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There is an age related decline in various physiological
processes. Vascular ageing is associated with changes in
the mechanical and the structural properties of the vascular
wall, which leads to the loss of arterial elasticity and
reduced arterial compliance. Arterial compliance can be
measured by different parameters like pulse wave velocity,
augmentation index, and systemic arterial compliance.
There is evidence that arferial compliance is reduced in
disease states such as hypertension, diabetes, and end
stage renal failure. Changes in arterial compliance can be
present before the clinical manifestation of cardiovascular
disease. Pharmacological and non-pharmacological
measures have been shown to improve arterial
compliance. Arterial compliance may constitute an early
cardiovascular risk marker and may be useful in assessing
the effects of drugs on the cardiovascular system.
Pharmacogenetics and genetics of arterial compliance in
the future will improve our knowledge and understanding
about vascular ageing.

physiological body processes. Chronological

age may be different from biological age.
Some institutions offer biological testing where
they measure lung capacity, memory, reaction
time, and hearing and visual reaction speed to
assess biological age. Certain biological variables
like greying of hair and skin elasticity correlate in
a linear fashion with chronological age.'
Estimates of arterial function (vascular ageing)
have consistently been found to be related closely
to the chronological age as Thomas Sydenham
said, “A man is as old as his arteries”.?

Vascular ageing contributes to the age depen-
dent rise in hypertension and atherosclerotic
disease. Ageing in itself confers a greater risk for
the disease than the conventional risk factors
such as lipid levels, smoking, diabetes, and
sedentary lifestyle.

The most noticeable characteristic of vascular
ageing is the change in the mechanical and
structural properties of the vascular wall. Arteries
have intrinsic and functional properties that are
subject to lifelong stress and hormonal changes.
These properties are changed in the presence of
modifiable cardiovascular (CV) risk factors such
as hypertension, obesity, smoking, and lifestyle,
and non-modifiable risk factors such as age,
genetics, and family history.

The arterial system is composed of a branching
network of elastic conduits (aorta) and high
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resistance vessels (small arterioles and capil-
laries), which constitute a hydraulic filter con-
verting the intermittent output from the heart
into steady capillary flow. The arterial pulse wave
form is derived from the complex interaction of
the left ventricular stroke volume, the physiolo-
gical properties of the arterial tree (arterial
compliance), and the viscous properties of blood.
Blood pressure (BP) has two components—the
pulsatile component (pulse pressure (PP)) deter-
mined by left ventricular ejection (LVE) and
arterial compliance and the steady state compo-
nent (mean arterial pressure (MAP)) maintained
by the small peripheral arteries. There is accu-
mulating evidence suggesting abnormalities in
the arterial pulsatile characteristics occur early in
the disease process associated with increased CV
risk, for example, hypertension and diabetes, and
can be favourably modified by therapeutic
interventions.

Arterial compliance is defined as a change in
area, diameter, or volume of an artery or arterial
bed for a given change in pressure.” Arterial
compliance can be measured non-invasively
using indirect measures such as pulse wave
velocity (PWV), augmentation index (AI), pulse
contour analysis, and echo vascular wall tracking
which will be discussed later. Reduced arterial
compliance has been shown to be associated
with increased CV mortality and morbidity. From
the Framingham risk estimates, conventional
risk factors do not explain all the risk and
vascular compliance may be one of the missing
CV risk factor.*

ARTERIAL SYSTEM

The arterial system consists of the larger elastic
arteries and the smaller muscular peripheral
arteries. The arterial wall consists of three
concentric layers—the tunica adventitia, tunica
media, and tunica intima. There is a single mono
layer of endothelial cells between the blood and
the vessel wall. Large arteries are rich in elastin
and collagen and small muscular arteries are rich
in vascular smooth muscle. Elastin fibres play an
important part in determining the mechanical
strength of the vessels at lower pressures and

Abbreviations: PWV, pulse wave velocity; Al,
augmentation index; SAC, systemic arterial compliance;
CV, cardiovascular; LVE, left ventricular ejection; MAP,
mean arterial pressure; PP, pulse pressure; CIMI, carotid
intimal thickness; IMT, intimal thickness; ACEI, angiotensin
converting enzyme inhibitor; SBP, systolic blood pressure;
DBP, c|iqsto|iczg|ood pressure; ESRF, end stage renal
failure; CRP, C reactive protein; HRT, hormone
replacement therapy; BP, blood pressure

This article is part of a series on ageing edited by
Professor Chris Bulpitt.
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collagen fibres bear most of the strength at the higher
pressures.’

Large elastic arteries such as the aorta buffer the flow and
the pressure variation generated by the intermittent left
ventricular contraction and convert the pulsatile variation
into the steady flow to the peripheries. This maintains
continuous oxygenation to the tissues and minimises cardiac
work. Elastic recoil of the central arteries in diastole is
important for coronary perfusion. Loss of this elasticity
impairs coronary flow and may contribute to coronary artery
disease. In young people BP is determined largely by
peripheral vascular resistance and in older people it is also
determined by large vessel stiffness.

The pulse wave is formed by the overlapping of the two
waves—the forward wave and the reflected wave. The
forward wave travels from the heart to the periphery
(depends on LVE and arterial stiffness) and the reflected
wave travels from the periphery to the heart. It is possible to
evaluate the timing and magnitude of the reflected wave.

The effects of ageing on the arterial tree are heterogeneous
and the mechanical properties of the blood vessels vary
depending on the vascular territory studied—that is, differ-
ence between elastic and muscular arteries.’

STRUCTURAL CHANGES THAT OCCUR IN THE
ARTERIAL TREE WITH AGEING

In the larger elastic arteries there is increase in collagen
content, covalent cross linking of the collagen, elastin
fracture, and calcification and reduction in the elastin
content with ageing. There are also changes in endothelial
function, wall thickness media to lumen ratio, and arterial
stiffness with ageing.

Endothelium changes arterial structure and function by
producing vaso-active substances like nitric oxide (potent
vasodilator) and endothelin (potent vaso-constrictor and
procoagulant). With age, endothelin production increases
and nitric oxide production decreases. This favours a pro-
coagulant state and promotes vascular smooth muscle
growth. In disease states such as hypertension and diabetes
this sequence is exaggerated causing an increased risk of CV
events.”

Postmortem studies show that aortic wall thickening with
ageing consists of an increase in intimal thickness even in
populations with a low incidence of atherosclerosis.® Carotid
intimal thickness (CIMT) increases threefold between ages
20-90 years. Excess intimal thickness (IMT) at a given age
predicts silent coronary artery disease and this will be
accelerated in presence of known CV risk factors. It has been
shown that pharmacological interventions with statins and
angiotension converting enzyme inhibitors (ACEI) and life
style changes can slow the progression of intima medial
thickness.

FUNCTIONAL CHANGES WITH AGEING: CHANGES
IN ARTERIAL COMPLIANCE

Compliance is a functional property of the artery and it
reduces with age as mentioned earlier. Compliance is defined
as the unit change in volume induced by a unit change in
pressure.

The age related increase in systolic blood pressure (SBP) is
greater compared with the increase in diastolic blood
pressure (DBP). Reduced compliance causes earlier return
of the reflected wave and this wave arrives in systole rather
than diastole and causes a disproportionate rise in systolic
pressure and increases PP. This increases cardiac work load
and reduces coronary flow in diastole.

Isolated systolic hypertension (ISH) and PP are late
surrogate measures of reduced compliance and are associated
with increased risk of CV events.
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MEASURES OF ARTERIAL COMPLIANCE

There are invasive (direct intra-arterial measurements) and
non-invasive methods to measure compliance. Non-invasive
methods have been shown to correlate well with invasive
methods. Some of the commonly used non-invasive methods
include PWV, Al and systemic arterial compliance (SAC).
Other methods used are echo tracking, digital pulse contour
analysis, and QKD (Q-wave to diastolic Korotkoff sound)
interval.

PWV

The velocity of the pulse wave between two points in the
vasculature, PWV is measured in metres/second is closely
related to the arterial segment measured. Two pulse or flow
wave forms are recorded at known distance apart (D) to
accurately measure the time delay between the recorded
waves by applanation tonometry. The transit time (AT) is
calculated from the foot of the first wave recorded at the
proximal site and the foot of the second wave recorded at the
distal end. PWV =D/A T. PWV depends on the viscoelastic
properties of the wall and the blood density as shown by the
Moens-Korteweg equation and the Bramwell-Hill equation.’
PWV is sensitive to heart rate and BP and has to be adjusted
for these variables. PWV is an easy and reproducible method
that can be used in clinical practice. Increased PWV reflects
three potential risk factors—that is, increased SBP, increased
PP, and changed wall properties.

Central (aortic) PWV has been shown to predict CV
morbidity and mortality in high risk patients with hyperten-
sion and end stage renal failure (ESRF). Central aortic
compliance is reduced in presence of coronary artery disease
and left ventricular hypertrophy.” '

An increase of 1 m/s in aortic PWV has been shown to
equate to 39% increase in risk of CV events." ' Muscular
arteries do not behave in the same way as elastic arteries.
Changes in peripheral PWV do not correlate well with disease
states. Diabetic patients and patients with ESRF have been
shown to have a higher central PWV compared with age
matched healthy people. Higher aortic PWV has been shown
to predict CV mortality in the elderly population.”

Al

It is defined as Ap/pp (where Ap is the difference between the
late systolic peak and the mid-systolic peak and pp is the
amplitude of the pulse pressure wave), and permits the
estimation of the effect of the reflected wave on the
amplitude of the pulse pressure wave. Al can be obtained
by application of a transfer function to the pressure pulse
recorded at the radial or carotid artery by applanation
tonometry. We can use the Sphygmocor Atcor medical device
to obtain AI using the above method. In older people with
stiffer arteries the reflected wave arrives in systole and causes
systolic hypertension. AI depends on PWV and BP and is
inversely proportional to heart rate and height. It is a
measure of cardiac workload.

SAC

It is a surrogate measure of central arterial compliance. This
is achieved by simultaneous recording of the ascending aortic
blood flow with a Doppler velocimetry transducer applied on
the suprasternal notch and the PPV of the right carotid artery
by applanation tonometry. Arterial compliance is calculated
using the formula derived by Liu ef al.'* The diameter of the
aortic valve is measured using 2D echocardiography.

Echo tracking

Echo tracking studies local arterial wall properties using
measurement of the separation of the anterior and posterior
walls of an artery plotted against time during the cardiac
systole. This is time consuming and requires a high degree of
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technical expertise. Other methods will not be discussed in
detail here.

ARTERIAL COMPLIANCE IN DISEASE STATES
Diabetes is associated with a two to three times increase in
CV events. It is also associated with obesity, dyslipidaemia,
hypertension, and renal failure. In type 2 diabetes there is
evidence of formation of advanced glycation end products
(AGEs), which lead to structural changes in the vessel
wall.” ' Hyperglycaemia, dyslipidaemia, hypertension, and
hyperinsulinaemia all promote endothelial dysfunction and
contribute to arterial stiffness.

PWV is increased in conditions such as ESRF, diabetes,"”
familial hypercholesterolaemia,'® and Marfan’s syndrome.
There is increased mortality in patients with ESRF and a
higher aortic PWV that is independent of the other risk
factors. Lower extremity arterial compliance and central
compliance measures have been associated with the presence
of significant coronary artery stenoses in patients undergoing
cardiac catheterisation." *°

In patients with essential hypertension increase in carotid
femoral PWV of 3.5 m/s is associated with 34% increased
relative risk of primary coronary events as shown in the first
longitudinal prospective study.” Laurent ef al have shown an
increase in aortic PWV of 5 m/s is associated with a 34%
increase in all cause mortality and a 51% increase in CV
mortality.”” After age 70 there is 19% increase in CV risk per
1 m/s increase in aortic PWV.”

SEX DIFFERENCES IN ARTERIAL FUNCTION

There are differences in body weight, height, body fat
distribution, heart rate, stroke volume, and arterial compli-
ance between the two sexes. In the very elderly, age related
large artery stiffness and pulsatility is more pronounced in
women. This may be attributable to smaller body size and
arterial dimensions independent of menopause.” Pre-pub-
ertal women have stiffer arteries and higher PP than their
pre-pubertal male counterparts. Post-puberty arteries are
more distensible in women than men and the risk of CV
disease is much lower in pre-menopausal women.” ** This
may represent intrinsic differences in arterial properties
between men and women. SAC and AI correlate with height
in men and women. SAC is positively and Al is negatively
correlated with body mass index.

Distribution of body fat may have an effect on arterial
compliance and glucose metabolism. Larger trunk fat mass is
associated with high peripheral arterial stiffness and larger
lower leg fat mass and leg lean mass is associated with lower
peripheral arterial stiffness. Trunk or leg fat mass is not
associated with central arterial compliance.”” Higher fat levels
in the leg is associated with lower blood glucose levels and
higher trunk fat mass is associated with higher blood glucose
levels after adjustment for age, trunk lean mass, leg lean
mass, and leg fat mass.*

GENETICS AND VASCULAR AGEING
There is evidence that the relation between genotypes and
arterial stiffness may manifest itself in later life.

Two distinct groups of genes have been implicated in
arterial stiffness—those that are associated with cell signal-
ling (vascular cell adhesion molecules) and those that are
associated with the regulation of vascular structure (cytos-
keletal—cell membrane and the extra cellular matrix). The
MMP-3 genotype may be an important determinant of
arterial stiffness, with heterozygotes having the optimal
balance of matrix accumulation and deposition.*” The T-allele
has been associated with greater MMP-9mRNA and protein
levels and T-allele carriers have greater large artery stiffness
because of excessive degradation of the arterial elastic
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matrix.”> MMP-3 genotype determined is by 5A/6A poly-
morphism and 5A/5A homozygous is linked with increased
stiffness and increased SBP.>' The AT1 receptor genotype may
also influence arterial ageing in hypertensive people.>

There are also protective genetic factors that result in a
delayed onset of vascular disease even in the presence of
smoking and high cholesterol (longevity genes).”” Afro-
Caribbeans have a high prevalence of hypertension and
diabetes and diabetic patients have been shown to have
reduced peripheral compliance. This may account for higher
rates of cerebrovascular events in Afro-Caribbeans although
they have lower rates of coronary heart disease.** *

RELATION BETWEEN ATHEROSCLEROSIS AND
ARTERIAL STIFFNESS

Atherosclerosis is a patchy disease and increased PWV, a
measure of arterial stiffness, represents a composite measure
of the segment under evaluation. This probably identifies a
more extensive calcific disease distributed through the
arterial tree. The Rotterdam study, which was a population
based study, showed increased arterial stiffness was asso-
ciated with atherosclerosis at various sites.*

Atherosclerosis is an inflammatory process related to
endothelial dysfunction and excess deposition of oxidised
lipids. There is active process of injury and healing within the
endothelium and smooth muscle and it is the balance of this
process that dictates the progression of atheroma. In most
people this process progresses through lifetime, so by age 50
most will have coronary involvement. Rate of progression is
dictated by risk factors such as smoking, dyslipidaemia,
diabetes, and hypertension. Atherosclerosis leads to thick
stiff arterial walls and calcification and plaque formation and
this would change the mechanical properties of the arteries.*”
Arterial plaque formation can be measured by ultrasound
techniques and CIMT has been used as a marker of
atherosclerosis in some studies. Aortic and brachial PWV
and PP relate to level of inflammation measured by high
sensitivity C reactive protein (CRP) levels in healthy people
suggesting that inflammation may be involved in arterial
stiffening. There may be a potential role of anti-inflammatory
drugs in reducing premature vascular ageing.”® Statins have
been shown to reduce inflammation and improve vascular
compliance. Increased arterial stiffness and atherosclerosis
may coexist or may be two independent markers of
subclinical vascular damage in young patients.*

HOW CAN WE MODIFY COMPLIANCE?
There is convincing evidence that treating known vascular
risk factors such as diabetes, hypertension, obesity, dyslipi-
daemia, and smoking reduces risk of CV events by up to 20%—
30%. Pharmacological and non-pharmacological measures
improve brachial BP, HbAlc, and lipid levels and also
improve arterial compliance independent of the above
parameters.

There is evidence that arterial compliance can be modified
by drugs, diet, and lifestyle changes.

Drugs
Antihypertensive drugs improve mean arterial BP, endothe-
lial function, vessel tone, and reduce structural remodelling.
In most of the published studies ACEIs, diuretics, and
calcium channel blockers improve PWV, Al, and SAC over
and above BP reduction in long term studies. ACEIs improve
age dependent IMT and smooth muscle hypertrophy. Non-
selective B blockers do not improve arterial compliance as
much as other drugs.***

Nitrates improve compliance acutely and after long term
use. The new nitric oxide donor sinitrodil improves arterial
compliance in healthy young men in doses that do not affect
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resistance vessels.*” In congestive cardiac failure nitrates and
ACETs are effective in improving the SAC. ACEI efficacy may
be influenced by genetic polymorphism. Patients carrying the
C-allele of the A1166C polymorphism of the angiotensin
2 AT1 receptor were shown to have improved arterial stiffness
after perindopril compared with the calcium antagonist
nitrendipine, and the reverse was seen with the homozygote
M allele.*

Statins undoubtedly reduce CV mortality in high risk group
people. Use of statins in secondary prevention is well
established and there is growing evidence for use of statins
in primary prevention in high risk people. Statins improve
lipid levels, improve endothelial function, reduce inflamma-
tion in the atherosclerotic plaques, stabilise the plaques, and
have been shown to reduce progression of IMT in coronary
artery disease. Statins improve large artery stiffness in
patients with familial hypercholesterolaemia and to a lesser
extent in ISH.* In a large cohort of elderly hypertensive
patients plasma total cholesterol was not associated with
large artery stiffness.” Statins reduce CRP levels. Raised CRP
levels have been associated with poor prognosis post-
myocardial infarction, and any adverse prognosis in vascular
disease.*

Exercise

Aerobically trained athletes have a better SAC then matched
sedentary controls. In some studies exercise in the elderly
improves PP, PWV, Al, baroreceptor function, and endothe-
lial function.*” Weight lifters, on the other hand, have lower
arterial compliance.” Weight loss in healthy obese men
induced a significant reduction in mean BP that was
associated with an improvement in large artery compliance.
Aerobic training was not shown to modify large artery
compliance in older patients with ISH.*

Hormone replacement therapy (HRT)

There are sex differences in arterial compliance as discussed
earlier. Oestrogen therapy has been shown to reduce LDL
cholesterol, increase HDL cholesterol, and may also inhibit
lipoprotein oxidation and proliferation of smooth muscle
cells in the arterial wall. There is variable evidence for
improvement in arterial function after use of HRT. HRT has
been shown in some trials to improve SAC and IMT after
adjustments for lipid profiles while others have shown no
improvement in arterial stiffness and endothelial dysfunc-
tion. HRT has not been shown to improve BP in 24 hour
ambulatory BP monitoring.”*>* Hypoandrogenaemia in men
and hyperandrogenaemia in women has been shown to be
associated with increased risk of coronary events.>* >

Dietary modifications
Arterial compliance in obese subjects improves with dietary
plant n-3 fatty acids from flax seed oil despite an increase in
LDL-oxidisabilty.”®

Fish oils have been shown to increase HDL cholesterol,
reduce triacylglycerol rich lipoprotein, reduce post-prandial
lipaemia, and improve endothelial function and arterial
compliance in type 2 diabetic patients and non-diabetic
patients.””™

Soya—dietary isoflavins (phytoestrogens) have been
shown to reduce the progression of atherosclerosis and
improve arterial stiffness in older women.® ®' Phytoestrogens
are plant derivatives structurally similar to oestrogen that are
ligands for the oestrogen receptors ERa and ERP. Soya bean
and red clover are rich sources of isoflavins—a subgroup of
phytoestrogens that include diadzeim, formonotin, genistin,
and their precursors. Epidemiological studies have suggested
a reduction in CV risk in population consuming a high
isoflavin diet (Shanghai women’s health study). In studies
using the formonotin isoflavin showed improvement in SAC,
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central PWV, and reduced peripheral resistance but no
improvement in the endothelial function. This isoflavin is
not found in soybeans.”

Low salt diet improves arterial function and lowers BP in
older patients with systolic hypertension.*

Vitamin C has not been shown to improve arterial
compliance.*

Smoking

Few studies have investigated the effects of long term
smoking on arterial wall properties. The results are contra-
dictory depending on methods used. Smoking is however a
known risk factor for atherosclerosis and may contribute to
arterial stiffness.”

WHY DO WE NEED TO MEASURE COMPLIANCE?
There is evidence that subclinical vascular disease is present
and can be assessed before the overt clinical manifestation.
Brachial BP has been traditionally used to stratify CV risk.
Changes in the mechanical properties in the presence of
unchanged brachial BP have been shown by an increase in
SAC with aerobic fitness and HRT in post-menopausal
women. Drugs like ACEIs improve AI and PWV and nitrates
improve Al independent of the BP reduction.***

Arterial stiffness may play a potential aetiological part in
CV disease, may constitute an early risk marker, and may be
useful in assessing the effects of drugs on the CV system.
Measures to reduce arterial compliance may modify progres-
sion before a CV event occurs. Methods to measure
compliance are simple, reliable, and can be used in the
clinical setting.

VASCULAR AGEING AND FUTURE DEVELOPMENTS
With more research and genetics unfolding we will have
more insight into how to improve arterial compliance and
how it correlates to the clinical CV risk. This may provide
insight into concept of successful compared with unsuccess-
ful vascular ageing. One target approach would be to interfere
with collagen metabolism but collagen turnover is a slow
process, and studies looking at this would be difficult to
design. Pharmacogenetics would be an interesting area in
future to predict a person’s drug responsiveness.

Aldosterone is an important mediator of fibrotic changes at
the level of the heart and recent data suggest that similar
effects may occur in the arterial walls of rats and humans.*
Nitric oxide donors seem a potential group of therapeutic
agents.

Advanced glycation end products (AGE) link proteins have
been shown to increase arterial stiffness in diabetes and
ageing. Drugs interfering with formation of AGE link
products, such as amino guanidine and ALT-711, have been
shown in animal models to reverse arterial stiffening with
changes in BP. ALT-711 has been shown to improve
compliance in elderly people. These drugs may prove useful
in diabetic and hypertensive patients.*”

CONCLUSIONS

® Age is an important non-modifiable CV risk factor.*®
Improving arterial compliance reduces risk of CV
events—primary and secondary prevention.

® Non-invasive methods to assess arterial biomechanics and
functional properties are available. Arterial compliance
may be one of the missing risk factor in global risk CV risk
stratification.

® Arterial compliance can be modified by therapeutic
interventions and it would be possible to identify people
with early vascular damage who are predisposed to future
vascular events.
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® We need more longitudinal population based studies and
randomised controlled trials to show that progressive
disease and pharmacological and non-pharmacological
measures are accompanied by an adverse or favourable
outcome.
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WEB TRAWL ..o,

organisations aiming to improve the quality of care delivered to patients within the

This month’s web trawl examines two UK based web sites, which detail the work of

National Health Service.

http://www.rcplondon.ac.uk/college/ceeu/ This, in fact, in not a web site in its own
right, but one of a series of pages from the Royal College of Physicians web site, from their
Clinical Effectiveness and Evaluation Unit (CEEU) section. The CEEU aims to improve the
quality of care delivered to patients within the NHS, and its web pages, accessed from within
their own home page on the RCP web site, give details of its activities. An outline of the
work of the CEEU is provided, followed by a series of links to pages detailing the work
currently being carried out, and also details of completed projects. Projects undertaken cover
a wide variety of disorders, and many are undertaken in collaboration with other groups. For
completed projects, links to detailed reports are provided, along with lists of papers that have
been published based on the work undertaken. As each project’s individual set of pages
appear to be updated separately, it is difficult to comment on whether they are all up to date,
but in general most appear to have been updated within the past 12 months. The many
health professionals in the UK who are already involved in projects run by the CEEU will
almost certainly be aware of these pages, but they are likely to be of interest also to some
working in related fields, and also potentially to medical and other students wishing to gain
an understanding of how research is performed to improve quality of care.

http://www.ncchta.org This is the web site of the NHS Health Technology Assessment
(HTA) Programme. The programme provides detailed information on the cost and
effectiveness of tests and treatments to those concerned with making decisions regarding
their use in the NHS. From the home page, the user may navigate to a series of pages
detailing current and previous work undertaken. For those projects now completed, reports
may be freely downloaded in pdf format, although the option is also available to purchase a
paper copy. The work undertaken covers the whole range of medical and surgical specialties,
and the reports available will therefore be of interest to healthcare professionals working in
most, if not all disciplines. A further link takes the user to a page entitled funding
opportunities, from where application can be made to participate in various named projects
and forms may also be downloaded to apply for funding to undertake clinical trials.
Although largely aimed at those working within the NHS, the web site also provides pages
specifically for members of the public, where details are given of ways they may become
involved with the work of the HTA programme. The information on each page is updated
regularly and every page appears to be current. Overall, the web site provides a wealth of
healthcare information, and will be of interest to both health professionals and members of

the public alike.
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