It is important to distinguish between 
coeliac disease and wheat allergies, 

as either condition can co-exist with 
EO11,12. Although these diseases share 
some similar symptomatic features 
(such as abdominal pain, cramping 
and bloating), they diff er in their un-
derlying pathophysiology. A wheat 
allergy is an allergy to the albumin 
protein of wheat, and involves an IgE-
mediated infl ammatory response12. 
Coeliac disease, on the other hand, is 
a T cell-mediated infl ammatory disor-
der that results from hypersensitivity 
to the gluten protein of wheat12. In 
this particular case, the patient was 
found to have a wheat allergy and 
not coeliac disease. Nevertheless, 
physicians should be acutely aware 
of the link between EO and coeliac 
disease given that approximately 1% 
of the Irish population suff ers from 
coeliac disease13. Moreover, a study 
of an Australian paediatric popula-
tion undergoing endoscopy for coeli-
ac disease found that approximately 
4% of the study group had co-existing 
EO14. Therefore, in light of the high 
prevalence of coeliac disease in Ire-
land and it’s co-existence with EO, it 
would be prudent for doctors to bear 
this in mind in the clinical setting.
 
A fi nal point of clinical interest is 
that patients suff ering with EO com-
monly present with dysphagia, which 
is also a prominent symptom of oe-
sophageal cancer15. Although there 
are no known links between EO and 
oesophageal cancer at this time, it is 
of utmost importance that any pa-
tient with symptoms of dysphagia 
and food impaction seek immediate 
medical attention to rule out the pos-
sibility of an underlying malignancy. 
What is alarming about this particular 
case is that the patient experienced 
symptoms of dysphagia for fi ve years 
before seeking medical attention. 
This highlights the importance of pa-
tient education and the current need 
for health promotion campaigns to 
avoid such a lengthy delay in the pre-
sentation of patients with dysphagia 
in the future. 
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CONCLUSION 
EO is a relatively new condition that 
is currently under-diagnosed in the 
medical community. Its prevalence, 
however, is on the rise as more cases 
are reported from various parts of 
the world due to an increasing aware-
ness of the condition among clini-
cians. Since the clinical presentation 
mimics other gastrointestinal diseas-
es, especially GORD, patients may be 
misdiagnosed, making endoscopic 
examination and histological evalu-
ation of oesophageal mucosal biop-
sies crucial for accurate diagnosis of 
the disease. In addition, awareness 
and treatment of co-morbid allergic 
conditions may permit optimal man-
agement of aff ected individuals. In 
RD’s case, diligent and prudent medi-
cal practitioners resulted in a prompt 
and accurate diagnosis of her condi-
tion, thereby permitting the develop-
ment of an appropriate and eff ective 
management plan and an overall im-
provement in her quality of life. 
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New neurons in the adult hippocampus: Hope or hype?
André Mendonça Madaleno (Third Year Medicine, TCD)

INTRODUCTION 
Stem cells are distinct from most oth-
er cells in the body due to their ability 
to both proliferate indefi nitely and to 
generate a variety of diff erentiated 
cell types. In a similar manner to hae-
matopoietic stem cells that produce 
red blood cells, white blood cells and 
platelets, neural stem cells can dif-
ferentiate into the main cells of the 
CNS: neurons, astrocytes and oligo-
dendrocytes1-2. Neurogenesis is the 
production of mature neurons from 
neural stem cells. This process was 
detected in adult humans only a de-
cade ago3-5, but has since been con-
fi rmed in two distinct regions of the 
brain: the subventricular zone and 
the dentate gyrus of the hippocam-
pus6. The newly formed immature 
neurons begin expressing a series of 
transient markers, such as double-
cortin, followed by later markers like 
neuronal nuclear protein (NeuN), 
present in fully diff erentiated neu-
rons (see Figure 1). During the diff er-
entiation process, dendrites develop 
within the hippocampal network by 
initially forming synapses at dendritic 
shafts and later forming more ma-
ture synapses with dendritic spines 
such as thorny excrescences7-8. van 
Praag et al9 and others have shown 
that these neurons are functionally 
relevant in a key area of the brain in-
volved in memory and emotion – the 
hippocampus9-11. This review provides 
an introduction to the function and 
neurogenic properties of the hippo-
campus followed by an analysis of 
the regulatory mechanisms of neuro-
genesis and the possible clinical ap-
plications of its stimulation in several 
neurological conditions.

Figure 1:

Immunofl uorescent microscopy from rat 
hippocampus tissue where NeuN was used as 
a marker and mature neurons can be clearly 
visualized. This technique and double or triple 
marker techniques provide an easy and reliable 
protocol to count diff erent types of cells in 
hippocampal tissue. Image collected by the 
author in the Institute of Neuroscience, Trinity 
College, Dublin.
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CLINICAL POINTS

 Adult neurogenesis is the generation of functional neurons from 

neural stem cells present in the adult.
 Adult hippocampal neurogenesis occurs in the subgranular zone 

of the dentate gyrus, a central component of the hippocampal 

neural network.
 Adult neurogenesis is stimulated by specifi c types of learning,  ex-

ercise and neurotrophic factors such as BDNF and Shh. It is down-

regulated by corticosteroids, infl ammation and some drugs.

 Recently, several epigenetic mechanisms have been found to reg-

ulate neurogenesis and the maturation of new neurons.

 Upregulation of neurogenesis has been implicated in the molecu-

lar mechanism of action of treatments for depression (e.g. anti-

depressant drugs and ECT); possible future applications include 

treatment of stroke and traumatic brain injury. 

ABSTRACT
Stem-cell research has caused a paradigm shift in our understanding of 
brain function and regeneration. Discovery of the production of func-
tional neurons in the adult hippocampus, a neurogenic niche of the cen-
tral nervous system (CNS), has refuted the long held theory proposed 
by Ramon y Cajal that in the CNS “everything may die, nothing may be 
regenerated”. Neurotrophic factors, activity-dependent neurogenesis, 
downregulation factors and post-translational regulatory mechanisms 
seem to interact in a complex and still ill-explored fashion to control this 
endogenous regenerative process. Moreover, in animal models, upregu-
lation of neurogenesis is achieved with fl uoxetine and other antidepres-
sant therapies such as electroconvulsive therapy (ECT), demonstrating 
the clinical relevance of this mechanism. In fact, recent studies suggest 
that the upregulation of neurogenesis might also provide treatments for 
conditions such as traumatic brain injury (TBI) and stroke. 
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STRUCTURE AND FUNCTION OF 
THE HIPPOCAMPUS

The hippocampus includes the hip-
pocampus proper, the subiculum and 
the dentate gyrus and maintains an 
anteroposterior functional specializa-
tion pattern. The ventral (anterior) 
part has been linked to emotionality 
whilst the dorsal (posterior) part is as-
sociated with learning12-13. Other stud-
ies, using functional magnetic reso-
nance imaging (fMRI), have shown 
how ventral hippocampal activity is 
associated with the processing of 
novel stimuli. This activity gradually 
shifts to the dorsal hippocampus as 
these stimuli become more familiar, 
suggesting that the latter region is 
associated with long-term memory14. 
Moreover, left-right asymmetry is 
found in the hippocampus since the 
anterior left hippocampus is associat-
ed with new language material while 
the right hippocampus is involved 
in spatial activities such as driving a 
car15. All of these diff erent functions 
are enabled by the large and diverse 
set of connections between the hip-
pocampus and other brain regions 
(see Figure 2). 

THE HIPPOCAMPUS: A 
NEUROGENIC NICHE

Neurogenesis within the hippocam-
pus is supported by its diff use neu-
ronal connections to other regions 
of the brain and the characteristics 
of the hippocampal dentate gyrus, 
where neurogenesis takes place. 
The hippocampus receives choliner-
gic, noradrenergic, serotonergic and 
dopaminergic connections, most of 
which pass through the hippocam-
pal fornix. These inputs appear to be 

important for synaptic plasticity and 
adult hippocampal neurogenesis16. 
For example, inhibition of serotonin 
production with the drug parachlo-
rophenylalanine (PCPA) is associated 
with a reduction in the number of 
new neurons produced in the den-
tate gyrus17. 

The dentate gyrus receives connec-
tions from the entorhinal cortex and 
projects eff erent connections of un-
myelinated granule cell axons (mossy 
fi bers) through the fornix, thereby 
playing a fundamental role in the 
hippocampal neuronal network18. Its 

particular properties include the spe-
cifi c functions of astrocytes and capil-
laries which seem to create a “neuro-
genic niche”. Thus, the dentate gyrus 
is a microenvironment within the CNS 
that has unique characteristics allow-
ing for the diff erentiation of neural 
progenitors and their integration into 
the neural circuitry.

Vascular endothelial growth factor 
(VEGF), a well characterized angio-
genic factor, appears to stimulate 
neurogenesis in the dentate gyrus19. 
This supports the concept of the 
neurogenic niche as also a “vascular 

Figure 2: The hippocampus is connected to cor-
tex regions (represented by black lines) and subcorti-
cal structures such as anterior thalamic nuclei (ATN), 
medial dorsal thalamic nuclei (MDTN) and others 
(represented by red lines). Figure reproduced from 
Bird C, Burgess N. The hippocampus and memory: in-
sights from spatial processing. Nature Reviews Neu-
roscience. 2008; 182-94.
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niche,” a dynamic biochemical mi-
croenvironment of angiogenesis and 
vascular remodelling. In fact, Palmer 
et al20 found that in vivo areas of high 
neural stem cell proliferation are in 
close proximity to dentate gyri cap-
illaries which suggests an overlap 
between angiogenic and neurogenic 
mechanisms in the adult brain.

Similarly, astrocytes, now considered 
the most important non-neural cells 
involved in regulating neurogenesis, 
are apposed to the subgranular zone 
of the dentate gyrus – the zone where 
neurogenesis takes place (see Figure 
3)21-25. They promote proliferation and 
neuronal specifi cation of adult neural 
stem cells in vitro whereas astrocytes 
from non-neurogenic areas such as 
the spinal cord do not. This view is 
supported by their unique ability to 
produce neurogenic signals, such as 
neurogenesin-1, a neuronal cell fate 
factor that promotes the specializa-
tion of neural stem cells into neurons 
rather than astrocytes26. 

Moreover, certain activities can infl u-
ence this neurogenic niche. Besides 
the special properties of astrocytes 
and angiogenesis in the dentate gy-
rus which allow for a basal level of 
neurogenesis, certain types of learn-
ing or simple physical exercise have 
been shown to upregulate hippocam-
pal neurogenesis.  

ACTIVITY-DEPENDENT 
NEUROGENESIS

It is now commonly accepted that 
adult neurogenesis in the hippocam-
pus is stimulated by local factors such 
as nearby synaptic activity and sys-
temic factors including some hippo-
campal-dependent types of learning 
and physical exercise. 

On a synaptic level, there is in vitro 
evidence for the direct stimulation of 
neural stem cells through glutamate 
NMDA receptors and Cav1.2/1.3 chan-
nels. Administration of antagonists 

such as nifedipine to these L-type 
calcium channels causes a complete 
block of excitation-induced neuro-
genesis in rodent models27. More-
over, antagonizing NMDA receptors 
in neural stem cells in vitro blocks 
both excitation-induced neurogen-
esis and basal neurogenesis levels27. 
Paradoxically, indiscriminate NMDA 
glutamate receptor agonist binding 
seems to reduce neurogenesis in 
vivo. It is postulated that this eff ect 
is mediated by inhibitory GABAergic 
hippocampal interneurons activated 
by NMDA glutamate receptors28-29. 
Hence, there is a counterbalance to 
excitation-induced neurogenesis me-
diated by GABAergic interneurons.

The evidence for the stimulation of 
neural stem cells through NMDA and 
Cav1.2/1.3 channels demonstrates 
how neurogenesis is infl uenced by 
neuronal activity at a cellular level. 
Conversely, behavioural data ob-
tained by Shors et al30 shows that 
some types of learning are dependent 
on adult neurogenesis. Hippocampal-
dependent types of learning include 

trace fear conditioning (formation 
of memories of noxious events) and 
spatial learning (measured in rodents 
using a Morris water maze exercise). 
This study found that only some of 
these types, such as trace fear con-
ditioning, are dependent on active 
adult hippocampal neurogenesis sug-
gesting a signifi cant but complex role 
of adult neurogenesis in hippocam-
pal-dependent learning30-31. 

Similarly, rodent studies looking at 
the eff ects of physical exercise on 
neurogenesis and cognition provide 
a basis for an exercise-induced neu-
rogenesis hypothesis32-33. Through 
future research, these results might 
help to explain human cohort data 
identifying a correlation between 
cardiovascular fi tness and cognition 
levels34-35.  

Recent studies have also linked the 
regulation of adult hippocampal neu-
rogenesis with leptin36, diet37 and 
sleep patterns38; suggesting that 
some factors of overall health and 
lifestyle may infl uence brain func-

Figure 3: Unlike the remainder of the hippocampal formation, populated by pyramidal cells, 
the dentate gyrus has granular cells and is composed of the subgranular zone, containing the neural 
progenitors (blue) responsible for adult neurogenesis, and the outer granular and molecular layers with 
granular cells (neurons) in green. In this rat brain slice, astrocytes (red) were also marked. This photo was 
taken in the lab of David Schaff er at the University of California, Berkeley.
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tion by regulating neurogenesis.  Al-
though the interplay of all of these 
factors in the process of neurogen-
esis is not completely understood, 
much is known about the mecha-
nisms involved in its control, which 
include both neurotrophic and down-
regulation factors.

NEUROTROPHIC FACTORS 

A neurotrophic factor is any regula-
tory factor present in the CNS that 
upregulates neurogenesis. These in-
clude VEGF, fi broblast growth factors 
1 and 2 (FGF-1 and FGF-2), oestrogen 
and endothelial growth factor (EGF). 
However, two of the most studied 
and well understood are the brain de-
rived neurotrophic factor (BDNF) and 
Sonic hedgehog (Shh). 

BDNF promotes the diff erentiation 
and survival of new neurons in the 
adult and is essential for the devel-
opment of the embryonic CNS. A re-
duction in BDNF is thought to play a 
role in neurodegeneration, chronic 
stress and depression39. BDNF binds 
to TrkB, a tyrosine kinase receptor, 
thereby activating a series of molecu-
lar cascades which are fundamental 
for normal hippocampal structural 
development. For example, one of 
these pathways includes mitogen-ac-
tivated protein kinase kinase (MEK) 
and extracellular regulated kinase 
(ERK)40. The transcription of BDNF 
is regulated by calcium/cyclic-AMP 
responsive-element binding protein 
(CREB), itself phosphorylated by this 
MEK-ERK pathway, thus establish-
ing a positive feedback mechanism. 
Stressful environments, as replicated 
in animal models, are associated with 
a down regulation of BDNF mRNA 
and protein levels41-43. Similarly, CREB 
has been shown to be down regu-
lated in the cerebral cortex of de-
pressed patients and to be reduced 
in the dentate gyrus following stress. 
It is thought that most antidepres-
sants achieve their eff ect through 
the upregulation of the CREB-BDNF 

pathway and possibly subsequently 
through hippocampal neurogene-
sis39-44. 

Similarly, Shh not only promotes ear-
ly neural development in the embryo 
but also promotes survival of stem 
cell niches in the adult brain. While 
its role is not yet completely under-
stood, Shh has been shown to elicit 
a dose-dependent proliferation in 
neural progenitor cells both in vitro 
and in vivo. In fact, blocking Shh sig-
nalling reduces hippocampal neural 
stem cell proliferation in vivo45-46. 

DOWNREGULATION

Downregulators of hippocampal neu-
rogenesis such as nicotine, opiates, 
alcohol, endogenous glucocorticoids 
and IL-6 have an opposite eff ect to 
that of neurotrophic factors28. The 
infl ammatory marker IL-6 is particu-
larly interesting since it counteracts a 
compensatory increase in neurogen-
esis following neuronal death and in-
fl ammation caused by TBI (see Clini-
cal Uses for further discussion). In 
the rodent model, transgenically in-
duced astroglial production of IL-6 re-
duced hippocampal neurogenesis by 
63% possibly through autocrine and/
or paracrine mechanisms47. Further-
more, the action of glucocorticoids 
provides a mechanism that explains 
how overactivity of the hypothalamo-
pituitary-adrenocorticoid axis, pres-
ent in patients suff ering from depres-
sion, might be partially responsible 
for the lower levels of neurogenesis 
observed in these patients48. 

In addition to these regulators of 
neurogenesis, there are also mecha-
nisms that control neurogenesis at 
an upstream level by means of post-
translational control of gene expres-
sion.  

POST-TRANSLATIONAL 
REGULATORY MECHANISMS

Post-translational regulatory mecha-
nisms, such as epigenetics and mi-
croRNA (mi-RNA), infl uence gene 
expression without altering the DNA 
sequence present in all somatic adult 
cells. As a result, these mechanisms 
control the production of regulatory 
factors and the ultimate fate of neu-
ral stem cells. 

Epigenetic control mechanisms are 
post-translational modifi cations of 
DNA and nuclear proteins that pro-
duce permanent changes in chroma-
tin structure and therefore regulate 
gene expression49. Several epigen-
etic regulatory mechanisms of neu-
rogenesis have been identifi ed in the 
past decade50-51 such as DNA meth-
ylation52. DNA methylation is a well 
understood post-translational modi-
fi cation that involves the addition of 
methyl groups to lysine residues of 
chromatin by DNA methyltransfer-
ases. This reduces the transcription 
of these methylated genes, a process 
referred to as gene silencing. There 
are also proteins which demethylate 
promoter regions thereby allowing 
for the transcription and expression 
of the previously methylated genes. 
Ma et al concluded that the Gadd45b 
gene, expressed in mature neurons, 
was required for the demethylation 
of BDNF and FGF-1 promoters there-
by allowing these neurotrophic fac-
tors to be transcribed. Gadd45b gene 
knockout in a rodent model caused 
a signifi cant reduction in activity-
induced neurogenesis and dendritic 
development52.

Another post-translational mecha-
nism regulating neurogenesis in-
volves miRNA and was identifi ed by 
Cheng et al using rodent models. 
miRNAs are 22-nucleotide-long non-
coding RNA sequences that cause 
the degradation or inhibition of 
complementary sequences of mRNA 
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thereby reducing gene expression53. 
This mechanism regulates neurogen-
esis in the subventricular zone rather 
than the hippocampus; however, it 
provides an example of what might 
underlie neurogenesis control in all 
neurogenic niches of the CNS. In this 
study, miRNA miR-124, which causes 
the downregulation of the transcrip-
tion factor Sox9, was suggested to 
be important for adult neurogenesis. 
Sox9 stimulates glial cell formation 
from neural stem cells. miR-124 re-
duces Sox9 expression, thereby pro-
moting an alternative cell fate: neu-
rogenesis. Hence, miR-124 increases 
the proportion of neurons to glial 
cells produced from the proliferating 
neural stem cells and functions as a 
“neuro-glial cell fate switch” 54-56. 

The mechanisms of epigenetic con-
trol of neurotrophic factor produc-
tion and the mi-RNA based “neuro-
glial cell fate switch” help us to better 
understand the process by which 
cells diff erentiate and integrate into 
a complex network such as the CNS. 
While the clinical potential of these 
post-translational mechanisms is un-
known, other areas of research into 
adult neurogenesis have already dis-
covered several clinical implications.

CURRENT AND FUTURE CLINICAL 
IMPLICATIONS

Upregulation of neurogenesis has 
been inadvertently used as the main-
stay of treatment for depression for 
decades until its role was brought to 
light by Santarelli et al. Their study 
showed that selective serotonin 
reuptake inhibitors (SSRIs), such as 
fl uoxetine, did not have an antide-
pressant eff ect in animals where neu-
rogenesis was eliminated by selec-
tive irradiation of the hippocampus44. 
Hence, the fi rst clinical application 
of the upregulation of neurogenesis 
was identifi ed. 

In current clinical practice, the treat-
ments that involve upregulation of 

adult hippocampal neurogenesis are 
used solely for depression. These in-
clude some antidepressants, such 
as fl uoxetine31, and electroconvul-
sive therapy (ECT)57, used in cases 
of severe depression refractory to 
conventional pharmacotherapy. The 
antidepressant eff ect of ECT seems 
to be mediated in part by increased 
VEGF production. This provides a 
possible explanation for the effi  cacy 
of ECT in cases where pharmacologi-
cal antidepressants do not work be-
cause these agents do not increase 
VEGF production28,58. In fact, the clini-
cal use of ECT might be improved in 
the near future as some small clinical 
trials, which have focused on fi ne-
tuning the electrical pulse width and 
electrode placement, have shown 
increased treatment effi  cacy and a 
reduction of its classic side-eff ects in-
cluding retrograde amnesia59.

Another important therapeutic goal 
for the future is to discover a treat-
ment that would upregulate en-
dogenous neurogenesis after TBI 
or stroke, hence improving motor 
and cognitive patient outcomes. It 
is known that VEGF-induced neuro-
genesis10 is part of the endogenous 
repair response to ischaemic stroke 
in the adult cortex60 even though it is 
not clear to what extent cortical neu-
rogenesis is present in adult humans6. 
While adult cortical neurogenesis is 
signifi cant in vertebrates like fi sh, 
amphibians and reptiles, it seems to 
have been suppressed throughout 
evolution in birds and mammals61. 

A complete understanding of the 
necessary conditions for the up-
regulation of functionally signifi cant 
neurogenesis after stroke or TBI has 
not yet been reached. Nevertheless, 
promising experiments using double-
cortin and NeuN markers have shown 
new hippocampal neurons to mi-
grate to ischaemic striatal areas after 
induced ischaemic events in rodent 
models62-63. Unfortunately, these new 

neurons have minimal survival rates 
in their new location. As a result, the 
clinical signifi cance of these migrato-
ry neurons is limited until the neces-
sary conditions for their integration 
into functional networks are discov-
ered62-64.

A caveat for possible future treat-
ments involving the upregulation of 
neurogenesis is the risk of deregu-
lated neurogenesis. Results from 
González-Martínez et al65 suggest 
that spontaneous neurogenesis is as-
sociated with pharmacoresistant hu-
man neocortical epilepsy. Neverthe-
less, it is still unclear whether this is 
related to its pathogenesis or an en-
dogenous mechanism of repair that 
fails to function in this condition. 

Moreover, it has been shown that it 
is possible to improve sensorimotor 
and learning outcomes by upregu-
lating neurogenesis after damage to 
the mammalian cortex. For example, 
Shear et al66 used mammalian models 
to transplant exogenous neural stem 
cells after TBI. They reported positive 
behavioural and motor outcomes, 
providing a basis for future use of 
neural stem cells in a wide range of 
pathologies66-67. Another method by 
which this might be achieved was 
demonstrated by Xiong et al68. This 
study concluded that administration 
of erythropoietin six hours post-TBI 
provided neuroprotection and neu-
rorestoration by enhancing neuro-
genesis, angiogenesis and synaptic 
plasticity in the dentate gyrus of a 
rodent model. More importantly, 
erythropoietin improved sensorimo-
tor and spatial learning outcomes68. 
The biochemical mechanism of eryth-
ropoietin has been studied in the 
subventricular zone and it appears to 
upregulate BDNF and VEGF produc-
tion69. Nevertheless, erythropoietin, 
after an early successful clinical tri-
al70, was tested in a randomized mul-
ticenter trial which has shown that 
it is not acceptable for use in stroke 
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due to an increase in mortality at 90 
days post stroke71-72. Therefore, while 
we know that it is possible to upregu-
late neurogenesis with positive clini-
cal outcomes, no drug that will safely 
do so has yet been discovered. 

CONCLUSION
The discovery of adult neurogen-
esis in key regions of the CNS such 
as the hippocampus has changed 
our understanding of brain function 
and repair73. The previous model of 
a fi xed adult neuronal circuitry, simi-
lar to a computer circuit board, may 
be replaced by a model of a more 
dynamic nature, constantly adapt-
ing to exogenous and endogenous 
signals74. Moreover, current knowl-
edge of the regulatory mechanisms 
involved in neurogenesis allows us 
to understand the mechanisms of ac-
tion of some treatments for depres-
sion and provides a new framework 
for research on treatments for many 
common neuropsychiatric and neu-
rological disorders, including stroke 
and TBI. Hence, the discovery of adult 
neurogenesis will probably change 
the way we treat brain injury as much 
as it has changed our understanding 
of how the brain functions.    
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INTRODUCTION
Prescribing is a central element in the 
life of contemporary medical practi-
tioners.  The adage “the pen is might-
ier than the sword” has never been 
more apt; modern medicines can 
bring about a potential cure to many 
conditions that previously were only 
considered treatable via surgery or 
not at all.  However, with this power 
comes the responsibility of making 
ethical clinical prescribing decisions 
in the context of a fi nite healthcare 
budget.  Central to the theme of re-
sponsible prescribing is the issue of 
generic versus proprietary prescrib-
ing.  Generic prescribing is widely re-
garded as best practice medicine1.

Generic medications, by defi nition, 
contain the same active ingredients as 
their proprietary counterparts.  Upon 
conception, a new drug must navi-
gate its way through clinical trials un-
til both its safety and clinical effi  cacy 
are approved by the relevant regula-
tory bodies; the Irish Medicines Board 
carries out this task in Ireland.  On in-
troduction to the market, this new 
drug is protected by a patent, giving 
the parent pharmaceutical company 
exclusive rights to production and 
sale of the drug for a specifi ed time 
period under a proprietary or brand 
name.  When the patent expires, the 
drug can then be produced by any 
pharmaceutical company in the form 
of a generic medication, which con-
tains the same active compound as 

ABSTRACT

Background:  Generic prescribing is currently a politically important topic in 
Ireland as it is seen as a potential source for easing the healthcare budget.

Objective:  To compare prescribing practices at a Health Service Executive 
(HSE) and a National Health Service (NHS) hospital, with an emphasis on the 
level of generic prescribing.

Design:  A comparative cross-sectional study.

Data Source:  Bedside drug charts and medical notes of surgical and medical 
inpatients.

Methods:  Each ward in the respective hospitals was sampled once between 
July 2009 and September 2009; all patients (over age 17 years) present were 
included as subjects at the time of assessment. Patient demographics, in addi-
tion to the name, dose, frequency, and route of administration of prescribed 
drugs, were recorded.  Clinical pharmacist (CP) review was also noted.  A da-
tabase was constructed for statistical analysis.

Results:  HSE hospital patients (n=301) and NHS hospital patients (n=296) re-
ceived 3640 drug prescriptions (52.5% generic) and 3962 prescriptions (79.7% 
generic), respectively.  A lower level of CP chart monitoring was noted in the 
HSE hospital (41.5% versus 97%, p<0.001).  The rate of drug chart errors was 
4.2% in the HSE and 1.5% in the NHS hospital.  For all proton pump inhibitors 
(PPIs) prescribed in the HSE hospital, generic substitution could have saved 
€23.83/day, according to the Monthly Index of Medical Specialities (MIMS).

Conclusion:  Increased generic prescribing in the HSE hospital has potential 
cost and safety benefi ts.
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CLINICAL POINTS

 Generic prescribing was found to be signifi cantly lower in a HSE    

hospital compared to a NHS hospital.

 Generic prescribing has a defi nite cost benefi t and a potential 

safety benefi t to patients.

 Clear handwriting on drug charts may reduce prescription error 

rates.
 Clinical pharmacist chart review provides the opportunity to both 

reduce medication errors and to enhance generic prescribing 

rates.
 Undergraduate medical curriculum should include a dedicated 

clinical therapeutics module.

 HSE hospitals should consider the introduction of a hospital pre-

scribing formulary.



TSMJ  |  2010 | Volume 11

ORIGINAL RESEARCH

the proprietary medication but now 
under a diff erent name.   There may 
be a slight diff erence between gener-
ic and proprietary drugs in the ulti-
mate composition of the formulation 
when considering non-active ingredi-
ents or excipients.  This diff erence is 
usually of little clinical consequence, 
with the exception of some medica-
tions that have a narrow therapeutic 
index or some anti-epileptic drugs2.  
There is a misconception that generic 
medications are not as safe as their 
proprietary counterparts. Indeed, 
generic medications must meet the 
same standards of clinical safety and 
effi  cacy as the proprietary medica-
tion in order to enter the market3.

In Ireland, medications account for 
approximately 13.5% of the health-
care budget4.  Policy makers believe 
increased generic prescribing could 
be a source of potential savings5,6,7,8. 
The Health Service Executive (HSE) 
of Ireland is regarded as having a rel-
atively low rate of generic prescrib-
ing in contrast to the National Health 
Service (NHS) in the United Kingdom 
(UK), which promotes high levels 
of generic prescribing in all areas of 
healthcare9.  A literature search using 
Pubmed, Medline, and Embase re-
vealed that no study exists compar-
ing hospital prescribing practices in 
the HSE and NHS; this study intends 
to address this defi cit.

OBJECTIVE
The aim of this study was to compare 
prescribing practices at a HSE and a 
NHS hospital, with an emphasis on 
the level of generic prescribing.

METHODS 
A comparative cross-sectional study 
was designed to elicit any diff erences 
in prescribing practices between a 
HSE and a NHS hospital.  The respec-
tive HSE and NHS hospitals were cho-
sen as the study centres due to similar 
bed capacities and service case-mix-

es.  Ethical approval was granted 
from the ethics committees of each 
institution.  Inclusion criteria speci-
fi ed that subjects should be medical 
or surgical inpatients over the age of 
17 years, and their bedside drug charts 
and medical notes provided the data 
source for this study.  Data collection 
was performed by a single researcher 

and was carried out at the NHS hospi-
tal between 23/07/09 − 12/08/09 and 
from 21/08/09 − 10/09/09 at the HSE 
hospital.  Each relevant ward was 
sampled once and all patients on the 
ward at the time of sampling were 
included as subjects.  Approximately 
40% of the data collection in each 
hospital took place over a weekend.  

Figure 1: Age distribution of subjects by hospital

Figure 2: Breakdown of subject numbers under medical or surgical care by hospital
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The data collection was performed 
such that no patient identifi ers were 
stored to ensure anonymity.

Demograph    ic details of the subjects, 
in addition to the name, dose, fre-
quency, and route of administration 
of prescribed drugs, were recorded.  
Whether a clinical pharmacist (CP) re-
viewed the drug chart was also noted.  
Prescribers’ handwriting clarity was 
subjectively assessed as adequate or 

poor based on the ease of legibility 
by the researcher carrying out data 
collection.  Medications were classi-
fi ed as generic, proprietary, or appro-
priate proprietary; drugs considered 
appropriate proprietary were pre-
scribed as proprietary combinations 
of two or more drugs in fi xed doses 
(e.g.  Sinemet®).  Cost evaluations 
for the HSE and NHS hospitals were 
based on the prices stated in the 
Monthly Index of Medical Specialties 

(MIMS) Ireland August 2009 and the 
British National Formulary57, respec-
tively.  For the MIMS-based costs, the 
generic cost was deduced by substi-
tuting the cost of the cheapest avail-
able bioequivalent generic medica-
tion in the correct dose formulation 
for the prescribed proprietary medi-
cation.

All data was input into Microsoft Ac-
cess® 2007; statistical analysis was 
performed in SPSS version 14.  Chi-
squared tests were employed to per-
form subgroup analysis of categorical 
variables; Student’s t-test was used 
to compare continuous variables by 
subgroups.

RESULTS

PATIENT CHARACTERISTICS

Data on 301 and 296 subjects were 
collected in the HSE and NHS hospi-
tals, respectively.  An analysis of the 
population variables revealed NHS 
subjects to be more elderly [mean 
ages: HSE 65 years versus NHS 71 
years (p=0.002) Figure 1]. Males 
accounted for 56% and 48% of the 
HSE and NHS subjects, respectively 
(p<0.05). While the absolute num-
bers of medical and surgical patients 
were diff erent in each hospital, the 
diff erence in proportion between 
hospitals was not signifi cant (Figure 
2).  Furthermore, there was no signifi -
cant diff erence in the level of generic 
prescribing between medical and sur-
gical patients in both hospitals.

PRESCRIBING PRACTICES

A total of 3640 and 3962 medications 
were prescribed to HSE and NHS 
subjects, respectively.  This equated 
to a mean of 12.1 (SD=5.6) medica-
tions per subject in the HSE hospital 
as opposed to 13.4 (SD=5.6) in the 
NHS hospital (p<0.05).  The ten most 
commonly prescribed medications to 
study subjects are listed in Table 1.

Table 1: List of the 10 most commonly prescribed medications by hospital.

Table 3: Percentage of O.O, PRN, and parenterally administered drugs in generic, proprietary, and 
appropriate proprietary format by hospital.

HSE Hospital NHS Hospital 
Paracetamol 212 Paracetamol 217 
Innohep 101 Aspirin 146 
Aspirin 88 Enoxaparin 134 
Lactulose 79 Cyclizine 118 
Movicol 68 Octenisan 112 
Tramadol 65 Simvastatin 109 
Senna 57 Naseptin 107 
Furosemide 51 Senna 92 
Atorvastatin 45 Oramorph 90 
Stemetil 41 Omeprazole 35 

Table 2: Percentage of all medications prescribed in generic, proprietary and appropriate propri-
etary format by hospital.

 HSE Hospital NHS Hospital 

Generic 52.5% 79.7% 

Proprietary 41.7% 10.7% 

Appropriate proprietary 5.7% 9.6% 

 HSE Hospital NHS Hospital 

Generic 53.5% 80.4% 

Proprietary 42.8% 16% 

Appropriate proprietary 3.7% 3.6% 
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A clinically signifi cant higher level of 
generic prescribing was seen in the 
NHS hospital (79.7% generic) com-
pared to the HSE hospital (52.5% ge-
neric) (p<0.001, Table 2).

Similar analysis was performed to 
consider once only (O.O), pro re nata 
(PRN), intramuscular, intravenous 
and subcutaneously administered 
medications, which are drug forms 
only prescribed in hospital (Table 3).  
A clinically signifi cant higher level of 
generic prescribing was seen in the 
NHS hospital (80.4% generic) com-
pared to the HSE hospital (53.5% ge-
neric) (p<0.001).

In addition, 41.5% of HSE drug charts 
had been reviewed by a CP as opposed 
to 97% in the NHS hospital (p<0.001).  
34.9% of HSE drug charts contained 
at least one error compared to 17.2% 
of NHS drug charts (p<0.001).  Based 
on individual prescriptions, an error 
rate of 4.2% was calculated in the HSE 
hospital as opposed to 1.5% in the 
NHS hospital (p<0.05).  Handwriting 
was subjectively assessed as “poor” 
in 14.3% of HSE bedside charts com-
pared to 6.4% in the NHS hospital 
(p=0.002).   A breakdown of prescrib-
ing errors is displayed in Table 4.

COST

In the HSE hospital, 74 patients had 
proton pump inhibitors (PPIs) pre-
scribed in a proprietary format de-
spite the presence of an off -patent 
generic being available.  With refer-
ence to these 74 prescriptions, sav-
ings of €23.83/day could have been 
achieved had they been prescribed in 
the generic format.

DISCUSSION
 One of the fi rst prescribing lessons 
taught to undergraduate medical 
students is to use generic medica-
tion where possible.  The reason-
ing behind this lesson is threefold.  
Firstly, generic medications are gen-

erally cheaper than their proprietary 
counterparts, therefore minimising 
cost.  The widely used EASE (Eff ec-
tive, Appropriate, Safe, and Econom-
ic) model of medication prescribing 
recognises this concept10,11. Increased 
generic prescribing could have saved 
€21.8 million in Ireland in 2003 from 
expenditure on the Drug Payment 
Scheme and the General Medical 
Card scheme12.  Secondly, undergrad-
uate and postgraduate teaching, in 
addition to medications referenced 
in the literature, discuss medications 
using the generic name.  It would be 
logical to extend use of this common 
language of medications into clini-
cal practice.  Thirdly, from a practical 
view point, using generic naming fa-
cilitates pharmacists as the logistical 
pressure of proprietary prescribing is 
eased.  More importantly than simple 
logistics, the pharmacist may elect to 
dispense the cheapest available for-
mulation.

In this study, 41.7% of the HSE hospital 
prescriptions were in the proprietary 
format.  In contrast, 20.1% of prescrip-
tions were of a proprietary nature in 
the NHS hospital.  The fact that the 
baseline population demographics 
were well matched, with the excep-
tion of age, adds to the signifi cance 
of this result.  From fi rst principles, a 

more elderly population in the NHS 
hospital would not confound the 
analysis of generic prescribing rates.  
The similarity of the proportion of 
medical and surgical subjects in both 
hospitals is an important fi nding as 
it has been reported that prescrib-
ing tends to be of a poorer quality in 
surgical wards13.  The current study 
found no statistically signifi cant dif-
ference in the proportion of generic 
prescriptions between the medical 
and surgical specialities.

These results add to the growing evi-
dence demonstrating that the rate 
of generic prescribing in Ireland is 
low14,15,16. Bennett et al found gener-
ic prescribing to be as low as 4.6%17.  
This contrasts sharply with the situ-
ation in the UK where prescribing is 
predominantly generic in accordance 
with the British National Formulary 
(BNF).  The percentage of generic 
prescriptions written in the UK rose 
from 38% in 1985 to 69% in 199818.  In-
deed, a recent paper estimated that 
approximately 80% of prescriptions 
in the UK are now fi lled using generic 
names19.  The current study fi ndings 
are in agreement with that estimate.

There are a number of reasons to 
potentially explain the discrepancy 
seen in prescribing practices of physi-

Table 4: Number of errors by category by hospital

 HSE Hospital NHS Hospital 
Illegible 1 1 
Inappropriate decimal point 62 17 
No dose 2 0 
No route 1 0 
No units 19 2 
Wrong dose 22 17 
Wrong name 4 1 
Wrong route 1 4 
Wrong units 40 18 
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cians. Many suspect that prescribing 
doctors are infl uenced by pharma-
ceutical company-sponsored events, 
and it has been suggested that part 
of the problem has resulted from a 
subtle collusion between the two 
parties20.  Recently, a six-point plan 
was published to address the interac-
tion of the pharmaceutical industry 
with prescribing doctors21.  Two key 
recommendations within this plan 
include that pharmaceutical industry-
sponsored continuing medical edu-
cation should be abolished and that 
doctors should forgo industry gifts. 
To many, these are key issues, as they 
infl uence doctors’ prescribing habits, 
making the use of proprietary agents 
more likely.  

A potential confounding factor infl u-
encing the level of proprietary pre-
scribing seen in the HSE hospital in 
the current study was that patients 
may have had certain medications 
prescribed to them prior to admis-
sion to hospital.  To account for this, 
an analysis of the prescribing break-
down of O.O, PRN, and parenterally 
administered medications was under-
taken.  With few exceptions, these 
forms of medications are prescribed 
on an inpatient basis.  There was a 
similar and equally low level of ge-
neric prescribing among the hospital-
exclusive subset of medications com-
parable to the overall level observed 
in the HSE hospital (See Table 2 and 
Table 3).  This highlights that the level 
of generic prescribing by medical pro-
fessionals in the HSE hospital is low.  
As inpatient drug charts are typically 
written by a junior doctor, education-
al interventions in this group have 
the potential to improve prescribing 
practices.

CPs are regarded as the guardians of 
hospital prescribing.  There is good 
evidence confi rming the net posi-
tive benefi t this speciality brings to 
the healthcare community22,23,24. Re-
sponsibilities of the CP include re-

view of drug charts and identifying 
and attending to any prescribing er-
rors.  There is a possible association 
between the lower level of generic 
prescribing in the HSE hospital and 
the lower level of CP drug chart re-
view.  Increased CP input is seen as a 
potential method to both reduce the 
prescription error rate and to possi-
bly alter prescribing habits in the HSE 
hospital. This may be achieved by al-
lowing the CP to substitute a propri-
etary prescription for a generic.

The issue of medication errors is cur-
rently contentious.  Recently, the 
General Medical Council UK commis-
sioned the EQUIP (Errors—Ques-
tioning Undergraduate Impact on 
Prescribing) study to look at prescrib-
ing errors among newly qualifi ed 
doctors in relation to their medical 
education25.  The results showed that 
newly qualifi ed junior doctors’ medi-
cation error rate did not diff er signifi -
cantly from their more experienced 
colleagues.  The report strongly en-
courages the need to increase the 
emphasis of clinical pharmacology in 
the undergraduate medical curricu-
lum26, which many feel is inadequate 
at present27,28. The medical school af-
fi liated with the studied NHS hospital 
has a 17-week intensive course which 
combines the core subjects of medi-
cine, surgery, and therapeutics. No 
dedicated therapeutics course exists 
in the current undergraduate curricu-
lum of the medical school affi  liated 
with the HSE hospital in this study.  It 
is hypothesised that increased clinical 
therapeutics teaching would lead to 
better prescribing habits once quali-
fi ed29.  The EQUIP study also recom-
mended the adoption of a standard 
drug chart throughout the NHS to fa-
cilitate a reduction in drug errors.  

Poor handwriting of the prescribing 
physician is often the culprit for medi-
cation errors30.  Despite the subjectiv-
ity of the assessment, the higher lev-
el of poorly written charts in the HSE 

hospital poses the opportunity for in-
tervention.  A standardised national 
drug chart may mitigate the eff ect of 
poor handwriting as contextual clues 
on an easily recognised chart would 
aid understanding.

In Ireland, the proportion that medi-
cines contribute to the overall bud-
get of the General Medical Scheme 
is signifi cant and is thus a target for 
cost reductions. Among the methods 
outlined to achieve such savings are 
proposals to increase the frequency 
of generic prescribing.  The Depart-
ment of Health in the UK is hoping 
to adopt a tactic wherein a pharma-
cist can substitute a generic drug for 
certain medications prescribed in the 
proprietary format.  The ultimate aim 
of such an intervention would be to 
save money without adversely af-
fecting the quality of care provided. 
In addition, PPIs have come under 
scrutiny as many feel they are fre-
quently prescribed without proper 
indication31,32,33,34,35. This group of 
medications is relatively expensive, 
however, omeprazole, lansoprazole, 
and pantoprazole are now off -patent 
and available generically.  As all PPIs 
have an identical mode of action, it 
is reasonable to prescribe a cheaper 
generic alternative to gain the same 
class-eff ect benefi t36.  74 proprietary 
PPIs were prescribed at the studied 
HSE hospital despite the availability 
of an off -patent generic.  Had these 
drugs been prescribed generically, 
savings of €23.83 per day would have 
been realised.

This study had several potential 
weaknesses. Despite analysing sev-
eral hundred patients from each hos-
pital selected, only one hospital was 
considered from each healthcare 
system.  A larger sample of hospitals 
would be needed to generalise con-
clusions; this study compares the two 
hospitals as typical examples of their 
respective system.  In addition, cost 
analysis was done using the MIMS 
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Ireland.  This publication provides 
medication wholesale costs to retail 
pharmacies but does not accurately 
refl ect hospital pharmacy costs.   

CONCLUSION
Greater levels of generic prescrib-
ing in healthcare have a theoretical 
safety benefi t to patients as well as a 
defi nite cost benefi t.  This study high-
lights that a higher level of generic 
prescribing could be achieved in the 
respective HSE hospital if prescribing 
practices were improved. Enhancing 
education to prescribing physicians 
both at an undergraduate and post-
graduate level provides the opportu-
nity to promote generic prescribing 
practices. Other measures such as 
adopting a generic drug formulary 
would have a further impact on the 
proportion of generic prescribing 
in HSE hospitals.  In addition, an in-
creased level of CP drug chart moni-
toring not only permits the opportu-
nity to ensure generic drug use but 
may also reduce prescribing errors.  
This study then, while circumspect 
to generalise from single institutions, 
provides evidence of room for sys-
temic improvement in HSE prescrib-
ing practices which would be benefi -
cial to the individual patient and the 
wider population.
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INTRODUCTION
Cervical carcinoma is the uncontrol-
lable growth of cells in a woman’s 
cervix and is the third most common 
cancer in women resulting in 300,000 
deaths worldwide per annum1. In Ire-
land, there is an average of 180 new 
cases of cervical cancer diagnosed 
each year with an incidence of 23.64 
per 100,000 women2. Furthermore, 
cancer of the cervix results in 73 
deaths annually in Ireland with an av-
erage age of mortality of 56 years2.

Infection with human papilloma virus   
(HPV) is a critical factor in the devel-
opment of the majority of cases of 
cervical cancer. One study found that 
over 99% of cervical cancer histologi-
cal specimens had incorporated HPV 
DNA3,4. HPV infects cervical cells via 
integration of its viral DNA into the 
host DNA, disrupting key protective 
proteins of cervical cells and up regu-
lating viral proteins5. The result is cells 
with malignant potential, liable to 
cause cancer if they are not detected 
early and treated.

There are many diff erent strains of 
HPV with some types being more car-
cinogenic than others. HPV 16 and 18, 
in particular, are considered high-risk 
strains and have been implicated in 
up to 77% of cervical cancers in de-
veloped countries6. Within Ireland, 
studies on the prevalence of HPV 16 
and 18 found that of those women in-
fected with HPV, 31.5% were infected 
with HPV 16 and 12% were infected 
with HPV 187,8. Despite this high prev-
alence, women in Ireland remain un-
protected against these two strains 
of HPV.

Currently, a screening programme 
is in place for the early detection of 
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CLINICAL POINTS

 Cervical cancer results in approximately 300,000 deaths world-

wide per annum and is the third most common cancer in women. 

 Over 99% of cervical cancer histological specimens incorporate       

Human Papilloma Virus (HPV) DNA.
 HPV 16 and 18 are the strains most commonly implicated in the         

development of cervical cancer.
 Currently, CervicalCheck off ers free papanicolaou smears to 

women in Ireland for the early detection of pre-cancerous lesions 

and cervical carcinoma; widespread vaccination has the potential 

to further reduce cervical cancer deaths.
 Two vaccines off er protection against HPV: Gardasil (HPV 

6,11,16,18) and Cervarix (HPV 16,18); clinical trials have demon-

strated the effi  cacy of these vaccines for up to 5 years. 

 A report in Ireland by the Health Information and Quality Author-

ity (HIQA) indicated that introduction of HPV vaccines into a 

national immunisation programme, in conjunction with regular 

papanicolaou smear screening, would be cost eff ective.

ABSTRACT
Cervical cancer is the third most common cancer in women and results in 
approximately 300,000 deaths worldwide per annum. Research has un-
covered that infection with particular types of the human papilloma virus 
(HPV) is the strongest independent risk factor for the development of cer-
vical carcinoma. Due to this relationship, vaccines against the foremost 
carcinogenic strains of the virus were developed in hopes that they would 
prevent the subsequent development of malignancy. Two vaccines cur-
rently exist: the quadrivalent vaccine, Gardasil and the bivalent vaccine, 
Cervarix.  Both vaccines target the two Human Papillomavirus strains that 
are most commonly associated with the development of cervical cancer, 
types 16 and 18.  The Gardasil vaccine also targets Human Papillomavirus 
types 6 and 11, which are commonly associated with genital warts. Five-
year follow-up studies have shown both vaccines to be over 90% effi  ca-
cious. There is, however, a lack of long-term data on both vaccines and 
more research is necessary to further evaluate their long-term outcomes 
on the prevention of malignancy. Currently, the major protection off ered 
to women in Ireland against cervical cancer is that of secondary preven-
tion via regular screening with the papanicolaou smear. A vaccine cam-
paign is due to commence later this year, with the introduction date cur-
rently set as September 2010. It is expected that immunisation against the 
Human Papillomavirus in combination with regular papanicolaou smear 
screening will result in a reduction in the incidence of cervical cancer in 
Ireland. In this review, the link between cervical cancer and the Human 
Papillomavirus will be discussed in addition to providing support for the 
introduction of the Human Papillomavirus vaccines into the Irish immuni-
sation schedule.
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cervical dysplasia. The National Cer-
vical Screening Programme, ‘Cervi-
calCheck’, was introduced in Ireland 
in September 2008. This programme 
targets 1.1 million eligible women 
aged 25 to 60 years old and is expect-
ed to result in a 91% cumulative risk 
reduction in the incidence of cervical 
carcinoma1. Under this programme, 
free cervical screening with a papa-
nicolaou (pap) smear test is off ered 
every three years for women aged 25 
to 44 and every fi ve years for women 
aged 45 to 609. CervicalCheck does 

not incorporate a vaccine against 
HPV as part of its programme and 
therefore, does not prevent HPV in-
fection at its outset. 

The long-term outcomes of vacci-
nation against cervical cancer have 
not been fully elucidated and more 
research is needed to assess the ef-
fectiveness of both commercially 
available vaccines. However, it is ex-
pected that immunisation against 
HPV in combination with regular pap 
smears will result in a further reduc-
tion in the incidence of cervical can-
cer. The aim of this article, therefore, 
is to discuss the potential benefi ts of 
introducing a vaccine against HPV in 
Ireland by reviewing the literature 
supporting their use with regards to 
both effi  cacy and cost eff ectiveness.  

CERVICAL CANCER 
Cervical cancer is primarily a neo-
plasm of the squamous cells of the 
cervix, the inferior part of the uter-
us5. The cervix is lined by both co-
lumnar and squamous epithelium, 
which meet at the squamocolum-
nar junction. During certain times in 
a woman’s life, this junction shifts, 
under the infl uence of hormonal fac-
tors, exposing some of the columnar 
cells to the more acidic environment 
of the vagina5. As a result, some of 

these columnar cells undergo meta-
plasia or transformation to squamous 
epithelium. Cervical cells undergoing 
metaplasia are more susceptible to 
infection with HPV5.

Once infected with HPV, cervical epi-
thelial cells show diff erent character-
istics compared to normal cells. Cells 
infected with HPV are more disorgan-
ised, they show enhanced mitotic 
activity, as well as nuclear pleomor-
phisms5. Cervical intraepithelial neo-
plasia (CIN) is the term used to de-
scribe this dysplastic change, and is 
considered a pre-cancerous lesion as 
this dysplasia can progress to malig-
nancy5. The location of the dysplasia 
determines which type of CIN is pres-
ent5. CIN 1 occurs when the abnormal 
cells are restricted to the lower third 
of the epithelium of the cervix. CIN 2 
occurs when two thirds of the epithe-

lium is involved, while CIN 3 occurs 
when the abnormal cells make up 
greater than two thirds of the cervi-
cal epithelium5. Stage 1 cancer occurs 
when there is invasion of the stroma 
of the cervix by these dysplastic cells5. 
For invasive carcinoma to occur from 
CIN 1, it usually progresses through to 
CIN 2 and subsequently CIN 3. How-
ever, not all cervical cancer progress-
es in this way, with 20% of CIN 2 and 
CIN 3 developing de novo5. 

Research has uncovered many other 
risk factors that are associated with 
the development of CIN and subse-
quent cervical cancer. These factors 
include early age at coitarche, mul-
tiple sexual partners, unprotected 
sexual intercourse and low socio-
economic status5. However, infection 
with HPV has been consistently impli-
cated as the main aetiological agent 
in the development of cervical in-
traepithelial dysplasia and ultimately 
cervical cancer5. Factors such as ciga-
rette smoking and immunodefi ciency 
contribute to the development of 
cervical cancer by impairing immune 
clearance of HPV5. 

HPV AND THE LINK TO CERVICAL 
CANCER

HPV is recognised as the main cause 
of cervical intraepithelial dysplasia. 
HPV belongs to the Papillomaviri-
dae family and is a non-enveloped 
icosahedral virus of circular, double-
stranded DNA. HPV infects the cells 
of the cervix via integration of its vi-
ral DNA into the host DNA of cervical 
cells. During integration, viral E2 is 
disrupted, which is a key protein in 
the oncogenicity of HPV10. E2 is a tran-
scriptional repressor of viral onco-
genes E6 and E7 and its degradation 
thus leads to their up regulation10. 
Protein E6 binds to p53 promoting its 
proteolysis and thereby preventing 
virally infected cells from apoptosing. 
Protein E7 binds to pRb, an inhibitor 
which prevents growth of the virus 
within host cells. E7 degrades pRb, 

Figure 1: This schema shows the relationship of a HPV infection and potential outcomes, with the 
probable timeline dependent on the individual’s immune reaction to HPV. Source: Pagliusi12
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which is no longer able to exert its ac-
tion, thus promoting DNA synthesis 
of the virus within the host cells11.

The integration of viral DNA into the 
cells of the cervix is a catalyst for the 
development of cervical cancer as 
they now have the ability to undergo 
dysplastic change5. The evolution to 
malignant cells takes approximate-
ly 9-15 years with the intermittent 
stages (CIN) detectable via the pap 
smear5. The typical progression of 
cell changes with time is illustrated in 
Figure 1.

THE NATIONAL CERVICAL SCREENING 
PROGRAMME: “CERVICALCHECK”

Free cervical screening under Cervi-
calCheck was introduced in Septem-
ber 2008 and is off ered to women in 
Ireland that satisfy certain criteria. 
Screening consists of a pap smear in 
which an endocervical brush is used 
to collect cells from the outer cervi-
cal opening, known as the os. These 
cells are kept in a liquid medium be-
fore being placed on a glass slide and 
examined microscopically for dys-
karyosis. A smear is recommended 
every 3 years for women aged 25 to 
44 and every 5 years for women aged 
45 to 60. Screening is not warranted 
in those over 60, unless the woman 
has never had a previous smear. If a 
smear result is abnormal, a follow-
up is arranged according to the Cer-
vicalCheck protocol. If CIN 1 is sug-
gested cytologically, a repeat smear 
is advised in 6 months to check for 
progression. If CIN 2/3 is suggested, 
referral to colposcopy (cervix viewed 
more closely under microscope) is 
recommended9.

Pap smear screening is the basis of 
CervicalCheck as it successfully en-
ables detection and treatment of 
pre-invasive lesions and low-grade 
cancers, before they progress to in-
vasive cancer12. With the advent of 
cytological screening programmes, 
the incidence of cervical cancer in 

the developed world has been signifi -
cantly reduced. The American Cancer 
Society has cited that pap smears 
have reduced the death rate in the 
United States to one third of its value 
50 years ago13. Despite the success of 
pap smear screening, however, there 
is still a high incidence of cervical 
cancer. The Irish Cervical Screening 
Research (CERVIVA) Consortium in 
2009 reported a HPV prevalence rate 
of 18% in a population of 1,300 wom-
en screened2. The continued high in-
cidence of cervical cancer despite the 
use of pap smear screening empha-
sizes the need for the introduction of 
a vaccination programme. 

THE HPV VACCINE: STRUCTURE, 
FUNCTION AND MECHANISM OF 
ACTION 

Vaccines against HPV were devel-
oped with the hope that, in combina-
tion with pap smear screening, they 
would lead to a signifi cant reduction 
in the morbidity and mortality of cer-
vical cancer. Currently, two vaccines 
have been developed and clinically 
evaluated, the quadrivalent vaccine, 
Gardasil, and the bivalent vaccine, 
Cervarix.  Both vaccines target the 
two most common high-risk HPVs, 
types 16 and 18, while Gardasil also 
targets HPV 6 and 11 (responsible 
for >90% of genital warts).  Results 
from clinical trials indicate that the 
vaccines are safe, well tolerated and 
highly effi  cacious in HPV naïve wom-
en6. 

Both vaccines are adjuvant non-in-
fectious recombinant vaccines pre-
pared from highly purifi ed Virus-Like 
Particles (VLPs) of the relevant HPV 
viruses. VLPs contain the major cap-
sid protein L1 without the viral DNA 
needed for replication. Thus, they are 
serologically indistinguishable from 
natural viral capsids but lack viral 
nucleic acid and are therefore non-in-
fectious. Gardasil uses an aluminium-
based adjuvant, whereas Cervarix 

uses the proprietary adjuvant ASO4. 
The diff erence in the adjuvant base 
of the two vaccines has been noted 
to aff ect immunogenicity. Clinical 
trials have demonstrated stronger 
antibody responses against HPV 16 
and 18 in ASO4-based vaccines when 
compared to the aluminium-based 
vaccines14.  Furthermore, higher ti-
tres of HPV L1–specifi c B cells were 
noted in the ASO4 adjuvant group14. 
It is unclear yet as to whether this will 
confer enhanced effi  cacy or a longer 
duration of immunity thereby neces-
sitating further evaluation. 

The mechanism of action of the vac-
cine has been elucidated using animal 
studies with analogous papillomavi-
ruses. These studies have deduced 
that the effi  cacy of L1 VLP vaccines 
is mediated by the development of a 
humoral immune response. Studies 
in animal models have demonstrated 
that these L1 VLPs induce high titres 
of neutralizing serum antibodies, 
particularly Immunoglobulin G (IgG), 
which protect against cutaneous and 
mucosal papillomavirus challenge14. 
Both Gardasil and Cervarix have dem-
onstrated immunogenic potential via 
their production of specifi c neutraliz-
ing antibodies. 

SUGGESTED USE AND EFFICACY OF 
THE HPV VACCINES

Current guidelines set up by ‘The Cen-
ters for Disease Control and Preven-
tion’s Advisory Committee on Immu-
nization Practices’ in America, exist 
for the use of the HPV vaccine. Both 
vaccines are administered in 3 sepa-
rate doses over a 6 month period. 
Cervarix injections are administered 
at 0, 1 and 6 months, while Gardasil 
administration occurs at 0, 2 and 6 
months. Three doses are necessary 
to confer immunity with the vac-
cine, with maximal effi  cacy achieved 
1 month after the fi nal dose6. The 
current recommended ages for ad-
ministration of the vaccines are 10-25 
years for Cervarix and 9-26 years for 
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Gardasil, ideally pre-coitarche. The 
optimal target age of vaccination is 
10-15 years. These indications are the 
result of two studies; Pedersen et al 
2007 and Block et al 2006 showed a 
higher antibody titre in girls given the 
vaccines at 10-15 years of age versus 
those given the vaccine at 15-25 years 
of age15,16. The higher antibody titre is 
expected to confer a longer duration 
of protection. 

Studies investigating the eff ective-
ness of both vaccines in the preven-
tion of CIN and the development of 
cervical cancer have been under-
taken. Gardasil, the quadrivalent 
vaccine, has been approved for the 
prevention of cervical cancer and 
CIN 2/3 related to HPV 6, 11, 16, 1817. 
To investigate Gardasil’s eff ective-
ness, four placebo-controlled, double 
blind, randomized control trials have 
been conducted. These included two 
Phase I trials: Protocol 005 and Pro-
tocol 007 and two Phase III trials: FU-
TURE I & II (Females United To Uni-
laterally Reduce Endo/Ectocervical 
Disease). FUTURE I & II and Protocol 
007 evaluated the full quadrivalent 
vaccine while Protocol 005 investi-
gated only the HPV 16 portion of the 
vaccine. Included in the studies were 
20,541 women aged 16-26 in 29 diff er-
ent countries. Inclusion criteria were 
those who were HPV 6, 11, 16, and 18 
naïve at onset, remained negative for 
HPV through to month seven, and 
completed the 3-dose course of the 
vaccine within 1 year. In all four trials, 
subjects received doses on day 0, at 2 
months and again at 6 months. Com-
bined data from the four trials, after 
an average follow-up of 3 years, indi-
cated a signifi cant reduction in the 
number of HPV 6, 11, 16 and 18 associ-
ated cases of CIN. The results were 0 
new cases of HPV 16 or 18 related CIN 
2/3 versus 53 cases for placebo, con-
ferring a 100% effi  cacy. For HPV 6, 11, 
16 and 18 related CIN1/2/3, 4 new cas-
es were found versus 83 for placebo, 
yielding an effi  cacy of 95.2%18.

Cervarix, the bivalent vaccine, has 
been approved for the prevention of 
cervical cancer and CIN 2/3 related to 
HPV 16 and 1810. The effi  cacy of Cer-
varix was assessed in two placebo-
controlled, double blind, randomized 
control trials, one Phase II trial and 
one Phase III trial.  A total of 19,778 
women aged 15 to 25 years were stud-
ied. In the Phase III trial, the PATRICIA 
study, the effi  cacy of Cervarix was 
analyzed in the total vaccinated co-
hort19. The effi  cacy of Cervarix in the 
prevention of CIN 2 associated with 
HPV 16 and/or HPV 18 was assessed at 
14.8 months following the last dose 
of the vaccine or control. This study 
showed a signifi cant reduction in the 
number of HPV associated CIN cases, 
with 2 new cases of CIN 2 or greater 
in the vaccinated cohort versus 21 
new cases in the placebo group, con-
ferring a 90.4% effi  cacy19.
 
The statistically signifi cant reduc-
tion in cases of CIN 2 and CIN 3 as-
sociated with the administration of 
Gardasil and Cervarix is expected to 
lead to a reduction in the incidence 
of cervical carcinoma. However, it is 
not known at this time the length of 
protection that either of these vac-
cines will confer. Gardasil has dem-
onstrated clinical effi  cacy for up to 
5 years against HPV 6, 11, 16 and 18.  
Recently available data has indicated 
that Cervarix is highly effi  cacious in 
preventing most CIN 2 lesions caused 
by HPV 16 and 18 for up to 5.5 years 
20. In addition, some studies suggest 
that a continued cross-protection 
against HPV 45 and HPV 31 infections 
may also exist with Cervarix20. It is un-
known whether or not a booster will 
be required to maintain immunoge-
nicity.  Therefore, continued surveil-
lance of vaccinated individuals is nec-
essary to assess the entire length of 
protection. The length of immunity 
conferred and the possible need for a 
booster are important aspects in as-
sessing the long-term cost eff ective-
ness of the vaccines.

COST EFFECTIVENESS OF THE HPV 
VACCINES

The cost eff ectiveness of introduc-
ing a vaccination programme against 
HPV in Ireland has been a continued 
topic of debate and was recently ex-
amined in a report called “The Role 
of Human Papillomavirus Vaccines in 
Reducing the Risk of Cervical Cancer 
in Ireland,” that was published by the 
Health Information and Quality Au-
thority (HIQA). In this report, the cost 
eff ectiveness was calculated based 
on the cost of vaccination minus sav-
ings on unneeded treatment, due to 
prevention of HPV 16/18 dyskaryosis 
and neoplasia. Another consider-
ation of the cost eff ectiveness calcu-
lation was the morbidity prevented. 
The decrease in morbidity expected 
was based on the number of cases of 
CIN 1, 2/3 and invasive carcinoma in 
2004. Results were expressed as In-
cremental Cost Eff ectiveness Ratios 
(ICER) per Life Year Gained (LYG). An 
Incremental Cost Eff ectiveness Ratio 
(ICER) is the diff erence between the 
cost of the new treatment and the 
current treatment, divided by the 
diff erence between the eff ect of the 
new treatment and that of the cur-
rent treatment. A Life Year Gained 
(LYG) calculates the diff erence in 
the cost of having a vaccination pro-
gramme, compared to the cost of 
having no vaccination programme, 
divided by the average diff erence in 
survival (in years) across the popula-
tion at which you are looking, allow-
ing one intervention to be compared 
with another. 

Vaccinating 12 year old girls against 
HPV 16 and 18 was found to have an 
ICER of approximately €17,383/LYG6. 
Had the benefi t to quality of life as-
sociated with the prevention of ma-
lignancy been included, this fi gure 
would be lowered further4. This is a 
favourable result considering that 
the usual threshold for the provision 
of drugs in Ireland is €45,000/QALY 
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(Quality Adjusted Life Year)6. A LYG 
does not take into account the qual-
ity (in terms of health status) of the 
year of life gained whereas a Quality 
Adjusted Life Year (QALY) is a mea-
sure of the year of life adjusted for 
its quality. A year in perfect health 
is considered equal to 1.0 QALY. The 
HIQA report showed the HPV vac-
cine to be more cost eff ective than 
the universal hepatitis B vaccination 
in Ireland (€37,019/LYG)6. If the catch-
up vaccination for 13 -15 year olds 
was also to be included in the pro-
gramme, this would raise the ICER 
of annual vaccination to €52,968/
LYG which exceeds the threshold4. 
However, if quality of life gain was 
included in the analysis, (expressed 
as a QALY) this addition would likely 
also be rendered cost eff ective6.

Vaccination of 12 year old girls as out-
lined in the HIQA study will begin in 
September 2010.6. This programme 
will also include a once-off  catch-up 
vaccination for 13 -15 year old girls. 
Although it will take at least 15 years 
after implementation of the pro-
gramme before monetary savings 
will begin to be seen it is none the 
less economically justifi able. Vacci-
nation of young females in Ireland 
would not only prevent the anxieties 
that accompany a diagnosis of CIN 
but also the subsequent develop-
ment of sequelae. 

LIMITATIONS AND THE FUTURE

Both the quadrivalent and bivalent 
HPV vaccines have limitations. There 
are more than 100 diff erent types 

of HPV and at least 15 of them are 
oncogenic for which no immunity is 
provided21. Although it is estimated 
that HPV 16 and 18 cause 71% of cer-
vical cancers, a further 29% of cases 
are attributed to non-vaccine pro-
tected strains21.  The development 
of a vaccine that incorporates these 
additional strains is a possible future 
development. 

Another limitation of the HPV vac-
cines is that the 5.5 year follow-up 
study for Cervarix and the 5 year fol-
low-up studies for Gardasil may not 
be long enough for cervical cancer to 
develop. However, with the preven-
tion of CIN 2/3, it is believed that the 
subsequent development of malig-
nancy is unlikely. Ongoing long-term 
studies are needed to assess the true 
eff ect in the reduction of the inci-
dence of cervical carcinoma in the 
vaccinated cohort. 

Finally, Gardasil and Cervarix do not 
prevent HPV infections already pres-
ent at the time of vaccination from 
progressing to cancer, stressing the 
continued need for cervical screen-
ing22. Laboratory research and sev-
eral human clinical trials are current-
ly ongoing for the development of 
therapeutic HPV vaccines that could 
possibly eliminate existing HPV infec-
tion23.

CONCLUSION
The national screening programme 
plays a pivotal role in reducing the in-
cidence of cervical cancer, however, 
cancer of the cervix still remains a 
highly prevalent gynaecological can-
cer. HPV types 16 and 18 have been 
implicated in 70% or more of cervical 
cancers. With the advent of the HPV 
vaccines against these strains, it is 
possible to have a primary preven-
tion programme to prevent neoplas-
tic lesions from the outset6. Cervarix 
and Gardasil vaccines, which target 
both of these high-risk viruses, have 
been introduced in a number of coun-
tries over the past few years. The 
ability of both vaccines to prevent 
CIN 2/3 in pre-coital females and the 
cost eff ectiveness by which this can 
be achieved indicates that HPV vacci-
nation would undoubtedly be a ben-
efi cial addition to the Irish healthcare 
system. According to the National 
Cancer Institute, “Widespread vac-
cination has the potential to reduce 
cervical cancer deaths around the 

world by as much as two-thirds if all 
women were to take the vaccine”2.  

The vaccine, however, does not elim-
inate the need for scheduled cervical 
cytology and it is essential that the 
vaccine be combined with regular 
cervical smears in order to gain the 
maximum synergistic benefi t. 
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The human impact of the global eco-
nomic downturn that hit in 2008 is 
only starting to be appreciated now. 
As people’s jobs are lost and their 
assets plummet, it is clear that the 
mood of our society is falling equally 
fast. The relationship between our 
mental health and this global reces-
sion has yet to be addressed in an ap-
propriate manner, or with the degree 
of compassion it warrants. Through-
out this paper, I intend to highlight 
the importance of investing in men-
tal health, especially in these current 
times of economic struggle. 

It is diffi  cult to dispute the fact that 
our health is deeply entwined with 
our wealth. The World Health Orga-
nization (WHO) takes a holistic defi -
nition of health as one that encom-
passes “physical, mental and social 
wellbeing 1”. The WHO further defi nes 
mental health in terms of functional-
ity, as “a state of wellbeing enabling 
individuals to realise their abilities, 
cope with the normal stresses of life, 
work productively and fruitfully, and 
make a contribution to their commu-
nities 2”. 

As a society, mental illness is not a 
condition that we entirely appreci-
ate. This is largely due to the fact that 
it has been hidden under a veil of stig-
ma and discrimination for a very long 
time. It is vital that all physicians have 
a strong grasp on mental health, as 
the prevalence of mental disorders 
among suff erers of chronic disease is 
considerably higher than it is among 
the general population, highlighting 
its relevance to all medical practitio-
ners. While the prevalence of depres-
sion in the general population varies 
between 3% and 10%, prevalence rates 
of depression increase considerably 

in people with long-standing illness. 
It is estimated that 27% of diabetics, 
33% of patients with cancer, up to 
44% of people with HIV/AIDS and 46% 
of those suff ering with tuberculosis 
have been reported to suff er from 
depression2. 

It is time to bring the issue of mental 
health out into the open, as the de-
gree of suff ering it imposes on indi-
viduals, their families, and society in 
general is astounding. In most coun-
tries, physical health receives most, 
if not all, of the funding set aside for 
healthcare expenditures. Globally, 
neuropsychiatric disorders account 
for 13% of health problems, yet re-
ceive merely 2% of the global health 
budget2. Action must be undertaken 
to treat this global depression, as we 
cannot overcome this recession with-
out our mental health intact. 

Several fi gures need to be highlight-
ed to emphasize the global impact 
of psychiatric illness. As many as 450 
million people suff er from a mental/
behavioural disorder2. By 2020, uni-
polar depression alone will be the 
second largest disease burden glob-
ally3. One in four families has at least 
one member with a mental illness2. 
Almost one million people worldwide 
commit suicide every year and men-
tal illness has been implicated as the 
leading risk factor4. Between 420 and 
460 of these deaths from suicide are 
occurring here in Ireland each year, 
and suicide prevention experts state 
that both job losses and the reces-
sion may be linked to a 43% increase 
in the number of suicides recorded in 
the fi rst 3 months of 20095. Accord-
ing to Fine Gael TD Dan Neville, we 
spend 10 times more money on road 
safety measures here in Ireland than 

on suicide prevention, despite the 
fact that more people kill themselves 
annually than die on the roads5. With 
such staggering statistics, it is very 
diffi  cult to argue against investing in 
mental health. 

Mental health is closely related to 
physical and social health1. As pre-
viously mentioned, the prevalence 
rates of depression are consistently 
higher in people aff ected by chronic 
disease2. Furthermore, patients with 
depression, anxiety and substance 
use disorders, who also suff er from 
other co-morbidities, often exhibit 
poor compliance with medications6. 
Depressed patients are, in fact, three 
times less likely to comply with their 
medical regime than non-depressed 
patients5. Therefore, treating co-
morbid depression could potentially 
increase adherence to interventions 
for physical illnesses, ultimately less-
ening the total disease burden on our 
already taxed health system and on 
the individuals themselves. In addi-
tion, depression has been indicated 
as a risk factor for heart disease7. Di-
Matteo et al investigated the onset 
of heart disease in depressed males 
between the years 1993 and 2005. 
This study revealed that men with 
depression in 1992 were twice as 
likely to develop heart disease in the 
ensuing years, as compared to men 
with no history of depression6. This 
suggests that treating underlying 
depression might decrease the inci-
dence of heart disease. 

A specifi c example of the human cost 
of mental illness, and a huge factor 
in favour of investment in mental 
health, is the link between postnatal 
depression and Sudden Infant Death 
Syndrome (SIDS). In New Zealand, 
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a 3-year, multicentre, case-control 
study has demonstrated this associa-
tion. Mitchell et al found that infants 
of mothers with either a self-report-
ed use of medication for psychiatric 
disorders, a history of hospital admis-
sion for psychiatric illness or a fam-
ily history of postnatal depression 
had a signifi cantly increased risk of 
SIDS than infants of mothers without 
these conditions. All mothers of in-
fants born in the study areas over a 1 
year period were eligible to complete 
a questionnaire measuring maternal 
depression when the infant was 4 
weeks of age. In the study, 33 infants 
subsequently died from SIDS as com-

pared to 174 controls. 15 (45.5%) of 
the mothers of SIDS cases were de-
pressed compared with 28 (16.1%) of 
the mothers of control infants. From 
this evidence, it was concluded that 
postnatal depression is a risk factor 
for SIDS8. This would suggest that 
targeted and eff ective treatment of 
postnatal depression could potential-
ly cause a reduction in child mortality 
attributed to SIDS.

It is a well known fact that people 
with psychiatric illnesses have an 

increased incidence of engaging in 
risky activities ranging from sub-
stance abuse to shoplifting and sex-
ual promiscuity9.  At a more global 
level, those with mental disorders are 
at increased danger of being infected 
with HIV due to their poor under-
standing of risk factors and general 
vulnerability10. A study conducted in 
Nigeria analyzed the knowledge, at-
titudes, and risk behaviours of both 
schizophrenic and diabetic patients 
in regards to HIV/AIDS. This study 
revealed that schizophrenic patients 
had more misconceptions about HIV/
AIDS, as well as an increased likeli-
hood of engaging in high-risk behav-

iours. During the 12 months preceding 
the study, 34.3% of the sexually-active 
schizophrenic patients did not use 
condoms during sexual intercourse 
with sexual partners to whom they 
were not married, compared with 
19.5% of the diabetic patients11. These 
reckless behaviours are also a feature 
of bipolar disorder and bulimia ner-
vosa9, suggesting that investing in 
the management of all these condi-
tions could lead to a global reduction 
in sexually transmitted infections and 
particularly HIV/AIDS. 

Worldwide, those suff ering from 
mental illnesses are often the victims 
of discrimination2. In India, individu-
als with mental health conditions are 
often ostracized from their com-
munities due to the extreme stigma 
associated with these conditions. A 
shocking example of human rights 
violations was the fi re in an asylum 
in Erwadi, India, in August 2001. 25 
people were charred to death when a 
devastating fi re broke out that morn-
ing. There were 46 inhabitants with 
mental disorders and 40 of them had 
been chained to their beds. As part of 
their “treatment” in this asylum, peo-
ple with mental disorders were often 

caned, whipped and beaten up in the 
hope of “driving away the evil2” . Al-
though this is an extreme example, 
all over the world people with mental 
disorders face employment and edu-
cational barriers as a result of their 
illness2. Investing in treatment that 
minimizes the symptoms that isolate 
mental health patients can improve 
their quality of life and increase their 
chances of being accepted by society. 

There are many convincing reasons in 
favour of investing in mental health 
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but what is important to consider is: 
Does it work? Has investing in mental 
health proven to be successful? Does 
it decrease the global burden that 
mental disorders cause? The follow-
ing are excellent examples of how 
investing in mental health has shown 
to improve the wellbeing of individu-
als aff ected by mental disorders, de-
crease economic and social burden 
and ultimately save lives.  

Inpatient treatment of children and 
adolescents with serious mental 
health disorders has been associated 
with a substantial and sustained im-
provement in their health12. In the 
UK, 150 participants were recruited 
across 8 diff erent hospital units. The 
children were admitted for varying 
durations and they were followed a 
year after their discharge. Their out-
come was measured by clinicians ac-
cording to the Childhood Global As-
sessment Scale (CGAS). A clinically 
signifi cant 12-point improvement in 
CGAS following a mean 16.6 week 
admission was shown, and this im-
provement was sustained at 1-year 
follow-up. This improvement was 
seen across all diagnoses. In com-
parison, during the mean 16.4 week 
pre-admission period there was a 
3.7-point improvement7. These re-
sults provide a strong indication of 
the positive impact of admission and 
treatment for complex mental health 
problems in young people. 

Another reason in favour of early in-
tervention in these illnesses is the 
fact that childhood mental disorders 
have also been shown to be respon-
sible for huge costs in adult life. One 
study found that adults who had con-
duct disorder as children generated 
long-term expenses for a range of 
state agencies that were signifi cantly 
higher than the costs incurred by a 
control group of adults. The most 
noticeable costs were those faced 
by the criminal justice system. These 
costs were 18 times greater than the 

costs for the control group13. By de-
tecting and treating antisocial behav-
iour in its early stages in childhood, 
we could save on these costs in the 
future. 

A fi nal example of how eff ective 
investment can be was seen in a 
study carried out by Brown et al in 
the United States. This study deter-
mined the eff ectiveness of a 10-ses-
sion cognitive therapy intervention 
designed to prevent repeat suicide 
attempts in adults who had recently 
attempted suicide. 120 adults were 
recruited and followed up for 18 
months post-attempt. From baseline 
to the 18 month assessment, 24.1% 
of the cognitive therapy group com-
pared to 41.6% of the group who did 
not receive therapy made at least 
one subsequent suicide attempt. 
Participants in the cognitive therapy 
group had a signifi cantly lower reat-
tempt rate and were 50% less likely to 
reattempt suicide than participants 
in the usual care group. The severity 
of self-reported depression was also 
signifi cantly lower for the cognitive 
therapy group than for the usual care 
group14. This provides clear support 
of investing in cognitive therapy for 
suicide prevention. This evidence fur-
ther highlights the success of early in-
tervention and adequate investment, 
so why is it that we are not imple-
menting these cost-eff ective and life-
improving ideas?

Is it due to a lack of awareness? Insuf-
fi cient funds? Stigma? There are many 
possible reasons for this. One may 
be that we are not acknowledging 
the extent of the problem globally. 
If we do not discuss mental illness 
openly, we cannot appreciate its im-
pact on society, let alone the benefi ts 
gained from adequate investment. 
Another, and perhaps more pressing 
reason is the associated cost. Treat-
ing mental disorders has proven to 
be very expensive. A study carried 
out in the United States revealed 

that Alzheimer’s Disease ($25,000/pt/
yr) and Schizophrenia ($15,000/pt/yr) 
are the two most costly diseases to 
treat, their average cost per patient 
being higher than cancer ($13,000) 
and stroke ($11,000)15. In Ireland, the 
treatment of schizophrenia alone 
cost €460.6 million in 200616. 

This expense obviously presents a 
barrier to investment in these times 
of economic struggle. There is no 
denying that fi nancial resources are 
limited and they must be allocated 
according to need. If we change our 
strategies now and invest early in the 
treatment and prevention of mental 
illness, we can ultimately decrease 
the net cost to society. Moreover, 
we can also provide hope of a longer 
and more fulfi lling life for individuals 
struggling with their mental health, 
thereby facilitating long-term eco-
nomic gain for society as a whole. 

Investment in mental health is need-
ed now more than ever due to these 
“recession blues.” People must be at 
their fi ttest mentally to cope with the 
demands and diffi  culties currently 
prevailing. Neglecting an individual’s 
mental health will aff ect their ability 
to rebuild their life, search for em-
ployment, and overcome fi nancial 
strain. This will ultimately prolong 
the recession because, as I addressed 
in the beginning, it is diffi  cult to work 
towards lifting the economy if our 
mental health is not intact. 

In these times of economic diffi  culty, 
when many other sources of wealth 
are rapidly dissolving, shouldn’t we 
fi ght harder than ever to care for 
our greatest source of non-monetary 
wealth – our health? 

I certainly wouldn’t like to be the one 
to take that away from anyone. 
Would you? 
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INTRODUCTION 
Sudden cardiac death (SCD) is unex-
pected death due to cardiac causes 
usually occurring within an hour of 
the onset of symptoms 1. Often the 
individual is previously well, with no 
knowledge of an underlying cardiac 
condition. SCD in young people, par-
ticularly athletes, is an issue that has 
come to public attention in recent 

years. More than 5,000 people suf-
fer from SCD each year in Ireland, 
15% of who are under the age of 35 
2. Globally, SCD is thought to aff ect 
4-5 million people per year 3. Screen-
ing programmes are now available 
in Ireland and elsewhere, targeting 
those thought to be at risk of SCD. 
Although many causes such as coro-

nary artery disease, cardiomyopa-
thies and cardiac conduction defects 
have been recognised, in many cases, 
the cause of death cannot be estab-
lished and grieving families are left 
without answers. 
Congenital long-QT syndrome 
(cLQTS) is the most common he-
reditary cause of sudden arrhythmic 
death; underlying 23-28% of cases 
4. The fi rst data-based estimate of 
the global prevalence of cLQTS was 
published recently by Schwartz et 
al. 7, estimating that it is present in 
1 in every 2,500 live births. This con-
dition is comprised of a group of 
heterogeneous disorders that dif-
ferentially aff ect ion channels and 
proteins that regulate the cardiac 
cycle 5, 6. More common than its con-
genital counterpart is acquired long-
QT syndrome (aLQTS) 5, 6, 8. This form 
of the condition mainly results from 
pharmacological therapy 6. Hormone 
and electrolyte disturbances such as 
hypothyroidism and hypocalcaemia 
have also been implicated.5

This paper provides a brief overview 
of data accumulated to date on the 
genetics, pathophysiology, diag-
nosis and management of LQTS. It 
also serves to illustrate the need for 
continued research in order to iden-
tify all mutations responsible for the 
syndrome which will ultimately allow 
for the improved diagnosis and treat-
ment of those at risk.  

GENETICS OF CONGENITAL 
LONG-QT SYNDROME
Much progress has been made in 
the last decade in uncovering the 
genetic basis of cLQTS. In excess of 
600 diff erent mutations have been 
identifi ed in twelve genes that result 
in this disorder (Table 1) 9, 10. On this 
basis, twelve subtypes are currently 
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CLINICAL POINTS

 The long-QT syndrome can be inherited or acquired.

 It aff ects the function of cardiac ion channels and is characterised by a 

prolonged QT-interval on ECG.
 High risk individuals, including those with a suggestive history and/or ECG 

and those with an aff ected 1st-degree relative, and athletes should un-

dergo screening.
 Prophylactic treatments available include lifestyle modifi cation, beta-

blockade, gene-specifi c therapies, LSCD and ICDs.

 Research must continue to uncover all gene-mutations causing SCD in or-

der to improve the diagnosis and management of those at risk.

ABSTRACT
Introduction: Sudden cardiac death is a striking phenomenon, aff ecting 
seemingly healthy individuals without warning. The long-QT syndrome is 
a common cause of sudden cardiac death that can either be inherited or 
acquired. While congenital long-QT syndrome comprises a heterogeneous 
group of hereditary disorders aff ecting ion channels in the heart, acquired 
long-QT syndrome is usually a result of pharmacological therapy.                                                                                                             

Main Body: Various mutations in twelve diff erent genes have been linked 
with the long-QT syndrome to date. This condition is characterised by a pro-
longed QT-interval on ECG, which signifi es a delay in ventricular repolarisa-
tion. The clinical presentation of this syndrome can range from symptoms 
of dizziness and syncope to sudden death. Diagnosing long-QT syndrome is 
diffi  cult due to variable penetrance in its inheritance and the existence of yet 
unidentifi ed causative mutations.  

 Discussion and Conclusions: Accurate diagnosis of the long-QT syndrome 
is essential as this condition may predispose an individual to sudden cardi-
ac death. Prophylactic therapy for the syndrome exists and therefore early 
identifi cation of those at risk is crucial in reducing the number of prevent-
able cardiac deaths. Research must continue to discover all mutations re-
sponsible for sudden cardiac death so that therapeutic strategies can be 
developed to combat this silent killer.
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thought to exist (LQT1-LQT12). LQT1, 
LQT2 and LQT3 are the most com-
mon. Together, they account for ap-
proximately 98% of all genetically 
characterised cases 6, 8. 

Several variants of cLQTS have been 
described. The most commonly re-
ported is the autosomal dominant 
Romano-Ward syndrome (RW), al-
though a rare autosomal recessive 
variant, Jervell-Lange Nielsen syn-
drome (JLN), was the fi rst to be de-
scribed in 1957 11. The principle diff er-
ence between these two conditions 
is that JLN is additionally associated 
with congenital sensorineural deaf-
ness and has a higher risk of sudden 
death than RW 5, 8, 11. Furthermore, 
the inheritance of RW is not strictly 

mendelian; females are aff ected to 
a slightly greater extent 12. Rarer still 
are variants such as Andersen-Tawil 
syndrome and Timothy’s syndrome. 

PATHOPHYSIOLOGY OF THE 
LONG-QT SYNDROME 
The pathological mechanism is diff er-
ent for each of the cLQTS subtypes, 
yet all have the same overall eff ect 
of delaying ventricular repolarisation 
through the retention of positively 
charged ions (K+, Na+, Ca2+) in myo-
cardial cells 8. This creates electrical 
instability and predisposes to the 
ventricular arrhythmia torsades de 
pointes (TdP) (Figure 1). Although TdP 
resolves spontaneously in the major-
ity of cases, a minority of patients will 

degenerate into ventricular fi brilla-
tion following TdP 8, 26. Without im-
mediate defi brillation, this can lead 
to SCD.

Acquired LQTS, as previously men-
tioned, can result from certain drug 
therapies, many of which are in com-
mon use. They include the antibiot-
ics erythromycin, clarithromycin and 
suxamethoxazole; the anti-hista-
mines terfenadine and oxatomide; 
and the anti-arrhythmics amioda-
rone, sotolol and quinidine 27. These 
agents may block KCNH2 potassium 
channels causing a delay in cardiac 
repolarisation in a manner similar 
to cLQTS. A subset of patients with 
aLQTS were subsequently found to 
have an underlying genetic suscep-

Figure 1: ECG record-
ing showing an episode of 
the polymorphic ventricu-
lar arrhythmia torsades 
de pointes (“twisting of 
the points”). The curvy 
green lines show the char-
acteristic "twist" of the 
QRS complexes around 
the isoelectric baseline in 
blue (adapted from Ash-
ley and Niebauer, 2004) 27.

Table 1: Existing Subtypes of the 
Long-QT Syndrome 6-8, 13-25

Legend
RW  Romano-Ward syndrome
JLN  Jervell-Lange Nielsen syndrome 
IKs  Slow component of the delayed recti-
fi er K+ current involved in cardiac cell re-
polarisation 
IKr  Rapid component of the delayed recti-
fi er K+ current involved in cardiac cell re-
polarisation
INa  Na+ current involved in cardiac cell 
depolarisation
IK1     Inward rectifi er K+ current involved in 
cardiac cell repolarisation
ICa    Ca2+ current involved in cardiac cell 
depolarisation
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tibility, having been silent mutation 
carriers until they were administered 
these drugs 4. Evidently, physicians 
should exercise caution when pre-
scribing these drugs, particularly 
when co-prescribing them as this 
would further increase the risk of ar-
rhythmia.

DIAGNOSING THE LONG-QT 
SYNDROME 
The diagnostic methods available for 
LQTS can mainly be divided into clini-
cal- and molecular-based methods. 
LQTS largely remains a clinical diag-
nosis made by detailed history-taking 
and ECG interpretation. The discov-
ery of all LQTS mutations could ulti-
mately alter this practice however to 
favour a molecular-based approach.    

HISTORY

Congenital LQTS usually presents by 
the age of forty 4. Common presenta-
tions include palpitations, dizziness, 
syncope, seizures and sudden death. 

Cardiac events can be precipitated by 
diff erent activities, depending on the 
subtype involved. Exercise, particu-
larly swimming, can trigger events in 
LQT1 whereas rest and sleep are trig-
gers in LQT3 (Table 1) 8, 25, 26. A detailed 
personal and family history enquiring 
about the circumstances surrounding 
cardiac events is therefore essential 
to recognise the syndrome and to de-
duce the likely genotype involved.

ELECTROCARDIOGRAPHY 

ECG is another important method 
used for diagnosing LQTS. As de-
scribed earlier, LQTS causes a delay 
in ventricular repolarisation. This is 
signifi ed on ECG by a prolonged QT-
interval. A QT-interval corrected for 
heart rate (the QTc) using Bazett’s 
formula (QTc(ms)  =QT(ms) /√R-R, 
where R-R (sec) is measured from 
the onset of one QRS complex to 
the onset of the next) is considered 
prolonged if it measures >460 ms in a 

female or >440 ms in a male (normal 
range 380-440 ms) 5, 28. In addition, it 
is important to recognise other ECG 
fi ndings that can also indicate a diag-
nosis of LQTS as 25-35% of mutation 
carriers have a QT-duration of <440 
ms due to incomplete penetrance 
and these individuals should not be 
overlooked 29, 30. Moreover, up to 15% 
of the healthy population have a QTc 
in the ‘borderline range’ of 440-470 
ms 31, 32. Distinct T-wave patterns and 
poor accommodation of the QT-inter-
val in response to an increased heart 
rate are also considered positive fi nd-
ings associated with the condition 5, 
28. The latter is noted upon exercise or 
epinephrine challenge testing 8, 29.

DIAGNOSTIC CRITERIA                                                            

The Schwartz diagnostic criterion 
is useful in the initial evaluation of a 
patient suspected of having cLQTS 28. 
Points are allocated to various clini-
cal, familial and ECG fi ndings. Points 
for positive fi ndings are added to-
gether to give an overall score that 
indicates the probability of a positive 

Figure 2a: Normal ECG pattern depicting elec-
trical activity of the heart as it contracts and relax-
es. The QT-interval (beginning of the QRS complex 
to end of the T wave) is a measure of the duration 
of ventricular depolarisation and repolarisation.  

Table 2: 1993-2006 LQTS 
Diagnostic Criteria 8, 28, 30

Score < 1 point = Low prob-
ability of LQTS
1-3 points = Intermediate 
probability 
>3-5 = High probability

a  In the absence of medica-
tions or disorders known to 
aff ect these ECG fi ndings

b  QTc (the corrected QT 
interval) calculated by 
Bazett’s Formula where 
QTc=QT/√R-R

c  Mutually exclusive

d  Resting heart rate below 
2nd percentile for age

e  The same family member 
cannot be counted in A 
and B

Figure 2b: Typical ECG of a LQTS patient. The 
QT-interval is prolonged and so the duration of 
the action potential is lengthened and repolarisa-
tion is delayed.  (Adapted from “Cardiac Risk in 
the Young. SADS sudden arrhythmic death syn-
drome”33)

Points 
ECG findings a 
QTc b >480 ms 3 

460-470 ms 2 
450 ms (male) 1 

Torsades de pointes c 2 
T wave T -wave alternans 1 

Notched T-wave in 3 
leads 

1 

Low heart rate for age d 0.5 
Clinical history 
Syncope With stress 2 

Without stress 1 
Congenital deafness 0.5 
Family history e 
A Family members with 

definite LQTS 
1 

B Unexplained sudden 
cardiac death below the 
age of 30 amongst 
immediate family 
members 

0.5 
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diagnosis (Table 2). With an interme-
diate probability, serial ECGs and 24-
hr Holter monitoring should be done 
as the QTc can vary over time 30. The 
ECG abnormalities previously men-
tioned should also be sought. 

MOLECULAR DIAGNOSIS  

Although genetic screening is consid-
ered the gold standard for diagnos-
ing cLQTS, clinical diagnostic meth-
ods are largely regarded as suffi  cient 
in identifying aff ected individuals 5, 8.
Reasons for this are that screening is 
restricted by cost and time. A false 
negative rate of 30-35% 30 also limits 
its widespread use. Screening does 
however provide useful information 
where a previously reported muta-
tion is implicated. In these instances, 
it is more useful than history and ECG 
at identifying the patient’s genotype 
which strongly infl uences their risk 
stratifi cation and management deci-
sions.  

In 1999, the European Working Group 
on Arrhythmias 34 recommended the 
use of genetic screening where it 
might: i) confi rm diagnosis for an indi-
vidual with borderline clinical criteria; 
ii) alter the management of a clinical-
ly diagnosed individual; or, iii) identify 
aff ected, asymptomatic fi rst-degree 
relatives of a diagnosed patient. Vari-
able penetrance means that asymp-
tomatic family members cannot be 
regarded as being unaff ected with-
out being excluded from carrying a 
mutation. The proband should fi rst 
be screened and their mutation iden-
tifi ed. This will then allow for effi  cient 
screening of fi rst-degree relatives 
and for the prophylactic treatment of 
those found aff ected 5. 

Ideally all 12 LQTS genes should be 
screened when evaluating a patient 
for LQTS. However, this is not practi-
cal considering how rare some of the 
syndrome subtypes are as well as the 
cost and time involved. Diff erent lab-
oratories have their own protocols 

for screening varying numbers of the 
genes. Regions of the LQT1, 2, 3, 5 
and 6 genes known to harbour LQTS-
mutations are usually screened 35. 

LIMITATIONS OF DIAGNOSTIC 
METHODS USED FOR THE LONG-QT 
SYNDROME

Accurate diagnosis of LQTS is crucial 
given that it is a potentially lethal dis-
order for which prophylactic therapy 
exists. However, as with many diag-
nostic techniques, each of those used 
for the syndrome has limitations. The 
use of ECG as a diagnostic tool for 
LQTS has several shortcomings. The 
QTc is commonly miscalculated 36 and 
the potential exists for false positives 
and false negatives using current QTc 
cut-off  lengths. Also, Bazett’s formu-
la may lead to over- or under-correc-
tion of the QT-interval at slow or fast 
heart rates respectively.28 Genetic 
screening is not always reliable as not 
all LQTS-mutations are yet known. 
The overall message conveyed is that 
none of the diagnostic techniques 

currently available can be fully relied 
on and so history and examination 
should guide the physician’s suspi-
cions and the degree of evaluation 
needed.

DIFFERENTIAL DIAGNOSIS   
The main conditions from which 
cLQTS must be distinguished are 
those aff ecting the structure of the 
heart and those aff ecting the cardiac 
conduction system. These conditions 
include; hypertrophic obstructive 
cardiomyopathy, dilated cardiomy-
opathy, aLQTS, catecholaminergic 
polymorphic ventricular tachycardia, 
arrhythmogenic right ventricular car-
diomyopathy and Brugada syndrome 
5, 28. Non-cardiac diff erentials that 
should be considered include vasova-
gal syncope, situational syncope, or-
thostatic hypotension and epilepsy, 
depending on the symptoms report-
ed. 

Table 3: Guidelines for the management of the Long-QT syndrome 5, 37 
* Levels of evidence: 
I-  conditions for which there is evidence or general agreement, or both, that a given procedure or treat-
ment is benefi cial, useful, and eff ective; 

II- conditions for which there is confl icting evidence or divergence of opinion, or both, about the useful-
ness and effi  cacy of a procedure or treatment:

IIa- conditions for which the weight of evidence or opinion is in favour of usefulness and effi  cacy

IIb- conditions for which the usefulness and effi  cacy are less well established by evidence or opinion

Recommendations Level of 
Evidence* 

Comment 

Avoid participation 
in competitive 
sports 

I For both clinically and genetically diagnosed 
patients 

Beta-blockers 
  

I For patients with a prolonged QTc (>440 ms in a 
male and >460 ms in a female) 

IIa For patients with a normal QTc 
Implantable 
cardioverter-
defibrillator 
  
  

I For survivors of cardiac arrest 
IIa For patients with syncope despite beta-blocker 

therapy 
IIb For high-risk patients, including those with LQT2, 

LQT3 or who have a QTc lasting >500 ms 
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THERAPEUTIC OPTIONS FOR 
CONGENITAL LONG-QT SYNDROME

The lack of data from large random-
ized control trials makes decision-
making in the management of LQTS 
a challenge. Treatment options avail-
able to choose from include lifestyle 
modifi cation, pharmacological ther-
apy and surgery. In 2006, the major 
cardiology and electrophysiology so-
cieties in both Europe and America 
developed guidelines to aid physi-
cians in their management of this 
syndrome (Table 3).

Lifestyle modifi cation is universally 
considered essential for all patients 
whether symptomatic or not 37. Rec-
ommendations include the avoidance 
of known triggers of cardiac events 
for the genotype in question and of 
all QT-prolonging drugs. 

Beta-adrenoceptor antagonists re-
main the fi rst-choice therapy for 
those with a prolonged QTc28, 34, 37 as 
they prevent the acute rise of sym-
pathetic activity that triggers most 
arrhythmias. Mixed opinions exist on 
the treatment of those with a normal 
QTc (Table 3). 

Much research is currently underway 
into treatments targeted at specifi c 
genotypes. Although supported by 
experimental data, population stud-
ies confi rming the effi  cacy of these 
treatments in protecting against ar-
rhythmia are still lacking. At pres-
ent, it might therefore be better to 
consider these as adjuncts to beta-
blocker therapy rather than as a sole 
means of therapy 38.

Sodium channel blockers such as 
mexiletine have been proven to ben-
efi t patients with LQT327, 39 whereas 
fl ecainide was found to be useful 
for those with the D1790G muta-
tion 40. Flecainide is not, however, 
thought to be safe in treating those 
with other LQT3-mutations 41. The 

therapeutic eff ects of L-type calcium 
channel blockers are also of current 
interest. They not only show prom-
ise for treating LQT8 and its associ-
ated gain-of-function mutations in 
cardiac calcium channels, but also 
for treating LQT3 as they additionally 
inhibit cardiac sodium channels 27, 38. 
Experimental data also supports the 
use of oral potassium supplements, 
potassium-sparing agents, potassium 
channel openers and HERG (human 
Ether-à-go-go Related Gene) current 
enhancers in treating LQTS subtypes 
associated with reduced outward po-
tassium current. Finally, gap junction 
coupling enhancers and the correc-
tion of protein traffi  cking defects are 
other therapeutic strategies under 
investigation. 

Surgical options for the treatment of 
LQTS are considered in certain situ-
ations and include left cardiac sym-
pathetic denervation (LCSD) and im-
plantable cardiac defi brillator (ICD) 
insertion. The correct use of ICDs in 
LQTS is a heated topic. On one hand, 
they can reduce the risk of fatal ar-
rhythmias in high risk patients 28. On 
the other, they have a considerable 
eff ect on quality of life, particularly 
that of younger patients who re-
quire more battery and leads replace-
ments. Additionally, their associated 
side eff ect of electrical storm caused 
by repeated electrical shocks has led 
to a substantial incidence of attempt-
ed suicide in adolescents 42. Current 
guidelines strongly support their use 
in survivors of cardiac arrest, in con-
junction with pharmacological ther-
apy 35. To a lesser degree, they are 
also recommend for other high-risk 
patients, including those with LQT2, 
LQT3, or a QTc >500 ms (Table 3). 
LCSD involves the removal of the fi rst 
four thoracic ganglia which, like beta-
blockers, reduces the rise in sympa-
thetic tone that initiates arrhythmias. 
It should be considered where synco-
pe is recurrent despite full-dose beta-
blockade 28, 43. It can also be used in 

conjunction with an ICD where beta-
blockers are contraindicated and can 
dramatically reduce the frequency of 
ICD shocks and electrical storms in 
this instance 8, 28. 

PROGNOSIS

The prognosis for patients with LQTS 
is dependent on a large number of 
factors including the syndrome sub-
type, the associated genetic muta-
tion, the inheritance pattern, the de-
gree of penetrance and whether or 
not the syndrome is recognised and 
treated. Most mutation carriers nev-
er experience symptoms 28. As previ-
ously indicated, the majority of indi-
viduals that suff er a TdP arrhythmia 
usually recover. Approximately 13% 
of untreated patients suff er a cardiac 
arrest or SCD 44. However, the prog-
nosis for those who receive prophy-
lactic therapy is usually good 28.

CONCLUSION
LQTS is a life-threatening disorder of 
the cardiac conduction system. It can 
be inherited or acquired and results 
in prolonged ventricular repolarisa-
tion which predisposes to fatal ar-
rhythmias. In the past two decades, 
research has greatly advanced our 
understanding of the genetic, mo-
lecular and clinical aspects of LQTS. 
However, there still remain many 
shortcomings in our knowledge. Ef-
forts must continue to unravel the 
genetics underlying this disorder and 
to improve the effi  cacy of prophylac-
tic therapy. 

In relation to disorders causing SCD 
overall, the ultimate goals of research 
include the development of automat-
ed screening which can defi nitively 
diagnose genetic predisposition to 
SCD, and of universal guidelines for 
the management of each disorder. 
This would hopefully lead to the en-
hanced recognition and treatment of 
those at risk and reduce the number 
of lives cut short.
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PRESENTATION OF CASE
KS, a 58-year-old male patient, pre-
sented to the neurology out-patient 
clinic in autumn 2008 at the Univer-
sity of Louisville where he was being 
followed for ongoing facial pain, hav-
ing a three-year background history 
of Trigeminal Neuralgia (TN). At the 
time of presentation, he reported 
an eight month history of recurring 
facial pain despite pharmacothera-
py, and was becoming increasingly 
concerned about the side eff ects of 
his medication, oxcarbazepine (Tri-
leptal), which had become intoler-

able.  The site of his pain was in the 
distribution of the maxillary (V2) and 
mandibular (V3) divisions of the right 
trigeminal nerve. Pain was intermit-
tent, each episode lasting approxi-
mately 5 to 10 minutes on average 
and episodes occurring several times 
daily. KS described the pain as “stab-
bing”, and rated the severity as 10 
out of 10. He further reported that 
on six to seven occasions, he expe-
rienced an aching pain that lasted 
up to 25 minutes. His facial pain had 
gradually worsened over the last six 
months, with a more rapid deteriora-
tion of pain tolerance over the pre-
ceding one to two months. Pain was 
precipitated by chewing, brushing of 
teeth, talking, and combing hair.  In 
addition, KS complained of TN associ-
ated headaches that “felt as though 
his head was in a vice constantly.”

After several months of medical ther-
apy with high-dose oxcarbazepine, 

which had been increased at a previ-
ous outpatient visit to alleviate wors-
ening symptoms, KS had felt “terrible, 
doped up, and like a zombie.” He re-
ported being more clumsy, bumping 
into walls and was aware of a general 
decrease in his gross motor skills.  He 
also reported fi nding himself isolated 
and increasingly depressed. This was 
particularly concerning for KS, who 
had a past history of bipolar disorder 
for which he was being treated.  He 
worried that the isolation, pain, and 
depression would exacerbate his bi-
polar disorder. 

At the time of the current presenta-
tion, KS’s medications included: ox-
carbazepine, an anticonvulsant, 600 
mg three times daily and clonazepam, 
a benzodiazepine derivative with  an-
ticonvulsant, muscle relaxant, and 
anxiolytic properties, 1 mg daily for 
TN, sertraline hydrochloride (Zoloft), 
an antidepressant of the selective 
serotonin reuptake inhibitor (SSRI) 
class, 50 mg daily and lamotrigine 
(Lamictal), an anticonvulsant, 200 mg 
twice a day for bipolar disorder, and 
fi nasteride (Proscar), a 5-alpha reduc-
tase inhibitor,  5 mg daily for benign 
prostatic hyperplasia. KS noted he 
had an allergy to gabapentin.

Past drug history included 1600 mg 
carbamazepine (Tegretol), an anti-
convulsant, taken daily when KS was 
fi rst diagnosed with TN in 2005.  He 
found temporary relief from the car-
bamazepine but pain persisted a few 
months thereafter despite dosage 
increase.  Other drugs were added 
individually to the pharmacological 
regime over a nine month period. 
These agents included gabapentin 
(Neurontin), which he subsequently 
had an adverse reaction to, and ba-
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CLINICAL POINTS

• Trigeminal Neuralgia (TN) is the most common cause of facial pain in 

individuals older than 50 years of age.
• The pathophysiology consists of chronic irritation of the trigeminal 

nerve due to compressive or infl ammatory causes.

• Diagnosis of idiopathic TN is based on clinical presentation, whereas 

secondary causes of TN may be confi rmed by imaging techniques such 

as MRI, MRI with or without contrast, MR angiography, and 3D recon-

structed MRI.
• It is estimated that more than 80% of patients respond initially to medi-

cal treatment but as time passes, medications may lose their effi  cacy, 

even when part of multiple drug therapy regimens.

• Surgical treatment is reserved for patients who have failed to achieve 

pain relief after adequate trials of two or three pain medications, 

when pain relief is attained but the patient is experiencing signifi cant 

drug toxicity, or in the presence of symptomatic TN with a surgically 

amenable structural lesion.
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Figure 1: Facial distribution of TN.

clofen (Lioresal).  He was then ta-
pered off  the carbamazepine, which 
was substituted for oxcarbazepine 
(Trileptal) at a 600 mg dose daily as 
carbamazepine had been ineff ective 
for pain relief.  On his next visit, de-
spite pharmacological intervention, 
he complained of persistent pain. 
As a result, oxcarbazepine was pre-
scribed up to a dose of 2400 mg daily 
at which dosage side eff ects became 
intolerable and still failed to achieve 
adequate pain relief. At this point, 
surgical intervention was considered.

KS’s past surgical history included 
Gamma Knife Radiosurgery (GK-RS) 
at the University of Kentucky, in May 
2006 (two years priors to current 
presentation).  The GK-RS was per-
formed due to a lack of symptom 
resolution with maximal pharmaco-
therapy for several months following 
initial presentation in 2005.  Immedi-
ately following this surgical interven-
tion, the patient was maintained on 
oxcarbazepine at a dose of 300 mg 
daily and remained pain-free for two 
years.  During this pain-free period, 
KS was re-evaluated in the clinic for 
ongoing management of his condi-
tion in September 2007.  At that time 
his TN was well controlled on 300 mg 
of oxcarbazepine daily and this dose 
was being tapered gradually since the 
patient had reported no pain in the 
preceding several months. Although 
his medications remained eff ective 
for several months at tapering doses, 
KS eventually began to experience 
recurrence of TN symptoms that led 
to his current presentation to the 
neurology outpatient clinic. 

As previously mentioned, KS also suf-
fers from bipolar disorder in addition 
to TN, and there was nil of note when 
asked about his family history. Social 
history revealed that KS is currently 
not working due to the distressing 
pain associated with his condition. He 
is, however, trained as a psychologist 
in a school setting. KS has no children 

and no spouse or signifi cant other, 
and he denies current or past use 
of tobacco, alcohol, or recreational 
drugs. 

Review of systems was non-contrib-
uting.  As would be expected in a pa-
tient with TN, no signs were elicited 
upon physical or neurological exam5. 
If there had been positive fi ndings 
upon physical examination, this may 
have been suggestive of a diagnosis 

other than TN1. 

INVESTIGATIONS AND 
DIAGNOSIS

Diagnosis of idiopathic TN is typi-
cally made clinically because there is 
no routine and defi nitive laboratory, 
electrophysiologic, or radiologic test-
ing indicated for a diagnosis of TN. 
Due to the characteristic symptoms 
associated with TN, a diagnosis can 

Classical TN  Symptomatic TN 
A. Paroxysmal attacks of pain lasting 

from a fraction of a second to 2 
minutes, affecting one or more 
divisions of trigeminal nerve and 
fulfilling criteria B. and C. 

A. Paroxysmal attacks of pain lasting from 
a fraction of a second to 2 minutes with 
or without persistence of aching between 
paroxysms, affecting one or more 
divisions of trigeminal neuralgia and 
fulfilling criteria B. and C. 

B. Pain has at least one of the 
following: 
 
 intense, sharp, superficial or 

stabbing 
 precipitated from trigger areas or 

by trigger factors 

B. Pain has at least one of the 
following: 

 intense, sharp, superficial or 
stabbing 

 precipitated from trigger areas or by 
trigger factors 

C. Attacks are stereotyped in the 
individual patient 

C. Attacks are stereotyped in the individual 
patient 

D. No clinically evident neurological 
deficit 

D. A causative lesion, other than vascular      
compression, has been demonstrated by 
special investigations and/or posterior 
fossa exploration 

E. Not attributed to another disorder   
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be made based on the clinical picture 
alone.  Evidence-based reviews have 
demonstrated that clinical or labora-
tory testing is of limited use in the 
diagnosis of TN. In addition, routine 
neuroimaging may only identify an 
underlying cause for the TN in up to 
15 percent of patients with TN-like 
symptoms2.  As a result, such investi-
gations are not carried out routinely 
unless the patient has failed a trial of 
medication and is a candidate for sur-
gical intervention2.  

TN is a syndrome characterized by re-
current but brief, lancinating, parox-
ysmal attacks of facial pain. This pain 
is superfi cial, usually unilateral and re-
stricted to the facial somatosensory 
distribution of the trigeminal nerve 
and its branches (Figure 1)3. Similar to 
the presentation of KS, TN tends to 
aff ect the right side of the face more 
commonly than the left, a fi nding that 
is believed to be due to the narrower 
foramen rotundum and foramen 
ovale (conduits for the maxillary and 
mandibular nerve, respectively) on 
the right1. TN pain is classically shock-
like, stabbing, or sharp and usually 
lasts only seconds. Attacks may occur 
infrequently or as often as 100 times 
a day, with patients generally being 
asymptomatic between episodes. 
KS, however, noted an aching type of 
pain between episodes.  As demon-
strated in KS’s case, non-noxious trig-
gering factors may include smiling, 
talking, brushing teeth, and eating1, 4. 
Small areas in the nasolabial fold and/
or chin may be trigger areas, particu-
larly susceptible to precipitation of 
pain.  Although pains usually remit 
for variable periods, the amount of 
time spent in remission tends to di-
minish as the disease progresses5. 

In the past, terminology for TN was 
problematic as attempts were made 
to classify the neuralgia based on its 
aetiology.  However, in the fi rst revi-
sion of the 2nd edition of the Interna-
tional Headache Society Guidelines, 
diffi  culties in proper classifi cation 

were clarifi ed and criteria for spe-
cifi c subtypes were explicitly out-
lined. Neuralgia caused by compres-
sion of the nerve by a vascular loop 
demonstrated during open surgery, 
is described as secondary trigeminal 
neuralgia (see Figure 2). Aetiology 
unrelated to vascular loop compres-
sion is classifi ed as either classical 
trigeminal neuralgia or symptomatic 
trigeminal neuralgia, and may be dif-
ferentiated based on the Interna-
tional Headache Society Guidelines in 
Table 15. 

KS fulfi lled most of the criteria for 
a diagnosis of classical TN, with the 
exception of the duration of his epi-
sodes, which lasted longer than two 
minutes (criterion A). 

Imaging studies such as Brain MRI 
with or without contrast, MR angiog-
raphy (MRA), and 3D reconstructed 
MRI can help distinguish second-
ary causes of TN from the idiopathic 
form of the condition. Thus, in addi-
tion to ruling out secondary TN (vas-
cular loop), MRI also permits detec-
tion of symptomatic TN caused by 
lesions such as tumours or Multiple 
Sclerosis (for explanation, refer to 
Discussion: pathophysiology).  Imag-
ing is indicated in patients present-

ing with the condition when younger 
than 60 years of age, primarily to ex-
clude tumour (see Figure 3)6.  On ini-
tial presentation, KS underwent MRI 
with and without contrast as well 
as MRA, and no aberrant vascular 
loop or other lesion was identifi ed, 
thus ruling out both secondary and 
symptomatic TN.  Further confi rm-
ing his diagnosis was the signifi cant 
pain relief he experienced while on 
carbamazepine, an anticonvulsant, 
which according to some, is a good 
diagnostic trial medication for classi-
cal idiopathic TN1.  A lack of response 
in his case would have suggested 
symptomatic TN or another diagno-
sis, both of which are less likely to 
respond to the drug1. Therefore, the 
negative fi ndings on MRI in addition 
to the patient’s response to a trial of 
carbamazepine confi rmed the diag-
nosis of classical persistent idiopathic 
TN.

M  ANAGEMENT
Upon his current presentation to 
clinic, KS was instructed to contin-
ue oxcarbazepine at 600 mg three 
times daily (1800 mg) to mitigate the 
intolerable side eff ects that he had 
previously experienced when on the 
higher dose (2400 mg).  Given the 
failure of previous pharmacological 

a)                                                       b) 
Figure 2 
a) In people without TN, there is usually no vascular compression upon the trigeminal nerve root
b) In most suff erers of typical TN, vessels compress the trigeminal nerve root.
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regimens prior to his fi rst surgery and 
the patient’s concerns about the side 
eff ects of high-dose oxcarbazepine 
and his current pharmacological regi-
men, he was then referred for surgi-
cal reevaluation at the University of 
Kentucky. KS discussed the surgical 
options with his neurosurgeon and 
opted for a second GK-RS rather than 
an open surgical modality. This deci-
sion was based on the patient’s famil-
iarity with the GK-RS procedure, his 
desire for a less invasive procedure 
and its improved safety profi le as 
compared to the more invasive open-
surgery modalities such as microvas-
cular decompression (MVD).

OUTCOME AND FOLLOW-UP
GK-RS provides safe and eff ective 
treatment of TN for certain patient 
prototypes. Currently, it is the least 
invasive surgical treatment for TN 
and side eff ects are usually limited to 
persistent trigeminal paraesthesias5. 
Despite its safety profi le, pain recur-
rence after initial GK-RS treatment is 
a major concern and it would not be 
uncommon to undergo a second pro-
cedure, as in KS’s case8. It has gener-
ally been considered a viable thera-
peutic option for the management of 
medically refractory idiopathic TN9. 
Following his second GK-RS, KS de-
nied post-surgical numbness, and he 
was counseled about long-term out-

come and possible recurrence. Thus 
far, he has had an excellent result. 
Since this second surgical interven-
tion, KS has been maintained on the 
lower dose of Trileptal (1800mg per 
day) and instructed to follow-up with 
University of Louisville neurologists 
for routine visits or earlier if problems 
develop. 

DISCUSSION
INTRODUCTION
Trigeminal Neuralgia (TN) is a rela-
tively rare but well-known cause 
of facial pain with a prevalence of 
15.5/100,000 cases4. It can occur at 
any age but is more common in the 
elderly, with approximately 90 per-
cent of cases occurring in those over 
the age of 404. For reasons unknown, 
cases of TN are twice as likely in wom-
en as men (ratio of 2:1)4.  Certain sub-
groups of the population are more 
likely to be aff ected.  For example, TN 
has a prevalence of between one and 
two percent in patients with Multiple 
Sclerosis (MS), and a slightly higher 
prevalence in patients with hyperten-
sion than in the general population1 

(for explanation, refer to Discussion: 
pathophysiology).

HISTORICAL PERSPECTIVE

Also known as “tic douloureux” or 
Fothergill disease, TN was fi rst de-
scribed in 1688, by Drs. Johannes 
Michael Fehr and Elias Schmidt as 
“a sharp shooting pain in the max-
illa which prevents eating solid food, 
varying in time – the person died of 
malnutrition10.” The syndrome was 
then described in greater detail by 
Dr. John Fothergill, a British physi-
cian who scrupulously described the 
symptoms and nature of the pain, 
onset, duration, aggravating factors, 
and predilections for certain age 
groups and gender10. It was not until 
1820, however, when Sir Bell inves-
tigated the fi fth cranial nerve, that 
the term “Trigeminal Neuralgia” was 
introduced. The distinguishing symp-
tomatology, therapeutic debate, and 
evolution of recent therapeutic op-
tions, make this complex pain syn-
drome uniquely intriguing11.

PATHOPHYSIOLOGY

Walter E. Dandy demonstrated in 
1925 that if the trigeminal nerve was 
sectioned in TN patients, relief of pain 
was noted.  After performing over 
500 operations, he consistently ob-
served an anomalous vascular loop 
compressing upon the nerve10. Upon 
further scrutiny, it was noted that the 
pulsating nature of the compressing 
artery was traumatic enough to cause 
demyelination of the axon.  This focal 
demyelination results in an abnormal 
conduction or ephaptic transmission, 
more simplistically referred to as a 
“short-circuit”.  Consequently, these 
demyelinated axons are prone to ec-
topic impulses, which in the case of 
TN, may be directly responsible for 
the typical characteristics of the pain 
experienced in those with the facial 
pain syndrome described as episodic, 
electric, lancinating pain1. The strong 
association of MS and TN further em-
phasizes demyelination as an under-
lying cause of the pain11.  

Figure 3: In these MRI images, a tumour responsible for compressing the trigeminal nerve is high-
lighted in red.
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MEDICAL MANAGEMENT

The medical management of TN has 
evolved as its pathophysiology has 
been further elucidated and both im-
aging technology and surgical tech-
niques have advanced.  At the onset 
of the disorder, pharmacotherapy 
works extremely well and approxi-
mately eighty percent of patients 
achieve almost complete control of 
their symptoms on medication alone. 
Initial fi rst line treatment is therefore 
medical1, 4.  A derivative of phenytoin, 
used fi rst in 1942, was later replaced 
by carbamazepine in 1962. 

Carbamazepine is now the mainstay 
of medical treatment of TN based on 
recommendations of the European 
Federation of Neurological Societies 
and the Quality Standards Subcom-
mittee of the American Academy 
of Neurology12. Carbamazepine is 
an anti-epileptic that acts by reduc-
ing sodium-conductivity thereby de-
creasing the responsiveness of pe-
ripheral mechanoreceptors.  Eighty 
percent of patients benefi t from this 
therapy and ninety-four percent re-
port relief from symptoms in the fi rst 
48 hours13. Lack of effi  cacy or side ef-
fects such as nausea, vomiting, diz-
ziness, drowsiness, or unsteadiness, 
may indicate the need to substitute 
carbamazepine for oxcarbazepine, 
a derivative of carbamazepine, but 
with a more favourable side eff ect 
profi le7,14.  Should a patient’s TN pain 
be refractory to oxcarbazepine or if 
the patient fi nds the side eff ects of 
the indicated medications intoler-
able, alternative agents such as phe-
nytoin, gabapentin, pregabalin, la-
motrigine, topiramate, and baclofen 
may be added or substituted4,7. For 
fi fty percent of medically treated TN 
patients, it is inevitable that drugs 
will progressively lose their effi  cacy 
because of drug resistance or drug 
tolerance necessitating increased 
doses, and thus surgical intervention 
must be considered15. 

SURGICAL MANAGEMENT

Referral to neurosurgery is impera-
tive when the diagnosis is consistent 
with TN and the pain is refractory 
to pharmacotherapy.  Surgical pro-
cedures consist of either open or 
percutaneous modalities. The most 
commonly used surgical procedures 
for TN patients include microvascular 

decompression, percutaneous radio-
frequency rhizotomy, percutaneous 
glycerol rhizolysis, percutaneous 
balloon microcompression, and ste-
reotactic radiosurgery using Gamma 
Knife.  Each surgical procedure has its 
merits and limitations, and approach-
es must be based on the individual 
and what is best in their particular 
case.

Open techniques involve posterior 
fossa exploration such as partial tri-
geminal rhizotomy and microvascular 
decompression (MVD).  These pro-
cedures carry a small risk of serious 
adverse events such as stroke, men-
ingitis, and death.  First introduced 
by Dr. Peter Jannetta in 1967, MVD 
is still considered the gold standard 

for treatment of TN as it provides 
the highest rate of long-term patient 
satisfaction with the lowest rate of 
pain recurrence3, 11. Complications of 
surgery are rare when the team is ex-
perienced but may include: cerebel-
lar injury, hearing loss, cerebrospinal 
fl uid leakage, facial weakness, and 
lower cranial nerve dysfunction3, 11.

Figure 4: Algorithm for the diagnosis and treatment of TN.

  
 

Diagnosis of Classical 
TN initiate 

Carbamazepine 

Substitute for 
Oxcarbazepine 

Add in another 
agent (eg. Baclofen, 

Gabapentin, 
Lamotrigine) 

Refer to 
neurosurgery 

Add in another 
agent (eg. Baclofen, 

Gabapentin, 
Lamotrigine) 

Refer to 
neurosurgery 



TSMJ  |  2010 | Volume 11

CASE STUDY

Percutaneous techniques include 
glycerol injection, balloon compres-
sion, radiofrequency rhizotomy, and 
Gamma Knife Radiosurgery (GK-RS).  
These less invasive procedures carry 
reduced health risks and a shorter 
hospital stay compared to open 
procedures3. However, less invasive 
procedures do not provide as long 
lasting relief as that of the open pro-
cedures and have a higher incidence 
of sensory loss1. A summary of the 
diagnosis and treatment of TN is de-
picted in Figure 414. 

MVD provides a higher and longer 
duration of relief than any of its coun-
terparts. More than 70 percent of 
patients report consistent relief at 10 
years post MVD1. Although both MVD 
and GK-RS result in pain relief, MVD 
is more likely to result in complete 
pain relief16.  However, MVD may not 
be appropriate for all TN patients and 
is the surgery of choice for younger 
patients who are less likely to be at 
risk of complications. As a result, this 
procedure should be avoided in the 
elderly17. Furthermore, for the persis-
tent idiopathic TN patient with con-
tinuous aching pain, MVD does not 
provide a favorable outcome.  In this 
patient profi le type of TN, GK-RS may 
be a better alternative to MVD. At 
the University of Maryland Medical 
Center, the majority of patients with 
persistent idiopathic TN undergoing 
GK-RS reported an overall improve-
ment in quality of life, even if the pain 
returned18.   
  
The long-term results of the GK-
RS procedure remain unknown as 
no high-quality studies have yet 
been performed with a follow-up of 
greater than fi ve years.  Therefore, 
it is diffi  cult to predict the long-term 
outcome of KS’s second GK-RS pro-
cedure and whether or not the neu-
ralgia will reoccur.  Good prognostic 
factors include a lack of the follow-
ing three factors: previous surgery, 
post-surgical numbness, and typical 

pain; KS denied presence of the latter 
two19. Rates of initial pain relief with 
GK-RS approach those of MVD or 
percutaneous techniques in patients 
without previous surgery19. However, 
MVD continues to have a lower re-
currence rate and is favoured as the 
treatment of choice for suitable pa-
tients. Repeat GK-RS has shown suc-
cess rates for pain relief comparable 
to initial GK-RS, but results in fewer 
patients able to discontinue their 
medications19. This may be a concern 
for KS as he was intolerant to most 
of the medications commonly pre-
scribed for TN. 

To conclude, the minimal invasive-
ness of GK-RS makes it a good option 
for patients who cannot or should 
not undergo MVD. These include the 
elderly, those with medical problems 
that preclude neurosurgery, or pa-
tients such as KS who do not wish to 
undergo open surgery. The low rates 
of complication of GK-RS, coupled 
with good success rates and high pa-
tient satisfaction, favour its increas-
ing use as a primary intervention for 
TN13.   
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INTRODUCTION
Cardiac arrest is described as a condi-
tion where absent or inadequate con-
traction of the heart, commonly due 
to ventricular fi brillation, causes cir-
culatory failure, loss of consciousness 
and brain death within approximately 
10 minutes if normal heart rhythm is 

not restored1.  The Task Force on Sud-
den Cardiac Death advise that 5000 
people experience an out-of-hospital 
cardiac arrest (OHCA) in Ireland each 
year, an event with a poor prognosis 
in terms of morbidity and mortality1. 
Patients in cardiac arrest who receive 
prompt interventions may be suc-
cessfully resuscitated and experience 

return of spontaneous circulation 
(ROSC). ROSC is defi ned as the res-
toration of a palpable arterial pulse 
when cardiopulmonary resuscitation 
is paused2. While these patients dem-
onstrate adequate cardiac function 
after ROSC, they often encounter 
some degree of neurological defi cit. 

Since the 1950s, a growing body of 
evidence has revealed that inducing 
mild hypothermia at a temperature 
of 32-34°C for 12-24 hours in coma-
tose ROSC patients, improves both 
their survival and neurological out-
come3. Traditionally, therapeutic hy-
pothermia has been associated with 
the treatment of traumatic brain in-
jury and raised intracranial pressure. 
Historical accounts of the initial use 
of hypothermia in the early 1800s de-
scribe one method of ‘resuscitation’ 
in Russia, which involved burial of 
the victim in snow while hoping for 
ROSC.  It has since evolved into a nov-
el neuroprotective therapy. Methods 
to induce hypothermia include the 
external application of cold packs or 
cooling blankets and administration 
of ice cold (4°C) intravenous fl uids. 
Neuromuscular blocking agents are 
administered adjunctively to pre-
vent shivering. This paper intends 
to review the current literature on 
effi  cacy, safety and implementation 
of mild therapeutic hypothermia for 
neuroprotection in adults who have 
experienced an OHCA.

PATHOPHYSIOLOGY
Patients who suff er a cardiac arrest 
and subsequent ROSC commonly 
encounter a number of detrimental 
neurological eff ects. These are a re-
sult of anoxic brain injury, an insult 
associated with the period in which 

 CLINICAL POINTS

• Inducing mild therapeutic hypothermia in unconscious out-of hos-

pital
• Cardiac arrest survivors after return of spontaneous circulation is 

found to improve survival and neurological outcome.

• Inducing mild therapeutic hypothermia appears to be a safe prac-

tice. Methods include application of ice packs and infusion of ice cold 

intravenous fl uids. 
• Mild therapeutic hypothermia for out-of hospital cardiac arrest con-

tinues to be underutilised despite much data indicating its effi  cacy.

• More research is required to elucidate the long term outcome of pa-

tients who initially benefi t from mild therapeutic hypothermia.

ABSTRACT
Approximately 5000 people in Ireland suff er an out-of-hospital cardiac arrest 
annually, and surprisingly, only 5.4% are expected to survive such an event. A 
signifi cant number of those who do survive to hospital discharge encounter 
varying degrees of neurological defi cit. Many studies indicate that survival 
and neurological outcome after suff ering an out-of-hospital cardiac arrest 
can be improved by inducing mild hypothermia for up to 24 hours follow-
ing the return of spontaneous circulation. Although the exact physiological 
processes underlying this intervention are not clearly understood, hypother-
mia is thought to interfere with the mechanisms associated with ischaemic 
and reperfusion injury. Several methods to induce therapeutic hypothermia 
have been developed and include external cooling, intravascular cooling and 
combinations of both. Clinical trials examining the safety of therapeutic hy-
pothermia suggest it presents little risk to patients.  However, these studies 
have inherent limitations in their research methodology. A number of inter-
national surveys of physicians suggest that this treatment is underutilised 
due to a lack of both published data on its safety profi le and the absence of 
local protocols. The use of therapeutic hypothermia in Ireland is yet to be 
analysed and there is little published data available on Irish out-of-hospital 
cardiac arrest survival.  
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no oxygen is delivered to the brain. 
During an ischaemic episode, the cell 
resorts to anaerobic glycolysis for 
the production of energy, yielding 
only modest quantities of adenosine 
triphosphate (ATP). Accumulation of 
lactate, a product of anaerobic gly-
colysis, quickly ensues. This results in 
localised acidosis while the inactivity 
of ATP-dependant membrane pumps 
leads to electrolyte disturbance4. In 
addition, the excitatory neurotrans-
mitter glutamate is released from 
neurones during cerebral ischaemia, 
causing further neuronal damage. A 
signifi cant amount of damage also 
appears to be caused by the re-es-
tablishment of oxygen supply to the 
brain after an anoxic episode. This 
phenomenon is known as reperfu-
sion injury. When oxygenated blood 
is reintroduced to an ischaemic area, 
a cascade of reactions occurs involv-
ing the release of infl ammatory me-
diators and the production of del-
eterious oxygen free radicals4,5. The 
combination of these processes re-
sults in cell apoptosis. 

Clinical trials involving animals in the 
1950s indicated that the pathophysi-
ological eff ects of ischaemia and re-
perfusion injury could be inhibited by 
hypothermia3. While the mechanisms 
of the neuroprotective properties of 
mild hypothermia are not yet clearly 
understood, animal trials indicate 
that mild hypothermia in the normal 
brain reduces the cerebral oxygen 
consumption by 6% for every 1°C re-
duction in temperature, thereby re-
ducing ischaemic injury6. A decrease 
in electrical activity due to hypother-
mia also appears to suppress the 
chemical reactions associated with 
reperfusion injury. Aside from its use 
in neuroprotection, hypothermia has 
been utilised for its vasoconstric-
tive properties. This eff ect underlies 
its traditional therapeutic use in the 
treatment of traumatic brain injury 
and raised intracranial pressure. 
Therapeutic hypothermia has since 

fallen out of favour as a treatment for 
head trauma due to adverse events 
associated with its use in these pa-
tient groups3.

While initial trials have focused on 
cardiac arrest in animal models, more 
recent studies have been conducted 
demonstrating the effi  cacy and ben-
efi ts of mild therapeutic hypothermia 
(MTH) in OHCA survivors7-12.

EFFICACY 

Two landmark papers, both pub-
lished in the New England Journal 
of Medicine (impact factor = 50.017) 
in 2002, provide conclusive evidence 
that MTH has benefi cial eff ects on 
the morbidity and mortality of OHCA 
patients. Bernard et al7, in their Aus-
tralian randomised controlled trail, 
assigned treatment of ROSC patients 
to one of two groups. Participants 
were randomly allocated to either 
group. The study group received MTH 
whereas the control group were sub-
jected to normothermic treatment. 
The mean age of the study subjects 
was 65 years and 65% of those stud-
ied were male.  Patient outcome 
was measured in terms of survival 
to discharge with good neurological 
outcome. The paper reported that 
49% of the therapeutic hypothermia 
group (n = 21/43) survived to dis-
charge with favourable neurological 
outcome, while only 26% of the nor-
mothermic group (n = 9/34) experi-
enced an analogous recovery. It was 
impossible to blind the treating clini-
cians involved in this study however 
blind assessment of the participant’s 
outcomes did take place.  The sec-
ond large study examining the use 
of MTH in human subjects provides 
comparable results. The Hypother-
mia After Cardiac Arrest Study Group 
(2002) conducted a multicentre, ran-
domised control trial across Europe 
involving nine emergency depart-
ments8. Boasting a large sample size 
(n = 275, 76% males), the researchers 
compared the 6 month mortality and 

neurological outcome of consecu-
tive OHCA patients who were treat-
ed with MTH compared to a control 
group treated at normothermic tem-
perature. The assignment of patients 
to either group was randomised. A 
history of coronary heart disease was 
present in 37% of the sample whose 
mean age was 59 years.  Blind assess-
ment of patients was conducted to 
elicit the outcomes of those involves. 
Whereas 55% of the hypothermia 
group displayed a good neurological 
outcome 6 months after successful 
resuscitation, only 39% of the control 
group had a comparable outcome. 
The 6 month mortality rate among 
the hypothermia group was found to 
be 14% lower than that of the control 
group. Both of these initial studies 
utilised external cooling methods to 
induce hypothermia. The publica-
tions appeared to generate height-
ened interest in MTH and in 2003 the 
International Liaison Committee on 
Resuscitation (ILCOR) published an 
advisory statement suggesting that 
therapeutic hypothermia be consid-
ered for all comatose patients with 
ROSC after experiencing OHCA. 

More recent studies also confi rm the 
benefi cial eff ects of MTH on both 
recovery rate and length of stay in 
hospital. A prospective observation-
al study in Germany by Storm et al9 

examined the results of 52 consecu-
tive ROSC patients treated with MTH 
against a historical cohort of 74 nor-
mothermic patients. Hypothermia 
was induced using a combination of 
external and intravascular methods. 
It was demonstrated that survivors in 
the MTH group spent an average of 14 
days in the Intensive Care Unit (ICU). 
In contrast, members of the normo-
thermia group spent an average of 
21 days in ICU. These results are fur-
ther supported by a recent Japanese 
study by Takeuchi et al10. While com-
paring the recovery rate of patients 
after the introduction of an MTH 
policy in their facility, it was found 
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that patients treated with MTH (n = 
25) displayed an 80% recovery rate. 
Conversely patients in the normo-
thermic group (n = 21) had a 38% re-
covery rate. This amounted to a very 
signifi cant doubling in recovery rate 
for ROSC patients. This trial, along 
with other recent studies13,14 examin-
ing the effi  cacy of MTH, has failed to 
employ a randomised study design, 
a shortcoming that should be ad-
dressed by future research. Despite 
this limitation, the literature provides 
clear evidence that MTH is a valuable 
therapy which off ers ROSC patients a 
better chance of survival and a desir-
able neurological outcome.  Howev-
er, studies examining the long term 
(>1 year) advantages of MTH could 
not be identifi ed and thus present an 
area that should be explored through 
further research. Although the litera-
ture presents much data concerning 
the effi  cacy of MTH, several papers 
also address its safety. 

SAFETY AND ADVERSE EVENTS

The introduction of new interventions 
such as MTH must be deemed clinical-
ly safe prior to implementation to en-
sure the ethical principle of Primum 
non Nocere, or ‘fi rst, do no harm’, 
is maintained. Older studies3 have 
identifi ed a higher risk of arrhythmia, 
pneumonia and coagulopathy with 
the use of therapeutic hypothermia. 
However, many modern trials exam-
ining its use for OHCA patients have 
suggested that it is clinically safe12-

14. In fact, the incidence of adverse 
events encountered among patients 
treated with MTH is statistically simi-
lar to that of ROSC patients treated 
at normothermia7,8. Intravascular 
cooling was examined in an American 
study by Kim et al13 who identifi ed no 
adverse eff ects during or after the 
rapid intravenous administration of 
ice cold fl uids. While monitoring core 
temperature and haemodynamic sta-
tus of 17 ROSC patients during induc-
tion and maintenance of hypother-
mia, no cardiovascular detriment or 

side eff ects were encountered. The 
researchers used echocardiography 
and invasive manometry to monitor 
patients throughout treatment. Hy-
pocoagulation and electrolyte distur-
bances were also out ruled with regu-
lar sampling and analysis. 

While the above study provides 
strong evidence for the safety of in-
ducing MTH, another trial by Nielsen 
et al12 describes the prevalence of ad-
verse events in ROSC patients who un-
derwent MTH across 34 centres. The 
impressive sample size (n=975) had a 
mean age of 63 years and 74% of pa-
tients were male. Half of the sample 
survived, with over 90% displaying a 
good neurological outcome. Adverse 
events included 41% of patients devel-
oping pneumonia and 33% experienc-
ing arrhythmia. Bleeding requiring a 
transfusion occurred in only 4%. Me-
chanically ventilated patients com-
monly experience adverse events 
such as pneumonia and it is diffi  cult 
to interpret these fi ndings without 
a control group. None of the recent 
studies which assess the safety of 
MTH were randomised controlled tri-
als, limiting the quality of data and its 
application to clinical practice. Ran-
domisation of participants ensures 
that results are valid and reliable by 
preventing bias. It also ensures that 
each study group is homogenous. 
The dearth of randomised controlled 
trials may inhibit the recognition of 
MTH as a safe practice and further re-
strain its implementation. However, 
as more evidence supports the use 
of MTH, it becomes diffi  cult to ethi-
cally justify the inclusion of a control 
group, treated at normothermia, in 
such studies.

TOO COOL FOR SCHOOL?

There is paucity in Irish data on the 
subject of OHCA and no studies could 
be identifi ed to date that have ex-
amined the use of MTH. Some Irish 
studies have examined the frequency 
of OHCA and its associated mortal-

ity. A recent study conducted in the 
Mater Misericordiae University Hos-
pital reported the results of a car-
diac arrest registry maintained in the 
emergency department (ED)15. While 
this hospital serves a population of 
170,000 people, the ED encountered 
937 OHCAs between 2003 and 2008. 
The mean age of the sample was 61.1 
years and 69% were male. A past his-
tory of coronary heart disease was 
present in 13% of the sample and 73% 
of cardiac arrests took place in the 
patient’s home. An initially successful 
resuscitation was recorded in 15% of 
patients, while the overall survival to 
discharge rate was signifi cantly low-
er at 5.4% (n=51). This equates to less 
than 10 patients per year surviving an 
OHCA. A recent retrospective study 
by Byrne et al (2008), conducted in 
Galway University Hospital, reported 
similar results16. The analysis included 
data from 212 OHCA patients over a 
period of one year. It was found that 
6.1% (n=13) of patients were success-
fully resuscitated however only 3.8% 
(n=8) survived to discharge. The use 
of MTH was not discussed in either of 
these two modern studies and it may 
be inferred that it is not routinely 
utilised in the nation’s EDs.  The Irish 
emergency medical services regula-
tor, The Pre-Hospital Emergency Care 
Council, has demonstrated some pro-
gression in this area and recently in-
troduced a clinical practice guideline 
for MTH in the care of pre-hospital 
ROSC patients. This may be utilised 
by advanced life support providers 
for patients who are successfully re-
suscitated in the pre-hospital environ-
ment and involves the administration 
of ice cold intravenous fl uids. The in-
troduction of this practice in the pre-
hospital environment is a promising 
development and will hopefully be 
replicated in EDs. 

Despite substantial evidence sup-
porting the effi  cacy and safety of 
MTH, current research suggests it is 
underutilised in clinical practice17-20. 
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An anonymous internet survey by 
Merchant et al17 of American, British, 
Australian and Finnish critical care 
physicians (n = 2248) evaluated the 
implementation of MTH. It was found 
that 74% of American and 64% of non-
American physicians had never pre-
scribed MTH. “Not enough data” 
was cited by 48% of physicians as the 
primary reason for poor endorse-
ment of MTH. A more recent Cana-
dian study published in 2008 shows a 
slightly higher MTH implementation 
rate than in other jurisdictions. Ken-
nedy et al20, in an internet survey of 
ED physicians (n = 247), found 47% 
had utilised MTH with 40.6% having 
access to a local policy directing its 
use. The research suggests that un-
derutilisation of MTH in clinical prac-
tice is correlated to the absence of 
clear protocols directing it use. 

CONCLUSION
MTH for neuroprotection is a pio-
neering intervention off ering OHCA 
patients a better chance of survival 
and survivors a better quality of life. 
While the use of MTH is being rolled 
out in the pre-hospital setting, no 
empirical data is available to quan-
tify the use of MTH in Irish EDs. The 
recent data reviewed off ers persua-
sive evidence that MTH is a valuable 
tool, posing minimal risk to patients. 
Nevertheless, the quality of data ex-
amining its safety is consistently lim-
ited by non-randomised design. It is 
impossible to exclude physician bias 
in these papers and this presents a 
signifi cant limitation in the studies as-
sessing clinical safety. The physicians 
involved may have subconsciously 
assigned study participants with a 
worse prognosis to a control group 
in order to generate favourable re-
sults. Future research should address 
this issue by examining MTH in a ran-
domised controlled clinical safety 
trial. Further investigation is also re-
quired to elucidate the long term out-
comes (>1 year) of patients who are 
treated with MTH. International stud-

ies indicate MTH is under implement-
ed, but it is clear that the presence 
a local policy is strongly linked to its 
use. While several thousand people 
will experience an OHCA in Ireland in 
2010, it is impossible to say if any will 
be treated with MTH. The dissemina-
tion of supporting empirical data is 
critical to the development of MTH 
as a therapeutic option for patients 
in Ireland and the inclusion of MTH in 
local resuscitation guidelines will ac-
celerate its national implementation. 
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INTRODUCTION
Cardiovascular disease (CVD) is the 
leading cause of mortality in Ireland, 
accounting for 36% of all deaths and 
22% of premature deaths (under 
65 years old)1. CVD is also a lead-
ing cause of mortality worldwide, 
accounting for approximately 16.7 
million or 29.2% of deaths in 20032,3. 
Furthermore, the World Health Or-
ganisation (WHO) estimates that CVD 
will be the leading cause of death in 
developing countries by 20102. It is 
clear that CVD represents a serious 
worldwide health problem. There 
is strong evidence suggesting that 
Cardiac Rehabilitation (CR), involving 
exercise based interventions, with or 
without psychosocial counselling and 
education is an eff ective form of sec-
ondary prevention4,5. Epidemiological 
studies have demonstrated that risk 
factor modifi cation using CR can re-
sult in a decrease in mortality of up 
to 50%, compared with population 
matched controls6. 

It is well documented that exercise 
produces improvements in cardiovas-
cular health7,8. In addition, when pre-
scribed as part of a CR programme, 
exercise has been shown to be ben-
efi cial to the cardiac patient, by op-
timising exercise tolerance, stroke 
volume, heart rate, blood pressure, 
serum low- and high- density lipo-
protein levels, capillary density, psy-
chosocial well-being and improving 
symptoms of angina4,5,9. A variety of 
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   CLINICAL POINTS

 Exercise-based Cardiac Rehabilitation is a valuable tool in the second-

ary prevention of cardiovascular disease. 

 St. James’s Hospital, Dublin, runs 6-week and 8-week exercise-based 

Cardiac Rehabilitation programmes aimed at improving the risk factor 

profi le of discharged cardiac patients.

 Attendance at Cardiac Rehabilitation in St. James’s Hospital is typically 

poor, with a completion rate of only 70%. 

 Cardiac Rehabilitation programmes of longer duration have lower at-

tendance rates and are less cost eff ective than shorter programmes. 

Limited current evidence suggests that programmes with increased 

duration are no more effi  cacious at reducing cardiovascular risk, when 

compared with shorter programmes. 

 Healthcare expenditure and patient adherence might be optimised 

by employing shorter Cardiac Rehabilitation programme durations. 

This could increase the effi  cacy of cardiovascular risk factor reduction 

through Cardiac Rehabilitation by reducing the high withdrawal rate 

and increasing attendance.

ABSTRACT

Background: Cardiovascular disease is the leading cause of mortality in Ireland, 
accounting for 36% of all deaths. While it is well documented that exercise pro-
grammes are of benefi t in risk factor modifi cation in the cardiac population, the 
optimal exercise rehabilitation programme duration remains unclear. 

Study Aim: This study aimed to analyse the eff ect of cardiac rehabilitation pro-
gramme duration on cardiovascular risk factor modifi cation in patients with es-
tablished coronary artery disease, whilst assessing the eff ectiveness of existing 
programmes.  

Methods: In this retrospective, observational study, subjects (male, low risk car-
diac patients, aged 50-69 years, mean age = 59 ± 4 years) were randomised into a 
6-week or 8-week exercise programme. Each programme consisted of 15 exercise 
sessions, of 50 minute duration, with equal time distribution on each of 7 exercise 
stations (treadmill, cross-trainer, exercise bicycle, ball, rowing machine, arm er-
gometer and weights) at 60% of maximal heart rate. During the programme, rest-
ing heart rate, blood pressure, waist circumference and body mass index were 
monitored at regular intervals. 

Results: There was no signifi cant reduction in any of the parameters for either 
the 6-week or the 8-week programme. There was no signifi cant diff erence be-
tween the 6-week and 8-week programmes in modifi cation of any risk param-
eters. 

Conclusion: This study revealed no signifi cant diff erence between a 6-week and 
8-week cardiac rehabilitation programme in cardiovascular risk factor modifi ca-
tion in the cardiac population. 
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diff erent exercise training paradigms 
are used as part of CR programmes, 
including aerobic exercise, anaero-
bic exercise and resistance training. 
While each has been shown to be 
benefi cial7,10,11,12,13, there is little evi-
dence to demonstrate what training 
paradigms are most eff ective at im-
proving cardiac risk profi les. It is clear 
that the mode of exercise infl uences 
the eff ect of exercise training within a 
cardiovascular (CV) population. How-
ever, it is also likely that intensity, fre-
quency and duration of exercise are 
also signifi cant factors aff ecting exer-
cise induced CV risk factor reduction 
in the cardiac patient group. While it 
has been established that exercise 
session duration of 40-60 minutes is 
optimal in this target population14, 
the most effi  cacious session frequen-
cy and programme duration have yet 
to be fully elucidated and literature in 
this area is sparse. 

The optimal exercise programme 
must improve the CV profi le of the 
patient, properly utilize hospital re-
sources and be cost eff ective.  Patient 
adherence to a CR programme is typi-
cally poor15,16, due to a combination of 
motivational and logistic issues (e.g. 
lack of time), with the latter account-
ing for 47% of CR patient withdraw-
als15. Therefore, expediency to the 
patient must be considered when de-
signing and analysing the effi  cacy of a 
CR programme. It is likely that short-
er programme duration may both in-
crease patient attendance and facili-
tate greater patient throughput, thus 
increasing the economic effi  ciency of 
such programmes and making CR re-
sources available to a greater propor-
tion of cardiac patients. This prelimi-
nary study aims to analyse the eff ect 
of CR programme duration on CV risk 
factor modifi cation in patients with 
established coronary artery disease 
(CAD), whilst assessing the effi  cacy 
of the existing 6- and 8-week train-
ing programmes in St. James’s Hospi-
tal. The objectives of this study were 

(a) to analyse the effi  cacy of existing 
CR programmes by taking easily ac-
cessible biometric readings before 
and after completion of CR, and (b) 
to compare the effi  cacy of a 6-week 
and 8-week CR programme to estab-
lish whether there is an optimal pro-
gramme duration for CV risk factor 
modifi cation.

This research should contribute fi nd-
ings for a more informed and evi-
dence-based approach to exercise 
training in cardiac patients. 

MATERIALS AND METHODS

STUDY DESIGN AND PROGRAMME 
OVERVIEW
This was a retrospective, non-inter-
ventional study; all measurements 
were routinely taken as part of the 
CR programme. Cardiac patients en-
rolled in phase 3 of an outpatient 
CR programme in the Physiotherapy 
Department of St James’s Hospital, 
Dublin, were recruited to participate 
in the study (n=13). Eligible subjects 
were male, low risk cardiac patients 
and aged between 50-69 years. Low 
risk was defi ned by the following cri-
teria: no or stable angina, under 70 

years of age and no positive exercise 
stress test (EST). Patients were ex-
cluded from the study if they were 
unable to give informed consent, had 
a positive stress test, had an existing 
co-morbidity which would aff ect their 
ability to participate in CR or they 
were a smoker. All medications were 
continued as per usual.
Patients were randomly assigned 
to either a 6-week or 8-week pro-
gramme. Both programmes consist-
ed of 15 exercise sessions, 3 and 2 
sessions per week, respectively. Ex-
ercise sessions lasted approximately 
50 minutes and consisted of a warm 
up, an exercise circuit consisting of 
aerobic and resistance exercise sta-
tions, and a cool down period. The 
exercise circuit included seven sta-
tions employing a treadmill, an arm 
ergometer, a cross-trainer, a rowing 
machine, an exercise bicycle, a ball 
and weights.

The warm up consisted of a 250m 
brisk walk with a series of dynamic 
upper limb movements. Thereafter, 
patients were guided through upper 
and lower limb muscle stretches. In 
accordance with standard recom-
mendations17, exercise prescription 

 
Combined  6-Week 

Programme 
 8-Week 

Programme 
n=13 n=8 n=5 

Pre Post Pre Post Pre Post 

BP (mmHg) 129/80 131/79  127/80 132/81  131/79 129/78 

SBP ±23.05 ±18.41  ±28.46 ±20.15  ±6.29 ±18.32 

DBP ±8.97 ±7.35  ±11.12 ±8.66  ±2.50 ±5.79 

RHR (bpm) 67.813 75.459  63.625 76.667 72 74.25 

  ±6.92 ±16.86  ±6.16 ±16.86 ±4.30 ±3.77 

BMI 31.68 31.757  30.461 30.347 32.9 33.167 

  ±4.24 ±4.26  ±4.53 ±4.47 ±3.60 ±3.67 

WC 107.95 106.28  105.57 101.89 110.33 110.67 

  ±8.35 ±12.05  ±6.35 ±12.66 ±13.01 ±9.02 
 

Table 1: Summary of Data Showing Study Population Risk Factor Dynamics
BP: Blood Pressure, RHR: Resting Heart Rate, BMI: Body Mass Index, WC: Waist Circumference
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was individualised such that patients 
exercised within their target heart 
rate (HR) range. Target HR was cal-
culated using the Karvonen formu-
lai. The exercise intensity was 60% 
of maximum, as determined by pre-
CR stress testing. For the weights 
station, patients lifted 60% of their 
one repetition maximum. For safety 
purposes, patients were monitored 
throughout each session by teleme-
tryii. Following exercise, a cool down 
was performed in order to return the 
HR to within 10% of resting values, 
after which patients were guided 
through upper and lower limb mus-
cle stretches. Following the exercise 
component of the CR programme, 
patients attended a 1 hour education-
al and personal development session. 
Educational and personal develop-
ment sessions covered topics such as 
nutrition, cardiovascular risk, phar-
macotherapy, stress management 
and exercise.

MEASURED PARAMETERS

All measurements were taken in ac-
cordance with standard recommen-
dations. Blood pressure (BP) and 
resting HR were measured at the 
start and end of the exercise ses-
sions using upper arm automated BP/
HR monitorsiii. Patients were seated 
and at rest when measurements 
were taken. In addition to pre- and 
post-training measurements, HR was 
monitored by telemetryii continuous-
ly throughout each exercise session. 
This was for both safety purposes 
and to facilitate individualisation of 
the exercise programme. 

Body anthropometrics were mea-
sured at the start and end of each 
programme. Patient height dataiv

were inputted into an automated 
body composition analyserv. The 
body composition analyser mea-
sured weight and calculated body 
mass index (BMI)vi. Waist circumfer-
ence (WC) measurements were tak-
en around the patient’s bare midriff  

or over a light layer of clothing. The 
measurement site was the midpoint 
between the inferior margin of the 
lowest palpable rib and the superior 
iliac crest, with the tape parallel to 
the fl oor and perpendicular to the 
long axis of the body. In obese pa-
tients, where it was not possible to 
palpate the body landmarks, WC was 
measured at the level of the umbili-
cus, in accordance with standard rec-
ommendations18.

STATISTICAL ANALYSIS

Data were analysed using two-way 
repeated analysis of variance with 
Bonferroni post hoc tests. Statistical 
signifi cance was p < 0.05. Data were 
analysed (a) to identify if there was 
a training eff ect and (b) to highlight 
any signifi cant diff erences between 
the two CR programmes.

RESULTS

SUBJECTS
Eight subjects were randomly as-
signed to the 6-week programme 
and fi ve to the 8-week programme. 
Population risk factor dynamics 
throughout the study period are 
summarised in Table 1. The mean age 
of the participants Thirteen subjects 
were enrolled in this study in accor-
dance with the study inclusion cri-
teria. Eight subjects were randomly 
assigned to the 6-week programme 
and fi ve to the 8-week programme. 
The mean age of the participants in 
the two groups was 58.8 years (59.5 
± 4.99 and 57.5 ± 2.65 for the 6-week 
and 8-week groups, respectively). 
All subjects completed the CR pro-
grammes and attendance rates for 
the 6-week and 8-week programmes 
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Figure 1: Eff ect of a 
6-Week Vs. 8-Week CR Pro-
gramme on BP
BP: Blood Pressure, SBP: Sys-
tolic Blood Pressure, DBP: Di-
astolic Blood Pressure, MAP: 
Mean Arterial Pressure
Data represent mean SBP/
DBP/MAP values ± SEM for 
the 6-week (n=8) and 8-week 
(n=5) programmes before 
and after partaking in CR. 
There was no signifi cant 
change in SBP (p=0.90), DBP 
(p=0.80) or MAP (p=0.90) 
with training and no signifi -
cant programme eff ect was 
seen (p=0.92, 0.67, 0.95 re-
spectively).

Figure 2: Eff ect of a 
6-Week Vs. 8-Week CR Pro-
gramme on HR

bpm: beats per minute
Data from sessions 3-15 
represents change in mean 
heart rate from baseline ± 
SEM, for both the 6-week 
and 8-week programmes. 
Once data were nor-
malised to baseline, train-
ing was shown to induce 
no signifi cant change in 
resting heart rate (p=0.22). 
There was no signifi cant 
diff erence between the ef-
fects of the 6- and 8-week 
programmes (p=0.18).  
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were 77% (±6.28%) and 83% (±6.15%), 
respectively.

BLOOD PRESSURE

Systolic, diastolic and mean arterial 
pressure were analysed (Figure 1). 
Neither group showed a signifi cant 
change in systolic blood pressure 
(SBP) with training (p=0.90) and no 
signifi cant diff erence between the 
6-week and 8-week programmes fol-
lowing training (p=0.92). There was 
no signifi cant change in diastolic 
blood pressure (DBP) with training 
(p=0.80) and no signifi cant diff erence 
between the 6-week and 8- week pro-
grammes following training (p=0.67). 
In addition, the CR programme did 
not produce any signifi cant chang-
es in mean arterial pressure (MAP) 
(p=0.90), with no signifi cant diff er-
ence between the two programmes 
(p=0.95).

HEART RATE

Resting HR at baseline was 
signifi cantly greater in the 8-week 
group. To accommodate for this 
diff erence, HR data were normalised 
against baseline mean prior to 
analysis. Results showed that 
CR training had no eff ect on HR 
(p=0.35) and there was no signifi cant 

diff erence between the two CR 
programmes (p=0.76) (Figure 2, 3).

BODY ANTHROPOMETRY

Neither CR training programme in-
duced a signifi cant change in BMI 
(p=0.98), as shown in Figure 4. In 
addition, there was no diff erence 
between the two CR programmes 
for BMI data (p=0.23). CR training 
resulted in a moderate decrease in 
WC in the 6-week group, but this 
was not signifi cant (Figure 5). Results 
for WC showed no signifi cant diff er-
ence between the two programmes 
(p=0.20). 

MEDICATIONS

Table 2 summarises the use of anti-
arrythmic and anti-hypertensive 
pharmacological therapy by both 
groups. 69% of subjects in this study 
reported using one or more anti-
arrythmic agents (88% in the 6-week 
programme, 40% in the 8-week pro-
gramme) while 92% of participants 
reported use of anti-hypertensive 
medications (100% in the 6-week 
programme, 80% in the 8-week pro-
gramme).

DISCUSSION
While there is evidence to support 
the eff ectiveness of CR in reduction 
of risk factors for CVD4,5, the optimal 
duration of exercise programmes re-
mains unclear. When evaluating the 
effi  cacy of a programme, the follow-
ing must be taken into consideration: 
•Capacity to reduce CV risk factors
•Appropriateness to the needs of 
the patient
•Economic viability

Shorter programme duration has 
been demonstrated to be favourable 
in terms of the appropriateness to 
the needs of the patient, their life-
style and ability to participate in CR19, 
can increase patient adherence and 
may be associated with a reduction 
in healthcare costs. Therefore, it is es-
sential that the eff ect of programme 
duration on risk factor reduction be 
assessed in order to facilitate an evi-
dence-based approach to CR. 

It is widely documented that exercise 
produces signifi cant decreases in HR, 
BP, BMI and WC3, even in an at-risk 
cardiac population. HR, SBP, DBP, 
MAP, WC and BMI were analysed in 
this study. Results indicated no signif-
icant change in any of these param-

Figure 3: Eff ect of a 6-Week Vs. 8-Week CR 
Programme on resting HR
HR: heart rate, bpm: beats per minute
Data represent change in mean resting heart rate from 
baseline  ± SEM following attendance at CR for the 
6-week (n=8) and 8-week (n=5) programmes. Training did 
not induce signifi cant changes in heart rate (p=0.35). No 
signifi cant diff erence (p=0.76) was seen between the ef-
fects of the 6- and 8- week programmes.
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Figure 4: Eff ect of a 6-week Vs. 8-week CR 
Programme on BMI
BMI: Body Mass Index
Data represent mean BMI values ± SEM for the 6-week 
(n=8) and 8-week (n=5) programmes before and after 
partaking in CR. There was no signifi cant change in BMI 
(p=0.98) with training. No signifi cant diff erence (p=0.23) 
was seen between the eff ects of the 6- and 8-week pro-
grammes.

Figure 5: Eff ect of a 6-week Vs. 8-week CR 
programme on WC
WC: Waist Circumference
Data represent mean WC values ± SEM for the 6-week 
(n=8) and 8-week (n=5) programmes before and after 
partaking in CR. Training resulted in a moderate decrease 
in waist circumference in the 6-week group. This was not 
signifi cant, however. No signifi cant change was seen in 
the 8-week group, and there was no signifi cant diff erence 
between the eff ects of the 6-and 8-week programmes 
(p=0.20). 
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eters following a 6-week or 8-week 
CR programme. However, 92% of pa-
tients were medicated for hyperten-
sion and 69% of patients were using 
an anti-arrythmic drug. The eff ect of 
poly-pharmacy on an exercising pa-
tient group is not known, though it 
is likely that these medications may 
have confounded the eff ects of exer-
cise training in terms of the outcome 
measures employed.  In addition, at-
tendance of CR in St. James’s Hos-
pital is typically poor, with an initial 
average attendance rate of 89% and a 
completion rate of 70%3. It is expected 
that patients with poor compliance 
to a CR programme will not show a 
marked improvement in their CV risk 
factor profi le on completion of the 
programme when compared with 
patients who attended all sessions. 
Poor patient attendance may have 
infl uenced the results in this study 
and may have contributed to the 
lack of observable improvements in 
CV risk profi le following the two pro-
grammes. In addition, it is important 
to note that the sample size of the 
study was small (n=13), which may 
not accurately refl ect the eff ects of a 
CR programme on the CV risk profi le. 
It is clear that further research is war-
ranted with a larger sample size and 
ensuring full attendance of partici-
pants to fully determine the eff ects 
of these CR programmes on the CV 
risk profi le of medicated cardiac pa-
tients.

Although there were no improve-
ments in the CV risk profi le follow-
ing either of the CR programmes, no 
signifi cant diff erences between the 
programmes were observed. This 
result might suggest that there is no 
additional benefi t conferred to the 
patient attending an 8-week CR pro-
gramme as compared to a 6-week 
programme. Thus, healthcare expen-
diture and patient adherence might 
be optimised by employing a shorter 
CR programme duration. Current lit-
erature comparing the eff ects of long-
term and short-term CR programmes 
is sparse. While Hevey et al (2003)19 
demonstrated that there was no sig-
nifi cant diff erence in eff ect between 
a 4-week and a 10-week CR pro-
gramme, and Reid et al (2005)20 dem-
onstrated that there was no  statisti-
cally signifi cant or clinically relevant 
diff erence between a 12-month and a 
condensed 3-month CR programme, 
few other studies have actively anal-
ysed the eff ects of varied programme 
duration. Review of the literature in-
dicates a trend which suggests the 
effi  cacy of CR programmes of longer 
duration is more fi rmly established, 
when compared with short-term 
programmes. The current study sug-
gests that CR programme duration 
does not infl uence outcome with 
regard to risk factor modifi cation, 
aligning with the works of Hevey et al 
(2003) and Reid et al (2005). It must, 
however, be acknowledged that the 

diff erence in duration between the 
programmes analysed in this study 
was small. Future studies incorporat-
ing programmes with greater vari-
ance in duration are necessary to 
determine the minimum programme 
duration eff ective in modifi cation of 
the CV risk factor profi le. In addition, 
the potentially confounding eff ect 
of non-exercise interventions (edu-
cation and personal development) 
must also be considered. Future stud-
ies should explore the role played by 
non-exercise based interventions in 
reducing CV risk factor profi le.

CONCLUSION
No signifi cant reduction in CV risk 
factor profi le (HR, SBP, DBP, MAP, 
WC and BMI) was found following a 
6-week or 8-week CR programme. In 
addition, there was no signicant dif-
ference in effi  cacy found between 
the two CR programmes. Expediency 
to the patient must be considered 
in the design of a CR programme in 
order to increase attendance and 
increase the degree of risk factor 
modifi cation. It is likely that shorter 
programme duration is favourable in 
terms of adherence3 and cost eff ec-
tiveness, although this remains to be 
explored systematically. 

Further research is warranted to accu-
rately identify the CR programme du-
ration that will produce optimal mod-
ifi cation of the CV risk profi le, while 
also optimising healthcare costs and 
remaining expedient to the patient.  
Importantly, future studies must in-
corporate more stringent monitoring 
of medications to elucidate the role 
played by poly-pharmacy. Employ-
ing shorter CR programmes would 
likely result in a signifi cant reduction 
in healthcare expenditure, whilst 
increasing patient adherence. By re-
ducing high withdrawal rates and 
increasing attendance, this straight-
forward change in protocol could in-
crease the effi  cacy of cardiovascular 
risk factor reduction through CR and 

 Combined   6-Week 
Programme   8-Week 

Programme 
n=13   n=8   n=5 

% Patients 
Prescribed Anti-
Arrythmic Agents 
(Vaughan-Williams 
Classified Drugs) 

69  87.5  40 

  
% Patients 
Prescribed Anti-
Hypertensive 
Agents 

92 100 80 
 

Table 2: Summary of Anti-Arrythmic and Anti-Hypertensive Drug Use in Study Population
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hence prove most benefi cial to the 
patient.  
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APPENDIX
i Karvonen Formula: Target Heart Rate = [(max HR − 
resting HR) × %Intensity] + resting HR
ii Using either the IntelliVue TRx 4851A system (Phil-
lips Healthcare, Netherlands) or F1+ Polar monitors 
(Polar Electro, Finland)
iii Upper arm automated BP/HR Monitors (Microlife 
BP 3VTO-AP, Widnau, Switzerland)
iv Seca 222 height measuring instrument (Seca, Ger-
many)
v Body Composition Analyser (Tanita BC-420MA, Il-
linois, USA) 
vi BMI = [weight (kg) ÷ (height (m))2]
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CROSSWORD

  1D      2C   3K O C H 4S           
5K O E B N E R  U       A    6T    7M  8K 

  L      B    9B I L L R O T H    A  R 
10H E A R T    I       T    C    C  E 
  Y    11K  T   12D E L T A  13E   14S   U  B 
  15E P I D U R A L      16T O R T I C U L L I S 
  D    S  L       O  B   H   A   
 17R  18P   S     19E   20B R U S H F I E L D S  
 A  O   M   21M O N O   Y     S   E   
 D  S   A     C     22A    T   N   
 I  I   U   23R  A     M  24S  O   S   
25D A N T R O L E N E  P     A  E  S   A   
 L  I   S   T  S     U  L  O  26A    
   V      I  U     R  L  M  27C A G  
28S H E E H A N S  29C H L O R 30P R O M A Z I N E    
         U  A   A  S  T  A  I    
 31O 32P T I C    L  T   R  I  U  S  N    
  A       O  E   V  S  R  I  H    
  N       C  D   O  F  C  S  I    
  C  33F     Y     V  U  I    34B 1 2  
  R  A     T     I  G  C    I    
  E  L  35B   E     R  A  A    T    
 36S A R C O I D O S I S   U  X      O    
  T  I  S        S   37H O 38R N E R S   
  I  P  H             I       
  C  A  O             P       
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