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Editorial
The Last Post

There is a temptation for your editor, at the end of his term,
if not his rope, to get a few well-chosen things off his chest.
I was reminded of Senator George Mitchell’s concluding
remark at the completion of the Good Friday Agreement in
1997, “I’m so sorry to leave but I can’t wait to go.” Yes,
that resonates. Being editor can be a lonely berth at times
channeling Coleridge’s ancient mariner, and feeling ‘alone
on a wide wide sea.” However ‘No man is an island’, John
Donne reminds us. True, except of course for Kenny Rogers
and Dolly Parton, who were two islands. In a stream, to be
precise. We are an island race.

By definition therefore, our shore defines us, literally. This
Province (and our Society’s symbol) is The Red Hand. There
are many legends relating to this symbol’s origin. Here are
two. The Galician King of Spain, Milesius, in 500BC sent
his three sons, Ir, Heber and Heremon, to claim Ireland,
promising the island to the first son to touch its soil. Each
of the parties raced towards the shore and one of the sons
cut off his own hand with a sword and throwing it laid claim
to the country. In another version, the captain of a Viking
longboat, approaching Ireland promised that the first man to
put his hand on the land could claim it. A mercenary on board
named O’Neill used his sword to severe his own hand, and
the mutilated appendage thrown ashore claimed it for him and
his family, becoming the symbol for Ulster -the Red Hand.

Ulster generally and Belfast specifically is forever defined
by one ship. A vessel so well known that it’s name itself has
become a metaphor: the Titanic. The Titanic sank at 2.20am
on April 15th, 1912, about 400 miles from Newfoundland,
struck by an iceberg on its starboard side. Titanic’s name is
synonymous with the power of nature, and the impotence and
arrogance of man. The other ship that stands as metaphor,
is, I would contend, the Marie Celeste. Possibly one of the
most famous ships of all time the Marie Celeste is testament
to the unsolved mystery and the ghost ship. Surprisingly its
discovery, abandoned and tacking erratically, occurred as
recently as December 1872. The ship, originally registered
as the Amazon in Nova Scotia, had been reregistered as the
Marie Celeste in New York. Probably the most likely theory
is that barrels of alcohol held in inferior porous red oak casks
emitted fumes, and an explosion ensued, frightening the crew.
The captain ordered the lifeboat deployed (a tow line was
found) but the life boat being cut adrift, meant death for its
occupants, leaving the Marie Celeste intact, and sailing into
mythology as an enigma.

I thought it might be interesting, for me at least, to map out
my five year term in terms of world events. When I began the
editorial cycle, there was lamentable pain in the Middle East,
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and also in another island, remote Iceland, that volcano with,
for many of us, the unpronounceable name ‘Eyjafjallajokull’
(Ah-uh-fyat-luh-yoe-kuutl-uh’) was spewing ash carried south
by prevailing winds and paralysing the aviation industry.
As I write this, a second Icelandic volcano -Bardarbunga
-lying under a thick glacier is excreting lava. Between these
two events, Iceland went about its quiet industrious way,
recovering from an economic crisis, and if the proposed
energy interconnector with the United Kingdom is built, the
citizens of Iceland are set to become rich enough to give the
Sultan of Brunei run for his money. Sadly, the Middle East
remains a different story. The constant in the chaos was the
heartbreaking loss of so many innocent lives. As Wilfred
Owen said, “My subject is war, and the pity of war. The poetry
is in the pity.”

The big news stories for 2010 were the BP oil spill from the
Deepwater Horizon drilling platform in the Gulf of Mexico.
Other events that year included the rise of The Tea Party,
Obamacare, and in April, the launch of the iPad. Can you
imagine life before the iPad? In 2011, on May 1, Osama Bin
Ladin was killed. In Norway the Uteya massacre occurred
killing 69 students from the Workers’ Youth League; Adele
released “217, and the Arab Spring began. In 2012 North
Korea, his uber-nourished third son Kim Jon Un replaced
the deceased Dear Leader Kim Jong Il and Oscar Pistorius
became the first double amputee to compete in the Olympics.
His apres Olympic career however presumably wasn’t what
he had planned. In 2013 Pope Benedict resigned, the first
Pontiff so to do in 600 years. His successor, an Argentinian
Jesuit, took the name Francis, a first for papal nomenclature.
Also in that year, Edward Snowden’s whistleblowing
revelations would reveal the extent of the USA’s espionage
activities.

Five years clocked up and 1 wondered what had been
achieved? Building on the excellent advances of my
predecessor, I wanted to emphasize medical education in its
broadest sense. Firstly, I introduced Review Papers. Their
primary purpose was to inform the readership about recent
advances that had occurred in other people’s specialties. An
acknowledged expert would write each. There is no doubt in
my view that an evangelical enthusiast is hard to beat. Again,
paraphrasing Coleridge:

And when at last that face I see
1 see the man that must hear me
To him my tale I teach.’

Next came the Grand Rounds. These articles were to
assist those preparing for undergraduate and postgraduate
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examinations and would be more practical than theoretical.
The Pictorial Reviews and Game Changers are also extensions
of that. The Bookcase section was my attempt to introduce a
more holistic non-medical strand, and perhaps stimulate the
occasional reader, if only with outrage. Social networking
was the next step with a presence on Twitter and Facebook.
QR codes followed these, but for us, are in their infancy. 1
was also particularly pleased to have introduced bilateral
anonymity for reviewers and submitters and CME credits
for reviewers. The anonymity has worked well, protecting
both those submitting papers and reviewers alike. Wherever
possible, I have invited reviewers from outside Northern
Ireland, and indeed from outside the United Kingdom. I feel
this adds to the Journal’s perspective. The vast majority of
reviewers provide very positive critiques, and this leaves a
paper much stronger in the end. Being a reviewer is a hard
station, so I was delighted to reward their endeavors with
CME credits hosted by the Ulster Medical Society.

Case reports

Continuing my aquatic metaphor, identifying promise in a
case report can be like looking for water in the desert. In that
sense, the editor and reviewer resorts to dowsing, or divining:

Unfussed. The pluck came sharp as a string.
The rod jerked with precise convulsions,
Spring Water suddenly broadcasting
Through a green hazel its secret stations.’

Over the last five years I have used an alternative strategy:
converting case reports into letters to the editor and with some
success. The case report is of course the first tentative step for
junior doctors (myself included) but there is a fundamental
problem with it. It rarely has anything useful to add to medical
literature’s canon. I am very empathetic to the needs of trainee
doctors in this respect. They have a requirement to be seen to
pursue intellectual enquiry (let’s call it ‘research’) as a means
to professional advancement. Fair enough. The problem is that
many of the case reports received are in fact straightforward
expositions of uncommon conditions. A further complication
ensues. In your editor’s opinion, the worth suggested by the
first author, very often is at variance with the experience of
the more battle-scarred practitioner, and probably reflects the
youthful blank canvas of that first author.

The postgraduate medical curriculum is now very full, planted
thick with validated, targeted medical examinations to test
the worthiness of the practitioner. Understandably therefore
there is little room for research. I would suggest that it might
be much more practical and targeted to employ a system of
learning such as a Practice-Based Learning module, where
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critical appraisal of work can be done using accepted metrics
and international norms. As the cited reason for case reports
and papers is usually given as “the ability to critically appraise
a paper”, it would seem more appropriate to use this rather
than embark on a relatively redundant case report. Anyway,
I digress. By converting these case reports into letters to the
editor, the trainee gets the work published, and cited, but for
those interested in this kind of thing, it does not form part of
the Journal’s impact factor. This I would suggest is a win win.

It has been a privilege to have been at the helm, these five
years. My final nod to Coleridge:

He rose as one that has been stunned
And is of sense forlorn

A sadder but a wiser man

He rose the morrow morn.’

Well, not sadder, but wiser. One leaves with the sense of
what is achievable. One recognises a colleague who might
help, and one that certainly won’t. Most importantly, one has
the wisdom to know the difference. I would especially like
to thank Mary Crickard, Marie Murphy and the Journal’s
editorial board. They made the Journal better than when they
found it and they did the same with me. I always thought
there was an additional frisson to be had with me, notionally
in charge, wondering in what month the September edition
would actually be published. We always made it, but just.
With my worthy successor, John Purvis, a cardiologist
from Altnagelvin in Legend -Derry, deadlines will not be a
problem. This will be a relief, not least for Peter Mahaffey, the
long-suffering studio editor in Dorman’s. Peter deserves great
praise because despite my chaotic, entropic and scattergun
approach, he always remained calm, and always delivered.

My very best wishes to John. He has worked tirelessly and
methodically in preparation for becoming editor. There is |
believe a Royal Navy exchange when the officer of the watch
is relieved. The retiring officer says, “I give you the ship” and
his replacement says, “I have the ship.” He has indeed. Please
do keep sending him your good papers.

Adieu

Barry Kelly
Honorary Editor
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ABSTRACT

Congenital heart disease (CHD) is the most common form of
congenital anomaly.

Prenatal diagnosis of CHD has been associated with decreased
morbidity and mortality for some forms of major CHD. As
most cases of major CHD are not identified prenatally, clinical
examination of the newborn and pulse oximetry are also
important means of identifying more cases.

Clinicians must suspect CHD as a diagnosis in a cyanosed
or shocked neonate and be familiar with appropriate
management, namely the commencement of prostaglandin if
a duct dependent cardiac lesion is suspected.

Telemedicine can aid prompt diagnosis of CHD and therefore
direct appropriate management.

INTRODUCTION

Congenital heart disease (CHD) is the most common form
of congenital anomaly. If affects approximately 0.8% of all
live births. Congenital malformations of the cardiovascular
system accounted for 10.4% of infant mortality in Northern
Ireland in 2010, excluding those infants with co-existent
trisomy 13 or 18

The correct management of neonates with suspected CHD is
vital in improving the morbidity and mortality associated with
these conditions. This may be facilitated by better prenatal
diagnosis of CHD and the application of telemedicine in the
form of transmitted echocardiography.

Major CHD is most often defined as a lesion that requires
surgery or intervention catheter in the first year of life.
Critical CHD may be defined as lesions that require surgery
or catheter intervention in the first 28 days of life?.

In the following paper we aim to summarise the role played
by fetal echocardiography in the diagnosis of major CHD
and also the identification and management of a neonate with
major CHD. Both of these can be assisted by telemedicine.

PRENATAL DIAGNOSIS OF CONGENITAL HEART
DISEASE

Prenatal diagnosis of CHD by fetal echocardiography is
now a firmly established component of fetal medicine
offered in many tertiary UK centres, including the Belfast
Health and Social Care Trust. Image 1 shows an example of
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Hypoplastic Left Heart Syndrome (HLHS) identified on fetal
echocardiography.

Image 1. Fetal Echocardiography of HLHS with a diminutive left
ventricle (LV) and right ventricle (RV) seen.
Image provided by Dr AJ Sands

Prenatal diagnosis is increasingly playing an important role in
paediatric cardiology. In the case of major or critical CHD it
allows the opportunity to adequately counsel parents, to guide
the timing and delivery of the baby in a suitable location and
to plan perinatal management.

Approximately 90% of pregnancies affected by CHD occur in
pregnancies where there are no known high risk features®*>.
Therefore, initial antenatal diagnosis of CHD largely lies in
the hands of those carrying out routine obstetric screening.
Current national guidelines in the UK recommend that 4
chamber and outflow tract views are examined at the time of
the fetal anomaly scan® as this allows for the possibility of
>90% of major CHD to be detected*.

When there is concern about the fetal heart on the obstetric
anomaly scan or the pregnancy is deemed higher risk (refer
to Table 1), referral is then made to a tertiary centre for fetal
echocardiographic assessment.

Rates of prenatal detection of Congenital Heart Disease

Rates of prenatal detection of CHD vary considerably
internationally and even nationally. In Northern Ireland
between Sept 06 and Sept 07, 2.5 days of formal training on

'Paediatric Basic Specialist Trainee, Paediatric Department, Galway University
Hospital. 2Consultant Paediatric Cardiologist, Department of Paediatric
Cardiology, Royal Belfast Hospital for Sick Children.
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TABLE 1:

Pregnancies at high risk of fetal CHD that require referral for fetal echocardiography (excluding fetal indications)

Maternal Indications

Familial Indications

Maternal CHD

Paternal CHD

in early gestation e.g. Diabetes Mellitus, Phenylketonuria.

Maternal metabolic conditions, especially if poorly controlled

Sibling with CHD or congenital heart block.

Maternal exposure to cardiac teratogens e.g Lithium,
anticonvulsants, viral infections (rubella, cytomegalovirus,
parvovirus, coxsackie) and toxoplasma

Chromosomal anomalies, gene disorders or syndromes
with CHD in the family.

Maternal collagen disease with anti-Ro or anti-La

Maternal use of Non-steroidal anti-inflammatory drugs after
25-30 wks

Adapted from: Sharland G, Gnanapragasam J, Miller P, Narayanaswamy S. British Congenital Cardiac Association (BCCA) Fetal Cardiology
Standards Working Group. Fetal Cardiology Standards. British Congenital Cardiac Association. March 2010. Revised March 2012.)°

fetal echocardiography was delivered to 90% of all obstetric
radiographers in the province. The prenatal detection rate of
major CHD rose significantly from 28% pre-training to 43% in
the year of training* bringing Northern Ireland’s rates close to
the best previously quoted European rates of detection of 47%’.
Diagnosis of four-chamber-view defects rose significantly
from 38 to 54% and diagnosis of outflow-tract-view defects
from 8 to 21%*. This study contributed to a change in regional
guidelines, which now state that outflow tracts should also be
routinely assessed during the anomaly scan.

Does prenatal diagnosis affect outcome?

The most important question is whether prenatal diagnosis
of major CHD affects outcome of the infants. Some forms of
CHD, namely those dependent on a patent ductus arteriosus,
are associated with acute decompensation and risk of death
often before a heart defect is suspected clinically. One would
therefore expect that prenatal diagnosis of the defect and
subsequent planning of the delivery with prompt postnatal
management, would decrease the morbidity and mortality
of the infant. This has however been hard to demonstrate.
Prenatally diagnosed major CHD in some studies has been
associated with a higher mortality. This is largely due to the
fact that fetal echocardiography preferentially diagnoses the
most severe/complex forms of CHD and there is also a higher
frequency of associated extra cardiac abnormalities®*%,

There have however been several studies since which
have demonstrated that prenatal diagnosis of major CHD
can improve outcome’. Research suggests that prenatal
diagnosis of Transposition of the Great Arteries (TGA) and
HLHS is associated with decreased perioperative morbidity
and mortality'™ . In coarctation of the aorta, collapse, pre-
operative haemodynamic instability and death were more
common in a postnatally diagnosed group'.

POSTNATAL MANAGEMENT OF MAJOR
CONGENITAL HEART DISEASE

Although the detection of major CHD in utero has improved
substantially in recent years, many babies with CHD are
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undiagnosed at birth. This means that effective clinical
examination of the newborn before hospital discharge and
knowledge of the immediate management of a sick neonate
with a duct dependent systemic or pulmonary circulation, is
vital. Delayed or missed diagnosis of critical CHD accounted
for 0.4-2.0 deaths per 10,000 livebirths in a UK series'.
Perhaps the most important long term sequelae of delayed
diagnosis in such patients who survive, is the risk of hypoxic/
ischaemic brain injury. Periventricular leukomalacia has
been reported on MRI imaging of the brain in up to 39% of
neonates with critical CHD"3.

Figurn 1 Figura 2

Coarclation

"POA » Patent ductus arteriosus “Ligamentum Arteriosum

Figura 1. Price §o cloaura of the FDA didtal Figese 2, Afber PDA clédura obifbus Bon ylinads
Blaad Mow in maintalngd b mystemds Blood flaw seours

Fig 1. Duct Dependent Coarctation of the Aorta
Adapted from: http://www.uwhealth.org/american-family-
childrens-hospital/pediatricpathways

Infants with a duct dependent systemic or pulmonary
circulation and transposition of the great arteries are at risk
of rapid demise and death in the first few days to weeks of
life. Duct dependent systemic circulations often include
the following conditions: HLHS; critical aortic stenosis;
coarctation of the aorta; and interrupted aortic arch. Duct
dependent pulmonary circulations may include the following
conditions: pulmonary atresia; critical pulmonary stenosis;
and tricuspid atresia. Circulatory collapse coincides with the
closure of the ductus arteriosus and changes in the pulmonary
vascular resistance. Figure 1 shows an example of critical
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Are the pulses easily palpable and the
SpO2 > 95%"? *

NO

Urgent cardiac assessment with
echocardiography.

YES

Consider holding the baby in hospital until a
cardiac assessment with echo can be arranged.

YES

* s the baby feeding poorly?

» Is there tachypnoea, tachycardia or
hepatic enlargement?

* Is there a family history of CHD?
e Is the murmur pathological?

NO

v

The infant may be discharged with outpa-
tient follow up arranged.

Fig 2. Assessment of a murmur heard on the newborn check pre-discharge.

*Confirming presence of femoral and brachial pulses should be mandatory before hospital discharge.

coarctation of the aorta where the systemic circulation is
dependent upon a patent ductus arteriosus.

As these babies often look and examine well before these
physiological changes occur, major CHD can go undetected
at routine examination of the newborn. This is becoming
even more problematic with a higher rate of early discharge
of mother and baby after delivery.

Routine examination of the newborn

Routine examination of the newborn before discharge from
hospital must incorporate the cardiovascular system. Signs
such as cyanosis, heart murmurs and diminished peripheral
pulses are sought and their discovery will prompt further
expert cardiovascular assessment. As these signs are not
always present before closure of the ductus and reduction of
pulmonary vascular resistance, the clinical examination has
low sensitivity. A study of 1590 babies with CHD in the UK
showed that more than half were thought to have a normal
cardiovascular system at their first routine examination
and of these almost 40% presented with symptoms or died
before their routine 6 week check'*. Furthermore, the clinical
examination is not specific. Cyanosis may be secondary to
lung pathology and diminished pulses secondary to sepsis.
However, discovery of these clinical signs will identify a sick
newborn and further assessment and investigation must be
undertaken with echocardiography often playing an important
role in ruling out CHD as a cause. As heart murmurs have
a prevalence of between 0.6-4.2% in all newborns, this
decreases the specificity of the cardiovascular clinical
examination of the newborn. The murmurs often represent
physiological flow murmurs (e.g. mild turbulence in the
branch pulmonary arteries), transient tricuspid regurgitation
and small ventricular septal defects of no clinical significance.

© The Ulster Medical Society, 2014.

These babies may be wrongly suspected of having major
congenital heart disease. Flow charts to help junior doctors
and GPs decide when a neonatal murmur is significant may
be useful as in figures 2 and 3.

Ongoing vigilance for CHD by the general practitioner and
health care visitor is required, especially in cases of early
discharge of the mother and baby.

Importantly, murmurs are often absent in major CHD and thus
if any of the above features are present without a murmur,
CHD must be ruled out.

* Is the baby cyanotic?*
e Are the pulses reduced?
* Is the baby tachypnoeic?

* Is the baby feeding poorly, sweating with
feeds or failing to thrive?**

* s there hepatomegaly?

e Is there a diastolic murmur?

YES NO
Refer urgently Refer to a paediatric or
for paediatric paediatric cardiology clinic.
assessment. Mark as urgent if the murmur

is clearly pathological.

Fig 3. Assessment of a murmur heard on the 6 week baby
check in primary care

*One must distinguish between peripheral and central cyanosis.
SpO2 must be measured if there is any concern over cyanosis.

** Poor feeding may be the first sign of cardiac compromise
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SpO?2 screening with pulse oximetry

The addition of pulse oximetry screening to the newborn
clinical examination has the potential to identify many more
major congenital heart defects than clinical examination
would alone. Post-ductal saturations (left hand or a foot) will
be lower than pre-ductal (right hand) when there is mixing
of pulmonary blood with arterial blood across the ductus
arteriosus in duct dependent lesions. A positive result is post-
ductal saturation of <95% or a 3% difference between pre and
post-ductal saturations. A Swedish prospective study showed
that introduction of pulse oximetry screening improved total
detection rate of duct dependent circulation to 92%' and
a case control study calculated that pulse oximetry had a
sensitivity of 98.5% and a specificity of 96% for detecting
these lesions'®.

Management of the collapsed neonate

As antenatal detection rates for major CHD remains around
50% at best and many cases are therefore unexpected,
clinicians must have a high index of suspicion for CHD as
a diagnosis in a cyanosed or shocked neonate presenting
in the first hours or days of life. One must not forget that
respiratory and metabolic conditions as well as sepsis can
present very similarly and are more common than critical
CHD. Nevertheless, if a duct dependent lesion is clinically
suspected, commencement of prostaglandin infusion must
not be delayed. Specialist paediatric cardiology advice must
be sought as soon as possible. This will usually include
echocardiographic assessment. In a remote hospital, a
telemedicine facility would allow transfer of live echo images
to a tertiary centre and avail of specialist opinion promptly.
Of note, differentiating persistent pulmonary hypertension
of the newborn (PPHN) from a duct dependent pulmonary
circulation can be very difficult. Infants with PPHN may
also show some improvement with the higher doses of
prostaglandin. Use of echocardiography will often make a
firm diagnosis, but usually the safest option is to commence
prostaglandin in the interim.

Dose and rate of increase of prostaglandin may be
administered as per the BNFC!. If a local protocol is
available for both starting doses and rate of up-titration of
prostaglandin, one must adhere to this.

The aim should be saturations between 75-85%, palpable
femoral pulses and resolving acidosis. The dose may need
to be doubled as frequently as every ten minutes if there
is no improvement. However, at this point expert advice is
required. When ductal patency has been established, attention
must be paid to the balance between the pulmonary and
systemic circulations. Pulmonary overcirculation will reduce
systemic and myocardial circulation and so must be avoided.
Measures to reduce pulmonary overflow include maintenance
of systemic saturations between 75-85% and PaCO2 of
5-6 to avoid respiratory alkalosis, which may mean use of
mechanical ventilation in order to achieve this'*. Ventilation
may also be required if the patient remains critically unwell
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(severe hypoxaemia, acidosis and/or cardio respiratory
failure), suffers apnoea on administration of prostaglandin
or on an elective basis when prostaglandin requirement
reaches a pre-determined high level when apnoea becomes
more common (e.g. >25nanograms/kg/min if PGE1 used)'.
Apnoea is the most common side effect of prostaglandin,
but other important side effects include hypotension,
hypoglycaemia and fever.

If a baby is not responding to a prostaglandin infusion, there
may be a variety of explanations'*!s:

*  Venous access may be inadequate.

e There may be inadequate flow across the duct and
subsequently infusion rate may need to increase
substantially (cardiology advice must first be sought).

»  The patient may have been shocked and acidotic for a
long period.

*  The patient may have ventricular dysfunction secondary
to an obstructed systemic lesion.

*  The patient could have TGA with an intact atrial septum
or obstructed total anomalous pulmonary venous
connection. Specific catheter or surgical intervention may
therefore be required urgently.

TELEMEDICINE

Telemedicine is a rapidly developing application of clinical
medicine where medical information is transferred through
modern telecommunications allowing for remote specialist
consultation. Image 2 shows two doctors delivering a remote
cardiac consultation via telemedicine. Images are received
on the unit to the left of the picture and displayed on the
television screen to allow viewing by those in the room. An
audio unit seen on the table acts both as a microphone and a
speaker to allow a conversation between both parties.

Telemedicine has proven to be very useful in paediatric
cardiology. Transthoracic echocardiography is the gold
standard for diagnosis of most CHD and thus transfer of echo
images from district general hospitals to the specialist centre
can aid prompt diagnosis. This is particularly important when
dealing with duct dependent lesions in the newborn. In this
situation, prompt diagnosis can improve outcome by rapid
institution of the correct management and transfer to the
appropriate centre. On the other hand, where cardiac disease
is suspected but ruled out by expert viewing of echo images
transmitted by telecommunication, transfer of the patient to
the specialist centre can be avoided.

Accuracy of remote Echocardiograms

There have been many studies to determine the accuracy of
remote diagnosis of congenital heart disease by telemedicine,
which have largely shown very promising results. A review
of the use of telemedicine for diagnosis of congenital heart
disease in Northern Ireland over an 8 year period, confirmed
that telemedicine diagnosis was accurate in 97% of cases'.
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Image 2. Telemedicine Suite in use, Royal Belfast Hospital for
Sick Children.

Image provided by Dr AJ Sands

Telemedicine and prenatal diagnosis of Congenital Heart
Disease

In addition to neonatal diagnosis of CHD and post-op follow
up of surgical patients, tele-echocardiography can also be
applied to prenatal diagnosis of CHD. A Northern Irish
prospective study compared fetal echo performed by obstetric
sonographers with live guidance and assessment by a fetal
cardiologist via telemedicine, with fetal echo later performed
by the specialist at the regional centre. This method was
technically feasible, reliable and diagnostically accurate with
diagnostic concordance in 97% of cases®.

CONCLUSION

CHD is the most common congenital anomaly affecting
approximately 0.8% of all live births.

Prenatal diagnosis of TGA, HLHS and coarctation of the aorta
has been associated with decreased perioperative morbidity
and mortality.

Clinical examination of the newborn will still miss many
cases of major and critical CHD. The addition of pulse
oximetry has the potential to detect of up to 92% of all cases
of duct dependent circulations before hospital discharge.

Clinicians must have a high index of suspicion for CHD as a
diagnosis in a cyanosed or shocked neonate presenting in the
first hours or days of life. Prostaglandin infusion should be
commenced promptly if a duct dependent circulation is likely.

Telemedicine has proven to be very useful in paediatric
cardiology. Transfer of echo images from district general
hospitals to the specialist centre can aid prompt diagnosis and
therefore direct appropriate management.
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Enzyme deficiency

PUZZLING SYMPTOMS?

Take a closer look and the answer could be simpler than you think

GAUCHER
DISEASE

B-glucocerebrosidase

FABRY
DISEASE

o-galactosidase A

MPS1
(mucopolysaccharidosis type I)

oL iduronidase

POMPE DISEASE

(acid maltase deficiency)

Acid o-glucosidase

Substrate
accumulation

Glucosylceramide — primarily
in monocytes and macrophages

GL-3 - primarily in vascular
endothelium

GAGs (heparan and dermatan sulphate) —
primarily in connective and soft tissue, joints and
cardiac cells

Glycogen — primarily in cardiac,
skeletal and respiratory muscles

Spectrum of
disease

Type I - Non-neuronopathic
Types II & III - Neuronopathic

Both males and females affected,
ranging from mild to classical
phenotypes

Severe to attenuated (formally known
as Hurler, Hurler-Scheie and Scheie)

Infantile to late onset

Incidence

1:40,000-50,000 in general
population
(1: 450 in Ashkenazi Jews?)

1: 40,000 males®
1: 117,000 in general population®

1:100,000°

1: 40,000 live births®”
(1: 14,000 in African Americans®)

Autosomal recessive

X-linked

Autosomal recessive

Autosomal recessive

j,ysosoma\

- Hepatosplenomegaly
- Anaemia/

thrombocytopenia
- Bone pain/crisis
- Growth retardation
- Avascular necrosis
- Pathologic fractures
- Osteopenia

- Cardiac dysfunction (esp. left
ventricular hypertrophy)

- Corneal/ lenticular opacities

- Angiokeratomas

- Renal dysfunction

- Acroparesthesia/episodic
Ppain crisis

- Heat and cold intolerance

- Cerebrovascular
complications

- Gastrointestinal
manifestations

Spectrum of clinical presentations from mild to severe

- Recurrent ear/nose infections

- Corneal douding

- Enlarged liver and spleen

- Obstructive airway disease

- Valvular heart disease

- Coarse facial features

- Mental impairment in severe form

- Musculoskeletal features - use pGALS to identify
joint abnormalities and of involvement;
consider MPS I with toe ing / kyphoscoliosis
/ symmetrical joint contractures [in the absence
of synovitis], especially upper limb [fingers /
wrists / predominantly shoulder] involvement.
Other features include hip dysplasia / trigger
fingers / carpal tunnel syndrome

Infants

- Cardiomegaly and/or
cardiomyopathy

- Profound, rapidly progressive
muscle weakness

- Respiratory insufficiency/frequent
infections

- Feeding difficulties/failure to thrive

Early childhood to late adulthood

- Progressive proximal muscle
weakness

- Respiratory failure/insufficiency

- Gait abnormalities

- Muscle pain

Diagnostic tests

Enzyme assay in leucocytes or
cultured skin fibroblasts; bone
marrow biopsy

Dried Blood Spot.
Heterozygotes: DNA mutation
or linkage analys

Lymphocytes assay
Urinary GAGs

Dried Blood Spot with enzyme assay —
or enzyme assay with blood leucocytes.

Muscle biopsy and fibroblast skin biopsy

Lab assays

ACE, TRAP, CHITO,
CCL-18/PARC

Plasma and urine GL-3

Urinary GAGs

Hex4, CRIM

ACE: angiotensin-converting enzyme
TRAP: tartrate resistant acid phosphatase
CHITO: chitotriosidase

CCL-18: CC-chemokine ligand 18
PARC: pulmonary activation-regulated
chemokine

GL:3: globotriaosylceramide

GAGs: glycosaminoglycans
PGALS: pacdiatric Gait, Arms, Legs and Spine

Hex: glucose tetrasaccharide
CRIM: cross-reactive immunologic material

Lysosomal Storage Disorders Specialist Treatment Centres

If you would like further information please contact your local treatment centre:

SPECIALIST TREATMENT CENTRES MANCHESTER NORTHERN IRELAND CENTRES
The Mark Holland Metabolic Unit FOR METABOLIC DISEASES

BIRMINGHAM : Salford Royal (Adult)

Inherited Metabolic Disorders Service Tel: 0161 206 4365 BELFAST

Birmingham Children’s Hospital (Paediatrics) Genetics Department

Tel: 0121 333 9907 Willink Unit Belfast City Hospital
Royal Manch Children’s Hospital Tel: 0289 504 8315

Department of Inherited Metabolic Disorders (P(;}édiam%cnsg i - rerens ospit €

University Hospital Birmingham (Adult)

Royal Belfast Hospital for
Tel: 0121 627 1627 Ext 51592

Sick Children
Tel: 0289 063 2002

Tel: 0161 701 2137

CAMBRIDGE

Lysosomal Storage Disease Unit WELSH CENTRE FOR

Addenbrook ital (Adul METABOLIC DISEASE

Tel: E?QE%OZ;Z 6304splt G PLIGDISEASER IRISH CENTRE FOR
CARDIFF METABOLIC DISEASES

LONDON Inherited Metabolic Diseases Service DUBLIN

Lysosomal Storage Disease Unit
Great Ormond Street Hospital (Paediatrics)
Tel: 0207 405 9200 Ext 5081

Charles Dent Metabolic Unit

University Hospital of Wales

Tel: 0292 074 6752 National Centre for Metabolic Disorders

Children’s University Hospital
Temple Street, Dublin 1
Tel: 01 878 4317

The National Hospital for Neurology SCOTTISH CENEIEGI

and Neurosurgery (Adult) METABOLICESS

Tel: 0207 829 8778 GLASGOW o

Lysosomal Storage Disease Unit i il Lo g e o
SR SIRe Fiospital (Adult) Managed Clinical Network

Tel: 0207 472 6409 Tel: 0141 201 0786
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INTRODUCTION

The role that academic medicine has to play in a medical
career has been a hotly debated topic over the last two
decades. A number of initiatives have been proposed to
increase the number of clinical academics, the quality of
research undertaken and to preserve research in a NHS driven
by service provision.'” These initiatives have generated
discussion, solved some issues, but left a number of ongoing
problems unanswered.

This review evaluates recent changes in academic medicine
and describes how they apply to Northern Ireland. It also
details the various opportunities for a medical undergraduate
or postgraduate to access academic training to explore or enter
a career in academic medicine.

In Northern Ireland, academic medicine is linked with
Queen’s University Belfast, the sole provider of medical
education in Northern Ireland. The medical school has
four research centres and one teaching and research centre:
Centre for Cancer Research and Cell Biology, Centre for
Experimental Medicine, Centre for Infection and Immunity
and Centre for Public Health and the Centre for Medical
Education which is responsible for the administration and
management of the undergraduate medical course as well as
education research.

WHAT IS ACADEMIC MEDICINE?

Most job descriptions for clinical academics include
responsibilities for research, teaching and administration in
addition to clinical practice. Clinical academics are often
expected to have a role in inspiring and training the next
generation of clinicians as well as introducing innovations
in treatment and practice. Locally, new staff are appointed
to a post within one of the five research or teaching centres,
however, they are obliged to contribute to the overall needs of
the school. These appointments are strategic to enable these
centres to meet their research themes, as measured by the
Research Excellence Framework, or teaching commitments,
as evaluated by the General Medical Council.

The responsibilities of clinical academics evolve over the
course of their careers and usually involve all of these roles.
The time commitment to these different activities depends
on contractual arrangements with academic clinicians having
primary contracts in the NHS with honorary academic
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contracts or in the case of Clinician Scientists, their contract
is with their university. Recently, the local preference has been
for a person’s substantive affiliation to be with the university
and then for them to be offered an honorary position with a
NHS Trust to undertake clinical work. In view of the crucial
role of clinical research in the interface between basic science
and clinical practice, clinical academics often make important
contributions to the prevention, diagnosis and treatment of
disease, teaching of medical students and the training of
junior doctors.*

WHO ARE CLINICAL ACADEMICS?

A recent survey of staffing levels of medical clinical
academics, in medical schools, identified that approximately
6% of the NHS clinical workforce are involved in clinical
academia. The survey showed that there were 3162 (full
time equivalent) clinical academics employed in the UK in
34 medical schools. Although this has remained steady over
the last few years, the number is still lower than in 2000.5
Since then, General Practice, Ophthalmology and Internal
Medicine have seen an increase in clinical academics but
all other specialties have seen a decrease, with the greatest
reduction being observed in Pathology. In comparison to NHS
consultants, medical academics tend to be older, however,
there have been recent improvements in gender balance and
diversity of ethnicity.?

WHAT HAS CHANGED?

In 2005, the Walport report was published by the academic
careers sub-committee of Modernising Medical Careers
and the UK Clinical Research Collaboration.® It highlighted
three major issues that were barriers to an academic career:
lack of a transparent career structure, lack of flexibility in
training and a shortage of supported posts when training
is completed. Building on the Savill Report’, Walport also
noted that a problem for clinical academics splitting their
time between NHS and academic responsibilities is that they
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are judged against the standard of their fulltime peers in both
the hospital and university settings. This can be particularly
problematic in craft specialties, where it can be a challenge to
remain up-to-date, develop new technical skills in procedures
or surgery and undertake the appropriate numbers of index
operations/procedures as required by their respective specialty
associations. They also have to meet high standards of the
university with regards to lecturing, community engagement
and research.

The Walport report suggested specific solutions to each of
these deterrents by recommending the establishment of a
distinct career pathway for those keen to pursue a career
in clinical academia and increased flexibility allowing
individuals to move easily between clinical and academic
components. For the first time, it defined the academic
pathway as consisting of three increasingly senior levels
of post: Academic Clinical Fellowships, Academic
Clinical Lectureships and Clinical Senior Lectureships for
postgraduates, building on a more formalised undergraduate
academic stream (Figure 1).

Integrated Clinical Academic

Pathways in Northern Ireland _’

Academic Training Path cCcT

F1 F2
Clinical
SR Tanng | 1 2B 4 B
ME/PhD Personal  Clinleal
Fellwship Research Cliniclan Sclentist
Fellowship Fellowship
3 years
Graduate
Entry
Training
Typ& Of Pcs‘ _
Academic F2 (AF2) 4 months during foundation training

Academic Clinical Fellow (ACF) normally 2 years (25% Research)

Academic Clinical Lecturer (ACL) normally 3 years (50% Research)

Fig 1. The integrated clinical academic pathway in Northern
Ireland.?

UNDERGRADUATE OPPORTUNITIES

A systematic review, in 2000, stated that it was the duty of
medical schools to ensure that their students were trained
for future advances in clinical care, research and education
and that they should aim to stimulate interest in academic
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medicine.” However, a recent study, based in Liverpool, found
that 75% of undergraduates surveyed felt they had not been
given opportunities to learn about academic medicine with
57% of students feeling that a career in academic medicine
was less than ‘quite appealing’ for various reasons.* Many
medical schools now offer several opportunities to gain some
exposure to an academic career path. A group of medical
students at QUB have formed an academic medicine society
to promote research and academia to medical and dental
undergraduates.'® This society echoes the aims of INSPIRE,
an initiative of the Academy of Medical Sciences, which seeks
to coordinate current research opportunities and enhance
the promotion of clinical academic training throughout the
medical school and beyond.

INTERCALATED DEGREES - BSc, MRes, MSc¢ IN
PUBLIC HEALTH

Intercalated degrees allow an extra year of study at the end
of 2" or 3" year, giving students an opportunity to explore an
area of particular interest in greater depth. This year focuses
largely on research and provides an opportunity to submit
work for publication or to attend scientific meetings. Queen’s
University Belfast had 60 students, in 2013-14, in one of three
programmes:

a) a Bachelor of Science at the end of 2™ or 3" year in one
of the basic sciences related to clinical training including
Anatomy, Physiology, Pharmacology etc.,

b) a Masters of Research in translational medicine'' which
aims to inspire a new generation of innovative clinician
scientists with an understanding of disease at a molecular
level and a strong training in research methodologies and

¢) a Masters of Science in Public Health, which aims to train
the student in research methodology but also provides
problem-solving skills to find solutions to practical health
problems.!2

As these options have become more popular, entry to these
programmes has become more competitive. A review of
a longstanding Masters’ programme in Rheumatology, at
another institution, highlighted that these schemes had the
potential to maximize learning opportunities, to encourage
critical reflection on professional practice, to promote the
integration of existing knowledge and experience with new
perspectives and develop the application of learning to the
workplace.'

If a commitment to an entire year of further study seems too
much, students can have a shorter ‘taster’ experience over
the summer months through a Summer Studentship. This
offers an eight-week exposure to laboratory or educational
based research and could potentially be the foundation for a
year-long research programme through an intercalated degree.
This can be funded by the university or by some local and
national charities keen to promote interest in their particular
research area.

Recent studies have highlighted that students who undertake
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an intercalated degree had better examination results and
greater success when securing their preferred Foundation
posts.'*15 A recent BEME (Best Evidence Medical Education
Collaboration) systematic review of the impact of an
intercalated BSc on medical student performance and careers
found that undertaking an intercalated degree may improve
undergraduate performance, increase the likelihood of
pursuing an academic career or make the student less likely to
follow a career in general practice.'® The extra year increases
the financial burden of a medical student’s time at university
and could create an extra year of debt. The review highlighted
that most students felt uninformed about the benefits of
undertaking an intercalated degree.'® One of the problems is
that the benefits are soft and difficult to measure. At a bare
minimum it is a topic to discuss at interview in which the
interviewee should be an expert. More often the generic skills
learnt can have a significant impact throughout a doctor’s
career. An attempt to introduce a compulsory intercalated
degree at an Australian medical school required modification
after it was found that some students lacked the maturity
and autonomy required for such a programme.!” However,
it is a routine part of the undergraduate medical course at
Nottingham University.'®

MB/PHD PROGRAMME

In some UK universities an MB/PhD programme is offered
to a small numbers of students.’” * This combines the
undergraduate medical curriculum with a prolonged period
of research working towards the award of a PhD. A recent
review of graduates from a longstanding MB/PhD programme
found that 79% of them were active in research and 90% had
definite plans for further fulltime research.?® They concluded
that the scheme was successful at promoting scientific
discovery and sustaining academic development.?’ However,
some would question the optimal time at which to opt out
from the undergraduate curriculum to undertake a focused
period of research and would also ask whether or not it could
result in the loss of recently attained clinical skills and loss of
knowledge from the broad sweep of undergraduate medicine.

ACADEMIC FOUNDATION PROGRAMME - AF2

Included in the proposals from the Walport report was an
option for new graduates to undertake an integrated academic
foundation programme in their first or second postgraduate
years. An academic foundation programme is a four-month
research or teaching-intensive placement. It is designed to
enable the foundation doctor to gain insights into clinical
academic medicine through regular contact with academic
clinical supervisors, scientific staff and postgraduate research
students. It should allow foundation doctors to develop
knowledge, skills and aptitudes for academic medicine and
foster an interest in a long-term clinical academic career. A
major feature is an opportunity to undertake a teaching or
research project under the supervision of a senior academic.®

Recent evaluation of the foundation programme has highlighted
that many found academic foundation posts provided good
support to junior doctors and offered a wide range of learning
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opportunities.”! Some, however, felt that the skills learnt were
too generic and would have preferred an opportunity to focus
their training at this stage.?! The programme acted as a ‘taster’,
allowing foundation doctors an opportunity to gain experience
through an academic specific option early in their careers rather
than having to progress to advanced clinical grades before
academic training was a possibility.

ACADEMIC CLINICAL FELLOWSHIP - ACF

Academic Clinical Fellowships are targeted at doctors in the
early years of specialty training. This is a two-year funded
post that attracts an NTN(a) (National Training Number —
Academic) and allows an opportunity to develop clinical
skills and academic skills concurrently. The ACF is expected
to complete ST3+ level training or equivalent with an
integrated 25% of time spent in academic research. The aim is
to obtain preliminary data to prepare a competitive application
for a nationally funded research training fellowship working
towards a higher degree. An AF2 post is not viewed as a pre-
requisite for applying for an ACF post, however, it would be
evidence of commitment to an academic career and it may be
possible to develop a project undertaken during an AF2 into
an academic clinical fellowship application.

An ACF post provides an opportunity to be trained in generic
academic skills such as applied research skills, governance,
communication and setting specific goals. Importantly, the
scheme has a clearly defined entry point and an opportunity
to exit academic training on completion of the programme.?
A recent study highlighted that fellows felt that, as well as the
opportunity to undertake and develop a research project, the
major positive reasons for applying for a fellowship included
stimulation, challenge and the opportunity to teach. However,
it also highlighted that the negative factors of a fellowship
included difficulty obtaining research grants, competing
pressures between research, clinical work and teaching, lack
of pay parity and concerns about availability of senior posts
at the end of the fellowship (Table 1).22

ACADEMIC CLINICAL LECTURERS - ACL

Academic Clinical Lectureships are the most senior element
of the integrated training pathway. They provide aspiring
academic trainees with an opportunity to gain comprehensive
research experience by working alongside internationally
recognised researchers and clinicians. In England, these
schemes are run by the National Institute for Health Research,
who funded 122 of these posts in 2013. Similar schemes are
run in the devolved nations. They are set up to allow 50%
of time to be spent undertaking specialist clinical training
and 50% undertaking research or education training. Some
question whether this is enough clinical time during the
final years of training in craft specialties such as surgery or
anaesthetics. Applicants for these posts will be advanced in
their specialty training and will have obtained a PhD/MD
or equivalent or will be within three months of submission.
The trainee is usually at ST3 level or above and will work
towards gaining core clinical competencies to finish their
training while continuing their academic development at
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a post-doctoral level to enable them to run an independent
research group.

NORTHERN IRELAND CLINICAL ACADEMIC
PROGRAMME

The Northern Ireland Clinical Academic Programme is
administered and run by Queen’s University Belfast in
collaboration with the Northern Ireland Medical and Dental
Training Agency (NIMDTA). This enables the scheme to be
accountable to NIMDTA for training purposes and quality
assurance. The scheme also receives significant support from
the Belfast and South Eastern Health and Social Care Trusts.
This tripartite integrated model has enabled rapid roll out of
clinically relevant research.

Indeed, a recent review by the GMC to find good practice in
academic training schemes throughout the UK, highlighted
flexibility in the Northern Ireland programme and also
the effective integration with the local Trusts and good
collaboration between the University, Trusts and NIMDTA.

TABLE 1:

Table highlighting possible positive and negative aspects of
the clinical academic pathway

Positives Negatives

Challenge of research Lack of role models/mentors

Variety in work Limited availability of

senior academic positions

Intellectual environment/ | Longer training period

stimulation

Teamwork Difficulty in obtaining
funding

Stimulation of teaching Lack of pay parity

Stimulation of supervising | Increased assessment burden
research teams due to different roles

Recognition by peers No perfect stage in career at

which to do this

Research may not ‘work out’

Travel

Award of higher degree Loss of skills especially in

craft specialty

Development of critical
appraisal skills

CONSIDERING AN ACADEMIC CAREER?

As the Walport report has been implemented, some problems
have been highlighted. One criticism of the new system is
that doctors have to make decisions regarding their careers
earlier than they would have historically. Consequently, some
question whether clinicians who develop an academic interest
later in their career are able to compete with those who have
progressed along an academic career pathway since their
Foundation Programme and, as such, may be excluded from
the academic career pathway.?

Some further question whether the potential increase in
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financial burden placed on those who prolong their training
through periods spent in research have been addressed
adequately, potentially deterring clinicians capable of
succeeding in an academic career (Table 1).%

Recent changes to medical school admissions have seen an
increase in graduate entry.* The current academic training
pathway may be less attractive to this cohort, with the
requirement for further years of training and the resultant
increased financial burden. Other models may be needed
to attract these highly motivated students into academic
medicine.

The relative lack of suitable role models has been highlighted
for several years and has been perceived as a key element
that needs to be addressed to encourage clinicians to enter
and be retained in an academic career.”> The Walport report
recognised this and stated that one way to help students to
understand the attractions of a career in academic medicine
was to make ‘sure that medical students are taught by
leading clinical academics, among others’.® This requires
teaching to be formally recognised in NHS or university
contracts otherwise it may become overshadowed by other
commitments as there can be very few opportunities for
students to gain exposure to pure researchers.

Different specialties lend themselves more easily to the blend
of academic and clinical training. Craft specialties, such
as surgery, rely on regular practice to acquire and maintain
skills with minimum numbers often being required to ensure
competency in index procedures. Studies have already shown
a reduction in the amount of time all surgical trainees are
able to spend learning surgical techniques following the
implementation of Modernising Medical Careers. It has been
recognised that, in order to provide adequate training, the
reduction in working hours must be offset by implementing
measures to maximise the effectiveness of the limited training
opportunities, such as simulation. This is an even more acute
problem for those electing to undertake an academic training
pathway.?*2® The scrutiny of an individual surgeon’s surgical
outcome has recently increased due to national publication of
these results. The Shape of Medical Training Review, chaired
by Prof Greenaway (Vice Chancellor of the University of
Nottingham), reported in the Autumn 2013.% It focused on
the optimum balance of specialist and generalist training. It
reinforced the role of academic training, but emphasised the
need for the acquisition and maintenance of generalist skills
until a Certificate of Specialist Training is obtained. A smaller
number of individuals would then proceed to sub-specialist
training after this by credentialling. The implementation of
this report will have further implications for academic training.

STRATEGY FOR SUCCESS

So, what can be done to encourage success in this field? It is
vital to ensure that the academic work undertaken by clinical
academics addresses questions that are of clinical significance
and of personal interest. If the subject is of personal interest
and relevant to clinical practice then there will be a greater
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desire to persevere during difficult times (unsuccessful grant
applications; negative studies).

Secondly, an effective mentor is invaluable. The academic
pathway, though now much clearer, still has many hurdles
along the way. A mentor that can encourage, inspire, challenge
and question at just the right time is indispensable in helping
someone negotiate the academic training pathway.

Thirdly, cooperation between universities, health trusts and
deaneries, as modelled in Northern Ireland, can enable the
academic training pathway to operate effectively ensuring
smooth transition between stages.

CONCLUSIONS

A career in academic medicine can be a very fulfilling one.
However, time spent in academic medicine at any point in a
medical career can provide an opportunity to learn valuable
generic skills, improve clinical practice and provide an
opportunity to develop critical thinking. These skills and
experiences will be of benefit in career development but most
importantly in improving the care of patients.
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ABSTRACT:

We report the case of a 36-year-old woman with secondary
infertility who underwent routine transvaginal oocyte retrieval
as part of IVF treatment. Four days following the procedure
she presented with life threatening haemorrhagic shock. She
underwent surgical laparotomy followed by CT and selective
angiography, which demonstrated haemorrhage from a
pseudoaneurysm of the obturator artery. The haemorrhage
was successfully managed endovascularly with a vessel
preserving covered stent.

Fig 1. CT demonstrates a large right sided retroperitoneal
haematoma (solid white arrow) and intra-abdominal free fluid
consistent with haemorrhage (interrupted white arrow).

CASE:

A 36-year-old female with secondary infertility underwent
ultrasound-guided transvaginal oocyte retrieval during her
third IVF cycle. Postoperative discomfort persisted for longer
than usual and she was admitted for observation. As she
had persistent right sided back discomfort she remained in
hospital while undergoing investigations. On the fourth day
she developed light headedness and collapsed. The patient
was resuscitated and underwent emergency laparotomy, which
revealed a large right sided retroperitoneal haematoma. No

© The Ulster Medical Society, 2014.

further surgical exploration was pursued as no intraperitoneal
bleeding was observed and because of the risk of severe
bleeding associated with decompressing. She was transfused
and haemodynamically stabilised with 5 units of packed red
cells, 3 pools of plasma (Octaplase) and 2 pools of platelets
and referred for radiological management. CT angiography
(CTA) of abdomen and pelvis demonstrated active bleeding
from a right internal iliac artery branch pseudoaneurysm and
a large retroperitoneal haemorrhage (Figs 1 and 2). She was
transferred directly to the angiography suite for emergency
endovascular assessment and therapy.

Fig 2. CTA demonstrates a vascular “blush” of a 2cm
pseudoaneurysm and active extravasation from a branch of the
right internal iliac artery (white arrow).

A retrograde 5Fr sheath was inserted into the left common
femoral artery under ultrasound guidance. Up and over
selective cannulation of the right internal iliac artery was
performed and demonstrated a relatively large obturator
artery pseudoaneurysm (see Fig 3). The pseudoaneurysm
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neck was crossed with a combination microcatheter .014
wire. The bleeding site was treated with a 3mm x10mm
coronary artery covered stent (Jo Stent Graftmaster) (see Fig
4). Subsequent DSA showed good stent position and cessation
of extravasation of contrast (Fig.5). The patient made a rapid
full recovery and a follow up CTA performed the next day
confirmed good stent positioning with no extravasation of
contrast into the treated pseudoaneurysm.

Fig 3. Up and over selective cannulation of the right internal iliac
artery was performed and demonstrated a 2cm saccular obturator
artery pseudoaneurysm (white arrows).

DISCUSSION:

Transvaginal oocyte retrieval is a frequently performed
assisted reproduction technology (ART) procedure. Under
direct ultrasound guidance an aspiration needle is passed
through the lateral fornix of the vagina into the stimulated
ovary with subsequent aspiration of follicles.

Fig 4. The bleeding site was treated with a 3mm x10mm coronary
artery covered stent (Jo Stent Graftmaster) (white arrows).

The internal iliac arteries and their branches are potentially
at risk as they lie in close proximity to the ovarian tissue.
Pelvic conditions like endometriosis or severe PID, frequently

© The Ulster Medical Society, 2014.

encountered in patients requiring IVF can fix the ovary upon
the pelvic wall increasing the risk of organ injury. Minor
arterial/venous haemorrhage, thought to arise from direct
trauma to the adjacent vessels, is a common complication
occurring in 1.4-18.4% of punctures' but can usually be
managed with local treatment such as local pressure.? Internal
iliac pseudo-aneurysm is an extremely rare but potentially
fatal complication of ART. It has only twice been reported
in the literature®*. Both previously described cases presented
much later following initial oocyte retrieval with one patient
presenting in the 29" gestational week and the other over
10 years after successful IVF** and neither case presented
in extremis. Lifesaving laparoscopy or laparotomy may be
required in cases of large bleeding®.

Fig 5. Post stenting DSA showed good stent position and cessation
of extravasation of contrast with preservation of the native artery
(white arrow).

We are not aware of another case of retroperitoneal bleeding
reported to date. While the abdominal bleed or indeed the
aneurysm can be easily diagnosed, a retroperitoneal bleed is
usually concealed and requires specific management.

An endovascular approach offers an alternative with high
success rate and the additional advantage of preserving
fertility through organ preservation®. Traditionally selective
uterine artery embolisation is performed with an embolic
agent (e.g. coil, gelfoam, thrombin or glue) and typically
involves vessel sacrifice.™® To our knowledge this is the
first case of an internal iliac pseudoaneurysm following
transvaginal oocyte retrieval managed with an alternative
vessel preserving stent technique.

Rapid access to advanced non-invasive and invasive
diagnostic imaging was key to the successful management
of this case. CTA permitted direct transfer to fast selective
angiography. Microcatheter, covered stent techniques allowed
immediate bleeding control and ultimately organ and vessel
preservation. As the complexity of cases attending for ART
is increasing and the procedure is performed on an ever
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expanding number of patients it is important to recognize such
complications and avail of rapid and efficient radiological
diagnosis and treatment, particularly in the circumstances of
concealed bleeding where the surgical intervention is limited.
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ABBREVIATIONS

ACEi — Angiotensin Converting Enzyme inhibitors, AKI —
Acute Kidney Injury, ARB — Angiotensin Receptor Blockers,
ATN — Acute Tubular Necrosis, BP — Blood Pressure, CKD
— Chronic Kidney Disease, eGFR — estimated Glomerular
Filtration Rate, ESRD — End Stage Kidney Disease, GAIN
— Guidelines and Audit Implementation Network, GFR —
Glomerular Filtration Rate, MAP — Mean Arterial Pressure,
NCEPOD - National Confidential Enquiry into Patient
Outcome and Death, NICE — National Institute of Clinical
Excellence, NSAIDs — Non Steroidal Antiinflamatory Drugs,
SBP — Systolic Blood pressure

INTRODUCTION

Acute Kidney Injury (AKI) is common, expensive to manage,
prolongs hospitalization and is associated with increased
mortality. In 2009 the National Confidential Enquiry into
Patient Outcome and Death (NCEPOD) published a report
into the care of patients who died with a diagnosis of AKI'.
Only 50% of patients were deemed to have had a ‘good”
standard of care. The NCEPOD report identified inadequate
assessment of patients at risk of AKI and deemed 60% of
post-admission AKI was predictable and 21% was avoidable.
Two thirds of patients had a significant level of AKI before
a diagnosis was made and there was inadequate senior
review of these patients. More severe AKI is associated
with higher mortality. The in-hospital mortality rate for AKI
has been reported at 24% and increases with more severe
AKI? In Northern Ireland, an audit of patients with severe
AKI requiring dialysis demonstrated a 90 day mortality
rate of up to 40% (personal communication) In 2013, the
National Institute for Health and Care Excellence (NICE)
published guidance on AKI® . NICE have calculated that if
AKI was recognized and treated with attention to hydration
and medication, 100,000 cases could be prevented and up
to 42,000 deaths avoided annually. The National Clinical
Director for Kidney* care has stated that management of
AKI can provide a barometer by which we can measure and
improve the care of the acutely unwell patient whatever the
underlying cause. There is clearly a need for all clinicians to
be competent in managing this common condition. The aim of
this Grand Rounds article is to provide practical information
on prevention and management of AKI.

DEFINITION OF AKI
The term AKI has replaced that of Acute Renal Failure.

© The Ulster Medical Society, 2014.

This is to recognize that there are varying degrees of kidney
injury severity and to encourage early identification and
management of AKI.

AKI is defined by an acute reduction in kidney function as
identified by an increase in the serum creatinine and reduction
in urine output.

The severity of AKI is reflected by the AKI stage® AKI 1 — 3
(Table 1), with Stage 1 defined as a rise of serum creatinine of
>26 umol/L or 1.5 to 1.9 times the baseline serum creatinine.
Such minor serum creatinine elevations are associated with
increasing mortality® providing a rationale for the inclusion
of this apparently small rise in serum creatinine in the AKI
staging scheme.

TABLE 1:

Kidney Disease Improving Global Outcomes (KDIGO)
staging classification for AKI

Kidney Disease Improving Global Outcomes (KDIGO)
staging classification for AKI

Stage Serum creatinine (Scr)
criteria

1 Rise in Scr of 26
umol/L within 48 hrs
Increase of 1.5 - 1.9 x
baseline Scr within past
7 days

Urine output criteria

< 0.5 mL/Kg/hr for >
6 consecutive hours

2 Increase of 2 - 2.9 x
baseline Scr

< 0.5 mL/Kg/hr for >
12 consecutive hours

3 Increase of 3 x baseline
Scr or

Scr > 354 umol/L or
Commenced on dialysis

Additional RIFLE Ceriteria reflecting outcome of AKI
Loss Need for ongoing dialysis for > 4 weeks

Failure | Need for ongoing dialysis for > 3 months

There are also two outcome stages — Loss and End Stage
Renal Disease (ESRD)’. These stages recognize that AKI
can subsequently lead to chronic kidney disease (CKD) and
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ESRD requiring long term dialysis (Figure 1). Studies in the
diabetic population® have shown that episodes of AKI double
the risk of patients developing Stage 4 CKD (estimated GFR
15 — 29 mL/min/1.73m?). Recent NICE Guidelines on CKD
recommend monitoring of all patients who recover renal
function following an episode of AKI for a minimum of 2
years to ensure early detection and management of CKD?.
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Fig 1. Potential outcomes following episode of Acute Kidney
Injury

It is important to appreciate that the serum creatinine does
not accurately reflect the Glomerular Filtration Rate (GFR)
in a patient who is not in steady state. The serum creatinine
is influenced by creatinine generation, volume of distribution
and excretion. Thus a sudden fall in GFR is accompanied by
a slow rise in serum creatinine which plateaus at between 7
and 10 days when creatinine production equals creatinine
excretion. Large changes in GFR are initially manifested as
small changes in serum creatinine. This may lead to a delay
in recognizing the degree of AKI in a patient demonstrating
an initial “minor” rise in serum creatinine. Similarly, during
recovery from AKI, the serum creatinine may lag behind
renal recovery.

E-ALERT FOR ACUTE KIDNEY INJURY

A national algorithm, standardizing the definition of AKI,
has now been agreed for use in Northern Ireland. This
has been integrated into the Regional Laboratory system

and will identify patients with Stages 1 -3 AKI, based on
change in serum creatinine, and create an E-Alert (Figure
2). This E-Alert will be highlighted on the results reporting
systems and patient management systems (Northern Ireland
Electronic Care Record) with a link to the Guidelines and

HEsUl N Yiew DpmiE 67 o [WEmil o

[iate of Eniry Fali i T JLEANE

Specmern [ads FNOG2014 gl e i L]

Specimen Trme 1000 1T

Lk i Humber
Sogirm 18 1%

Potaskium - 44

Fig 2. Example of AKI E-Alert

Audit Implementation Network (GAIN www.gain-ni.
org) Acute Kidney Injury Algorithm (Figure 3). This alert
will automatically identify patients with AKI and enhance
clinicians’ ability to recognize AKI and instigate early
treatment.

CAUSES OF AKI

AKI is common with a recent study reporting an incidence
of 25% in unselected medical admissions’. It is important to
recognize that two thirds of episodes of AKI develop prior to
the hospital admission. This affords an important opportunity
to identify and prevent AKI in at risk patients.

For clarity the causes of AKI have been divided into three
groups; Pre-renal, Intrinsic-renal and Post-renal. Table 2 lists
some common causes.

In reality the majority of causes of AKI are not renal specific.
The kidneys receive 25% of the cardiac output at rest are

TABLE 2

Causes of AKI

Pre-renal (hypoperfusion) Intrinsic-renal

Post-renal

*  Medications
*  Cardiac failure

Volume depletion Acute Tubular Injury Bladder outlet obstruction

e Dehydration Interstitial nephritis Bilateral ureteric obstruction.

*  Blood loss Glomerulonephritis Obstruction of a single functioning kidney.
Hypotension Vasculitis

*  Sepsis

© The Ulster Medical Society, 2014.
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AKI RISK ASSESSMENT
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sUnclear aetiology of AKI [no pre-renal
or obstructive cause identified)
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*Severe metabolic acidosis (HCO3 < 15mmolfl)
sProgressive AKI [Creat>300umalfl + rise >100ummal/ in 24hrs)
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RESTORE KIDNEY PERFUSION PRESCRIBE SAFELY

OPTIMISE VOLUME

+Bolus 250-500mls crystalloid
targeting SBP >100mmHgS
clinical evidence of euvolaemia
=21 max IVF within 2hrs

+After each bolus check for
signs of fluid overload

STOP NSAIDs, COXI, ACE, ARBs

AVOID WHEN 38P «120mmMg
Antihypertensives, Diuretics

CORRECT dosing to GFR level
{e.g. Aminoghycosides,
Metformin and Sulphonylureas,
OPTIMISE BLOOD PRESSURE LMWH and many antiblotics)
If despite adequate volume
challenge hypotension persists
[SBP<100 +for MAP <TOmmHg)
obtain a urgent senlor review

IV FLUID PRESCRIBING -
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to HDUAICL referral BOLUS FLUIDS

: AVOID Hartmann's If K »5.5

nt therapy [dialysis

AKl securring in

=Renal transplant patients
+Patients with baseline GFR <20mls/min

Fig 3. Northern Ireland GAIN AKI Algorithm

therefore sensitive to any systemic upset. In the largest trial
of patients admitted to ICU with severe AKI! the most
common causes (often in combination) were septic shock
(47%), post major surgery (34%), cardiogenic shock (27%),
and hypovolaemia (26%). . Deterioration in kidney function
should provoke careful inspection for the common causes
of haemodynamic compromise and sepsis throughout the
body. Only when pre-renal causes have been excluded should
specific attention return to consideration of intrinsic renal
disease and renal tract obstruction.

PATHOPHYSIOLOGY OF PRE-RENAL AKI AND
ACUTE TUBULAR NECROSIS (ATN)

Well perfused, healthy kidneys will produce on average
180 L of glomerular filtrate per day, the majority of which
is reabsorbed leading to a usual excretion of 1.5 — 2 L of
urine. Production of this volume of filtrate is dependent
on an adequate glomerular capillary pressure which is the
driving force for filtration. Normal glomerular capillary
pressure is maintained by afferent arteriole vasodilation and
efferent vasoconstriction. This mechanism is known as renal
autoregulation. The ability to maintain renal haemodynamics
becomes impaired at a renal arterial pressure below 70
mmHg!!. When this occurs the GFR will fall in proportion to
further reduction in blood pressure. The GFR will cease when
the renal arterial blood pressure is <50 mmHg.

A reduction in renal perfusion due to hypotension results in

© The Ulster Medical Society, 2014.

prostaglandin mediated dilation of the afferent renal arteriole
and constriction of the efferent glomerular capillary mediated
by angiotensin II. However in patients with impaired
autoregulation the GFR will fall even if the mean arterial
pressure remains within the normal range.

Factors which increase susceptibility to renal hypoperfusion
are listed in Table 3.

With prompt restoration of intravascular volume and blood
pressure, normal renal haemodynamics can be restored
resulting in complete recovery of renal function.

TABLE 3:

Factors increasing susceptibility to renal hypoperfusion

Failure to decrease arteriolar resistance

e Structural changes in renal arterioles (old age,
atherosclerosis, hypertension, CKD)

*  Reduction in vasodilatory prostaglandins (nonsteroidal
anti-inflammatory drugs, cyclooxygenase-2 inhibitors

*  Afferent glomerular arteriolar vasoconstriction (sepsis,

hypercalcaemia, hepatorenal syndrome, ciclosporin /
tacrolimus, radiocontrast agents)

Failure to increase efferent arteriolar resistance
*  Angiotensin converting enzyme inhibitors
*  Angiotensin receptor blockers

Renal artery stenosis

www.ums.ac.uk
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However, in the face of persisting hypoperfusion, endogenous
vasoconstrictors increase afferent arteriolar resistance. Causes
of a low perfusion state are shown in Table 4.

TABLE 4:

Causes of Renal Hypoperfusion

Hypovolaemia

«  Extrinsic fluid loss (gastrointestinal, renal losses (e.g.
diuretics), skin losses

Cardiac causes

* Congestive cardiac failure, tamponade, valvular
disease

Reduced peripheral vascular resistance

* Sepsis, hepatorenal syndrome, drug overdose,
vasodilators (e.g. antihypertensives)

Local renal hypoperfusion

*  Renal artery stenosis, malignant hypertension

Renal hypoperfusion reduces glomerular capillary pressure
and the GFR. The post-glomerular capillary bed which
perfuses the tubules will also have diminished blood flow
leading to a subsequent ischaemic structural injury to the
renal tubules often referred to as ischaemic Acute Tubular
Necrosis (ATN)'2. This state is characterized by a rising
serum creatinine and a reduced urine volume refractory to
further increases in intravascular volume and renal perfusion
pressure. Management of this state includes avoidance of fluid
overload, maintenance of an adequate mean arterial pressure
(= 65 mmHg), correction of electrolyte disorders (potassium)
and treatment of the underlying precipitating condition. Such
patients may require a temporary period of dialysis support.

AKI in hospitalized patients can be thought off as a two hit
process. Susceptibility factors create an admission patient
group vulnerable to a subsequent ‘second hit’ - hypoperfusion
events". This can be seen in studies of AKI in critically ill
patients'® where the median length of inpatient stay prior to
the development of severe AKI is 5 days. This delay is an
opportunity to both prevent and reduce the severity of AKI
in hospitalized patients.

PREVENTION OF AKI
Community Acquired

Patients in the community with CKD (eGFR < 60 mL/
min/1.73m?) and patients with normal renal function who are
treated with an ACE inhibitor (ACEi) or angiotensin receptor
blocker (ARB) are at increased risk of AKI if they develop an
illness associated with hypovolaemia and hypertension. Such
patients can be identified, educated and issued with a Kidney
Care Card (Figure 4). This provides instructions for temporary
cessation of certain medications, which may in this setting,
induce, exacerbate and complicate AKI. These drugs can
be remembered by the mnemonic DAMN (diuretics, ACEi/
ARBs, metformin, NSAIDs).

Hospitalised patients

© The Ulster Medical Society, 2014.
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2. Contact your GP/Practice nurse for advice. Your GP may crganise for you o have a blood
ot taken ko check on your kKidney function.

IF youi v ey CONGRMa. Ahod This plnRss conbact yoar P or Praction Mo ior acvicn

¥ shoulkd be abie 1o restart the above tablets once you ane able 1o sat and drink: nommaly.

Fig 4. Community Kidney Care Card

Prevention of AKI should follow the following principles;
Risk Assessment

All patients, both on admission and during their hospital stay
should be assessed regularly for their risk of developing AKI.
Figure 5 gives an example of a risk assessment tool used
in the Southern Health and Social Care Trust. NICE have
identified the following patient groups (Table 5) who require
special attention.

Acube Kid Inju K} Risk Assessment Tool for Acute
MEDICAL ents 60 years and over

/" Risk factor Score

{crcin nach that agples)

“Coemorbediiee (¥ 2)

Bassing OFFA <60 mlumin
Syatalic BP < 100mmHg
Racwning W s

T Hartroion msd-calors

— ]

'Co-morsidites = MO, Hoo Falue, Hypemension, Cisbetes, COPD, TWOYA, PVD

s k3 B3 B RD

b Maphaoizaic swdications = ACEUARB, NSAIDs, Biswbcs
ot

M risk scor s 2 3 then pasiom s AT RISK OF AR
Follow guidance on Pro-emgtive Managemant

Fig 5. Example of an admission AKI risk assessment tool

Perioperative AKI is common. Recognition of patients who
are at risk will allow measures to be undertaken to reduce
exposure to renal insults and maximize renal recovery should
AKI occur'. An similar risk assessment tool for use in
Surgical patients is shown in Figure 6.

Optimisation of fluid balance

Fluid volume status should be carefully assessed with respect
to both fluid depletion and fluid overload. Patients at risk of
dehydration due to prohibited or poor oral intake should be
prescribed maintenance IV fluids.

Optimisation of blood pressure

Hypotension systolic blood pressure (SBP) < 110 mmHg
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/ mean arterial pressure (MAP) < 65 mmHg) needs urgent
assessment and treatment with IV fluid challenges and
vasopressor agents where indicated.

TABLE 5:
Patients at risk of AKI

Age over 65 years

Existing CKD (eGFR < 60 mL/min/1.73m?), Previous
episode(s) of AKI

Co — Morbidity (Cardiac / Liver failure, Diabetes Mellitus
Use of nephrotoxic drugs (Diuretics, ACEi/ARBs, NSAIDs)
Diagnosis of sepsis

Hypovolaemia / Hypotension / Oliguria (< 0.5 mL/kg/hr)

Deteriorating Early Warning Scores

function in case there is a need to temporarily hold these
medications.

Where clinically indicated aminoglycosides can continue to
be used paying careful attention to renal function and drug
levels.

Reducing the risk of contrast induced AKI

AKI secondary to radiological contrast media typically
occurs within 72 hrs of receiving such agents. The risk of
contrast nephropathy can be reduced by temporary cessation
of potentially nephrotoxic medication and adequate volume
expansion (Table 6)

TABLE 6:

Prevention of Contrast Nephropathy

Medication review

Temporary cessation of ACEi and ARBs is appropriate
in patients with dehydration, hypotension (systolic blood
pressure < 110 mmHg) and / or deteriorating renal function.
In patients who continue to be prescribed ACEi or ARBs,
alteration of timing of drug prescription to 6 pm will allow
adequate time to assess clinical state and review their renal

Fig 6. Example of a Surgical AKI risk assessment tool

m’ Southem Health Ppatient name
4 and Sodal Care Trust

Hosp Mo,

cog_ 000000000000

Or attach Patient Label
Date of admission: s

Acute Kidney Injury (AKI) Risk Assessment Tool for
SURGICAL Patients aged 60 years and over
*To be completed for both elective or emergency patients

Score (circle sach that applies) \

Elective intra-abdominal or major vascular surgery 2

Risk Factor

Emergency infra-abdominal or major vascular surgery 3
* Co-morbidities (2 2) 2
Baseline GFR < 60 mis/min 2
Sysiolic BP < 100mmHg 2
- Mephrotoxic medications (Pre-admission) 1

Total score on admission: D

If a decision to operate is made after the initial AKI Risk Assessment
the patient MUST be re-assecsed taking into account the proposed surgery

Total score following decision to operate:
* Co-morbidities = IHD, Heart Falure, Hypertension, Diabetes, TIAICVA, PVD

— Nephrotoxic medieations = ACE/ARB, NSAIDs, Diuretics /

If risk score is = 3 then patient is AT RISK OF AKI

Follow guidance on Pre-emptive Management

/ “AMI - AT RISHK” - Pre-emptive Management

Daily U+E: Follow AKI protocol if creafinine increase »30 pmolll from baseline value

Close recording of uine output: Follow AKI protocol if UC=400mis/12hrs

[f BP- 130780 hold antihypertensive drugs (unless dear medical indication)

Use NSAIDs { Aminoglycosides with caution if GFR: < 30milimin } Unless dialysis

Awoid NSAIDs [ Aminoghcosides # GFR < 20mlimin dependent

Heold ACE i / ARB and restart 48hrs pest op [provided creatinine within 30 wmealfl of baseline)
I hypovolaemic or hypotensive resuscitate as per AKI protocel (1ICU review  non

\ re: sive to fluids at 2hrs or # h nsion recurs following an initisl re

Mmoo
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Symptoms / history or condition that may lead to urinary Identify |+ eGFR <30 mL/min/1.73m?
tract obstruction risk +  eGFR 30 — 60 mL/min/1.73m* and risk
Use of iodinated contrast agents within the previous week factors (Table 5)

Manage |« Hydration — IV 1.4% sodium bicarbonate

risk /0.9% saline at 3 mL/kg/hr 1hr pre and 1
mL/kg/hr for 6hrs post procedure

e Omit potentially nephrotoxic medications
(ACEi/ARBs / NSAIDs / metformin on day
of procedure and do not restart until renal
function stable at 48 — 72 hrs

*  Use low osmolar agents in the lowest dose.

* Recheck renal function 48 — 72 hrs
following the procedure

ASSESSMENT OF AKI

Clinical assessment

This should begin with a search for the cause of AKI focusing
on clinical evidence of hypoperfusion states (volume
depletion and hypotension) and urinary tract obstruction.
AKI in the setting of resistant hypotension suggests
significant underlying sepsis, the source of which may not be
immediately apparent especially in cases of intra-abdominal
sepsis.

Intrinsic renal disease in the form of vasculitis may present
with a typical rash, uveitis and / or arthropathy. Intrinsic renal
disease should always be considered where AKI is occurring
in the absence of significant dehydration, hypotension and
obstruction.

The effect of AKI should also be assessed, paying particular
attention to evidence of volume overload — often manifest
by peripheral and pulmonary oedema and increasing oxygen
requirements. In severe AKI (Stage 3) pericarditis and
encephalopathy may be present.

Dipstick urinalysis is part of the clinical assessment and
should be done as soon as urine is available for testing.
Hypoperfusion states are suggested by a raised urine specific
gravity (> 1.020). In the absence of haemodynamic upset and
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sepsis, the presence of blood and protein in the urine should
prompt consideration of a vasculitis / glomerulonephritis
rather than a urinary tract infection.

Laboratory and Radiological Investigations

The GAIN AKI Algorithm (Figure 3) lists the required
investigations.

In patients suspected of underlying sepsis, a serum lactate
and arterial blood gas are essential in defining the severity of
the metabolic upset.

Where there is no obvious precipitating factor for AKI, a renal
immunology screen (including antineutrophil cytoplasmic
antibodies (ANCA), anti-glomerular basement membrane
antibodies (anti-GBM), serum electrophoresis and serum
free light chains) should be sent urgently as the clinical
management of such cases requires prompt specialist treatment.

In addition the finding of AKI, anaemia and thrombocytopenia
with a normal coagulation profile should prompt a search
for haemolysis (blood film, haptoglobulins) which occurs
in Haemolytic Uraemic Syndrome, malignant hypertension,
scleroderma and pre-eclampsia.

A chest x-ray can provide both evidence of a cause
(pneumonia, pulmonary shadowing in vasculitis) and also
help evaluate potential volume overload.

Renal tract ultrasound should be done within 6 hours
where obstruction is considered. The presence of bilateral
hydronephrosis and an empty bladder will require an urgent
non-contrast CT scan to identify retroperitoneal obstruction
to the ureters.

The presence of AKI should not prevent the use of contrast
enhanced CT scanning to diagnose the source of sepsis,
especially if a surgically remediable condition (intra-
abdominal abscess, ischaemic bowel) is being considered.

MANAGEMENT OF ESTABLISHED AKI

Restore Renal Perfusion

As the majority of cases of AKI occur in association with
volume depletion and sepsis, it is essential to restore effective
renal perfusion as soon as possible. This will allow early
recovery of renal function and help to avoid the development
of acute tubular necrosis.

Optimise intra-vascular fluid volume.

Volume status should be carefully assessed and an attempt
should be made to categorise the patient into one of three
states; hypovolaemic, euvolaemic or hypervolaemic.

Hypovolaemic patients may have clinical signs of
dehydration, are oliguric (urine output < 30 mL/hr) often with
a concentrated urine (Specific Gravity > 1.020)

There is no gold standard to definitively identify dehydration.
However, hypotension (SBP < 110 mmHg), a postural fall
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in blood pressure with increase in heart rate, reduction in
peripheral perfusion / skin turgor and dry mucous membranes
are indicative signs.

Hypovolaemia should be promptly corrected with repeated
boluses of 250 — 500 mL of crystalloid up to an initial total
of 2 litres over 2 hours.

Hartmann’s solution or 0.9% sodium chloride solution should
be used. Hartmann’s solution contains a small amount of
potassium (5 mmol/L) and should be avoided in patients
with significant hyperkalaemia (Potassium > 6 mmol/L).
Large volumes of 0.9% sodium chloride can provoke a
hyperchloraemic metabolic acidosis.

Failure of the patient to maintain an effective blood
pressure following this regime should raise the possibility
of underlying sepsis or significant ongoing losses. Both
these latter scenarios require senior assessment rather than
continuing to prescribe increasing large volumes of fluid in
the face of poor urine output. Fluid accumulation resulting
in a positive fluid balance is a frequent event in critically
ill patients with AKI. Such fluid accumulation (> 10% fluid
weight gain) is independently associated with increased
mortality'® fails to improve renal function and is associated
with worsening respiratory function.

Euvolaemia is characterised by an absence of clinical signs
of dehydration, haemodynamic stability and an absence
of volume overload. Oliguria in this context often reflects
established ATN and will not respond to increasing fluid
challenges, which put the patient at risk of fluid overload. In
this phase, recovery of an adequate urine output is impossible
to predict. Fluid intake should be restricted to a match daily
output / losses. For patients who require ongoing maintenance
IV fluids, one regime is to prescribe hourly crystalloid at a
rate of the previous hours urine output + 30 mL.

Patients should be carefully assessed for signs of
hypervolaemia. Features may include a raised JVP, peripheral
and pulmonary oedema (clinically and radiologically).
Calculation of total fluid balance since admission should alert
clinicians to the potential of fluid overload. In the presence
of AKI, hypervolaemic patients are vulnerable to pulmonary
oedema and should be fluid restricted. There is no definitive
evidence that the use of loop diuretics alters outcome in
such patients. However, it is appropriate to consider a short
trial of loop diuretics in patients with features suggestive of
pulmonary oedema provided the patient has a reasonable
perfusion pressure (MAP > 65 mmHg, SBP > 110 mmHg).
Failure to respond is an indication for urgent haemodialysis
and ultrafiltration.

Optimise Blood Pressure

Blood pressure is key to driving ultrafiltration at the
glomerulus. Within the glomerulus the systemic blood
pressure creates a hydrostatic pressure of 70 mmHg. This
is opposed by the colloid oncotic pressure of 30 mmHg and
hydrostatic back pressure from the tubules (20 mmHg). The
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net filtration pressure which drives the production of up to
180 litres of glomerular filtrate is only 20 mmHg.

Absolute hypotension (defined as a SBP < 90 mmHg) has
been shown to be associated with the development of AKI
following sepsis and major surgery'. However, relative
hypotension (where there is a decrease in BP from pre-morbid
levels in the absence of overt hypotension) has been shown
to be an independent contributor to the development of AKI
in elderly patients!’. Maintenance of SBP according to pre-
morbid values may play an important role in preventing
kidney injury in hospitalised patients.

In patients with AKI and hypotension, blood pressure should
be targeted to a MAP of > 65 mmHg. This can be achieved
by three interventions.

1. Withholding drugs that interfere with renal autoregulation
(ACEi / ARBs). Temporary cessation of all drugs that
induce hypotension. This includes antihypertensives,
diuretics, and agents such as nicorandil and opiates.

2. Correction of hypovolaemia as described above.

3. Consideration of vasopressor therapy (i.e. noradrenaline)
in patients refractory to adequate correction of
hypovolaemia. Vasopressors should be considered
early in such patients to avoid needless fluid overload.
Patients should be clearly identified as being suitable for
vasopressor therapy and referred to Critical Care Teams.
It should be stressed that there is no evidence for a role
for “renal dose” dopamine in the management of AKI. In
addition, dobutamine has significant vasodilatory effects
which can aggravate hypotension and worsen renal
perfusion in patients with sepsis and AKI.

Prescribe Medicines Safely

Patients who develop AKI require revision of all prescribed
medications.

Drugs interfering with renal perfusion

These include those medications interfering with renal
autoregulation (ACEi/ARBs, NSAIDs) and those medications
with the potential to reduce blood pressure. Antihypertensive
medications (including diuretics) should be withheld in
patients with both absolute (SBP < 90 mmHg) and relative
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(SBP < 120 mmHg) hypotension. Patients treated with beta
blockers need careful consideration of the risk / benefit of
temporary cessation.

Drugs requiring dose reduction or cessation

All medications that are metabolized and excreted by the
kidneys should be dose adjusted for an assumed eGFR of <
10 mL/min/1.73m?. Such drugs include fractionated heparins,
opiates, penicillin-based antibiotics, sulphonylurea-based
hypoglycaemic agents, and aciclovir. Although metformin is
not specifically nephrotoxic, it will accumulate in renal failure
and is associated with life threatening lactic acidosis.

Drugs requiring close monitoring

These include warfarin and aminoglycosides. Gentamicin
in particular demands careful consideration. It should not
be withheld where there is a clear benefit to its use (life
threatening sepsis). If used, the daily trough level should be
<1mg/L.

Drugs aggravating hyperkalemia

All drugs which block renal excretion of potassium
(trimethoprin and potassium sparing diuretics (spironolactone,
amiloride) should be stopped. In addition, both beta-blockers
and digoxin can inhibit the sodium / potassium ATPase
pumps which move potassium inside cells. The presence of
these drugs can render the patient resistant to insulin/glucose
treatment of hyperkalaemia.

Referral criteria to a Nephrology Team

Whilst AKI is common, less that 10% of such patients require
direct care by Nephrologists®. Studies show that less than 4%
of hospitalized patients with AKI are treated with dialysis?.

The indication for dialysis is based on the complications of
AKI rather than an absolute value for serum urea, creatinine
or GFR. There is no clear benefit for undertaking dialysis
solely on the basis of a low GFR. Instigation of dialysis
carries with it risk (access issues, haemodynamic instability)
and can delay the identification of recovery of independent
renal function.

The Northern Ireland GAIN guidelines'® recommend referral
of the following groups of patients (Table 7).

TABLE 7:
GAIN AKI referral guidelines.

Referral Indication

Comments

Complications of AKI requiring dialysis

Refractory hyperkalaemia, pulmonary oedema. Severe
metabolic acidosis due to kidney failure (pH < 7.2). Uraemic
pericarditis and encephalopathy.

Suspicion of a diagnosis that may require specialty
Nephrology treatment

For example; vasculitis, myeloma, interstitial nephritis or
glomerulonephritis.

AKI occurring in patients with CKD

Stage 4 or 5 CKD (eGFR < 30 mL/min/1.73m?)

AKI occurring in renal transplant patients

Complex interactions with immunosuppressive medications.
Infection can provoke acute rejection.

© The Ulster Medical Society, 2014.
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Nephrology — Critical Care interface

Many patients develop AKI in the context of multiple organ
failure. They often manifest hypotension, severe metabolic
acidosis and hypoxia due to pulmonary oedema. Such
patients may require mechanical ventilation and vasopressor
therapy to support renal replacement. This level of care is
best delivered in an Intensive Care Unit rather than on a
Renal ward and early involvement of the Critical Care team
should be sought.

Nephrology — Conservative care interface

It should also be recognized that AKI may reflect a terminal
event in a hospitalised patient. Such patients usually have
suffered a very severe episode of illness complicating the
progression of advanced, untreatable co-morbidity.

In such patients, provision of dialysis therapy is futile, is
likely to prolong suffering and lead to false hopes of survival.

Senior medical staff should identify these patients early in the
course of their deterioration an if necessary discuss with the
Nephrology team the ceiling of care for renal support.

TWO SCENARIOS
Case 1:

A 78 year old woman is admitted to the surgical ward
with a left iliac fossa pain and a clinical suspicion of acute
diverticulitis. She has a background of CKD (eGFR 35 mL/
min/1.73m?), hypertension treated with perindopril and type 2
diabetes treated with metformin. One week before admission
she developed dysuria and was empirically prescribed
trimethoprim. Despite a poor oral intake during the week
she continued to take all of her medication. On admission
she was febrile (38°C), hypotensive (BP 80/50 mmHg), and
heart rate 120 bpm. Oxygen saturation was 96% on room air.
Urine output was 5 — 10 mL/hr. Investigations reveal; stage
3 AKI (creatinine 480 umol/L), hyperkalaemia — Potassium
7.1lmmol/L, acidaemia (pH 7.25) with a high anion gap
metabolic acidosis, elevated plasma lactate (8 mmol/L),
CRP 235. She was treated with IV Tazocin® / gentamicin
and insulin/glucose for her hyperkalaemia. Over the next
24 hr despite 6 L of Hartmann’s solution she remained
hypotensive and oliguric. Her serum creatinine rose to 650
umol/L. She became increasingly hypoxic with radiological
evidence of pulmonary oedema and was transferred to ICU
for mechanical ventilation, vasopressor support and dialysis.
A CT scan of abdomen demonstrated a perforated sigmoid
diverticulum with generalized peritonitis. She underwent a
left hemicolectomy but 2 days later whilst still vasopressor
dependent in ICU suffered a cardiac arrest from which she
did not recover.

Learning points:

Prevention: This lady was at extremely high risk of
developing AKI in the community. She has pre-existing CKD,
is elderly with significant co-morbidity and is treated with an
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ACEi. Such patients should be identified with from the GP
register, provided with a Kidney Care Card and counseled
to temporarily stop potentially nephrotoxic drugs (including
metformin) during periods of poor oral intake. In addition,
trimethoprim should be used with caution in patients with
Stage 4/5 CKD due to its potential to cause hyperkalaemia.

Treatment: It is essential to restore an effective blood
pressure within the first 4 hr of hospital admission. Failure
to achieve an adequate BP (MAP > 65 mmHg) despite an
initial rapid infusion of up to 2 L of crystalloid is a marker of
illness severity. In the absence of obvious fluid / blood loss or
cardiogenic shock, such patients should be regarded as being
in septic shock and should be referred to the Critical Care team
for consideration of vasopressor therapy. In this case additional
fluids failed to restore an effective perfusion pressure, failed
to improve renal function and contributed to the development
of pulmonary oedema. Finally this case demonstrates the high
mortality associated with AKI where the renal insult is simply
a talisman for serious underlying pathology.

Case 2:

A 60 year old man is admitted to a medical ward with a 2
week history of cough, arthralgia and reduced appetite. He
had been prescribed doxycycline and a NSAID one week
previously. He had a background of type 2 diabetes and
hypertension treated with ramipril. On admission he was
febrile (37.5°C), hypoxic (oxygen saturations 92% on 40%
oxygen). His BP was maintained at 124/80 mmHg. His
white cell count was elevated at 16.9 and CRP was 279.
His serum creatinine was 250 umol/L. An initial urinalysis
was reported as ‘clear’. Chest X-Ray showed multiple
nodular opacities. Despite treatment with antibiotics, his
renal function continued to deteriorate (serum creatinine 570
umol/L by day 3). A repeat urinalysis demonstrated 4+ blood
and 3+ protein. A subsequence vasculitis screen was positive
(cANCA 120, PR3 > 8). His presentation was consistent with
a diagnosis of Granulomatosis with Polyangiitis (previously
known as Wegener’s Granulomatosis) and he was transferred
to Nephrology. He was empirically treated with pulse methyl
prednisolone and IV cyclophosphamide. A subsequent renal
biopsy confirmed vasculitis. Two months after presentation
his GFR was 50 mL/min/1.73m? and his pulmonary nodules
had resolved.

Learning Points:

This patient was initially suspected to have AKI due to a
combination of pneumonia and concomitant NSAID and
ACE:i therapy. However there were three key pointers to the
possibility of an intrinsic renal insult

1. The lack of a hypotensive insult during his hospital
admission.

2. The presence of dipstick blood and protein.

3. The failure to improve despite appropriate antibiotic
therapy targeted against pneumonia.
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In patients who develop AKI apparently out of proportion
to the clinical insult it is important to validate the urinalysis
findings. The presence of dipstick positive blood and protein
should suggest a glomerulonephritis / vasculitis and an urgent
renal vasculitis screen is mandated. The presence of a positive
vasculitis serology in the appropriate clinical context will
allow for commencement of immunosuppressive therapy
prior to obtaining histological confirmation maximizing the
chance of renal recovery.
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The Ulster Medical Society was formed in 1862 with the
amalgamation of the Belfast Medical Society (which had
been founded originally in 1806) and the Belfast Clinical and
Pathological Society (founded in 1853).

The Belfast of those early days of the 19" century was a
parish of 20,000 inhabitants and in the second half of the
18" century the Charitable Society Poor House gave shelter
to the old, infirm and orphaned children. Linked to the poor
house was a small hospital'. In 1792 the Belfast dispensary
opened a small fever hospital in Factory Row (Berry Street).
A ‘lying in’ hospital was founded in1793 in Donegall Street
and in 1815 the General Hospital was built in Frederick Street.

Against this background 19 physicians and surgeons came
together in 1806 to form the Belfast Medical Society, with
the first President being Dr SS Thompson. However, after
discord the Society was dissolved in 1814 and reconstituted
in 18222

The Belfast Clinical and Pathological Society was founded in
1853 with its first President being Dr TH Purdon. This new
Society, proposed by Dr Malcolm, included town and country
doctors and by the end of its first year had 96 members.
Remarkably its first President, Dr Purdon (born in Chichester
Street, Belfast in 1806) entered Trinity College Dublin, at
the young age of 13 years and in due course qualified in
Medicine.

However, by 1861 discussions took place about having one
single society and on April 30" 1862 the two old societies
joined to become the Ulster Medical Society. The first
President of the Ulster Medical Society was Professor JC
Ferguson — born in Tandragee in 1802. He studied medicine
in Trinity College and was appointed the King’s Professor
of Practice of Medicine in Dublin University in 1845. In
1850 he was appointed to the Chair of Medicine at Queen’s
College, Belfast’.

The Society flourished and there were many well-known
Presidential names over the years, including William Whitla,
Robert Esler, Alexander Dempsey, John Byers, Thomas
Sinclair (Professor of Surgery) (to whom I shall return),
Johnston Symington (Professor of Anatomy and Fellow of

© The Ulster Medical Society, 2014.

the Royal Society) and so many others — truly giants of Ulster
Medicine.

These giants of Ulster Medicine, who became Presidents of
the Ulster Medical Society continued throughout the 20™ and
21st century to my predecessor Professor Patrick Johnston
(President of the Society 2011-12), recent Dean of Medicine
in Queen’s University and latterly appointed Vice-Chancellor
of Queen’s University.

One of the remarkable changes in my 40 years of working in
medicine has been imaging in diagnosis in all specialties and,
of course, the therapeutic value of radiation in the treatment
of our cancer patients. However, radiation — either in its
diagnostic or therapeutic use, is not without its sequelae and
my journey for my Presidential Address and this paper is
“Radiation — Friend or Foe?”

IN THE BEGINNING:-

As I have already alluded, Professor Thomas Sinclair was
Professor of Surgery in Queen’s College and President of
this Society in 1895-1896. Thomas Sinclair succeeded Prof
Alexander Gordon to the Chair of Surgery at 27 years of age.
He was appointed to the Chair in 1886 and held the Chair for
37 years — a great technical surgeon and superb teacher. He
was a surgeon to the British Expeditionary Force in the Great
War and was appointed CB. He is remembered for performing
the autopsy on Baron Richthofen (The Red Baron)*. It was
said of Sinclair — “No man has ever stood in higher regard with
his professional brethren that Professor Sinclair’s.

During Sinclair’s Presidential year of the Ulster Medical
Society a world shattering discovery was made on the evening
of Friday 8" November 1895 by Roentgen in Wurzburg.

Wilhelm Conrad Roentgen was born on 27" March 1845 in
Lennep in the German Rhineland. As a child he moved to
Holland and later was expelled from Utrecht school! He later
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studied mechanical engineering in Zurich and was inspired
to follow a career in physics in the University of Wurzburg
(Germany) — where (in 1883) he became Professor of Physics.

(fig 1)

Fig 1. Wilhelm Conrad Roentgen, 1845 —1923

He noticed late on 8" November 1895 that his ‘Crookes tube’
caused some adjacent barium platinocyanide crystals to ‘light
up’. The crystals were lying accidently on the adjacent table.
He reasoned the tube was emitting some ‘new’ ray which
produced fluorescence — if a metallic object was placed
between the screen of barium platinocyanide and the tube, it
cast a shadow. Roentgen is supposed to have said to his friend
Boveri — ‘I have discovered something interesting ....." He
coined the phrase X-ray (‘X-strahlem’ in German) because
the nature of the rays was uncertain.

His first paper on the new X-rays was given to the President
of the Physical Medical Society on 28" December 1895. In
his paper he showed an X-ray picture (the first) of the bones
of the hand. (fig 2) The paper was printed immediately and
an English translation was published in Nature on 23 January
1896 and within weeks (long before modern communication)
the news spread worldwide. Within a year there were 1000
publications on X-rays®. Lord Kelvin wrote a congratulatory
letter on 17" January 1896 — in which he wrote ‘I was very
much astonished”’. (fig 3)

Roentgen worked on after his discovery — as industrious
as ever. Honours were heaped upon him — including the
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Nobel Prize for Physics in 1901. Following the death of his
beloved wife in 1919 he was lonely and unhappy and he died
in Munich in 1923 of bowel cancer. His ashes were laid to
rest in Giessen.

Fig 2. The first X-ray — bones of the hand (possibly Fraulein
Roentgen)

His life and work are well reviewed by Mould in 19958,
Roentgen was a modest man who shunned publicity — writing
only three papers on his remarkable discovery. As with others
who have made such discoveries he had his critics — others
had made accidental X-ray photographs in the course of
research — such as Goodspeed in Philadelphia and Crookes
in England (the latter had altered the shape of the cathode
ray tube in 1879)°. However, neither of these scientists had
appreciated the importance of their discoveries'®.

It is remarkable how word spread in the 19" century after
Roentgen’s discovery — only a day after his announcement Dr
JR Ratcliffe in Birmingham, England, X-rayed his hand with
a sterilised needle beneath the skin of his palm’. A day later a
lady with a needle embedded in her hand had an X-ray taken
in Queen’s Hospital, Birmingham and a surgeon removed the
said needle, guided by the radiograph''.

Remarkably by January 9% 1896 American newspapers
published the news of Roentgen’s discovery'?. In February
3 1896 a radiograph was taken of the left wrist of a 14

www.ums.ac.uk



160 The Ulster Medical Journal

year old boy who had sustained an ulnar fracture'. Initially
radiographs were used for skeletal abnormalities and
location of foreign bodies. The British were the first to use
radiographs for war casualties'".

By 1898 bismuth subnitrate was used to study the
gastrointestinal tract of humans'®. Fluoroscopy, developed in
1896, was used widely in quality control of metal products,
detection of fraudulent documents and paintings''.

The spread of the news of these new ‘X-rays’ was remarkable.
It was first reported in Britain on 6™ January 1896 in the Daily
Chronicle and the first note in a scientific journal in Britain
was in The Electrician of 10" January 1846'%. The Lancet on
11™ January 1896, followed by the British Medical Journal
reported the new phenomenon. Robert Jones also reported
the use of the new X-ray to locate a bullet in the wrist of a
‘lad aged 12 years’ — with a 2 hour exposure'! There was an
explosion of papers in 1896 — 18 published by John McIntyre
of Glasgow, including the demonstration of a kidney stone.
Over 1000 articles on Roentgen’s X-rays were published in
1896. As Posner (1970)' has indicated it is difficult to think
of any ‘event’, certainly in medicine which spread throughout
the world with such speed until the first heart transplant in
1967 - all the more remarkable for the lack of electronic
media which was not widespread until nearly a century later.

THE URIVEREBITY,
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Fig 3. Congratulatory letter from Lord Kelvin to Roentgen
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However, also in 1896, the then President of the British
Association for the Advancement of Science, Sir Joseph Lister
spoke in Liverpool - his address was “The Interdependence of
Science and the Healing Art”. Before his address he had his
hand X-rayed (photographed). He spoke on Roentgen’s Rays
and pronounced the following prophetic words “if the skin is
long exposed to their action it becomes very much irritated,
affected with a sort of aggravated sun burning” — much more
was to be revealed as the years followed!'*

In the meantime the use of the new X-rays (Roentgen Rays)
became widespread, not only for medical purposes, but
also for amusement with mobile apparatus developed for
fairgrounds. The apparatus became increasing sophisticated
and early protection was developed to protect the users” hands
from ‘dermatitis” as knowledge of physics grew”s. By May
1896, in New England, Professor Frank Austin used a portable
X-ray machine to photograph children’s hands for amusement
at his daughter’s birthday party!'® (fig 4)

Fig 4. Portable X-ray machine — 19th Century

The spread of the news of Roentgen’s Rays reached the USA
within days with newspaper accounts'® and Nature on 23™
January 1896 published a translated copy of his paper!”'s.
On 25" January 1896 Scientific American published a news
section ‘Professor Roentgen’s Wonderful Discovery’ with
the account having come from Europe by cable. The article
contained the sentence ‘when the details reach us, the process
will probably prove to be of scientific rather than practical
interest’!’.

By the end of 1896 Dr James Third in Canada had acquired
his own X-ray apparatus for Kingston General Hospital and
published in 1902 a comprehensive review of diagnostic
uses of X-rays®®. In May 1896 Dr Williams of Boston had
an ‘X-ray run’ in the basement of the library of Boston City
Hospital and during the next 19 years he examined 150,000
patients. By the summer of 1896 X-ray apparatus was
installed in several London Hospitals. However, by 1903
use of X-rays had increased and the King had opened a new
outpatient department with an ‘electrical division’ containing
X-ray apparatus®..

The X-ray department was often hidden away in the country
hospitals of the time — ‘if you look for the darkest, steepest
and most awkward stair below ground, you will generally find
that it takes you to the X-ray department’?',
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The early years of the 20" century led to increasing
understanding of the new X-rays with development of
apparatus®® and the awareness of side effects as we will
discuss later. To X-ray a hand for bone — exposure would
take initially up to 30 minutes, to X-ray a skull or pelvis may
take 2-3 hours of exposure?'.

Barium overtook bismuth in 1910 to demonstrate the
gastrointestinal tract (because barium was cheaper); the first
radiology journal — Archives of Clinical Skiagraphy — was
produced in England, and by 1897 X-rays were admissible
as medico-legal evidence.

RADIOGRAPHY IN ULSTER

So how did radiology develop in Ulster? From Roentgen
in 1895 discovering the X-ray, winning the Nobel Prize
of Physics (1901), to Hounsfield’s work on CT computed
tomography in the EMI labs at Hounslow? (also awarded the
Nobel Prize) it has been a remarkable 100 years of X-ray use®.

So to Ireland and in particular Ulster -

The early national journals of the 20" century were full of
discussion of the use of X-rays® and likewise the Dublin
Journal of Medicine?. In the meetings of the Ulster Medical
Society in 1912, there were frequent discussions of the use of
radiology to solve various clinical difficult cases.

So what of X-rays in Ulster — two excellent reviews by DC
Porter in 1962%” and FS Grebell in 19872 tell the story — both
published in the Ulster Medical Journal a quarter of a century
apart.

Porter (1962) describes the giants who before Roentgen also
set the building blocks for this discovery — William Gilbert
— physician to Queen Elizabeth in the 16" century — was
the father of electric and magnetic science. Galileo in the
University of Pisa evolved the principle of the air pump.
Sir Humphrey Davy (who devised the miners’ safety lamp)
used electric current to decompose gases. Humphrey Davy’s
successor as Professor of Chemistry at the Royal Institution,
was Michael Faraday who later discovered electro-magnetic
induction®’.

Sir William Crookes in 1870 developed cathode ray tubes and
indeed, as alluded earlier, may well have stumbled on X-rays
but did not recognise, or publish their nature.

Porter describes the rapid advances in X-rays in medicine
in the first 15 years of the new century — highlighting the
exposure times — in 1896 a chest X-ray of a girl of 10 years
had an exposure time of 30 minutes, a wrist - 20 minutes,
hip X-ray exposure of one hour, skull X-ray - 45 minutes —
leading to loss of hair in 10 days.

In Ulster — the importance of X-rays was quickly realised on
9™ July 1896 (only 6 months after Roentgen’s announcement)
at a medical staff meeting in the Old Belfast Royal Hospital
in Frederick Street. Doctors Mitchell and Caldwell were
directed to investigate the apparatus for the new X-rays. The
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first X-rays (photographs) were taken by John Clarke & Co,
then in Corporation Street, who dealt with all cases for £1
per month.

During the first year — 50 radiographs had been produced.
The work then passed to Lizars of Wellington Place under
the auspices of Mr JC Carson, who also provided in his
jaunting car, a domiciliary X-ray service at 10 shillings a
time! In 1899 Mr John Campbell Rankin was appointed
pupil to the hospital and later physician with an interest in
‘electrical medicine’ — in diagnosis and treatment, and also in
sexual transmitted diseases. He learned ‘electrical therapy’
in Copenhagen and in 1903 he was appointed ‘electrician’.
He did many X-rays in his home in Mount Charles and in
1911 had a formal darkroom and new X-ray equipment in
the hospital. The work expanded during the war and in 1919
Dr Maitland Beath was assistant to Dr Rankin and became an
outstanding radiologist and one of the first Presidents of the
Faculty of Radiologists?’.

Dr Grebell (1987) in his address at the Annual Oration to the
students at the Royal Victoria Hospital continued the story
of development in radiology. Mass tuberculosis screening in
the UK using chest radiography was introduced by Bentley
and Leitner in 19407,

Following the discovery of isotopes (Bequerel, the father of
nuclear chemistry — Nobel Prize for Physics in 1903), came
Lord Rutherford who discovered y, and § — particles (Nobel
Prize for Chemistry in 1908).

CT was invented by Godfrey Hounsfield in 1972 — and many
suggest this is the greatest discovery in radiology since
Roentgen’s X-rays®; Hounsfield received a Knighthood and
Nobel Prize for his work. The Royal Victoria Hospital got its
first CT scanner in 1977.

The principles of MRI (magnetic resonance imaging) go back
to Bloch of Standford and Purcell of Harvard, for which they
received the Nobel Prize in 1952. Following the introduction
of MRI to the RVH in 1993 — today all major hospitals
have multi-slice CT scanners and MRI scanners — all wit