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Mobic represents a real development in the everyday treatment of patients with osteoarthritis.

The efficacy your patients need, where they need it. With a reduction in unwanted effects that nobody
needs. Clinical trials in patients with osteoarthritis have shown Mobic to exert efficacy comparable with
other NSAIDs,* yet with fewer GI symptomatic adverse effects.’ -
These findings have recently been supported by the first results from MELISSA, a large scale study involving
more than 9,000 patients suffering from acute and painful exacerbations of osteoarthritis.

That is why we believe you should let your patients experience the therapeutic performance of Mobic.
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Powerful in the right places

* didofenac 100mg retard and piroxicam 20mg
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THE FIRST ONCE-DAILY

LEUKOTRIENE RECEPTOR
ANTAGONIST FOR
CHRONIC ASTHMA

In mild to moderate asthma, SINGULAIR:

B improves control when used with an

inhaled steroid’

M provides prophylaxis in exercise-induced

asthma’

W has excellent tolerability’

W offers the convenience of one tablet at

bedtime’

* SINGULAIR 10 mg for adults

*  SINGULAIR PAEDIATRIC 5 mg
for children aged 6-14 years

TABLET DAILY

sINGUL

montelukast sodiu'm

A single tablet-a-day helps control chronic asthma

SINGULAIR?® (montelukast sodium)

ABRIDGED PRODUCT INFORMATION
Refer to Summary of Product Characteristics before prescribing
PRESENTATION

SINGULAIR PAEDIATRIC 5 mg chewable tablet: pink, round
chewable tablet with ‘SINGULAIR’ engraved on one side and ‘MSD
275’ on the other, containing 5.2 mg montelukast sodium equivalent to
5 mg montelukast acid. SINGULAIR 10 mg tablet: beige, rounded
square, film-coated tablet with ‘SINGULAIR’ engraved on one side
and ‘MSD 117’ on the other, containing 10.4 mg montelukast sodium,
equivalent to 10 mg montelukast acid.

USES

Treatment of asthma as add-on therapy in those patients with mild to
moderate persistent asthma inadequately controlled on inhaled

corticosteroids and in whom ‘as needed’ short-acting By-agonists
provide inadequate clinical control. Also indicated for the prophylaxis
of asthma where the predominant component is exercise-induced
bronchoconstriction.

DOSAGE AND ADMINISTRATION

Adults 15 years of age and older: one SINGULAIR 10 mg tablet daily
at bedtime with or without food. Paediatric patients 6-14 years of age:
one SINGULAIR PAEDIATRIC 5 mg chewable tablet daily at
bedtime. If taken with food, SINGULAIR PAEDIATRIC 5 mg should
be taken either one hour before, or two hours after food. There are no
data on safety and efficacy in children less than six years of age. Patients
should continue taking ‘Singulair’ even when asthma is under control as
well as during periods of worsening asthma. Therapy with ‘Singulair’in
relation to other treatments for asthma: ‘Singulair’ can be a toa
patient’s existing treatment regimen. 8 y-agonist therapy: ‘Singulair’ can
be added to the treatment regimen ot{p(;tients who are not adequately
controlled on ‘as needed’ short-acting By-agonist. When a clinical
response is evident (usually after the first dose), the patient may be able
to decrease the use of this short-acting By-agonist. Inhaled
corticosteroids: ‘Singulair’ can be used as add-on therapy when inhaled
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corticosteroids provide inadequate clinical control. ‘Singulair® should
not be substituted for inhaled corticosteroids.
CONTRA-INDICATIONS

Hypersensitivity.

PRECAUTIONS

‘Singulair’ should never be used to treat acute asthma attacks. Patients
should be advised to have appropriate rescue medication available. If an
attack occurs, a short-acting inhaled B,-agonist should be used.
‘Singulair’ should not be substituted for inhaled or oral corticosteroids.
The possibility that leukotriene receptor antagonists may be associated
with the emergence of Churg-Strauss syndrome cannot be excluded.
However, there is no evidence that this syndrome is associated with
‘Singulair’. Patients with aspirin-sensitive asthma must continue to
avoid taking aspirin and other non-steroidal anti-inflammatory drugs.
Experience in the paediatric population is limited. SINGULAIR
PAEDIATRIC 5 mg chewable tablets contain aspartame which is a
source of phenylalanine (0.842 mg phenylalanine per S mg chewable
tablet). Use in pregnancy and lactation: Do not use during pregnancy
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Having suffered a first stroke, patients are
15 times more likely to suffer a second within
12 months than someone of similar age and
gender who has not had a previous strokc.
You can improve the Aputlook. When
combined with aspirin Persantin Retard doubles
the benefit of aspirin alone, giving an impressive
37% reduction in risk compared to placebo.?
Stroke is the most common-cause of long
term disability in society. ‘
Persantin Retard offers an additional
chance of reducing the burden of stroke. -

alone or in combination with aspirin
in the secondary prevention of stroke
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CIPROXIN® 1.V. FLEXIBAG - ABRIDGED PRESCRIBING INFORMATION (Refer to
Summary of Product Charac-tenstics before prescribing). Qualitative and
Quantitative Composition: One flexible infusion bag contaming the equivalent of
200mg ciprofloxacin USP in 100m!. or 400mg ciprofioxacin USP in 200m|
Pharmaceutical Form: Solution for intravenous infusion. Therapeutic
Indications: Ciprofloxacin is indicated for the treatment of infections caused by
susceptible organisms. Reter to summary of product characteristics for
microbiological activity. Posology and Method of Administration: Adu/ts 100-
400mg administered intravenously over 30 to 60 minutes. The 400mg dose
should be administered over a period of 60 minutes. Inihal intravenous
administration may be followed by oral treatment. /mpaired renal function
Dos adjustment not usually required except in severe renal impairment
Reduce total daily dose by half. or adjust dose on basis of drug serum levels
Elderdy and hepatic impairment No dose adjustment Adolescents and children
Not recommended. However. where potential benefit outweights the risk. a dose
of 5-10mg/kg/day in two divided doses should be used Duration of Treatment
For acute infections, the usual treatment period 1s 5 to 7 days Generally. in acute
and chronic infections where sensitivity is proven. treatment should be continued
for at least 3 days after the signs and symptoms of infection have disappeared

Contra-indications: Hypersensitivity to ciprofioxacin or other quinclones. also in
children and gro adolescents except where the benefits of treatment
outweigh the risks Special Warnings and Precautions for Use: Use with
cautron in epileptics and patients with a history of CNS diserders. Crystalluria has
been reported so patients should be well hydrated and excessive urine alkalinity
avoided As haemalytic reactions with ciprofloxacin are possible in patients with a
family history of and actual defects in. glucose-6-phosphate dehydrogenase
activity. use with caution Tendan inflammation and rupture may occur. paricularly
in older patients and in those treated concurrently with corticosteroids  If seen
advise patient to discontinue Ciproxin and rest imbi(s). Interactions with other
Medicaments and other Forms of Interaction: increased plasma levels of
theophylline have been observed following concurrent administration with
ciprofioxacin  The dose of theophylline should be reduced and plasma levels of
theophylline monitored Where monitoring of plasma levels i1s not possible. avoid
the use of ciprofloxacin in patients receiving theophylline Particular caution 1s
advised in thase patients with convulsive disorders Interactions have also been
noted with anticoagulants and cyclosporin. High doses of quinolones have shown
an interaction with NSAIDs in amimals leading to convulsions. Administration of
quinolenes and glibenclamide simultaneously can potentiate the effect
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of glibenciamide, resulting in hypoglycaemia

Concomitant use with probenecid reduces the

renal clearance of ciprofloxacin, so increasing

serum levels. Pregnancy and Lactation: Not

recommended. Effects on Ability to Drive

and use Machines: Ciprofloxacin could result in impairment of the patientis

ability to drive or operate machinery. particularly in conjunction with alcohol

Undesirable Effects: Local irritation at site of injection. Gastro-intestinal. CNS

hypersensitivity/skin reactions. musculoskeletal and special sense disturbances

Renal and hepatic disturbances. Effects on haematological parameters. Also

reported: tachycardia. Overdose: Reversible renal toxicity has accurred. Monitor

renat function and acidify if required to prevent crystalluria. Keep patients weil

hydrated. Reduce serum levels by dialysis. Legal Category: POM. Packagse

Quantities and Basic NHS Costs: Flexible PVC bags. containing 100m! or 200ml

of sclution 1n packs of 10 100m| £208.50 200m| £304.50. Marketing
horisation Number: PL 0010/0220. Date of Preparation: March 1997. Further

information available from. Bayer plc. Pharmaceutical Division, Bayer House
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Foreword
Julian R Johnston MD, FFARCSI

Chairman, Bicentenary Scientific Meeting Committee.

Royal Victoria Hospital

This special supplement of the Ulster Medical Journal
is a record of the Royal Victoria Hospital
Bicentenary Scientific Meeting held in the
Waterfront Hall, Belfast from the 25th - 26th
September 1997. More than 2 years in planning, it was
one of a series of events celebrating the establishment
of the first independent hospital in Belfast on the 27th
April 1797.

A meeting of firsts, it was the first medical conference
in the 2000 seat auditorium of the prestigious
Laganside Conference and Concert Hall. It
incorporated the first teleconference from the
Waterfront Hall to the Royal site allowing hospital
staff to watch proceedings whilst still on duty. With
over nine hundred delegates attending over the two
day period, it was the largest medical conference of its
kind to date and was also the means for introducing
the Royal to the World Wide Web and vice versa.

The theme for the meeting was to review historical
items from the past 200 years in the Royal and then
focus on medical advances by “Looking FORWARD
to the Year 2000”, paying particular attention to
covering topics that highlighted the multidisciplinary
nature of current hospital life. Keynote speakers
featured experts from current Royal Victoria Hospital

medical, nursing and other healthcare staff and

distinguished speakers from abroad, many who were
expatriate. Session chairmen were drawn from the
senior medical, nursing and management staff of the
Hospital as well as from representatives of Queen’s
University of Belfast.

Delegates came from around the world and again
reflected a wide cross section of healthcare
professionals. Many resident medical houseofficers
returned as did many medical year reunions. It was a
tribute to both the organizers and delegates that, at a
time of great political activity within the Province,
there was such a good attendance.

The organization of such a unique meeting was only
possible through teamwork and its success owed much
to the multidisciplinary nature of the Scientific
Committee. I have to thank them for their knowledge,
selfless dedication and tireless effort. They put

© The Ulster Medical Society, 1998

together an exciting exhibition, a full social
programme and all the facets that make such events
educational and enjoyable. Special mention must be
made of the exhibition which was dominated by the
“Royal Hospitals Timeline”- a collage of words and
pictures tracing the origins of the RVH and correlating
them with events in Belfast, Ireland, the United
Kingdom and the Rest of the World - organized by Dr.
Barry Kelly.

I also extend my thanks to Professor John Bridges,
Chairman of the Bicentenary Committee for his
support and guidance. Support in generous measure
was also given by the two Chairmen of the Medical
Staff Committee during the year - Mr. Roy Gibson and
Dr. Elizabeth Mayne.

Also recorded in this archive is a lecture which
marked the special relationship between the Royal and
Queen’s University of Belfast, given by Sir Peter
Froggatt in the New Physics Lecture Theatre, Queen’s
University of Belfast on the 5th November 1997.

Professor John Bridges
Chairman of the Bicentenary Committee

Mr Roy Gibson
Chairman of RVH Medical ‘Staff
Committee

Dr Barry Kelly
Consultant Radiologist
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6 Opening Ceremony

Opening Ceremony

Dr. Henrietta Campbell MB, FFPHM, FRCP

Chief Medical Officer

Tony Worthington M.P.
Minister of Health

Dr. Henrietta Campbell

Welcome to this Scientific Meeting, celebrating the
Bicentenary of the Royal Victoria Hospital. The Royal
Victoria Hospital may have had humble beginnings,
but it now stands as one of the important landmarks of
our city, held in the highest regard by the whole
community as an oasis of care, compassion and
feeling. All through the years of economic recession
and indeed more recently, during the worst of the
troubles the Royal has remained as a strong and secure
presence in our physical and emotional landscape. The
health service in Northern Ireland is indebted to the
Royal for its leadership and skills and many of the
professionals here today, including myself, owe it
much.

This morning it is my responsibility to introduce the
Minister for Health & Social Services, Mr. Tony
Worthington.

Tony Worthington M.P.

Distinguished guests, ladies and gentlemen I am
absolutely delighted to be with you to formally open
this prestigious meeting which is such an integral part
of the Royal’s Bicentenary celebrations. The Royal
Hospitals have a well earned international reputation
for innovation, for research and for teaching and it
owes much of its distinguished record to the work of
the Royal Victoria Hospital, the senior of its four
hospitals, which together form the Royal Group of
Hospitals Trust. Advances in coronary care,
anesthesia, intensive care and neurosurgery and for the
treatment of patients suffering major trauma has kept
the hospital at the forefront of treating the casualties of
over 25 years of political and civil unrest.

It is no exaggeration to say that the story of the Royal
Victoria Hospital is known world-wide. So this year
marking the Bicentenary of the Royal Victoria has
featured a fascinating range of celebratory events
starting with a gala ball and Ophthalmology
conference in January.

But since then people from all backgrounds and
disciplines have come together at different events to
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mark the unique contribution which the Royal Victoria
has made to the health service, to the people of
Northern Ireland for the past 200 years and Dr.
Campbell referred to the fact that I have only been in
this job for a few months but it takes about one day to
be told about the contribution the Royal Victoria has
made and the huge affection and support which it has.
The events have included functions as diverse as an
interdenominational service of thanksgiving in St.
Anne’s Cathedral, a race meeting at Down Royal Race
Course, fun day for children and international fashion
show here at the Waterfront Hall.

There is the new book by Professor Richard Clarke I
am pleased to see tracing the history of the Royal
Victoria Hospital has been published and it makes a
superb memento of this year.

This scientific meeting however can fittingly be
regarded as the climax of the year of celebration
although it is of course by no means the final event. I
think it is a very fitting occasion because by definition
a scientific meeting is targeting the future.

The scientific programme with its theme of looking
forward to the year 2000 starts by reviewing the last
200 years of and takes a considered view of the year
2000 and beyond, bringing speakers of international
distinction, so my congratulations to Professor John
Bridges, Chairman of the Bicentenary Celebratory
Committee and to Dr. Julian Johnston, the main
organizer of this meeting, for all their efforts in
making the celebrations so successful. But I am
pleased as well to see that there are some superb social
activities running in conjunction with the business
activities for the next few days.

Northern Ireland and the city of Belfast have a great
deal to offer visitors and I would warmly encourage
people go out and about and enjoy the hospitality and
see the scenery. I am of course particularly pleased to
see that scientific topics seem to cover a fascinating
range of subjects and that all disciplines are reflected
in one way or another, if I could attend only one of
your sessions it would be the one, “Lies, damned lies
and cost effectiveness.”
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be told about the contribution the Royal Victoria has
made and the huge affection and support which it has.
The events have included functions as diverse as an
interdenominational service of thanksgiving in St.
Anne’s Cathedral, a race meeting at Down Royal Race
Course, fun day for children and international fashion
show here at the Waterfront Hall.

There is the new book by Professor Richard Clarke I
am pleased to see tracing the history of the Royal
Victoria Hospital has been published and it makes a
superb memento of this year.

This scientific meeting however can fittingly be
regarded as the climax of the year of celebration
although it is of course by no means the final event. I
think it is a very fitting occasion because by definition
a scientific meeting is targeting the future.

The scientific programme with its theme of looking
forward to the year 2000 starts by reviewing the last
200 years of and takes a considered view of the year
2000 and beyond, bringing speakers of international
distinction, so my congratulations to Professor John
Bridges, Chairman of the Bicentenary Celebratory
Committee and to Dr. Julian Johnston, the main
organizer of this meeting, for all their efforts in
making the celebrations so successful. But I am
pleased as well to see that there are some superb social
activities running in conjunction with the business
activities for the next few days.

Northern Ireland and the city of Belfast have a great
deal to offer visitors and I would warmly encourage
people go out and about and enjoy the hospitality and
see the scenery. I am of course particularly pleased to
see that scientific topics seem to cover a fascinating
range of subjects and that all disciplines are reflected
in one way or another, if I could attend only one of
your sessions it would be the one, “Lies, damned lies
and cost effectiveness.”



Opening Ceremony

There is however, a serious angle to this. The new
Labour government is firmly committed to enhancing
the quality and level of care provided to the population
of Northern Ireland by the health service as you know
we are intent on removing the internal market and its
wasteful concentration on bureaucracy. We are
determined also to ensure equity of access to treatment
and care and have announced some initial steps on this
but before too long I would hope to set out my
proposals for the future shape of the health service in
Northern Ireland in parallel with ministerial
colleagues in Great Britain. These will be able to
establish the necessary framework to ensure that the
efforts of the health service are directed and delivery
of strategic objective for improving the health and
social well-being of the population. To see that the
needs of patients and clients are paramount. That we
secure the necessary money for input but equally
ensure that no more resources than are necessary are
devoted to management and administration.

In all of this I will want to ensure that the interests of
the tax payer are protected. This involves great care in
the use of the significant resources (£4.6 billion spent
on health in Northern Ireland) but it also carries the
objective to explore new paths of treatment and care
and perhaps leave behind some which served us in the
past. To find new ways of working and crucially to
ensure the collective input in terms of skills and
experience of professional disciplines produces a
synergy which provides added benefit to those at risk
or vulnerable in our society. Perhaps above all it ties in
with a meeting I have later this morning where I will
be putting my energies to preserving and stimulating
health rather than just curing sickness. The key to this

is research and the advancement of knowledge and

across the NHS there is increasing emphasis on
research and development, we in Northern Ireland are
following suit with a creation of local research and
development office headed by Professor Ingrid Allen.

But what this meeting is testimony to is the
commitment of the Royal Victoria Hospital and its
clinical skills over the years to broadly acknowledge
and pushing back the frontiers. It is important indeed
essential that this culture surrounding the Royal
Victoria Hospital continues and flourishes for unless
we continue to move forward in terms of knowledge
and application of new technology we will be simply
unable to keep pace with the demographic and social
pressures that are upon us. So the government will do
its best to maximize the resources available to the
health service both nationally and in Northern Ireland
and we will look to you increasingly to find new and
better ways of harmonizing these to the benefit of
those whom we serve.

© The Ulster Medical Society, 1998
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From Factory Row to the Grosvenor Road

Richard SJ Clarke MD, PhD, FRCA

Emeritus Professor of Anaesthetics, QUB
Honorary Archivist
Royal Victoria Hospital

Belfast in 1780 was a town of 13,000 people but it was
already expanding rapidly. There was a small middle
class often inter-related and certainly knowing each
other well and a large working class. Many of the
latter had come in from rural areas in search of work
and had very poor living conditions indeed. The better
off could afford nursing at home when ill but the sick
poor could hope for little care until the Poor House
was opened in 1774. It could only look after the
destitute who became sick but the general population
still needed both outpatient attention and inpatient
nursing. As a result some of Belfast’s philanthropists
in 1792 met and decided to open a dispensary and on
27 April 1797 a house was taken as a hospital, in
Factory Row (the present Berry Street).

This early hospital had only six beds and patients were
cared for by one nurse, while the leading physicians of
the town, notably Dr James McDonnell, provided
medical attention as required. Dr McDonnell was one
of the MacDonnells of the Glens of Antrim and
although practising as a private physician in the town
and having political involvement in the 1798 era, he
devoted his working life to the hospital.
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Engraving of the Belfast Fever Hospital as it was
built in 1817 (without side wings)

We can trace the hospital in direct line from this house
in Factory Row, through its successor in West Street
(on the other side of Smithfield Market) to the
distinguished Georgian building in Frederick Street
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opened in 1817. It consisted of three floors of wards,
plus a basement and resident doctors and nurses all
slept on the premises. Temporary wards could be
opened in the space behind the hospital. The same
Committee of Management and the same medical-
staff looked after the growing numbers of patients
during the various moves. The initial need was for a
fever hospital and it was typhus, trench fever and
relapsing fever as well as epidemics of cholera that
swamped it in waves during the first half of the
eighteenth century. Between the epidemics it was
possible to admit general medical and surgical patients
to the wards but fever had to take precedence both for
reasons of isolation of infection and the definite
chance of recovery with good medical and nursing
care.

One of the leaders of this era was Dr Andrew
Malcolm, who was not only a truly caring physician
with an interest in the living conditions of the poor, but
was the hospital’s first historian. His History of the
General Hospital, Belfast, published in 1851, is a fund
of information on all the medical institutions of
Belfast in the first half of the nineteenth century and
contains a wealth of biographical detail obtainable
nowhere else. Although the original history is almost
unobtainable, it was reprinted with background
information on Malcolm and his times by Dr H G
Calwell in 1977.

el :

Beginning of the first Charter of the Belfast
Royal Hospital dating from 1875
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The early eighteen forties (even before the Great
Famine) saw a realisation that still more care for the
sick and destitute was needed and the Belfast
Workhouse, Union Infirmary and Union Fever
Hospital were all opened on the site where the Belfast
City Hospital now stands. These had a different
constitution from voluntary hospitals like that in
Frederick Street and really had to take in all who
appeared at the doors. The Fever Hospital was able to
concentrate on general medicine and surgery and
changed its name in 1847 to the General Hospital. At
the same time extensions were built on either side of
the main block, one of which contained a theatre,
which doubled as operating theatre and lecture theatre.

The advent of anaesthesia (which reached Ireland in
1847) also meant that surgery could develop steadily,
though fewer than 100 operations were performed
annually until after 1857. During the 19th century the
main anaesthetic used was chloroform given largely
by the open - drop technique and always by the casual
medical staff available at the time.

Further ward extensions were opened in the eighteen
sixties funded by the great linen families of
Mulholland and Charters and in 1875 the hospital
obtained a Royal Charter as the Belfast Royal
Hospital. This period also saw the physicians and
surgeons obtaining a much broader education in
Europe and beyond and contributing more formally to
the education of medical students. Pupils were
admitted to the hospital on an apprenticeship basis
from 1820 and there were at least some lectures from
the time of Dr James McDonnell who gave the first
clinical lecture in 1827. This is regarded as the

forerunner of the annual winter oration, although this .

did not become regular until the 1880’s. There had
been a medical school at “Inst” since 1835 but the new
Queen’s College took over medical education in 1849
and established definitive and continuing chairs in the
major branches of medicine. The professors were in
private practice like other doctors, but most of them
were distinguished and are well worth remembering to
this day. There were Professor John Creery Ferguson,
first Professor of Medicine and inventor of the foetal
stethoscope and his successor Professor James
Cuming, a tireless worker for the building of the
present Royal Victoria Hospital. Perhaps the most
distinguished in the last century was Sir William
Whitla, Professor of Materia Medica, and the proceeds
from his text book of Materia Medica and his
Dictionary of Treatment helped to fund generous
benefactions to the Royal Victoria Hospital, Ulster
Medical Society, Queen’s University and Methodist
College.

Professor James Cuming,
second Professor of
Medicine at the Queen’s
College, Belfast, who
worked hard on the
planning of the present
Royal Victoria Hospital but
died in 1899 before it was
completed

The attending surgeons were particularly colourful
and restless for Joseph Nelson had left in his student
days (1860) to fight with Giuseppe Garibaldi in Sicily
and Italy. He returned to qualify in medicine and then
went off to a tea plantation in India where he
developed an interest in ophthalmology. Finally he
returned to Belfast and in 1883 was appointed
attending surgeon in this field. Mr William
MacCormac, son of Inst’s Professor of Medicine
Henry MacCormac, went off in 1870 to provide help
with the Red Cross in the Franco-Prussian war. He had
already eloped with the daughter of the wealthy
benefactor John Charters and after the war was
appointed to the staff of St Thomas’s Hospital,
London, and given a baronetcy.

The end of the century saw the need for further
expansion and the old site in Frederick Street was now
inadequate. After some searching a 4-acre plot in the
grounds of the Belfast Lunatic Asylum was obtained
in 1898 and plans were prepared for a new building.
The architect selected was William Henman who had
the original idea of ventilating the entire hospital with
clean, warm and humidified air, channelled along a
series of ducts by huge fans. To achieve this
effectively meant that the hospital should be built with
parallel wards coming off a long corridor, below
which was the main duct. The necessary funds were
raised surprisingly quickly thanks to the Lord Mayor
William Pirrie and his wife (later Lord and Lady
Pirrie) and the hospital celebrated the move by a
further name change to The Royal Victoria Hospital.

The new hospital, opened in 1903, had 17 corridor
wards but in the inter-war years this number was first
increased to 20 and the old wards were increased in
length. New names appear on the staff, notably Dr
William McQuitty (commemorated by a scholarship),
Dr John Morrow (noted for his irritability and earthy-
humour) and Professor Macllwaine (pioneer in the
electrocardiograph). New surgeons included the
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eccentric Surgeon Kirk, the urologist Professor
Fullerton and the orthopaedic surgeon A B Mitchell.

In the new century medical specialisation really
developed. Dr John Rankin was placed in charge of
the “electrical department” which included both
physiotherapy and x- rays, and gradually the latter
developed its own specialised staff, notably Dr
Maitland Beath, and the pioneer radiographer Mr
Ralph Leman. For the first time a specialist
anaesthetist, Dr Victor Fielden was appointed, soon to
be given “attending” status, and helped by many part-
time colleagues. However, the largest expansion was
in the field of pathology, started by the surgeon Dr
Henry O’Neill in the 1880’s, but really developing
after World War I with such figures as Professor
William Symmers, Sir Thomas Houston and Sir John
Biggart. Clinical biochemistry was developed
separately in 1922 by Dr Jack Smyth soon after the
introduction of insulin for the treatment of diabetes.

For the first time the matrons emerge from obscurity
and we have a series of powerful figures, Miss
Bostock, Miss Duffin and Miss Elliott, who dominated
the field from 1901 to 1966. Their influence was
reflected in improvements in the nurses’ working and
living conditions. In Frederick Street, nurses had lived
either in the nurses’ home across the road from the
hospital or in the damp basement of the hospital
building itself, in case they were needed during the
night. After 1903 the west wing provided better
accommodation and in 1937 the new Musson House
even provided hairdressing facilities and a sitting
room for entertaining guests.

Bust of Margaret
Montgomery Pirrie, Lady
Mayoress, the major
fundraiser for the new
hospital and President
1915-1935

There had been funding problems from the beginning
of the hospital since it relied entirely on voluntary
donations. Funds came in . earlier times from
prosperous merchants, church collections and house

© The Ulster Medical Society, 1998

and street collections. Inevitably there were occasional
crises but Honorary Treasurers like James Girdwood
(1854-73) maintained strict economy with vigorous
efforts to find new sources of income. Then in 1892 a
new concept, the Working Men’s Committee, was
introduced to ensure that virtually the entire male
working population of a wide area round Belfast was
tapped. The work of this committee has been well
documented and has raised over one million pounds
during its first hundred years. In 1930 it actually raised
half the hospital’s annual income (approximately
£26,000) and its necessity was only lessened by the
arrival of the National Health Service.

Two of the most prominent figures of the hospital in the early
post-war years, Sir lan Fraser, surgeon, and Miss Florence
Elliott, matron, unveiling the commemorative plaque to the
Working Men’s Committee in 1992

The advent of the National Health Service was
received with mixed emotions but in retrospect it must
be seen as giving an enormous boost to the hospital
service. There could never be as much money as the
doctors and patients wanted but at least new buildings,
equipment and staff could be obtained without endless
fund-raising activities. The expansion in staff -
medical, nursing and clerical - was immediate and
dramatic, the increase compared with the 1930s being
made more apparent because of war- time economies.
New buildings were slower to materialise and early
expansion was accommodated by adding an extra
floor inside the old extern hall and by moving the
pharmacy into the basement under the wards. In
addition, the earlier additions of this period - Quin
House (1952), Metabolic Unit (1957) and the
gynaecology huts (1957) were certainly not prestige
buildings, so that they are now all due for demolition.
Good quality buildings were delayed until 1964 for the
x-ray and main operating theatre block, the EENT
building opened in 1965 and the outpatient building
opened in 1971.

The change in staffing was not only in numbers, but
there was a radical change in the role of the senior
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physicians and surgeons. In voluntary hospital days
they had perhaps only “attended” the hospital for a
few hours in the week and the patients often received
only a casual examination, being left to the assistants
and resident staff for their main care. Now consultants
were paid on a sessional basis and, even if a
consultant- based service was a long way in the future,
the quality and expertise of medical care rose steadily
after 1948.

The most striking change was the introduction of
whole-time chairs in medicine, surgery, midwifery and
the increasing numbers of other medical and dental
professorships. Professors, freed from the need to earn
their living by private practise, were able to undertake
real research for the first time. Of course, they still
played a large part in the hospital, both in the teaching
and clinical work, but it was the new type of professor,
helped by the Royal Victoria research funds, who
attracted so many junior doctors into these fields. In
the end many of them stayed in hospital rather than
university medicine and contributed equally to the
advancement of their specialty.

The National Health Service also permitted further
specialisation with fields such as intensive care,
cardiology and plastic surgery separating off almost
completely from their parent discipline. The
introduction of accident and emergency medicine
virtually coincided with the opening of the new
outpatient block and the beginning of the “troubles”.
This specialisation, together with the dedication of all
the hospital staff in meeting recurrent episodes of
violence, undoubtedly contributed to the hospital’s
reputation in the field.

The Pharmacy could be described as the oldest non-
medical subdivision within the hospital for as a
dispensary it actually preceded the opening of beds. In
addition, there was an apothecary throughout most of
the nineteenth century. However, the explosion of
drug-based therapeutics in the 1950s and thereafter
really forced it to expand. Physiotherapists and
almoners (social workers) also pre-date the National
Health Service, but the other para-medical professions
can all be dated from the more generous funding of
specialisation after this period.

The Bicentenary Commemoration has allowed us to
assess the hospital’s contribution to the life of the city
and to medicine in general. At the same time we are in
a phase of radical upheaval in funding, staffing and the
whole provision of care to the sick, though it is too
close to us to be sure of the gains and losses. We can
only be confident that the building of the new hospital

starting in 1998 will enable the hospital to play a
major role in the new millennium.
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The Rise and Fall of the Scalpel in

Peptic Ulcer Surgery

George W Johnston OBE, MCh, FRCS

Consultant Surgeon (Retd), Royal Victoria Hospital

In the bicentenary year of the Royal Victoria Hospital
this review of the ulcer story will have an
unashamedly Ulster bias. Although peptic ulceration
was demonstrated pathologically in the 18th century
the condition was rarely recognised clinically before
the middle of the next century. Gastric ulceration was
the commoner form at that time but by the beginning
of the 20th century, duodenal ulceration had overtaken
it. The incidence gradually increased until the middle
of this century and was then followed by a gradual
decline. It is reckoned that even now 5-10% of the
population will suffer the disease at some time in their
lives and 4000-5000 die annually from peptic ulcers in
the British Isles as a result.

Prior to the advent of surgery the limited therapies
available included bland diets, bedrest and antacids,
along with many other less helpful “remedies”.
Although the first gastrectomy by Billroth in 1881 and
the first gastroenterostomy by Wolfer the same year,
were for cancer of the stomach, these operations
pioneered the way for peptic ulcer surgery. Rydygier
in November 1881 did the first gastrectomy for a
benign ulcer with pyloric stenosis and subsequently
published the report under the title “The first resection
for stomach ulcer”. An editor’s footnote said “and I
hope the last”. The next few years saw the
establishment of the three main operations for benign
ulcers, namely gastrectomy, gastroenterostomy and
pyloroplasty, all being done initially for the
complications of ulceration. Vagotomy was a much
later introduction. In the Belfast Royal Hospital in
Frederick Street the first gastrectomy for pyloric
obstruction was done by Professor Thomas Sinclair in
1886'. In the same hospital in 1897 Sir John Campbell
and Colonel A B Mitchell both closed perforated
duodenal ulcers. At a Belfast meeting of the British
Medical Association in 1909 Colonel A B Mitchell
read a paper from the Royal Victoria Hospital on
twenty eight consecutive operations for duodenal
perforations with three deaths, a remarkable
achievement at that time by a remarkable surgeont®.

The rationale for operations done at this time was
mechanical and physical rather than a knowledge of
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aetiology or physiology. In the case of pyloric stenosis
a simple gastrojejunostomy was often favoured over
gastrectomy because of its simplicity and lower
mortality. However about a third of the patients treated
in this way developed stomal ulceration and as a
consequence gastrectomy again became favoured over
the ulcerogenic operation of simple gastrojejunos-
tomy.

Swartz in 1910 coined the phrase “no acid no ulcer”
but produced no experimental data to back up his
dictum®. It was Dr James Adams, a native of
Glarryford, Co Antrim, a GP practising on the
Ravenhill Road in Belfast, who was the first to
document evidence of the association between
hyperacidity and duodenal ulceration‘. His MD thesis
of 1911 outlined acid studies over a six year period in
20 patients with duodenal ulcer. Fourteen had
hyperacidity, 4 had normal acid and 2 had hypoacidity.
He concluded that hyperacidity of the stomach might
predispose to the formation of an ulcer. About the
same time the Russian physiologist, Pavlov, reported
his famous experiments demonstrating the role of the
vagus nerves in gastric secretion in dogs. Latarjet, a
French surgeon, described the detailed anatomy of the
vagus nerves in man and in 1922 published a series of
22 patients treated by vagotomy for relief of
abdominal pain®’. However, the operations were done
for a “mixed bag” of conditions and thus vagotomy in
the management of peptic ulceration did not acquire
respectability until the work of Dragstedt in Chicago
in the early 40°’s®. Dragstedt’s first vagotomy in
January 1943 was on a 35 year old man with severe
duodenal ulcer disease and repeated bleeding,
requiring transfusion. The patient was offered
gastrectomy but refused since his father and brother
had had unfortunate experiences with that operation.
Dragstedt then told the patient about his experimental
work on dogs and a few days later the young man had
a trans-thoracic vagotomy with excellent pain relief.
Initially Dragstedt performed transthoracic truncal
vagotomy without drainage but had to re-operate on 3
of his first 15 patients because of gastric emptying
problems. Because of the “post-gastrectomy
syndrome”, namely problems of dumping, diarrhoea
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and bile vomiting together with nutritional
disturbances following gastric resection for duodenal
ulceration, surgeons were happy to try the new
procedure of vagotomy and gastrojejunostomy or
vagotomy and pyloroplasty. However, with longer
follow-up recurrent ulceration occurred in 5-15% of
patients following vagotomy and drainage compared
to only 2- 5% following gastrectomy.

Professor John Goligher, an Ulsterman working in
Leeds, reported the results of a 5-8 year survey of 565
patients treated for duodenal ulcer, comparing sub-
total gastrectomy, truncal vagotomy and antrectomy,
truncal vagotomy and pyloroplasty and truncal
vagotomy and gastrojejunostomy’. Although the trial
was not randomised or followed up blindly, vagotomy
and antrectomy produced the best results on Visick
grading. This “belt and braces” operation, taking care
of both the neural and hormonal stimulation of acid,
remained popular in the USA because of a low
recurrent ulceration rate of less than 2% but it carried
a higher mortality than vagotomy and also gave
similar post-operative problems as gastrectomy.
Modifications of the vagotomy operation were
introduced in the 60’s. In 1957 Griffith and Harkins
published their experimental data on selective
vagotomy in dogs’. In this operation the hepatic
branches to the liver and gallbladder and the coeliac
branches to the gut are preserved. Initially it did not
catch on but some claimed that it gave a more
complete vagotomy because of the meticulous
dissection required and that it also produced less
diarrhoea than truncal vagotomy. In a randomised
controlled double blind trial during 1966 and 1967,

comparing truncal vagotomy and pyloroplasty with

selective vagotomy and pyloroplasty in elective
duodenal ulcer surgery the late Mr Terence Kennedy
was able to confirm significantly less diarrhoea and
also less recurrent ulceration (though not significant
in) the latter operation®. However, this operation like
truncal vagotomy required a drainage procedure and
there were therefore still problems with dumping and
bile vomiting because of the “incontinent” stomach.
We then set out to compare the two drainage
procedures available and in 1968 embarked on a
further controlled trial comparing selective vagotomy
and pyloroplasty with selective vagotomy and
gastrojejunostomy’®.  Although there was no
significant difference between the results in the two
groups, there were more satisfied patients in the
gastrojejunostomy group and less recurrent ulcers. In
addition if dumping, diarrhoea or bile vomiting
become a problem following a gastrojejunostomy it
can be closed without difficulty, whereas pyloric

reconstruction is a difficult and often unsuccessful
procedure. It has been said that “if gastrojejunostomy
is a disease then pyloroplasty is an incurable disease”.
Thus at this stage of our investigations we favoured
selective vagotomy and gastrojejunostomy as the
operation of choice. In 1969 Andrup of Copenhagan
and Johnston of Leeds independently described highly
selective vagotomy (also known as proximal gastric
vagotomy) which left sufficient vagal innervation to
the antral pump to allow gastric emptying without the
necessity for a drainage procedure'>. From 1970-
1972 we did a further prospective randomised trial in
the Royal Victoria Hospital, comparing selective
vagotomy and gastrojejunostomy with the new
operation, proximal gastric vagotomy. We found that
dumping and diarrhoea were virtually eliminated by
the proximal gastric vagotomy but that there was a
higher risk of recurrent ulceration”. In 1990 we
reported the results of 600 consecutive elective
proximal gastric vagotomies for intractable duodenal
ulceration with a mortality of 0.2%; one patient died in
the post-operative period from cerebral haemorrhage™.
During the 21 year period under review the overall
recurrent ulceration rate was 11%, the majority
controllable by medication. Ninety-two percent of the
patients were Visick grade I or II, that is satisfied
patients, which compares well with the “normal”
population at large where the figure is 93%. With a
view to picking out patients who were more liable to
recurrent ulceration following proximal gastric
vagotomy, Mr John Hood looked at the pre-operative
acid studies in over 260 patients who had had
vagotomy®”. He found that there was a highly
significant difference in the basal acid output in
recurrence negative and recurrence positive patients.
We therefore decided to embark on a further controlled
trial on hypersecretors with basal acids above 10
mmol/1, comparing the results of proximal gastric
vagotomy with truncal vagotomy and antrectomy in
the special group. However, by this time the incidence
of duodenal ulceration was on the decline and the
numbers of hypersecretors were too small to finish the
trial. In addition a further revolution overtook surgical
management, namely the development of effective
medical therapy.

The discovery of H2 receptor antagonists by Black in
1972 and the subsequent availability of cimetidine in
1976 followed by several similar drugs within a few
years, made medical therapy attractive's. However, it
soon became clear that even on maintenance therapy
with these drugs, 20-25% of the patients could expect
endoscopic evidence of recurrent ulceration within a
year. The development of more powerful proton pump
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inhibitors such as omeprazole and its successors added
to the pharmacological armamentarium. Perhaps the
biggest break through came in 1984 when Marshall
demonstrated the ulcerogenic properties of a spiral
flagellated bacteria, campylobacter pylori, later known
as helicobacter pylori”’. Ninety per cent of duodenal
ulcer patients and 70% of gastric ulcer patients were
shown to be infected. Modern eradication therapy with
a triple drug regime such as Omeprazole 20 mgs bid,
Clarithromycin 250 mgs bid and Metronidazole 400
mgs bid for a period of one week should produce ulcer
healing in 90% with only a 1% per annum chance of
recurrence. However, there are still problems with
patient non compliance, development of drug
resistance and the onset of ulcer complications
especially in the elderly on NSAID therapy in a few
patients. Modern techniques allow bleeding to be
controlled in most instances by endoscopic injection
therapy, pyloric stenosis by balloon dilatation and
perforation by laparoscopic repair. However, some
patients will come to open surgery and younger
surgeons now have relatively little experience of the
operations required. In the past 10 years, prior to
retirement, I performed, on average, only one ulcer
operation per month and in my last year I operated on
only 3 patients with duodenal ulceration and all were
for complications.

Is this the end of the ulcer story? Undoubtedly the
major role played by surgery in the past has
diminished and a whole new chapter is emerging. The
new villian, H pylori, is becoming better
characterised, and the possibility of new non-
antibiotic therapy and a vaccine against H pylori are
only two of the new possible therapies being written
into the script. Many twists can yet be expected before
this story comes to an end.
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The Advance(s) of Cardiac Surgery

and Anaesthesia

S Morrell Lyons OBE, BSc, MD, FRCA
Consultant Cardiac Anaesthetist
Royal Victoria Hospital

The introduction of anaesthesia in 1846 opened up
completely new fields of endeavour for the surgeons
of that day and for their successors. No longer did
surgery have to equate with a “smash and grab”
approach where speed was of the essence. For the first
time it was possible to operate in a considered and
deliberate manner with the prospect of more elaborate
and reparative procedures becoming a reality.

As surgery became safer with antisepsis, intra-
abdominal surgery became possible but operations
inside the thorax remained a closed book. The ability
to deal with the problems inherent in the creation of
the necessary pneumothorax was still a long way off.
Despite many attempts, regular intra-thoracic
procedures had to await the recognition of the need for
and eventually the advent of some form of assisted
respiration or intermittent positive pressure
ventilation. It was the introduction of muscle relaxants
in 1942 which revolutionised how this could be
accomplished.

Once the principles were understood, there were
several exciting developments. In 1939 a patent ductus
arteriosus was ligated, a repair of coarctation of the
aorta was carried out in 1945, the Blalock Taussig

shunt for palliative treatment of cyanotic congenital

heart disease was introduced the same year and mitral
valvotomy was successfully carried out before the end
of the decade. The first ligation of a patient ductus was
done in Northern Ireland by Barney Purce at the Royal
Victoria Hospital in 1948, and the first mitral
valvotomy was carried out by Tom Smiley also at the
Royal in 1950.

All these procedures required minimal interruption of
the circulation but they were nevertheless enormous
advances. At that time monitoring, if used, was
primitive, diathermy unavailable and pacemakers and
the defibrillator were still to be invented.

This however was a beginning and as confidence
increased, surgeons began to be even more
adventurous. There were startling developments in
anaesthesia with the introduction of less depressant
and less explosive anaesthetic agents and with the

gradual introduction of basic monitoring, anaesthesia
was ready for the next step forward. Anything but the
simplest procedures required the ability to stop the
circulation for longer than 1-2 minutes. The advent of
the use of moderate hypothermia to 30-32 degrees C
allowed periods of circulatory arrest to be prolonged;
5-8 minutes became possible. Success depended on
accurate diagnosis. This was not always possible and
the risks were considerable.

There was an ever increasing demand for some form
of cardiopulmonary bypass to allow time for more
prolonged open heart surgery. The 1950s saw the
successful culmination of many efforts and technical
advances and in 1953 Gibbon and his co-workers in
Philadelphia reported the first successful use of a heart
lung machine to facilitate the closure of a secundum
ASD in a teenage girl who has been a long term
survivor. At that they reported the use of the same
machine in several other cases but with no survivors.
Even so, 1953 showed what was possible.

For an improvement in quality, there needed to be
better diagnosis, anaesthesia, surgery, perfusion and
intensive care. The rest of the 1950s saw many
disasters and other methods such as cross circulation
and profound hypothermia were tried but successful
cardiopulmonary bypass also became more common.
The defibrillator and the pacemaker arrived,
monitoring improved steadily, anaesthetic agents
appeared which were more suitable for the poor
cardiovascular system and, with experience, better
overall management was possible.

The first open heart case in the United Kingdom was

done in 1958 at the Hammersmith Hospital by Bill
Cleland, with the anaesthetist John Beard.
Developments were swift and Birmingham reported
their experience in 20 cases in 1960. By contrast and
at that same time Cooley reported his experience of
450 cases in Houston, Texas.

The 1960s saw the emergence of an interesting time in
the development of open heart surgery. Houston was
in the forefront of demonstrating how to do large
volume work and this was still their forte when I
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worked there in 1967/68. At that time Denton Cooley
was operating on 8 cases per day in two theatres; later
expanded to 25-30 cases per day. At the same time
Dwight McGoon in the Mayo Clinic was
demonstrating high quality by doing a series of 100
aortic valve replacements with zero mortality. In the
United Kingdom Donald Ross and Bill Cleland were
establishing cardiac surgery on a firm footing.

New units for open heart surgery were starting in
many places in the United Kingdom and the first such
operation in Belfast was performed in the spring of
1960 by Tom Smiley, with Maurice Brown as the
anaesthetist.

Most centres struggled with problems of apparatus,
diagnosis, inadequate experience and lack of any real
intensive care. It is fascinating that in Houston the
cardiac surgeons came from a vascular surgery
training in contrast to this country where the
background was thoracic surgery. This probably made
the introduction of coronary artery bypass surgery
easier in the United States. Whatever these
considerations, it became clear that Northern Ireland
needed an enlargement of the available skills, a
dedicated unit, dedicated personnel and an intensive
care unit.

In the late 1960s the Royal and the Northern Ireland
Hospital’s Authority decided that this was the way
forward and a new unit was established in 1968 with
Pat Molloy as surgeon, Morrell Lyons as full time
anaesthetist with Richard Clarke keeping everyone on
the right lines. Pat Molloy had been a consultant in
Broad Green, Liverpool, and Frank Pantridge had a lot
to do with his enticement here. )

The unit started in June 1968 and, in the last 6 months
of 1968, a total of 80 operations were done, mostly
open with an overall mortality of 12%, which was well
within the standards of the day. In 1969 the working
pattern for the next few years was established at 5
operations per week, though with a mortality rate of
17%. The work gradually increased as the team
expanded with the arrival of Jack Cleland and Jim
Morrison. Pat Molloy left for New Zealand in 1973
and was replaced by Hugh O’Kane who then
established coronary artery bypass surgery in the
province.

The work increased in fits and starts, dictated by
finance and personnel rather than need until its present
level of 1150 cases per annum. Today’s mortality is in
sharp contrast to that of 1969 with an overall mortality
rate of 2.8%,
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This marked improvement has been due to many
changes.

1. Surgery and cardiology have vastly improved.
Techniques arc better and there are better sutures,
better diagnoses, better assistants, better valves,
better hardware.

2. Anaesthesia has also improved. After some early
disasters it was very evident that adequate
preoperative assessment was essential. There are
now superior techniques and the introduction of
high dose narcotic anaesthesia helped markedly in
the decreased myocardial oxygen demands. There
has been a revolution in monitoring and much
better interpretation of the data. Pulse oximetry
was a quantum leap forward and the more
intelligent use of inotropes allied to better
managed perfusion have played their part. The
high quality technical assistance makes this all
function smoothly.

3. Perfusion has changed markedly. There are now
more efficient and smaller oxygenators and tubing
which is less damaging to the blood. The better
techniques and the use of arterial filters have
helped in the decrease in air emboli and in
consequent cerebral damage. The management of
perfusion is dependent on highly trained
perfusionists and their contribution is vital.

4. Myocardial preservation has been revolutionised
by the use of cardioplegia.

Figure 1 Dr. S Morrell Lyons (Anaesthetist), Mr J Cleland
(Surgeon) and Mr E. Stewart (Perfusionist) - doing it their way

5. Intensive care nursing, good physiotherapy, data
interpretation and inotropes and the balloon pump
have all made major contributions to the
improving scene.

6. The applied results of anaesthesia and surgical
research have also played their part.
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THE FUTURE.

It is always fun to speculate about the future without
the responsibility for the outcome.

Valve Surgery

30 years ago it was believed that by the end of this
century the need for valve surgery would be minimal.
Rheumatic fever was already rare and so a further 30
years would see the disappearance of rheumatic heart
disease. However the demand for valve surgery is very
little different today than in 1968. Aortic stenosis in
the older age groups and mitral valve repair operations
secondary to disruption of the valve have come more
to the fore so in the next thirty years valve surgery will
be very much part of the workload

By that time there will be prostheses available, with a
valve more with the characteristics of our own original
valves, with better flow pattern, causing no cellular
damage and doing away with the need for
anticoagulants. With this available then valve
replacements will be done before any myocardial or
pulmonary damage has occurred and so better results
will be obtained.

Coronary Artery Grafts

Will the present preventative measures eliminate the
need for coronary artery bypass grafting (CABG) in
the next generation? So far I see no signs. Looking at
my fellow man, overweight, increasingly sedentary,
still smoking, working at pressure, reluctant to take

antihypertensive therapy and with no power to select

their parents I do not see the need for CABG changing
just yet. What will the operation be? Will there be
artificial graft material instead of the internal
mammary artery and saphenous vein grafts? Or indeed
will the operation of choice be a total heart
replacement with an allograft? Will we have changed
to minimal access surgery or will the operations be by
telemedicine?

Congenital Heart Disease

Congenital heart disease may change with social
change. The falling birth-rate and abortion are great
changes. But will genetic engineering bring change?
Will intrauterine treatment have anything to offer? Or
again will the allograft be the answer to the most
complex problems.

Perfusion

Perfusion apparatus has become smaller and smaller
and more and more efficient. Will it become
implantable with an arterial assist device or artificial
heart in the circulation be the answer?

Anaesthesia

In thirty years anaesthesia will be non pharmaceutical,
maybe electrical. Total pain relief without side effects
will be available and operative episodes will pass
without memory for unpleasantness.

Intensive Care

In intensive care the monitoring will demonstrate full
data from non invasive techniques. The management
loop will be closed so that the staff will be able to
devote more time to the patients themselves.
Myocardial preservation will eliminate the need for
most inotropes and the better myocardium will
decrease the stay needed in the intensive care.

Will these forecasts come true? Who will be around to
see? At any rate I wish them good luck.
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Imaging, past present and future

Edwin M Mcllrath MB, FRCR, FFRRCSI
Consultant Radiologist
Royal Victoria Hospital

Imaging is one of the more recent medical disciplines
arising out of Rontgens discovery of X-Rays in 1895.
The acquisition of X-Ray equipment by the Medical
Committee of the Belfast Royal Hospital in 1896
showed both foresight and a rapid decision making
process that we might envy one hundred years later.
The glass radiographs were taken and processed by
two commercial photographic companies in the city
and interpreted by the clinician. In 1903 John Rankin,
having gained his MD working with John
Symmington in the subject of radiographic anatomy,
was appointed to the new Royal Victoria Hospital.
Shortly after the first World War Maitland Beath
joined the staff and Ralph Leman became the first
Radiographer. It should be noted that neither Drs.
Rankin or Beath had undergone any formal training. In
1925 Dr. (later Sir) Frank Montgomery was appointed
assistant to Dr. Beath, having undergone six months
training in Harley Street and acquired the Diploma in
Medical Radiology - both Radio Diagnosis, Radio
Therapy and Electrology from the University of
Cambridge. This examination was later to become the
DMRD of the Conjoint Board in London. The Faculty
of Radiologists was formed in 1939 and housed as an
autonomous Faculty by the Royal College of Surgeons
in Lincoln’s Inn.

The DMRD, while deemed adequate for a consultant
position in the rest of the United Kingdom, was
viewed less favourably in Northern Ireland, where
MD or other higher qualification was mandatory.
Formal training based at the Royal Victoria Hospital
commenced around 1950, but local graduates had to
go to United Kingdom centres for the extensive
physics element of the course, and it was not until
1967 that, with the good offices of the physicists at
Belvoir Park, we were able to offer our own and other
graduates a fully comprehensive training course. The
Fellowship of the Faculty, later the Royal College of
Radiologists, had become by 1962 the mandatory
qualification for a consultant position in Northern
Ireland. The syllabus for the Fellowship has continued
to increase since that time with the addition of nuclear
medicine, ultrasound, computerised tomographic
scanning, magnetic resonance imaging and
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interventional radiology. The impact of the computer
on what was already a highly technological speciality
cannot be underestimated and will in my opinion lead
inevitably to totally filmless departments, the image
being recorded, distributed and viewed using digital
technology. This will in turn make expertise, from any
major centre in the world, available to our patients

The ability to produce diagnostic information without
the use of ionising radiation has major benefits to the
population at large but more specifically children and
those of child bearing age. The progress that has been
made has generated a series of new problems.
Sophisticated technology is expensive. The MRI Unit
at the Royal Victoria Hospital represented an
investment of £1.5 million pounds. Modern screening
equipment costs in the region of £400,000 - 30 years
ago this would have been approximately £20,000.
Small wonder then that in recent years the funding of
capital equipment has become very difficult. Public
demand and indeed expectation continues to grow
frequently, fuelled by irresponsible media coverage
and political expediency, not just within the UK but
internationally. While the Royal Victoria Hospital
continues to function at high professional and
economically efficient levels, this has been at the cost
of severe pressures on the staff.

In the area of training, the second major function of a
teaching hospital, a series of different problems have
arisen. As already stated, the content of the syllabus
has increased but the period of postgraduate training
has diminished. European legislation has influenced
medical training without proper consideration of
professional requirements, or the vastly differing
health care systems within the member states. Many
United Kingdom radiologists would look forward to
harmonisation with say France, which has 4,500
radiologists for a population similar to that of the
United Kingdom, which has a total of 1,500. The
Calman recommendations on the period of post
graduate training raise interesting questions regarding
the adequacy of experience, particularly in the
subspecialty areas of paediatric, neuro and
interventional radiology. For those trainees who aspire
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to obtain posts in the teaching hospitals, an overseas
fellowship was deemed desirable, but unfortunately,
due to changes in American legislation, such research
appointments are becoming difficult to obtain.
Continuing medical education will become absolutely
vital in the future and more resource and less lip
service would be welcome.

The future of medical imaging will be the subject of
much review and International comparison. In
Germany less than 30% of imaging is under
radiological control. Japan has virtually no neuro
radiologists. In America genito urinary radiology is
almost totally in urological hands. In the United
Kingdom almost all cardiological imaging is
undertaken by cardiologists. It would be almost reflex
in Northern Ireland to exhibit the “Not an Inch”
syndrome, when faced by this scenario, but the Royal
College of Radiologists has taken a more constructive
approach. Inter collegiate discussions with
obstetricians and general practitioners have
formulated consensus on ultrasound. The editorial and
letter columns of the College Journal have been filled
with conflicting opinions about the training of gastro
enterologists in ultrasound.

It is surely fundamental that endovascular surgery will
have to be established on a co-operative basis between
radiologists and surgeons. What is entirely clear is that
‘turf battles’ within the profession are not in the best
interest of patients. Could it be that the wheel will turn
full circle and that by the millennium clinicians will
control their own imaging and that with the advent of
private finance initiative the production of images will
revert to the commercial sector.

To those with foresight a problem becomes a
challenge and as radiologists move towards the
millennium they must obtain the maximum benefits
from the new technologies, not solely within the
specialty as it exists now, but in the wider fields of
health care. They must accept and plan to supply the
requirements arising from greater public knowledge
and expectation, particularly in the primary care
sector. As a major diagnostic speciality they must
become more involved in the education of medical
nursing and paramedical trainees, particularly in the
area of skill mix as it involves radiographers. They
must also make certain that the medical advisory
structures to management, and therefore to the
politicians of the day, are as effective as possible. It is
clear that the effective delivery of Health Care
requires a team approach, and to use a football
analogy, the squad is large, the stars are many, but

without clear objectives we may resemble
Middlesborough rather than Manchester United.
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The Gallstone Story

R Hermon Dowling MD, FRCP

Director Gastroenterology Unit

Guy’s and St Thomas’s Medical and Dental School

When the organisers of the RVH Bicentenary kindly
approached some expatriate “old boys”, inviting us to
talk at the celebratory meeting, our brief as we
approached retirement was to review some aspect of
our professional work. I opted to focus on gallstones
and initially, was tempted to begin by reminiscing
about our studies of bile lipid composition in patients
with ileal disease or resection' and our use of the
steady-state secretion perfusion technique* to
measure the hour-by-hour output of biliary lipids in
control subjects and gallstone patients — with
particular emphasis on obesity.* I might also have
recalled our work on gallbladder motor dysfunction in
gallstone disease® or our early studies in the use of
chenodeoxycholic®® and ursodeoxycholic acids®" as
oral treatment for the dissolution of gallstones in
symptomatic patients.

In their day, each of these chapters held its own
fascination and the research fellows who worked on
these projects made valuable contributions to the
literature. But rather than wallow in nostalgia, I have
chosen to review, briefly, the results of exciting recent
studies, performed by my colleagues at Guy’s, over
the past five years. They began with a collaborative
study of acromegalic patients treated with octreotide
who develop iatrogenic gallstones” - a phenomenon
well known at the RVH since one of the first
observations on this topic was made by McKnight and
colleagues from the Metabolic Unit of the RVH."

We are now close to making the “outrageous
assertion” that cholesterol cholelithiasis is an intestinal
disease,* secondary to changes in large bowel transit.”
This chapter reviews the evidence behind this
assertion and, in keeping with the theme of the
meeting, the chapter ends with a discussion of
strategies for preventing gallstone formation, in the
next millennium.

Clinical Science of Gallstone Formation

The types and composition of gallbladder stones
(GBS) are discussed briefly before the classical theory
of cholesterol (CH) GBS formation is reviewed. This
suggests that, before stones can form, at least three
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abnormalities (the so-called triple defect)'® must co-
exist: (i) supersaturated GB bile, (ii) abnormal
nucleation of CH microcrystals and (iii) stasis due to
impaired GB emptying and/or crystal trapping by
mucus on the surface of the GB mucosa. However,
most of this presentation is based on a modern-day
detective story (still evolving) which describes why
GBS develop in many acromegalic patients treated

with the somatostatin analogue, octreotide (OT).
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Fig 1 Reported incidence of gallbladder stones (GBS) in
acromegalic patients treated with octreotide (OT) in doses
ranging from 100-1500 ug /day for periods ranging from 3-70
mo. (Most patients received 100-200 ug tds by sub-cutaneous
injection, for approximately 1-2 yr). Since at the start of OT
treatment these patients were free of GBS by ultrasound, the
results of these 18 studies represent the frequency of OT-induced
(rather than OT-associated) GBS. The vertical bars represent the
percentage of patients developing cholelithiasis: the numbers at
the top of the columns refer to the numbers of patients developing
stones, over the numbers of patients treated. The broken
horizontal line represents the mean incidence of OT-induced
stones (29%) in these 18 studies.

OT is an effective treatment for acromegaly. It acts by
suppressing growth hormone and insulin like growth
factor-I levels but it also inhibits meal-stimulated
cholecystokinin release and GB contraction. We
confirmed that OT virtually paralyses the gallbladder”
but, given the triple defect theory of GBS formation,'
the first step was to see if OT also affected bile
composition and physical chemistry.
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Step 1

Studies of fresh GB bile from acromegalic patients
with OT-GBS®™ showed that they all have: (i)
supersaturated bile, (ii) a high proportion of their
biliary CH present in unstable vesicles, and (iii)
abnormally rapid nucleation (precipitation) of CH
microcrystals. These changes were associated with,
and may well be due to, excess biliary deoxycholic
acid (DCA % of total bile acids).” The hydrophobic
DCA is the “bad boy” of bile. (Fig. 2) When present in
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Fig 2 Schematic flow diagram to explain how an increase in the
percentage of deoxycholic acid (%DCA) in bile might lead to an
increased incidence of cholesterol gallbladder stones (CHGBS).
Thus, enrichment of bile with DCA leads to a relative increase in
biliary cholesterol secretion (secrn).” This may explain why we,”
and others ** find that there is a significant linear relationship
between the %DCA in bile and: (I) the molar percentage (moles %)
cholesterol and (II) the cholesterol saturation index (SI), in
gallbladder bile. It may also explain, at least in part, why we find
that the mean %DCA in bile is approximately twice as high in
patients with abnormally rapid (< 5d) nucleation or precipitation of
cholesterol microcrystals, as in individuals with normal (> 10 d)
nucleation times®.

We* and others™* also showed that the %DCA in bile was linearly
related to the % arachidonic acid-rich phospholipids (AAPL) in bile.
In turn, this may explain® why mucus glycoprotein (MGP) synthesis

by, and secretion into, the gallbladder are increased in gallstone
patients** . An increase in the proportion of AAPLs in GB bile
could also contribute to the reduced meal-stimulated gallbladder
emptying”*““ which characterises cholesterol gallstone disease.

excess, DCA induces biliary cholesterol
hypersecretion and supersaturation.”*® Our results
suggest that the increased biliary DCA seen in OT-
treated acromegalics is due to the somatostatin
analogue treatment, and not to the stones. Thus paired,
before-and-during treatment, studies showed that
within weeks, OT doubled the percent DCA in bile
and induced biliary CH supersaturation - even in the
absence of stones.”

Step 2

The next step was to determine why OT treatment
doubles the % DCA in bile. Previous studies in control
subjects had suggested that OT prolongs small bowel
transit.”* But would it do the same thing in
acromegalics? And, more important, would it also
affect large bowel transit (of importance since DCA is
formed in the caecum and proximal colon - rather than
in the small intestine)?

We confirmed that OT markedly prolongs small bowel
transit both in control subjects and in acromegalic
patients.”” We also showed, again in paired before-
and-during treatment studies, that OT significantly
prolongs large bowel transit time (LBTT).
Furthermore, we found that LBTT was linearly related
to: (i) the % DCA in serum®(and, by implication, in
bile), (ii) the DCA pool size* and (iii) the DCA
formation (or “synthesis”) rate.”

Step 3

If prolonged intestinal transit and altered DCA
metabolism play a major role in the pathogenesis of
the exotic OT-induced GBS, could these factors also
play a similar role in “conventional” GBS disease —
that this, GBS unrelated to acromegaly or OT
treatment? The results of our own,'*? and other,?*
studies suggest that they do. Indeed, as noted above,
we have even suggested that cholelithiasis is a disease
of prolonged large bowel transit."

Step 4

The mechanism whereby prolongation of intestinal
transit increases the percentage of DCA in serum and
bile, raises several questions. Does prolonged LBTT
increase DCA formation by increasing the number of
anaerobic bacteria in the right colon? Does it affect the
activity of their deconjugating and dehydroxylating
enzymes (cholylglycine hydrolase and 7-alpha
dehydroxylase) which produce unconjugated (newly-
formed) DCA from the glycine and taurine conjugates
of cholic acid? Does prolongation of LBTT affect
colonic luminal pH - thereby increasing the solubilis-
ation and bioavailability of the newly-formed DCA?
Or does a longer than normal LBTT allow more time
for DCA absorption from the colon (presumably by
passive non-ionic diffusion)?

The answer to these rhetorical questions seems to be -
yes, yes and yes." By comparison with “controls”,
patients with conventional GBS have: (i) significantly
prolonged LBTT, (ii) significantly more total
anaerobes in the caecum and right colon, (iii)
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significantly more gram positive anaerobes, (iv) more
deconjugating (p>0.05) and 7 alpha-dehydroxylating
(p<0.005) enzymes per bacterium (or more correctly,
per mg protein in the caecal aspirates), (v) a
significantly greater colonic luminal pH* (probably
because the prolonged transit allows more time for
absorption of the acidic short chain fatty acids) and,
again, (vi) a significant increase in the %DCA in
fasting serum.

Thus, there is an intriguing web of complex
interactions whereby prolongation of LBTT favours
increased DCA: (i) formation, (ii) solubilisation/
bioavailability and (iii) absorption.(Fig. 3)
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Fig 3 Flow diagram summarising the results of several studies
Jrom the authors department’® 72?312 showing how
prolongation of large bowel transit might increase the proportion
of deoxycholic acid (DCA) in the bile acid pool, and in serum
and bile. Thus, an increase in large bowel transit time favours an
increase in the numbers of Gram positive (+ve) anaerobes in the
proximal colon. This increase in the numbers of anaerobes leads
to increases in the total amounts (masses) of the intestinal
bacterial bile acid metabolising enzymes responsible for
deconjugation (cholylglycine hydrolase: CGH) and 7a-
dehydroxylation (7 o-dehydroxylase: 7a- DH) of the conjugated
bile acids, in the caecum and colon. The resultant increase in
deconjugation means that more cholic acid (CA) is formed in the
proximal colon and this, in turn, may increase the specific
activity (spec act) of 70-DH.

The combination of increased total amounts of 7a-DH and
increased 70-DH specific activity, favours enhanced DCA
formation. At the same time, the prolongation in large bowel
transit time increases colonic lummal pH which ensures that the
newly-formed unconjugated DCA is solubilised in, and is
therefore made bioavailable for passive non-ionic (n.i.) diffusion
from, the colon. This expands the proportion of DCA in the bile
acid pool which is in dynamic equilibrium with the %DCA in
serum and bile. The consequences of increased proportions of
DCA in bile are summarised in Fig 2.

Step §

If prolonged colonic transit really is important in the
development of GBS, can all the resultant
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abnormalities be prevented or reversed, by the use of
commonly-prescribed prokinetic drugs which
accelerate intestinal transit? Again, the answer seems
to be yes. In a prospective, random-allocation, double-
blind, crossover design, controlled trial, we showed
that the SHT4 agonist, cisapride, completely prevented
the prolongation of both small and large bowel transit
seen in acromegalic patients treated with OT. More
important, cisapride “normalised” the % DCA in
fasting serum.* It remains to be proven, in prospective
controlled trials, that the use of colonic prokinetic
drugs, such as cisapride, can prevent cholesterol GBS
formation in high-risk groups.

This, then, is the challenge for clinical investigators
studying gallstone pathogenesis who, as we look
BACKWARDS in this century, moved from “the
bedside to the bench”. As we move FORWARDS to
the year 2000, they must now put this process into
reverse and translate scientific theory into the clinical
practice of gallstone prevention.
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Imaging of the Heart
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Most people from time to time become aware of the
regular or irregular beat of the heart. As this is often
during moments of high emotion or stress, the heart
has featured greatly in popular culture and the arts. It
is widely mentioned in poetry and literature. In the
1989 Oxford Dictionary of Quotations references to
the heart far exceed those to lung, brain, liver or
spleen'. Endocrinologists will note with dismay the
complete absence of quotable remarks about pituitary,
thyroid or pancreas.

TABLE 1

Quotations to the Body Organs in the Oxford Dictionary of

Quotations (1989)
Organ Quotations
Heart 227
Brain 25
Liver
Lungs 5
Spleen 2
Pancreas
Pituitary 0
Thyroid

An Egyptian papyrus from the 16th century BC - now
in a museum in Brussels - shows one of the earliest
visual representations of the heart. The heart was
thought to represent conscience; after death it was
placed in scales. If it proved heavier than a statue of
truth the signs were thought favourable; and the
fortunate deceased was led towards Osiris rather than
to the nether regions. Where there was doubt about the
probity of the dead man, the odds could be improved
by using an ostrich feather instead of the statue. The
heart seems less than impressive in the papyrus, but
perhaps something has been lost by the passage of
3,500 years and by the quality of reproduction.

In medical texts of the middle ages representations of
the heart and circulation were also somewhat fanciful.
More anatomically accurate pictures were to follow
with the work of Vesalius, Leonardo da Vinci and

others during the 16th century. By the 19th century the
morbid anatomy of cardiac disease was well
established, but it was not until this century that it
became possible to look at the beating heart in vivo.

At the time I started cardiology in 1971, diagnosis was
made by a combination of clinical symptoms and
signs, the electrocardiogram, the chest X Ray and in
highly selected cases information from cardiac
catheterisation and angiocardiography. In the last 25
years minimally invasive techniques of viewing the
heart have become available. Tables 2 and 3 indicate
some of the relative merits of 3 techniques discussed
in this paper.
TABLE 2

Features of imaging techniques used in cardiac

assessment.
Technique

Feature Ultrasound Radio Nuclear MRI
Safety ++++ +4++ +++
Expense + ++ ++++
Bed side Studies ++++ + 0
Time for study +++ ++ +4++
Operator Skills +4+++ +++ +++
Possible in all

Patients ++ +++ +++
Convenience ++++ +++ ++

(Each feature is gauged on a scale of 0 - ++++: for example
in terms of convenience, ultrasound is straightforward, MRI
(Magnetic Resonance Imaging) is relatively inconvenient)

ECHOCARDIOGRAPHY

Echocardiography has probably been the most widely
available of these techniques and the one which has
made the greatest impact on the practice of cardiology.
The first cardiac ultrasound pictures in man were
published by Edler in 1954%, but it was not until the
1970°’s that echo techniques became widespread in
clinical cardiology. Ultrasound is entirely safe, and its
high temporal resolution permits beat to beat analysis
of the heart.

Developments in technology allowed the progression

© The Ulster Medical Society, 1998



26 Imaging Heart

TABLE 3

Cardiac imaging methods - relative value in
various disease categories

Technique
Feature Ultrasound Radio Nuclear MRI
Ischaemic +++ ++4++ ++
Valve ++++ ++ +++
Congenital ++++ + ++++
Cardiomyopathy ++++ ++ +++
Pericardial +++ 0 ++++
Endocarditis ++++ 0 ++
Tumours ++++ 0 ++++

(Adapted from: Heart Disease: Edited by E. Braunwald)

from single to two dimensional images; these were
later complemented by Doppler wave form analysis
and colour display. Doppler techniques add the ability
to look at blood flow within the central circulation. In
1980 Hatle and co-workers described the simple
modified Bernoulli equation:

Pressure difference (mmHg)
= 4 x peak velocity (m.sec)?,

allowing the conversion of velocity measurements into
pressure®. With colour coding of Doppler signals it is
possible to detect and partially quantify abnormal
valvular regurgitation or shunt. A transoesophageal
approach allows high quality images to be obtained of
structures relatively invisible to a probe on the anterior
chest wall.

Echocardiography has resulted in a greatly improved
ability to diagnose and understand a whole range of
clinical conditions including congenital heart disease,
pericardial disease, ventricular size and function and
the cardiomyopathies. In the field of adult cardiology
the assessment of valvular disease has been of great
importance. For example, in a patient with rheumatic
valvular disease it is possible to assess mitral and
aortic valve areas, the degree of regurgitation through
each valve, chamber size and function, and obtain
information about intra-cardiac pressures. Such a
complete picture results that it is often possible to
avoid invasive evaluation. Recent developments
include the use of stress echocardiography to diagnose
and guide management of the patient with coronary
artery disease, and intra-vascular ultrasound catheters
to aid coronary intervention by angioplasty and stents.

Echocardiography has some disadvantages - it is
relatively time consuming to perform an examination,

© The Ulster Medical Society, 1998

it requires a skilled operator and in some-patients it is
simply not possible to get high quality images.

NUCLEAR CARDIOLOGY

Nuclear imaging of the heart overcomes some of these
difficulties, though presents other methodological
problems. The first camera suitable for medical
imaging was designed by Anger in 1958, but as in the
case of ultrasound, it was not until the 1970’s that the
technology began to make a major impact.

Two major uses have evolved; the assessment of
ventricular function and the analysis of myocardial
blood flow and perfusion. One of the great advantages
of nuclear techniques is that the information is in
digital form, and can be readily manipulated by
computer to produce quantitative information. For
example, left ventricular ejection fraction - a measure
of left ventricular function - can be calculated with
ease. Digital imaging also permits tomographic
reconstruction - this is now used routinely in many
centres in the assessment of perfusion.

Ventricular Function

The most widely used technique is that of blood pool
imaging. An isotope (usually 99m technetium) is
tagged on to an intravascular structure (red cell or
albumen). Because, during each cardiac cycle the
heart will contain only a small amount of isotope, the
technique of gating was developed - with this,
acquisition of data is synchronised to the R wave of
the ECG. The data from successive cardiac cycles are
summated, the starting point being each R wave - at
the end of the study, a composite or average heart beat
is obtained containing information from perhaps up to
300 cycles.

The ejection fraction is calculated from the isotopic
activity (scintillations counted) within the final images
after correction for ‘contamination’ from background
structures using the formula:

End diastolic - end systolic activity

Ejection fraction= End diastolic activity

Function may be assessed from the passage of a bolus
of isotope through the heart - first pass imaging.
During its transit through each chamber it is possible
to make an estimate of function.

We have been fortunate to have had the opportunity of
investigating this technique using a novel imaging
device - the multi-wire camera. This camera, different
in concept from the traditional ‘Anger’ camera, may
be used successfully with a low energy isotope
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(tantalum 178) which has also a short half life. High
quality images may be obtained with a low radiation
exposure for the patient. We have used this technique
to study the response of the left ventricle to maximum
stress in a wide mge of clinical conditions including
patients with recent myocardial infection, heart failure
and congential heart disease**.

By whatever method it is measured, radio-nuclide
ejection fraction at rest of after stress is a powerful
predictor of long term prognosis especially in patients
with ischaemia heart disease.*’” Data from the Mayo
Clinic in patients with known or suggested coronary
artery disease have shown that an exercise ejection
fraction of less than 0.30 is associated with a cardiac
event rate of almost 50% over a 4 year period.’

Perfusion Imaging

Perfusion imaging of the myocardium was initially
done with thallium - an analogue of potassium - but
more recently technetium has been favoured because
of its better imaging characteristics. Only
metabolically active heart muscle will take up the
isotope. The amount that is taken up is directly related
to blood flow. Tissue that is dead or ischaemic and has
a reduced blood supply (usually because of coronary
artery disease) will acquire little isotope and will
appear as an area of reduced activity.

In most perfusion scans the isotope is injected at peak
excercise or after a pharmacological stress
(dipyridamole, adenosine). The pictures that are
obtained are then compared with a study at rest - either
a second injection of the isotope at rest, or where
thallium is used, a repeat series of pictures 4 hours

after the first injection. Comparision of the 2 sets of

images allows the areas of reduced uptake to be
classified as fixed or transient defects. In general
terms, the former are more likely to represent
infarction, the latter ischaemic tissue.

When the technique was first described, the heart was
in imaged in various 2 dimensional planes, this has
been superseded in most centres by 3 dimensional
tomographic reconstruction - so called SPECT (Single
Photon Emission Computed Tomography). Analysis
of the scans may be in a visual qualitative fashion,
though interpretation of the data is often enhanced by
quantitation of the results.

Perfusion imaging can aid the non-invasive dignosis
of coronary artery disease. Table 4 shows a summary
of some of the studies in which perfusion imaging has
been used to diagnose the presence of ischaemic heart
disease. Quantitative planar imaging yields a

TABLE 4

Ability of quantitative perfusion imaging to detect the
presence of coronary artery disease

Method Sensitivity(%) Specificity(%) Normalcy(%)
Perfusion

Planar 89 68

Perfusion

SPECT 89 89

(Adapted from reference (8))

sensitivity of 89% and a specificity of 68%. Improved
results are obtained when SPECT imaging is used. The
rather low specificity probably reflects referal bias.
This is supported by the high normalcy rates for both
methods.

Perfusion imaging may also help in the detection of
viable myocardium. A non-contractile area of the
heart may represent scar tissue of potentially viable
muscle in a state of ‘hibernation’ - restoration of blood
supply to a hibernating zone by by-pass surgery may
allow return of muscle function. Detection of
‘hibernating’ tissue by nuclear and ultrasound
methods has become an increasingly important isue in
clinical cardiology.

MAGNETIC RESONANCE IMAGING

The technique which has most recently been applied to
cardiology is that of Magnetic Resonance Imaging
(MRI). Protons in a strong magnetic field are exposed
to radiofrequency pulses. The protons subsequently
emit a radiofrequency signal which can be detected.
The first picture - a human finger - was obtained in
1976 and since then development has been rapid. The
method allows high quality structural data as well as
‘cine’ sequences to be obtained - as in the case of
nuclear cardiology, acquisition of a study may require
‘gating’ with the ECG.

In cardiology it has found application in the diagnosis
of aortic aneurysms both dissecting and nondissecting
and pericardial disease. Excellent pictures can also be
obtained of cardiac tumours, regurgitant and stenotic
lesions and chamber size and function. It is also
possible to identify flow within coronary vessels
though the quality is not as yet good enough to show
coronary anatomy reliably. The exact place of MRI in
imaging of the heart is still being evaluated.

© The Ulster Medical Society, 1998
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FUTURE TRENDS

Predictions about the future direction of cardiac
imaging remain guess work. Echocardiography will
remain a valuable technique being relatively
inexpensive, safe and quick. There will be continued
improvements in image quality and 3-dimensional
reconstruction of images. There are likely to be
considerable advances in the assessment of
myocardial perfusion especially with the use of
contrast agents injected peripherally.

The long term future of nuclear methods in cardiology
is perhaps less certain. Developments in
echocardiography and MRI may take over some of the
functions of the nuclear laboratory. However, it is
likely that nuclear methods will remain as the most
convenient for assessing myocardial perfusion and
new isotopes should make determination of
myocardial metabolism more readily available.

I suspect that over the next one or two decades there
will be a great expansion in the use of MRI in
cardiology. The noninvasive nature of the method, its
safety, and the ability to reconstruct and quantify the
data are all important features. At present the method
is quite slow and may be difficult to perform in the
acutely ill patient. In the years ahead, new methods of
analysis, faster acquisition times and reduced cost will
probably ensure a considerable expansion of cardiac
MRI.

This has been of necessity a short and comparatively
superficial survey of some of the developments in
cardiac imaging over the last 30 years. Having the
ability to perform accurate and reliable tests puts an
onus on the clinican to use the investigations wisely -
to order them appropriately and to interpret them
correctly. In 1933, Sir Thomas Lewis wrote m the
preface to his textbook of cardiology:

‘It has been important to try to achieve a proper
perspective of values so as not to place undue weight
on this or that, because its novelty attracts or because-:
it has a strong personal interest.’

In most cardiology units, including our own, there has
been a major increase in the number of tests being
requested, with an inevitable effect on waiting times
and costs. Thus, since 1922, the number of ECGs
performed each year has increased by 20% and the
current waiting time has increased from 3 to 9 months.
Not all of these tests may be necessary, and no test,
however good, should be permitted to be a substitute
for clinical judgement.
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The same ‘proper perspective’ of Lewis is still
required today.
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Introducion of the Calvert Lecture

Cecil Armstrong Calvert was well known to many and
tragically in 1956 he was killed in a road accident in
this country. In 1922 he graduated from this medical
school with first class honours. His phenomenal yet
effortless capacity for sustained mental and physical
activity commanded respect and affection from all
those who worked with him. He established the first
neurosurgical department here in Northern Ireland in
the Royal Victoria Hospital and became its first
director. At his funeral service, in St. Anne’s
Cathedral, approximately 1500 people gathered, he
was described as the best loved doctor in Ulster; surely
there could be no more fitting an epitaph. He was one
of the most outstanding men that this Belfast school
has produced, for only the best would satisfy him. His
diagnostic powers and surgical skill perpetuated by his
gentle patience and compassion for his patients were
known to all. He had both a national and international
reputation as one of the foremost neurosurgical
surgeons in the world at that time.

The Royal Victoria Hospital Research Committee

allocate an annual award to scholarships given to the
two persons who, judged by the committee, have
carried out the best research in their fellowship year
with us - the Calvert and Purce Lectures.

© The Ulster Medical Society, 1998
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Human parvovirus B19 was discovered in 1975'. The
first clinically significant illness associated with B19
infection was hypoplastic crisis in children with
sickie-cell anaemia’. Development of specific
serological assays showed that patients with fifth
disease (erythema infectiosum) also had acute B19
infection®; an aetiology that is now widely accepted.

Human parvovirus B19 is a member of the genus
Erythrovirus of the family Parvoviridae. B19 is a small
single-stranded DNA virus, whose genome is a single
linear molecule of only 5596 nucleotides; composed
of an internal coding sequence of 4830 nt, flanked by
the terminal repeat sequences of 383 nt each. The
major nonstructural protein, NS1, is encoded by the
left side of the genome, and is essential for viral
replication. Structural proteins, VP1 and VP2, are
encoded by the right side of the genome and form the
viral capsid. Parvovirus B19 has not been shown to
infect other animals, and the other animal
parvoviruses have not been shown to infect humans.

B19 infection is common in humans, with a
seroprevalence in developed countries of 5% in
children, 60% in blood donors and 85% or more in the
elderly. In temperate climates, there is an increased
prevalence from late winter to early summer and
increased infection rates every four to five years. B19
is transmitted in the community by the respiratory
route causing infection both sporadically and in
outbreaks, which are apparent in schools.
Transmission has also occurred among medical
laboratory staff working with native virus. B19 virus
can also be found in donated blood, the incidence of
which is estimated between 1:3300 and 1 :50,000, and
infection has been transmitted by clotting factor
concentrates. Although nosocomial transmission and
resultant outbreaks in both paediatric and adult wards
have been documented, this is infrequent *.

B19 infection may be asymptomatic or may result in a
wide range of clinical manifestations depending on
host factors such as age, presence of anti-B19
antibody, immunocompetence and red cell fragility.
B19 is the aetiological agent of erythema infectiosum,
transient aplastic crisis in patients with shortened red
cell survival, acute and chronic arthritis and chronic
anaemia in immunocompromised patients. B19
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infection has also been associated with fetal hydrops,
congenital red cell aplasia, vasculitis syndromes,
glomerulonephritis with nephrotic syndrome,
meningitis, encephalopathy, peripheral neuropathy,
myocarditis, hepatitis, systemic lupus erythematosus,
necrotising histiocytic lymphadenitis (Kikuchi’s
disease), pulmonary disease following paediatric heart
transplantation, conjunctivitis, Kawasaki disease,
congenital abnormalities and chronic fatigue
syndrome*

An outbreak of B19 infection in Northern Ireland

My work began with the description of an outbreak of
B19 infection in Northern Ireland. Testing patient
serum using an in-house enzymeimmunoassay assay
(EIA) for anti-B19 IgM, 133 cases of acute B19
infection were diagnosed by the Regional Virus
Laboratory from 1984 to July 1991. An increased
prevalence (103 of 133 cases) occurred during 1989-
1990. Of the total 133 cases, the ratio of female to
male was 3.4:1. The age range was 4-63 years with a
mean of 28 years. Clinical manifestations of infection
from 1984 - 1991 included rash (n=22), arthralgia
(n=35), rash and arthralgia (n=70), aplastic crisis in
patients with shortened red cell survival (n=3), fetal
death following maternal infection (n=1), Henoch-
Schonlein purpura (n=1), and lymphadenopathy
(n=1). This outbreak coincided with an outbreak in
England and Wales®.

Study of the incidence of fetal death in B19-infected
pregnant women.

Although B19 was known to cause fetal death, the
incidence of this following maternal B19 infection
was unknown. During 1989, the outbreak year, we
collected and later tested the serum from 2400
pregnant women at 12 weeks gestation for the
presence of anti-B19 IgM by enzymeimmunoassay.
Eight of these were positive. We followed these
pregnancies and found that one resulted in
spontaneous abortion at 26 weeks. The incidence of
fetal death following maternal infection was therefore
12.5%, in general agreement with the major UK study
of 186 pregnancies which showed a 9.2% incidence of
fetal death. No congenital abnormalities were noted in
the 7 surviving infants, either at birth or at 3 years of
age’.
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TABLE

Clinical details and results of serum PCR for B19 DNA from seven patients with persistent B19 infection at
acute infection and at follow-up assessment. Genotyping of these B19 isolates is shown in Figure 2. (see
reference numbers 16 & 17).

Patient Age Sex Symptoms B19 DNA at Follow-up Duration of Symptoms at B19 DNA at
number onset at onset onset interval symptoms follow-up follow-up
(months) (months)
24 10 F Rash NT 55 <1 - +
39 49 F Arthralgia in knees + 61 <1 - +
40 29 F Arthralgia in knees + 61 61  Arthralgia in knees +
41 54 F Rash + 60 <1 - +
46 22 F Rash NT 50 <1 - +
50 29 F  Aplastic crisis + 26 26  Chronic haemolytic +
anaenia
51 17 F Arthralgia in knees @ NT 65 65 Arthralgia in knees and +
and shoulders shoulders, Chronic
fatigue syndrome
NT not tested.

Production of a monoclonal antibody to B19 capsid
proteins

A highly conserved B19 epitope is known to be
encoded by amino acids 328 - 344 of B19 viral Protein
2. Antibody attachment to this epitope neutralises the
virus in erythroid culture.

Using avidin-biotin immunohistochemistry, 3HS8
labelled erythroid cells with and without viral
inclusions in lung sections from 4 fetuses with
histology suggestive of intrauterine B19 infection. No

staining was observed in other cell types or fetal lung

sections from negative controls. The isotype of 3H8
was IgG1°.

Study of the cellular distribution of blood group P
and B19 antigens in B19 infected bone marrow

In 1993, blood group P antigen was implicated as the
cellular receptor for parvovirus B19’. In response to
this, we examined the bone marrow of 61 AIDS
patients and selected 3 bone marrow biopsies which
were positive for B19 DNA by nested PCR and B19
capsid proteins by avidin-biotin immunohisto-
chemistry using monoclonal antibody, 3H8. These
sections were then stained by a double-fluorescent
labelling technique using 3HS8 linked to Texas Red
followed by a monoclonal antibody to P antigen linked
to fluorescein. In all 3 cases an identical pattern of
cellular distribution of the two antigens was seen,
providing further evidence for P as the virus receptor
(Figure 1)%

Study of the molecular epidemiology of parvovirus
B19

The dominant influences on the clinical manifestations
of B19 infection are those of the host. Namely, age,
presence of anti-B19 antibody, immunocompetence,
red cell fragility, and blood group P antigen status.
However, it is possible that the make-up of a particular
B19 strain may also contribute’. To study the
molecular epidemiology of B19 infection, we
developed a viral typing method using PCR - single-
stranded conformational polymorphism (SSCP) assay.
A nested PCR method was developed using
oligonucleotide primers specific for a region within
the B19 non-structural gene. The first reaction
amplified a 369 bp fragment, and the second amplified
an internal 284 bp fragment (B19 nucleotides 1399-
1682). This 284 bp fragment, after visualisation on
agarose gel electrophoresis was then typed using
SSCP. The principle of SSCP is that electrophoretic
mobility of a DNA molecule in a gel is sensitive to
both its size and shape. Therefore, a mutated sequence
causes altered folding which is detected as a change in
mobility. And in general, the method has a higher
sensitivity for short fragments of 100 - 200 bases™.
The method was optimised to 100% sensitivity, and
was able to detect a single mutation in the 284 bp
fragment. The method was then applied to 50 virus
isolates from patients with different symptoms and
geographical locations.

Five types were demonstrated, each of which had a
unique nucleotide sequence. In all, 6 mutations were
detected, all of which were silent, consistent with the
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Figure la

Figure 1b

Figure la. BI9 infected bone marrow. stained sequentially with

monoclonal antibody to B19 antigen (3HS) linked to fluorescein

and monoclonal antibody to blood group P antigen (a-P) linked

to texas red. Figures la and 1b were viewed with filters of

emission wavebands at 515nm (to detect bound Streptavidin -
FITC) and 615nm (to detect bound Streptavidin - Texas Red),

respectively. Both monoclonal antibodies show the same pattern

of cellular distribution (see reference number 8).

conserved nature of this region and its crucial role in
B19 replication. Among the 50 isolates, types 3 and 4
accounted for 92%. A correlation was seen between
SSCP type and country of origin. Type 3 predominated
in Japan and the UK, whereas type 4 predominated in
the USA. Also, type 3 strains predominated among
females, whereas there were approximately equal
numbers of strain types 3 and 4 among males, a
finding which remains to be explained. Within the
Japanese group, although type 3 strains predominated
overall, strains isolated from 1981 to 87 consisted of
types 1,2, 3, and 4, whereas strains isolated from 1990
to 94 consisted almost entirely of type 3. There was no
correlation between SSCP type and clinical illness .

Study of the role of B19 in the pathogenesis of
rheumatoid arthritis

B19 arthralgia occurs in up to 80% of infected adults,
affecting the hands, wrists, knees, and cervical spine.
Most patients are women, and rheumatoid factor may
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be present or may rise following B19 infection. B19
DNA has been detected in the synovial fluid, cells, and
tissue of patients with serologically proven B19
infection. On this basis, B19 was implicated in the
pathogenesis of RA.

First, we hypothesised that if B19 plays a role in RA,
then rheumatoid synovium would contain B19 DNA
significantly more frequently than controls. We
examined 52 patients undergoing elective orthopaedic
surgery; 26 test patients with RA and 26 controls with
osteoarthritis (OA)

All synovia were negative for both antigens. Using
nested PCR to detect B19 DNA, all sera were
negative. However, in synovium,10 of 26 RA patients
and 9 of 26 OA patients were positive (P = 0.77). All
patients with B19 DNA in synovium had serum anti-
B19 IgG™.

Second, we hypothesised that if B19 plays a role in
RA, then RA patients at the time of acute joint
swelling may exhibit B19 DNA in the serum, synovial
fluid and synovial fluid cells significantly more
frequently than controls. A total of 29 patients with
acute joint swelling requiring knee joint aspiration
were assessed; 18 test patients had RA, and 11 control
patients had non-rheumatoid (non-RA) disease.

Serum and synovial fluid from au patients from both
groups were anti-B19 IgM negative. Serum, synovial
fluid and synovial fluid cells from all patients tested
negative for serum B19 DNA". From, these 2 studies,
we concluded that a role for B19 in the pathogenesis
of RA was not supported.

Presence of viral DNA in synovium is not indicative
of viral replication unless intracellular B19 protein is
also identified. P antigen was looked for in synovial
sections as it might act as the viral receptor in synovial
cells, as it does in erythroid cells. However, since P
was not detected in any case, the mechanism of viral
entry into these cells is unclear. In addition, in vitro
cultures of human synovial cells are resistant to B19
infection. There are therefore two theories which may
account for a persistent arthropathy following B19
infection and possibly also the presence of B19 DNA
in synovium. First, as the joint symptoms coincide
with appearance of specific IgG, viral persistence may
occur in an extraarticular site such as the bone marrow,
with prolonged symptoms being generated by
immunopathological mechanisms. Intermittent
viraemia may contaminate synovium and explain
positive PCR results. However against this, in the
present study all 52 sera were PCR-negative. Second,
local viral replication may occur in another cell type,
for example the macrophage, with excretion of a factor
causing synovial inflammation. The B19 non-
structural protein, NS1, would be a candidate as it is
cytotoxic in vitro®.



B19 Parvovirus 33

Acute infection Follow-up assessment

o -

50 41 0 19 51 50 4 M 40 39 24

Figure 2. SSCP analysis of PCR products from the serum of 7
patients with persistent B19 infection (Table). Each specimen
showed double—stranded DNA of 284bp (nt 1399 to nt 1682) on
conventional agarose gel electrophoresis. PCR products were
denatured at 90°C in formamide and subjected to electrophoresis
in a Mutation Detection Enhancement acrylamide gel (AT
Biochem) in 90mM Trisborate, pH 8.3 / 4mM EDTA at a constant
power of 20W for 5 hours at 23°C in a vertical gel
electrophoresis apparatus (Bio-Rad). The gel was stained by a
silver staining method (Promega), and viewed and photographed
on a light box (see reference numbers 16 and 17). Reproduced
with permission of Scandinavian University Press.

Follow-up study of acute B19-infected persons

In immunocompetent persons, prompt viral clearance
and disease resolution is the rule. However, reports
have described persistent B19 infections in apparently
normal persons and an association with autoantibody
production and autoimmune disease. These reports
prompted us to perform a follow-up study in 53
persons with confirmed B19 infection and without a
known immune defect, to determine the natural
history, immune response, and incidence and
significance of autoantibody production and virus
persistence. Fifty-three patients testing positive for
serum anti-B19 IgM were followed for approximately
4 years. At follow-up, clinical symptoms were
recorded and blood taken. A control group was
included, matched for age and sex.

Seven patients presenting with rash had resolved
within a month. Of 42 cases of arthralgia, 19 had

resolved within a month, and 23 persisted for 1-7

years. In two cases with persistent arthralgia, chronic
fatigue syndrome (CFS) was also present. Of 3
patients presenting with aplastic crisis, 2 were
asymptomatic at follow-up and one required
occasional blood transfusion for a chronic anaemia.
There was one case of fetal death following maternal
infection. Apart from one patient with persistent
arthralgia who had been diagnosed as having
rheumatoid arthritis, there were no cases with other
symptoms suggestive of autoimmune disease. At
follow-up, all test and control patients were serum
anti-B19 IgM negative. All 53 test patients and 45
controls were IgG positive (2-tailed P value = 0.008)".

These sera were then tested for antibodies to the
unique region of B19 VP1. B19 structural proteins,
VP1 and VP2, form the viral capsid in a ratio of 1:25,
respectively. They are identical, except for an
additional 227 amino acids at the amino-terminal of
VP1. This so-called unique VP1 region projects from
the virus surface and its recognition by the human

immune system is crucial in disease resolution. Serum
was tested for antibodies to this region by
immunoblot, using 11 synthetic overlapping peptides
incorporated onto nitrocellulose strips. At follow-up
all test and control patients were negative for
antibodies to this region. Serum from the time of acute
infection was available for 33 test patients, 16 of
which were positive. However, presence or absence of
these antibodies did not predict particular symtoms of
their duration. Of the 11 peptides, 3 were variably
recognised; numbers 2, 8 and 9. These peptides
correspond to 2 regions, which encode neutralising
viral epitopes. Although, immune recognition of this
region is crucial in disease resolution surprisingly all
patients tested negative for these antibodies at
convalescence. The most likely explanation may be
that while antibody binding of these linear epitopes
may neutralise the virus, the most important
neutralising epitopes are conformational and therefore
undetectable in an immunoblot™.

Seven test and no control patients had serum
autoantibody at a titre greater than or equal to 160.
These antibodies consisted of antinuclear, gastric
parietal cell, antireticulin, antmitochondrial and
rheumatoid factor. Only one of these patients had
clinical illness at follow-up; a 48 year old woman with
serum rheumatoid factor of 1920 iu/ml and a 4 year
history of polyarthritis, who had been diagnosed as
having RA. In conclusion, in most cases it would seem
that these autoantibodies did not have clinical
relevance®.

Serum was then tested for B19 DNA by nested PCR.
Seven Test and no control patients were positive (2-
tailed P value = 0.016). All seven with persistent
infection were women, only 3 of which were
symptomatic with arthralgia, arthralgia and CFS and
chronic anaemia, respectively (Table). There was no
obvious relationship between B19 persistence,
autoantibody production and immune recognition of
the unique region of VP1. For the 7 persistently
infected patients, serum from the time of acute
infection was available for four, all of which contained
B19 DNA. SSCP assay (Figure 2) showed identical
types in 5 of 7 follow-up isolates, suggesting an
advantage to the virus of this particular type. In 2 of
the 4 cases for which both acute and follow-up PCR
product was available patient numbers 40 and 41, the
SSCP type at follow-up was different from that at
presentation, demonstrating nucleotide substitution
occurring during persistent infection. In addition, 2
virus types were shown to co-exist in patient 51, with
chronic fatigue syndrome (Figure 2). This is a
phenomenon not previously demonstrated for B19 but
known to occur with Aleutian mink disease
parvovirus, which is also prone to persistent
infections. We speculated that as B19 non-structural
protein is required for replication, DNA sequence
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changes in this region may modify viral replication,
possibly promoting persistence's"".

Study of the role of B19 in chronic fatigue
syndrome

Results of the follow-up study indicated that 2 of 53
patients with acute B19 infection developed CFS,
which was still present after 4 years. One of these
patients was shown to be persistently infected, and
SSCP assay showed the co-existence of 2 virus types.
In view of this we examined serum from 22 cases of
CFS, according to the diagnostic criteria of the Centers
for Disease Control, and 12 normal controls.
Regarding serum ant-B19 IgM, 3 of 22 test and 2 of 12
control cases were positive; a surprising result,
although not statistically significant. Regarding serum
anti-B19 IgG, 15 of 22 test and 8 of 12 control cases
were positive; again not significant. All test and
control cases were PCR-negative.

We also tested muscle biopsies from 6 patients with
CFS and 6 control persons for B19 DNA by nested
PCR; one of each group was positive, a non-
significant difference®. From these 2 studies, we
concluded that a role for B19 in the pathogenesis of
CFS was not supported.

Study of B19 infection in HIV-1 infected patients

Acute B19 infection in AIDS patients may lead to
persistent infection and bone marrow suppression.
Persistent B19 infection is typically manifest by pure
red cell aplasia, and is associated with a lack of
humoral responsiveness to the unique region of VP1.
Human immunoglobulin, containing these antibodies,
is the only specific treatment. To determine the
incidence and significance of B19 infection in AIDS,
we tested the bone marrow and assessed the clinical
status of 61 HIV infected patients. Reasons for bone
marrow biopsy were investigation of anaemia, various
cytopenias and suspected lymphoma. The bone
marrow of 23 control patients assumed to be HIV
negative was also examined. Bone marrow biopsy had
been performed in these patients for investigation of
lymphoma, leukaemia, anaemia, platelet abnorm-
alities, multiple myeloma, and raised serum IgM.

13 test and no control patients had B19 DNA detected
in bone marrow by nested PCR (2-tailed P value =
0.016). Of the 13 infected patients, 11 were CDC
group 4, reflecting the known correlation between B19
persistence and level of immunosuppression. However
surprisingly, only 2 of these 13 had a haemoglobin
below 9g/dl.

One explanation may be that the virus is present at
very low concentration in bone marrow, as in all cases
it was detected only by nested and not by one—step
PCR. The sensitivity of the nested PCR was of the
order of 10 genome copies per ml. While the
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sensitivity of the one—step PCR was of the order of
100,000 genome copies per ml. Unfortunately, serum
from the time of bone marrow biopsy was unavailable.
Our conclusion, which is consistent with studies using
serum, is that low titre B19 persistence in the bone
marrow may be common and frequently subclinical in
AIDS patients *.
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Peter G Toner DSc, FRCPG, FRCPath
Introduction of the Patrick Watt Memorial Lecture.

I first met Patrick in 1984 when I joined the
Department as Musgrave Professor of Pathology. He
was already recognized as a phenomenon far beyond
the ordinary. He was an accomplished and dedicated
clinical surgeon who nevertheless found himself
content in the laboratory study of disease. Working
with Jimmy Sloan, Patrick established and developed
a programme of pathological investigation based on
the quantity of analysis of histological images.
Through his personal efforts and through the
recruitment of a young and exceptionally able
assistant, Peter Hamilton, who is now a senior lecturer
in our department, quantitative pathology became
firmly established in Belfast and has since developed
into one of our most successful methodologies with
applications and collaborations in numerous fields of
clinical medicine.

As a practising pathologist, Patrick was also an
innovator and an professional leader. By combining
his professional skills in surgery and pathology he
played a key role in developing in Belfast a clinic-
based service in fine-needle aspiration cytology on
which modern surgical practice has come increasingly
to rely.

Finally, as a person Patrick was the finest of
colleagues, he was gentle and considerate in all his
personal dealings, yet forceful and determined in
pursuing the interests of his patients and of his
research. I count myself privileged at having enjoyed
his acquaintance. Patrick himself is irreplaceable but
his legacy to pathology will live on for many years to
come, this lecture today is one small attempt to
commemorate Patrick’s memory and to highlight his
association with scientific pathology in the clinical
context.
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Wound Healing - Scar Wars

Mark WJ Ferguson BSc, PhD, FFDRCSI

Professor of Biological Sciences
University of Manchester

Scarring following wounding is a major medical
problem. In skin wounds or burns scarring often leads
to adverse cosmesis and consequent psychological
problems, adverse function particularly over joints and
retardation of growth especially in children. Scarring
in muscle adversely affects movement and can cause
ankylosis. In abdominal and pelvic organs scarring can
lead to life threatening strictures and adhesions. In the
eye, scarring can cause blindness, whilst in the central
nervous system scarring inhibits neuronal
reconnection and hence restoration of neuronal
function. In almost every organ and tissue, scarring
following injury or trauma is a major problem, for
which there are no good preventative or therapeutic
regimens.

Several years ago, we and other researchers observed
that skin wounds made in early embryos/fetuses of
reptilian, avian and mammalian species healed
without scarring. My laboratory subsequently
embarked upon a detailed analysis of the cellular and
molecular basis of scar-free healing in embryos
compared to scar forming healing in adults.
Investigations using embryonic and fetal mice
revealed that incisional wounds made in embryos and
fetuses, up to approximately the first half or 2/3 of
gestation, healed without scarring. Wounds made

during the last trimester of pregnancy or in early -

postnatal life showed progressively worse scarring.
Thus, there is a temporal cut off for scar-free healing
during late embryonic or early fetal life.

The phenomenon of scar-free embryonic healing does
not depend on the special intra uterine environment
e.g. warm, sterile, uniform 37°C, bathed in the
amnoitic fluid. At least two lines of experimentation
indicate that the fetal environment is unimportant for
scar-free healing. First, adult skin grafted onto a fetus
and subsequently wounded heals with a scar, whereas
corresponding control fetal grafts heal without
scarring. Conversely, embryonic skin grafted into
subcutaneous locations in the adult heals without
scarring. Second, experimentation on new born
marsupials indicated that incisional wounds made
within the first four days of the embryo attaching to
the nipple on the marsupial, heal without scarring. The
new born marsupials are not bathed in aminiotic fluid,

are frequently in a microbiologically rich environment
(from maternal faeces and urine) but like the late
embryo or early fetus, have a very poorly developed
immune system, however unlike the eutherian embryo
or fetus, they have highly differentiated skin.

There are many cellular and molecular differences
between scar-free embryonic healing and scar forming
adult healing. One critical difference is the
inflammatory response. Embryos mount a poor
inflammatory response to wounding with the
recruitment of only small inflammatory cells e.g.
monocytes and macrophages to the wound site and
even smaller numbers of mature activated cells.
Consequently, the types and quantities of growth
factors present in the embryonic wound compared to
the adult wound are quite different. Embryonic
wounds have a very low levels, for example, of
transforming growth factors beta-1 and beta-2 whereas
adult wounds have a very high early levels of TGFB31
and TGFB2 (released from degranulating platelets and
subsequently from recruited monocytes and
macrophages).

Using the information gleaned from these molecular
and cellular investigations comparing scar-free
embryonic healing and scar forming adult healing, we
have experimentally manipulated adult rodent, porcine
and human wounds in an attempt to ameliorate or
prevent scarring.

In the first series of experiments, we demonstrated that
neutralising antibodies to transforming growth factor
beta-1 and beta-2 (TGFB81 and TGFB82) injected
intradermally at the wound site could prevent
subsequent scarring. Dose response and time response
experiments showed that the neutralising antibodies
had to be applied immediately before, at the time of, or
immediately after wounding to achieve maximum
effect. In fact the timing of any scar preventing
therapy is critical. The best results are obtained if the
therapy is applied before, at the time of, or
immediately after wounding. This is a real biological
phenomenon. All growth factors such as TGFB1 and
TGFB2 operate as auto inductive cascades. A small
initial amount of TGFB1 released from degranulating
platelets is chemotactic to monocytes and
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macrophages which migrate to the wound site and
secrete further TGFB1 and 2. TGFB81 is also
autocatalytic, binding it to its own promoter and
upregulating its own synthesis. There, thus exists a
large  amplification cascade. Consequently,
neutralisation of a small amount of the growth factor
early in the wound healing process leads to major
effects later on. Moreover, in the early phases of
wound healing, many key processes are regulated by a
small number of growth factors, such as those released
from degranulating platelets. However, within a few
days of wounding, complex interacting networks of
cytokine responses are established, such that it is much
more difficult to obtain effects out of manipulating one
or two cytokines: effects that can be produced early in
the wound healing response before the interacting
redundant cascades become established.

Neutralising antibodies to TGFB81 and TGFB2
markedly decrease scarring, such that there is no
microscopic evidence of where the incisional wound
was made and the dermal architecture is restituted to a
normal basket weave pattern. Neutralising antibody
therapy also reduces the number of monocytes and
macrophages at the wound site, decreases the numbers
of blood vessels and also decreases the early wound
fibronectin content: effects which are consistent with
low levels of transforming growth factor beta-1 and
beta-2. By using isoform specific antibodies, we have
determined that neutralisation of transforming growth
factors beta-1 and beta-2 is required to give optimal
anti-scarring effects. Neutralisation of TGF83 has no
anti-scarring effect at best and makes the scar worse in
some instances. Conversely, addition of exogenous
TGFB3 at the time of, or immediately after, wounding
results in a marked improvement in scarring. It is
therefore the ratio between TGFB3 on the one hand
and TGFB1 and TGFB2 on the other which is
important for scar formation. Decreasing the levels of
TGFB1 and TGFB?2 relative to TGFB3 appears to be
the key to the anti-scarring therapy. This conclusion is
supported by wound healing studies in transgenic
mice, which either under or over-express TGFB1 or
TGFB3. Antisense oligonucleotides to TGFB81 and
TGFB2 administered before wounding also prevent
subsequent scarring. For the antisense oligonucleotide
therapy it is essential to deliver the antisense
oligonucleotides before wounding and therefore this
therapy is only applicable to elective surgery (the most
common form of trauma). The antisense
oligonuclcotide technology takes advantage of the
transient permeabilisation of cells which occurs during
wounding to achieve very high loading of the
antisense oligonucleotides into target cells.
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These studies have led to new therapeutic regimes
which have been tested in experimental rodents and
pigs and are now entering human clinical trial.
Reagents in human clinical trial for anti-scarring e.g.
in the central nervous system, the eye or the skin,
currently include recombinant human phage
neutralising antibodies to TGFB2 and TGFB1,
antisense oligonucleotides to TGFB81 and 2, TGF33
and plasmids expressing TGFB3 for gene therapy.

Transforming growth factor beta family members like
most growth factors, are made as an inactive
precursor. This precursor is subsequently activated by
proteolytic cleavage to produce the active growth
factor. Activation is therefore a key biological
regulatory step. In the case of TGFBI, it is initially
secreted as an inactive precursor associated with a
larger protein transcribed from the same gene entitled
‘the latency associated protein’ (LAP). This LAP has
three carbohydrate chains on two of which the
terminal residues are the sugar Mannose-6-Phosphate.
Activation of transforming growth factor beta is
complex but depends in part on bonding of the
Mannose-6-Phosphate /TGF-2 receptor, followed by a
conformational change in the molecule, exposure of a
protease sensitive site and cleavage of the active
TGFB1 from the inactive LAP precurser. We have
demonstrated that exogenous administration of
Mannose-6-Phosphate can competitively inhibit
binding of the TGFB latency associated peptide at the
Mannose-6-Phosphate receptor, thus preventing
activation of TGFB1 and hence inhibit scarring. The
mode of delivery of the Mannose-6-Phosphate is
crucial as the molecule is rapidly metabolised and
appropriate vehicles have to be used to achieve the
requisit tissue levels over the post-wounding period.
However, single applications of Mannose-6-Phosphate
in an appropriate vehicle at the time of wounding can
markedly prevent scarring. These applications also
reduce the number of monocytes and macrophages,
blood vessels and early fibronectin content of the
wounds similar to the effects seen with neutralising
antibodies to TGFB1 and TGFB82. Mannose-6-
Phosphate as an anti-scarring agent is currently in
human clinical trial.

Manipulation of the levels of other growth factors,
such as platelet derived growth factor and several
interleukins early in the wound healing cascade can
also have a scar modulating effect.

In parallel with the development of these novel
antiscarring therapies, we have also devised both
clinical and histological quantitative scales for the
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assessment of scarring. These scales include validated
visual analogue scales for the assessment of the
macroscopic features of scarring, together with similar
scales for the assessment of histological scarring and
the development of three dimensional image analysis
to quantitate changes in the structure of the dermis in
man and animals.

Interestingly, our studies of ageing rodents and
humans have demonstrated that the maximum
inflammatory response and hence cytokine profile is
present in young adults who scar worst. Conversely, in
old age, the inflammatory response is reduced. The
growth factor profile differs both quantitatively and
qualitatively (with decreased levels of TGFB1 and
TGFB2 and increased levels of TGFB3) and the quality
of scarring is markedly improved. There are major
differences in healing speeds and quality between
males and females with age and between pre and post-
menopausal females, indicating the importance of the
hormonal milieu.

We hypothesise that acute wounds are
phylogenetically optimised for speed of healing under
dirty conditions. The evolutionary response is to
maximise the inflammatory response and put into
overdrive the cytokine cascade. This ensures that the
wound heals very quickly and has multiple redundant
mechanisms. This is doubtless important to prevent
further bleeding from minor trauma or septicaemia
from a slowly healing wound. However, this massive
inflammatory response swamps out the endogenous
regenerative capacity of the dermis and results in
scarring. With contemporary hygiene, we can
modulate this early cytokine profile, changing the
ratios of various growth factors and cytokines. Such
manipulated wounds heal just as quickly with no
evident signs of infection but with markedly improved
scarring. Such studies indicate that there is a wide
therapeutic window for the control of scarring in man,
as this is something which evolution has not
optimised. Interestingly, similar mechanisms appear to
operate in chronic fibrotic disorders, such as
pulmonary fibrosis, liver cirrhosis, glomerular
nephritis, indicating that fundamental investigations of
the basis of dermal scarring and how it might be
prevented may have a more widespread application in
many common human fibrotic disorders.
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