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Cardiovascular risk 6ctors including hypertension and hypercholesterolaemia are 
common after liver transplantation. It has been reported that cardiovascular disease is 
an increasingly common cause of patient mortality after hver transplant. 
Using data 6om patient records, I assessed the prevalence of risk factors k r 

cardiovascular disease after liver transplant and compared these to a non-transplant 
population. The data were used to examine the e@ect of switching 
immunosuppression &om cyclosporin to tacrolimus upon cardiovascular risk. Clinical 
trials involving Hver transplant recipients have examined the role of endothelin, renin-
aldosterone and arterial stiGBiess in the development of hypertension, the efGcacy of 
diSerent antihypertensive drugs and the value of brain natriuretic peptide (BNP) as a 
potential screening tool 5)r left ventricular impairment in hypertensive patients. 

The predicted 10 - year probability of coronary heart disease (CHD) increased after 
liver transplant and was higher than a matched non-transplant population. 
Hypertension and hypercholesterolaemia were the most common risk 6ctors for 
CHD. Tacrolimus was associated with a reduced prevalence of cardiovascular risk 
factors compared with cyclosporin and switching to tacrolimus can reduce blood 
pressure, weight and serum cholesterol Increases in arterial stifEhess and plasma 
endothelin-1 were implicated in the development of hypertension during the Grst 6 
months. Amlodipine was optimum Grst line treatment of hypertension, with hsinopril 
being superior to bisoprolol as second-line treatment. BNP levels were raised in 
transplant recipients, particularly those with hypertension. Hyperuricaemia is 
common after liver transplantation and is associated with an increased predicted risk 
of CHD. 

CHD risk rises after hver transplantation. It is likely that this will lead to an increase 
in post-transplant morbidity and mortality form cardiovascular disease, but this is not 
apparent by 5 years. Management of hypertension, hypercholesterolaemia and 
attention to weight gain after transplant are important to reduce the burden of post-
transplant cardiovascular disease. 
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Introduction 



Liver Transplantation 

The grst liver transplant in man was perkrmed in 1963. Following the 

recommendations of the National Institutes of Health Consensus Development 

Con&rence in 1983 when it was accepted that hver transplantation was an 

ef&ctive treatment 6)r hver disease rather than an experimental procedure, 

considerable progress in the Geld has been made .̂ Advances have been made in 

surgical technique, better organ preservation, improved recipient selection criteria 

and development of potent immunosuppressive drugs. It is true to say that hver 

transplantation has revolutionised the management of patients with end-stage hver 

disease. 

Today hver transplant is indicated 6)r acute or chronic hver failure 6om any 

cause. It is a well-accepted treatment 6 r patients with primary bihary cirrhosis, 

primary sclerosing cholangitis, cirrhosis due to hepatitis B and C viruses, 

alcoholic liver disease conq)licated by cirrhosis, acute paracetamol toxicity as well 

as childhood hver diseases and a host of other adult hepatic disease. The 

commonest indications in the United Kingdom are autoimmune liver disease, 

cirrhosis secondary to alcohohc hver disease and hepatitis C virus cirrhosis 

With improvements in surgical e)q)ertise, management of infections and post-

operative con^hcations, and safer immunosuppressive regimens patient survival 

is steadily improving. 

Current I-year survival rates in the main exceed 90 % ^ whilst 5-year patient 

survival is 75 % With increasing expertise in liver transplantation, older 

patients and patients with additional medical problems are accepted into hver 

transplant programmes. Thus patients with diabetes melhtus and stable coronary 

artery disease are now considered A)r transplant. These 6ctors combined with 

longer patient survival aAer transplant make it hkely that cardiovascular disease 

after transplant will be an increasingly important field with an impact upon long-

term patient survival 



For many years it was believed that the prevalence of coronary artery disease 

(CAD) was lower in patients with cirrhosis than in the general population, based 

largely on studies showing less evidence of atherosclerosis and myocardial infarct 

in patients with cirrhosis In support of a lower prevalence of CAD is the fact 

that patients with end stage liver disease often have lower serum cholesterol levels 

and in view of peripheral vasodilatation blood pressure is often low too 

However, recent studies have re-evaluated the prevalence of CAD in patients with 

liver disease. Coronary angiographic studies in patients with liver disease and 

being considered 6)r transplant demonstrate that the prevalence of CAD in liver 

disease varies 6om 2.5 % to 27 % Such differences are in part explained by 

diSerent population ages; the study of Carey et al with the highest prevalence of 

CAD examined only patients over the age of 50 Furthermore different 

definitions of significant CAD have been employed and it is probable that the 

prevalence is somewhere between 5 and 10 % By comparison, angiographic 

abnormalities in asymptomatic men with electrocardiographic abnormalities was 

2.5 % 11. It would appear then that the prevalence of CAD in transplant recipients 

is higher than had previously been considered and is at least as high as Ggures 

from the general population. 

It is therekre not surprising that the issues surrounding cardiovascular disease 

after liver transplant should be commanding attention. Not only do patients have 

a similar or higher prevalence of coronary heart disease at the time of transplant as 

the general population, but patients are exposed to drugs in the Arm of anti-

rejection medication that carry with them the burden of numerous cardiovascular 

side-e8ects. Superimposed on this is the 6ct that patients are now less likely to 

succumb to early deaths from infection, graft dysfunction or post-operative 

complications and accordingly survive longer. Patients are therefore increasingly 

exposed to a number of risk 6ctors for development of cardiovascular disease 

after Hver transplant and 6ir a greater length of time than ever before. 



Cardiovascular risk factors after liver transplantation 

Cardiovascular disease after liver transplant 

Cardiovascular disease developing post-transplant and the development of risk 

factors for cardiovascular disease has been an area of increasing importance over 

the last 5 years. This is borne out by a small but growing number of studies which 

have reported that coronary heart disease (CHD) is a common cause of death after 

liver transplant 12-15 Most of these have examined deaths occurring beyond the 

first post-transplant year because peri-operative deaths and deaths due to 

conq)lications of surgery are excluded. This enables the number of deaths due to 

cardiovascular disease to be more readily put into context alongside other long-

term complications. It has been reported that up to 21 % of deaths after the first 

year are due to cardiovascular causes and 60-75 % of cardiovascular deaths are 

due to myocardial infarction 1"̂ . These studies, which are all retrospective, 

provide at Grst glance at least some evidence that cardiovascular disease is an 

important area aAer liver transplant and has an impact upon patient survival The 

increasing age of the transplant population, as a result of older patients being 

transplanted and increasing patient survival, is undoubtedly one of the 

contributory 6ctors to the development of cardiovascular disease. It is also 

emerging that the prevalence of risk factors 6)r heart disease such as hypertension, 

dyslipidaemia, obesity and to a lesser extent diabetes melHtus is high aAer 

transplant. These risk factors will be considered in turn below and hypertension 

and hypercholesterolaemia will also be discussed fiirther in subsequent sections of 

the introduction. 

Hypertension 

Hypertension is the commonest and most important risk 6ctor 6)r development of 

cardiovascular disease after liver transplantation. The prevalence of hypertension 

after liver transplant varies 6om 36 to 82 % 16-25- variation is due in part to 

different deGnitions of hypertension. Earlier studies used a threshold of 160/95 



mmHg to deGne hypertension whereas it is now accepted that a blood pressure 

above 140/90 mmHg is indicative of hypertension 

There are a number of different reasons why hypertension could develop after 

transplant although the underlying mechanisms have not been fully explained. The 

principle mechanism is widespread systemic vasoconstriction under the influence 

of immunosuppressant drugs such as calcineurin inhibitors Both cyclosporin 

and tacrolimus cause systemic and renal vasoconstriction which contributes to the 

development and maintenance of hypertension Other possible causes of 

hypertension are abnormalities of endothelial Amction, elevation of serum 

endothelin-1, use of corticosteroid drugs, alteration in the stifBiess of the 

vasculature after transplant and stimulation of the renin-aldosterone axis The 

role of endothelin-1 and the renin-aldosterone system are the subject of Chapter 3. 

Finally, factors such as post-transplant diabetes mellitus and weight gain may also 

play a part in evolving hypertension. 

Dyslipidaemia 

The primary area of concern is hypercholesterolaemia given its important 

contribution to development of cardiovascular disease. Elevated serum cholesterol 

is an important risk factor 6)r coronary and cerebrovascular disease in the general 

population and lipid abnormalities are common after liver transplant. Serum 

cholesterol increases after transplant 30-34 hypercholesterolaemia 

develops in as many as 66 % of patients Increases in serum triglyceride are 

also seen after hver transplantation 19, 24, 35 reported prevalence rates up to 

59 % Immunosuppressant drugs, including the calcineurin inhibitors and 

corticosteroids, are implicated in the development ofhypercholesterolaemia 

^^'38 Serum lipid levels are also influenced by post-transplant weight gain, 

diabetes mellitus, diet and renal dysfunction 



Obesity 

Weight gain and obesity are &equently encountered problems in liver transplant 

recipients. Body mass index (BMI), defined as weight (kg) divided by the square 

of the height (m^), increases by up to 14 % in the Grst year after transplant 

39. The m^or period of weight gain is in the first two years after transplant 

39, 40 reason 5)r the increase in weight are not clear but corticosteroid use is 

a risk factor 6 r and cyclosporin is also associated with weight gain after 

transplant 

Diabetes melHtus 

Several authors have observed that hver transplant recipients have an increased 

prevalence of diabetes mellitus compared to the general population 

Immunosuppression and corticosteroids are both linked to development of 

diabetes mellitus. Posttransplant diabetes mellitus is also associated with hepatitis 

C virus allograft hepatitis The incidence of diabetes after transplant in the 

USA ranges 6om 12 to 18 % 15, 22, 23 However, there is a trend now towards 

using lower doses of immunosuppressants and of early withdrawal of 

corticosteroids after transplant and both these approaches may have an impact 

upon the current published incidence of diabetes mellitus ^̂ 5. Indeed, a 

recent publication &om Birmingham, UK, recorded an incidence of diabetes 

mellitus after transplant of 3 % 

Cardiovascular disease after transplant: limitations of knowledge 

There are however, limitations to the current published literature regarding the 

development of cardiovascular disease. Studies to date examining the 

development of cardiac or cerebrovascular disease are limited by having been 

restricted to examining mortality rather than incorporating morbidity. Whilst it is 



clear that important risk 6ctors 5)r cardiovascular disease such as hypertension 

and hypercholesterolaemia are seen Aequently after transplant it cannot be 

assumed from current available evidence that these and other risk factors translate 

into development of cardiovascular disease in transplant recipients. Do transplant 

patients suf&r a greater amount of cardiovascular disease that befits the 

prevalence of the risk 6ctors? In order to address this question, the transplant 

population under study must be compared with an appropriate matched non-

transplant population. Failure to do this renders data on the incidence of 

cardiovascular disease after transplant of limited value. Only two studies, one 

each 6om the United Kingdom and USA, have compared transplant and non-

transplant populations with differing conclusions on the relative 6equency of 

cardiovascular disease in transplant recipients 12, 22 p^om current evidence 

there6)re it is unclear whether hver transplant is associated with a higher 

incidence of cardiovascular disease. 

Study of the prevalence of cardiovascular risk factors and incidence of 

cardiovascular disease after liver transplant 

The first part of my thesis has been to assemble data on the development of 

hypertension, hypercholesterolaemia, obesity, diabetes mellitus and the incidence 

of cardiac and cerebrovascular disease in patients following liver transplant in 

Cambridge. In order to try and assess the impact of liver transplant upon future 

risk of cardiovascular disease, data that I gathered has been used to calculate the 

predicted 10-year risk of developing CHD by using the coronary risk equations as 

set out in the Framingham study Furthermore, the incidence of coronary and 

cerebrovascular disease observed in the liver transplant recipients I studied can 

then be compared with e^gected incidence rates in a non-transplant United 

Kingdom population matched for age and sex. This should then enable me to 

comment upon the risk, both calculated and actually realised, of developing 

cardiovascular disease after liver transplantation. 



Hypertension 

Hypertension is a common development after liver transplantation. This contrasts 

with the situation in patients with cirrhosis awaiting transplant. Cirrhosis is known 

to be associated with a hyperdynamic circulation manifest primarily as 

increased cardiac output and decreased systemic vascular resistance. 

Consequently, prior to transplant patients oAen have low or low-normal blood 

pressure as a result of the circulatory changes and only 6 % have a prior history of 

hypertension For the majority of patients thereAre hypertension is a 

complication related to the Hver transplant. There are two key issues relating to 

hypertension after liver transplant. Firstly, what causes hypertension to occur and 

secondly, how is it best treated? 

Mechanisms of hypertension 

During the first few weeks after Hver transplant there is a restoration of the 

hyperdynamic circulation typical of cirrhosis to a normal circulation Elevated 

cardiac outputs gradually decrease over the Grst 6 w weeks or months after 

transplant and systemic vascular resistance increases during the first month As 

a result, blood pressure commonly increases soon after liver transplant. 

Superimposed on these circulatory changes is the vasoconstriction that is a direct 

consequence of the use of calcineurin inhibitors As a result of haemodynamic 

changes, the principal one being widespread arterial vasoconstriction, 

development of hypertension post transplant occurs during the first 4 months in as 

many as 50 % of patients 

It is important to understand the underlying mechanisms contributing to 

vasoconstriction and increased vascular resistance in patients receiving calcineurin 

inhibitors as this would 6cilitate appropriate management of hypertension. A 

number of mechanisms have been proposed. These include disturbances in 

sympathetic neural activity, alteration in local mechanisms of vascular regulation, 

stimulation of the renin-angiotensin system and increased production of the 



peptide endothelin-1. Of these the latter two mechanisms will be considered in 

more detail below. 

Renin-Angiotensin System 

Physiology 

Within the kidney the juxtaglomerular apparatus is made up of specialised 

arteriolar smooth muscle cells situated on the afkrent glomerular arteriole as it 

enters the glomerulus. These cells secrete renin. Renin release allows the 

conversion of angiotensinogen into inactive angiotensin-I and angiotensin-

converting enzyme then converts angiotensin-I into active angiotensin-II. The 

latter is a potent vasoconstrictor acting directly on smooth muscle cells via 

angiotensin-II receptors (Type 1). The renin-angiotensin system provides short-

term regulation of the cardiovascular system that becomes activated in acute 

conditions such as hypotension, hypovolaemia and severe heart 6ilure. Once 

blood pressure is restored further renin release is suppressed In addition, 

angiotensin-II interacts with the sympathetic nervous system to increase vascular 

tone. It causes volume expansion through sodium retention, via aldosterone 

release and renal vasoconstriction, and fluid retention via antidiuretic hormone 

Involvement in hver transplantation 

In view of the vasoconstriction and volume expansion accompanying release of 

angiotensin-II and aldosterone, activation of the renin-angiotensin system after 

liver transplant has been postulated to be a contributory mechanism in the 

causation of hypertension. In vitro cyclosporin induced a three-6)ld increase in 

renin secretion by a direct efkct on juxtaglomerular cells Early work in 

animals pointed to a direct relationship between cyclosporine administration and 

stimulation of plasma renin activity 51, 52 Spontaneously hypertensive rats 

respond to cyclosporin by a rise in hypertension associated with increases in 

plasma renin activity 53. Recently cyclosporin has been shown to up-regulate 



angiotensin II receptors in cultured human vascular smooth muscle cells rendering 

them more sensitive to the eSects of angiotensin II Up-regulation of 

angiotensin-II receptors in vivo could be a &ctor leading to vasoconstriction and 

be another potential cause of hypertension after transplant. 

There have been few studies in humans of changes in the renin-aldosterone axis 

after liver transplantation. A number of studies of cyclosporin treated patients 

have shown that circulating renin levels are in fact low during the first 4 months 

after transplant, at a time when blood pressure generally increases 

Serial measurements after the first year however, indicate that levels of plasma 

renin activity increase Furthermore, in a study of 12 liver transplant recipients 

with hypertension developing at a median of 8 months, plasma renin levels were 

6)und to be elevated compared to normal controls when measured at 13 months, 

the delay being due to establishing a diagnosis of sustained hypertension One 

can only speculate whether plasma renin was elevated prior to development of 

hypertension. 

The studies of Julien and Textor provide evidence that plasma renin levels 

are raised aAer the Grst year. Neither study is able to address the issue of whether 

increased stimulation of the renin-aldosterone system is causally linked to 

hypertension. Many patients who develop hypertension after transplant do so 

during the Grst 6 months A study of changes in the renin-aldosterone axis over 

this time period comparing normotensive patients with those who develop 

hypertension is desirable to ascertain whether development of early hypertension 

can be linked to elevations in serum renin. I have investigated changes in serum 

renin and aldosterone levels after liver transplant by measuring them prior to 

transplant and serially during the 6 months after transplant. If levels of these 

hormones are raised during the first few months and I can demonstrate a link to 

hypertension, this could have useful clinical ramifications regarding treatment of 

early hypertension after liver transplant. 

10 



Endothelin-l 

The endothelins are potent vasoconstrictor peptides synthesised by the vascular 

endothelium Endothelin-1 (ET-1) is the principle isofbrm present in human 

endothelium. When ET-1 is infused into animals or humans it elicits a strong 

sustained vasoconstriction and hypertensive response 60, 61 the kidney it 

causes renal vasoconstriction, decline in renal plasma flow, glomerular titration 

rate and sodium excretion ET-1 is produced and released 6om endothelial 

cells by various chemical and physical stimuli and may contribute to vasospasm in 

pathophysiological conditions where levels of ET-1 are significantly elevated such 

as in atherosclerotic vessels 

Endotbelin-l and liver transplant 

There is mounting evidence that calcineurin inhibitors aSect ET-1 levels. Animal 

studies have suggested that the vasoconstrictor properties of cyclosporin might be 

mediated through endothelin Experiments on cultured endothelial cells and in 

humans treated with cyclosporin and tacrolimus have indicated that calcineurin 

inhibitors are associated with an increase in ET-1 production 65-69 Furthermore 

endothelin levels have been shown to increase at day 7 after liver transplant in 

patients with moderate to severe acute cellular rejection ^0 

It can be speculated that calcineurin inhibitors mediate some of their 

vasoconstrictor properties through ET-1. Elevation in ET-1 after transplant is an 

attractive hypothesis as a mechanism of early hypertension. Plasma ET-1 has been 

shown to increase in the first week after liver transplantation and is associated 

with a rise in mean arterial blood pressure from 82 ± 4 to 103 + 2 mmHg . In 

another study 44 cyclosporin and 31 tacrolimus treated patients were evaluated 

be&re and aAer transplant Circulating levels of ET-1 were shghtly elevated 

5)r 2 years after transplant, albeit not difkring significantly 6om levels pre-

transplant. Urinary endothelin levels rose after transplant and also remained 

1 1 



elevated for 2 years. In the same study 73 % of cyclosporin treated patients and 

54 % of patients treated with tacrolimus were hypertensive at 2 years. Endothelin 

in this case may not on the 6ce of it be implicated in the development of 

hypertension. However, studies indicate that the vasoactive eHects of ET-1 are 

normally countered by vasodilatory mechanisms, such as release of prostacyclin 

Urinary prostacyclin levels are low after liver transplant so the 

vasoconstrictor properties of ET-1 could be relatively unopposed. Thus it is 

possible that the levels of circulating ET-1 observed in Textor's study could 

contribute to vasoconstriction and there&re hypertension. Against a role of ET-1 

in early transplant hypertension is the recently reported Ending that plasma ET-1 

did not increase during the first 6 weeks after transplant despite development of 

hypertension in all 15 patients studied 

It is fair to conclude that it has not yet been determined whether increases in 

circulating ET-1 during the first &w months after transplant can be linked to 

development of hypertension. Furthermore very little data relates to 

immunosuppression with tacrolimus. An important implication for the 

involvement of ET-1 in transplant hypertension is the recent introduction of 

endothelin antagonist drugs. Animal studies showed that endothelin receptor 

antagonists could prevent the rise in blood pressure and the vasoconstriction that 

are associated with administration of cyclosporin Endothelin antagonists 

have recently entered the clinical arena and an initial study demonstrated efScacy 

of one such drug, darusentan, for treatment of hypertension These agents have 

not as yet been utilised in the setting of transplant hypertension but could play a 

role if endothelin is causative in hypertension aAer Hver transplant. 

Arterial St:8ness 

Another potential explanation for development of hypertension after transplant is 

increasing arterial stifbess. Arterial stifkning with age is acknowledged as the 

cause of isolated systolic hypertension in the non-transplant population. 
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Arterial stifhess relates to medium and large arteries as opposed to the smaller 

arterioles and resistance vessels. Arterial stif&ess is an independent predictor of 

cardiovascular mortality Stif&ess may be determined in part by structural 

elements within the arterial v^all but is also influenced by the balance of 

vasoactive mediators such as nitric oxide and endothehn-l acting on the 

endothelium ^0. Arterial stifbess can be assessed in a number of ways. 

Peripheral pulse pressure is a marker of arterial stifEhess and is a predictor of 

cardiovascular risk ^1. Its use is limited by the fact that although diastolic and 

mean arterial pressure are relatively constant throughout the arterial tree, systolic 

pressure and hence pulse pressure varies considerably. Peripheral pulse pressure 

therekre does not always provide a rehable estimate of central pulse pressure and 

arterial stifhess 

Puke Wave Analysis 

The arterial pressure waveform contains valuable information concerning both 

aortic and systemic arterial stifhess. Over 100 years ago Mahomed showed 

that it was possible to record the per^heral pressure waveArm. More recently 

non-invasive assessment of the central arterial wave&rm has become possible 

Central pulse wave analysis (PWA) utilises applanation tonometry to record 

pressure waves from either the carotid or the radial artery. Applanation tonometry 

is based on the same principle used to record intraocular pressures, Le., that when 

two curved sur6ces are flattened, circumferential pressures are equahsed. A probe 

with a micromanometer at its tip is used to flatten the radial artery at the vyrist. In 

this way tonometry gives an excellent representation of the intra-arterial 

peripheral pressure wave A generalised and validated trans6r 6ctor based 

upon data established from invasive recordings is then used to generate the 

corresponding central arterial waveAirm. From this, arterial stifhess can be 

assessed in a non-invasive and reproducible manner by calculating the 

augmentation index and the timing of the reflected pressure wave. 
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Arterial Waveform and Augmentation Index 

The arterial pressure waveArm and systolic pressure in particular varies 

throughout the arterial tree This is due to differences in vessel compliance and 

wave reflection Arteries are normally compliant and buSer the pressure 

changes caused by the intermittent ejection of blood &om the left ventricle. 

Outgoing pressure waves are reflected back 6om the periphery, principally from 

the aortic bifurcation. The arterial waveform at any time is thus made up of the 

6rward moving and backward going reflected waves. As a consequence, aortic 

systolic pressure can difkr 6om brachial artery pressure by more than 20 mm Hg 

88 

Normally the reflected wave arrives back at the aortic root in diastole, thereby 

helping to maintain coronary perfiision. However, with increasing age or under 

conditions that cause stiSening of the arterial tree, the amplitude and velocity of 

the reflected wave increase Accordingly, a larger reflected wave returns to 

the aorta earlier and adds to or augments the systolic pressure. The augmentation 

index is a measure of the contribution of the reflected pressure wave to the 

ascending pressure waveform and is e^gressed as a percentage of the pulse 

pressure . The amplitude and speed of the reflected wave are dependent upon 

the arterial stiGhess and hence augmentation index provides a measure of 

systemic arterial stiBGiess. An advantage to measuring augmentation index is that 

it reflects the manner in which the arterial tree interacts as a whole rather than the 

technique of pulse wave velocity that measures stifEhess in a single short arterial 

segment. 

Arterial stiffness and hypertension after transplant 

An increase in arterial stifBiess, indicated by a higher augmentation index, is a 

cause of systolic hypertension. In addition arterial stif&ess is itself increased by 

hypertension Increasing arterial stiBbess, as detected by measuring 

augmentation index, after Hver transplant could be an underlying cause of early 
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transplant hypertension. In order to assess this it is necessary to determine 

augmentation index at intervals after transplant but bekre hypertension is 

established, for this will tend to increase the augmentation index. This can be 

assessed accurately using the technique described above of measuring pulse wave 

analysis. This has not been investigated in liver transplant recipients and could 

provide additional clues as to the mechanisms underlying hypertension. 

Arterial stiffness and cardiovascular risk 

As arterial stifBiess increases the central blood pressure rises. The central aortic 

pressure determines left ventricular workload It has been shown that leA 

ventricular mass correlates well with the shape of the central wave&rm An 

increase in central pressure therefore 6vours left ventricular hypertrophy and 

potentially increases cardiovascular mortality There&re, comparison of 

arterial stifGiess before and after transplant may provide an additional means of 

assessing changes in cardiovascular risk with Hver transplant. 

Arterial stiffness and endothelin-1 

There may be a link between arterial stifBiess and production by the endothelium 

of vasoactive mediators such as nitric oxide and ET-1 Endothelial dysfunction, 

a risk &ctor 5)r cardiovascular disease, is associated with a shift in the balance of 

production of vasoactive mediators away 6om nitric oxide and towards increased 

synthesis of the vasoconstrictor ET-1. Circulating serum ET-1 levels appear to 

correlate with arterial stif&ess and endogenous ET-1 production directly 

regulates pulse wave velocity and hence large artery stif&ess Analysis of 

arterial stifbess and serum ET-1 levels after hver transplant will enable me to 

examine their role in the development of hypertension after liver transplant. 
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Arterial stiffness, wave reflections and antihypertensive agents 

Pulse wave velocity, wave rejections and arterial sti%iess are increased in 

essential hypertension 98-100 Arterial waveform studies in the non-transplant 

population demonstrate that difkrent antihypertensive drugs have differing eSects 

on arterial haemodynamics and these eSects can be useful additional guides as to 

appropriate choice of drug. Measurements of wave reflection taken during cardiac 

catheterisation revealed that nifedipine reduced the magnitude of the reflected 

pressure wave ^^0 ACE-inhibitor captoprU also reduced the size of 

wave reflection in hypertensive patients Administration of the beta-blocker 

propranolol has been shown to increase wave reflections and augmentation index 

in hypertensive patients despite adequate peripheral blood pressure lowering 

This would serve to maintain central aortic pressure which in the long run is 

undesirable. 

These findings are based upon changes in wave dynamics after administration of 

single doses of drugs. In a study e)q)loring the ef&cts of longer term drug usage, 

applanation tonometry was used to measure carotid pressure waveforms non-

invasively in 79 patients with mild hypertension who were treated for 8 weeks 

with the ACE-inhibitor Asinopril or the beta-blocker atenolol Both drugs 

reduced peripheral blood pressure to a similar extent. It was found that whilst both 

drugs reduced wave reflections, as estimated by the augmentation index, 

6sinopril reduced them to a greater extent than did atenolol. This suggests a more 

profound reduction in central systolic blood pressure with fbsinopriL Similar 

efkcts if observed after liver transplant would provide important injkrmation that 

may influence the choice of long term antihypertensive drug. 
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Hypertension: management 

Calcium channel antagonists 

There is surprisingly little data on the management of transplant hypertension 

which is an area that has received very little attention in the 6)rm of clinical trials. 

Historically there is a vogue 6)r using calcium channel antagonists and in 

particular the dihydropyridine class as first line treatment 27, 103 Such drugs 

include nifedipine, isradipine, felodipine, nicardipine and amlodipine. A good 

case can be made on mechanistic grounds 6)r using such drugs because as 

vasodilators they act upon vascular smooth muscle to reduce systemic vascular 

resistance and they are potentially able to counteract the systemic vasoconstriction 

that occurs after transplant as a result of calcineurin inhibitor immunosuppression 

Of the dihydropyridine class, nicardipine inter&res with calcineurin inhibitor 

pharmacokinetics resulting in increased plasma levels of cyclosporin and is 

thereAire less favoured Other calcium channel antagonists such as diltiazem 

and verapamil are not widely used as studies in renal transplant rec^ients showed 

that each drug inhibits cyclosporin metaboHsm leading to elevated blood levels of 

cyclosporin Furthermore the cardiac side eSects are greater 

Only three clinical trials have demonstrated efBcacy of calcium channel 

antagonists, namely isradipine nicardipine and nifedipine 

Isradipine, a dihydropyridine calcium channel blocker, was given to 15 

hypertensive patients within the Grst three months of transplant It was 

efkctive in lowering blood pressure but the drug was given at a time when 

corticosteroid doses were also being reduced and this could account 6)r some of 

the observed drop in blood pressure. Another con&unding 6ctor is that the loop 

diuretic frusemide was given to control peripheral oedema. The second study 

demonstrating blood pressure lowering eSicacy explored the use of nicardipine 

for immediate post-operative hypertension in 34 patients, 27 of whom continued 

the drug long-term 70 % of patients were normotensive on nicardipine. The 

absence of documented pre-treatment blood pressures minimises the usefiihiess of 

this data however. The third study which was published in abstract form only 
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showed that 16 patients on an unspecified dose of nifedipine reduced their systolic 

blood pressure 6om 161 ± 2 to 141 + 5 mmHg No further details of the 

medication are given. A Pubmed search inputting hypertension, liver transplant 

and cardiovascular risk has not shown any other trials of antihypertensive agents 

after liver transplant. 

Other antihypertensive drugs 

Three studies 6om the United Kingdom report experiences with antihypertensive 

agents. In a retrospective analysis of 116 patients surviving more than 5 years 

after liver transplant, 29 % were receiving antihypertensive drugs 

Hypertension was reportedly controlled with nifedipine and in some cases this 

was combined with atenolol .The second study was primarily concerned with 

cyclosporine toxicity but in which 64 % of patients were hypertensive at 4 years. 

Initial management of hypertension was with the beta-blockers metoprolol or 

atenolol and the alpha-blocker prazosin was added in as necessary 1 F i n a l l y , a 

series 6om King's College and Addenbrooke's Hospitals reports the use of alpha 

or beta blockade and vasodilators for the 17 % of cyclosporine treated patients 

who were hypertensive at a median of 40 months ^ ^ .̂ In none of these studies is 

any further information given on the choice of drug or dose used or indeed relative 

efScacy. The report 6om the Mayo Clinic, USA published in abstract 5)rm and 

mentioned above with re6rence to nifedipine, also showed that labetalol reduced 

blood pressure in 9 patients. Because the pre-treatment blood pressure quoted is 

the mean of the patients A-om both nifedipine and labetalol groups, the true drop in 

blood pressure 6)r each drug is not clear. As with nifedipine the dose of labetalol 

used was not specified 

Because some studies have shown that serum renin levels are low in the Grst few 

months after transplant it has been suggested that angiotensin converting enzyme 

(ACE) inhibitors are of limited value when used alone in the Grst year post 

transplant According to such studies, ACE inhibitors should be more effective 

when used after the first transplant year These arguments remain theoretical as 
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there has not been any published work exploring the eGicacy of ACE inhibitors 

after liver transplant. Evidence for beneficial effects of ACE-inhibitors does 

however, exist in animal studies where it has been shown that enalapril can 

prevent cyclosporin-induced hypertension ^ 

To summarise, the hver transplant literature contains anecdotal evidence regarding 

the use and effectiveness of different classes of antihypertensive drugs but no 

clinical trials have examined and conopared the relative blood pressure lowering 

abilities of these drugs. 

Trial of Antihypertensive Drugs 

In order to gain a better understanding of the efRcacy of antihypertensive drugs 

and the management of hypertension after hver transplant I have conducted a 

clinical trial comparing treatment with three different drugs. In patients on no 

treatment I have examined the efGcacy and tolerability of the calcium channel 

blocker amlodipine. In patients already on this drug or in those who have proved 

intolerant to it I have compared the ACE inhibitor lisinopril with the beta blocker 

bisoprolol in a cross-over study. Pulse wave analysis was undertaken to determine 

the effects of the drugs upon wave reflections, arterial stifhess and central aortic 

pressure. The study is presented in Chapter 3. 

Conversion from cyclosporin to tacrolimus 

Since its introduction in the early 1980's cyclosporin, in combination with 

azathioprine and corticosteroids, has been the mainstay of post-transplant 

inmiunosuppression ^ ipgg tacrolimus, a macrolide compound isolated 6om 

Streptomyces tsukubaensi, was introduced and has been increasingly used in liver 

transplantation following it's approval by the Food and Drug Administration in 

1994. Although not chemically related to cyclosporin, tacrolimus has a similar 
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mode of action and both drugs inhibit interleukin-2 (IL-2) synthesis and 

expression of IL-2 receptors. Since the mid-1990s several studies have reported 

that there are differences in the side-effect proGle of these drugs. Trials in liver 

transplantation have demonstrated small but clear differences between cyclosporin 

and tacrolimus with respect to the 6equency of acute cellular rejection, refractory 

rejection and chronic rejection ^ 1^. It has also been suggested that grafts 

with chronic rejection can be 'rescued' by switching from cyclosporin to 

tacrolimus ^ ^ although good data in this regard are lacking. 

Cardiovascular differences between cyclosporin and tacrolimus 

As has been discussed calcineurin inhibitors are implicated in the development of 

such cardiovascular risk 6ctors after liver transplant. Recently it has become 

apparent that patients treated with tacrolimus have a more favourable 

cardiovascular risk f^tor proGle than those whose immunosuppression is with 

cyclosporin. Hypertension has been reported to occur significantly less 6equently 

in patients whose immunosuppression is with tacrolimus rather than cyclosporin 

16,18-21, 32, 114 Similarly, hypercholesterolaemia occurs in fewer patients after 

transplant where tacrohmus is used compared to when cyclosporin is used 

32, 34 development of moderate or severe obesity after transplant has been 

described in over 34 % of patients with a normal body mass index (BMI) before 

surgery 2^. A trend towards reduced weight gain after transplantation with 

tacrolimus instead of cyclosporin has been described ^ although 

statistical significance was not reached in these particular studies. Early reports 

indicated that tacrolimus was associated with a higher prevalence of diabetes 

mellitus after transplant although this has not been bom out in recent studies 

that have used lower doses of tacrolimus 2^. 
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Effect of switching from cyclosporin to tacrolimus 

In general patients treated with tacrolimus develop less hypertension, less 

hypercholesterolaemia and to a lesser extent e^gerience less weight gain after 

transplant. These diSerences may have an impact upon subsequent development 

of cardiovascular disease and possibly long term patient survival. One question 

that arises 6om the differences in side-effect profiles of the drugs is whether 

changing a patient's inmiunosuppression 6om cyclosporin to tacrolimus could 

result in a reduction in the observed blood pressure, serum hpids and weight. 

This has been explored indirectly in a handful of small studies often in patients 

being converted &om cyclosporin to tacrolimus because of liver graft rejection or 

cyclosporin related nephrotoxicity. Thus in one such study of 20 liver transplant 

recipients a reduced requirement 6)r antihypertensive medication was noted after 

tacrolimus was substituted for cyclosporine ^ ^ An intriguing issue is that of the 

possible cardiovascular benefits, if any, of changing patients with normal graft 

function on cyclosporin over to tacrolimus. Evidence 6om two studies suggest an 

improvement in serum cholesterol upon conversion to tacrolimus but differing 

outcomes with respect to blood pressure in that only in one study did blood 

pressure improve ^ ^ ^ ^ Weight gain can be dramatic in the Grst 2 years after 

liver transplant and has potential impact upon cardiovascular health as well as 

patients' emotional wellbeing. A literature search reveals that the effect of 

changing 6om cyclosporin to tacrolimus upon weight has not been assessed 

previously. No study has assessed whether a switch in immunosuppression to 

tacrolimus af&cts the predicted CHD as calculated using the Framingham risk 

prediction equations. 

Study of switching immunosuppression with stable graft function 

I have reviewed the case records of patients with normal graA Amotion who have 

been converted &om cyclosporin to tacrolimus. The effects upon blood pressure, 

serum cholesterol, blood glucose, weight, renal function and graft function are 
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discussed in Chapter 5. This study assesses whether changing immunosuppression 

after liver transplant can alter the risk of developing cardiovascular disease. 

Brain Natriuretic Peptide 

Left ventricular hypertrophy 

Left ventricular hypertrophy is an independent risk &ctor 5)r cardiovascular 

complications in hypertensive patients In a study of hypertensive patients, 

cardiovascular events occurred in a significantly higher proportion of patients with 

increased left ventricular mass identiGed by echocardiography than in those 

vyithout (26 % versus 12 %) over a 10-year period . Patients with increased 

ventricular mass were at greater risk for cardiovascular death and all-cause 

mortality. Risk stratiGcation in hypertensive patients can be further refined with 

in&rmation on left ventricular mass and geometry. Patients with concentric 

hypertrophy as opposed to eccentric hypertrophy are at the highest risk for adverse 

outcome ^^1. Hypertension is the most common antecedent of left ventricular 

hypertrophy in the general population The early identification of left 

ventricular hypertrophy is very important in the management of the hypertensive 

patient. 

Electrocardiography is routinely per6rmed in the assessment of hypertensive 

patients but is poor at detecting left ventricular hypertrophy (LVH) 1^^. 

Echocardiography is more sensitive than electrocardiography in detecting LVH 

and provides useful inArmation on the function of the left ventricle, but is more 

time consuming and the results are more difficult to interpret in obese patients or 

in those with pulmonary disease Thus there are limitations to both these 

estabhshed means of evaluating patients with hypertension, particularly with 

regard to echocardiography as a screening tool for LVH. In recent years 

determination of plasma levels of brain natriuretic peptide has emerged as a 
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potentially readily available and cost-eSective diagnostic test of leA ventricular 

hypertrophy. 

Brian natriuretic peptide: introduction 

Brain natriuretic peptide (BNP) is a hormone consisting of 32 amino acids and 

was Grst isolated from pig brain in 1988 Subsequently BNP was identified in 

human cardiac atria and in human plasma The BNP gene and the atrial 

natriuretic peptide (ANP) gene are situated adjacent to each other but there are 

diSerences in the stimuli causing release of each peptide. ANP secretion is 

stimulated by atrial distension and is produced primarily by myocardial cells in 

the atria. BNP is secreted primarily by the ventricular myocardium Plasma 

levels of ANP reflect the severity of heart failure ANP levels also reflect the 

degree of elevation of blood pressure rather than the left ventricular mass. 

Production of BNP is increased in the presence of cardiac overload, such as occurs 

in congestive heart 6ilure and in acute myocardial infarction 

BNP has several actions. In the kidney it increases glomerular filtration and 

inhibits sodium reabsorption, causing natriuresis and diuresis. BNP relaxes 

vascular smooth muscle, causing arterial and venous dilatation leading to reduced 

blood pressure and ventricular preload. It also blocks cardiac sympathetic nervous 

system activity and has inhibitory effects on the renin-aldosterone axis 

Patients with essential hypertension with left ventricular hypertrophy also develop 

raised levels of plasma BNP 1^^. Elevated BNP levels are related to the 

severity of left ventricular hypertrophy rather than blood pressure level It has 

been shown that elevated plasma BNP is a more powerful marker of left 

ventricular systolic dysfunction and left ventricular hypertrophy than plasma ANP 

132, 133 Furthermore raised concentrations of BNP are independently associated 

with sudden cardiac death in patients with heart 6ilure and after myocardial 
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infarction and BNP is more closely related to mortality than left-

ventricular ejection faction 

Brain natriuretic peptide and hypertension 

The usefulness of measuring plasma BNP has been demonstrated in an outpatient 

setting with its ability to detect early abnormahties of left ventricular function and 

thus to serve as a potential screening tool ^^6, 137 Hirata's study plasma 

BNP concentrations were measured in 415 patients with heart disease and/or 

hypertension, and in 65 control subjects. In those patients with both heart disease 

and hypertension, plasma BNP levels were higher in those who had abnormal 

echocardiograms and ECG's compared to those without such abnormalities. There 

was a significant correlation between plasma BNP levels and left ventricular wall 

thickness and left ventricular mass. 

Yamamoto and colleagues measured BNP in 94 patients undergoing cardiac 

catheterisation and also 15 healthy controls An elevated value of BNP was 

defined as greater than the mean value in normal subjects plus 3 standard 

deviations. Thus a BNP value above 14.7 pmol/1 (equivalent to 50.9 pg/ml) was a 

more powerful predictor of left ventricular systolic dysfunction, deSned as an 

ejection faction less than 45 % on echocardiography, than ANP with a sensitivity 

and specificity of 83 % and 77 % respectively. 

In McDonagh's study, 1252 patients with ages ranging 6om 25 to 74 were 

randomly selected &om general practitioner's lists in Glasgow and underwent 

echocardiography and electrocardiography 1^^. A left-ventricular ejection faction 

of 30 % or less was used to define left ventricular systolic dysfunction. Levels of 

plasma BNP were significantly higher in those with left ventricular dysfiinction 

than in those without (24pg/ml vs. 7.7 pg/ml), and this apphed to symptomatic and 

asymptomatic patients. A BNP level above 17.9 pg/ml had a sensitivity and 

specificity of 77 % and 87 % respectively for the identification of LV systolic 

dysfunction, findings similar to Yamamoto et al although it must be borne in mind 
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that the echocardiographic de&iition of systohc dysfunction was different in that 

study. McDonagh's work is important therekre in that it illustrates the ability of 

an elevated BNP to identify patients with asymptomatic left ventricular systohc 

dysfunction. 

Left ventricular hypertrophy increases the risk of cardiovascular events in 

hypertensive patients, and plasma BNP has shown promise in being able to 

identify patients with hypertension who are likely to develop or who have early 

stages of left ventricular hypertrophy. Suzuki et al measured a single plasma BNP 

level in untreated hypertensive patients and an elevated plasma level of BNP was 

defined as 41 pg/ml (mean plus 2 standard deviations of the control population). 

They found that those with high levels of BNP at baseline (25 % of hypertensive 

patients) had significant increases in left ventricular wall thickness at 9 months 

6)llow-up compared with those with normal baseline BNP ^38 such 

echocardiographic changes occurred in the patients with initially normal BNP 

levels. There was no difference in blood pressure between the two groups. 

Nishikimi and co-workers looked at the ability of BNP in ninety patients to 

distinguish between hypertensive patients with concentric LV hypertrophy, with 

its associated worse outcome, and other types of LV hypertrophy such as eccentric 

hypertrophy. Plasma BNP levels tended to be higher in hypertensive patients than 

in controls. Levels were markedly increased however, in patients with concentric 

hypertrophy although there was no difference in blood pressure between these and 

other hypertensive patients In that study the sensitivity and specificity of a 

BNP value above 18 pg/ml (twice the upper limit of normal) for predicting 

concentric hypertrophy in hypertensive patients were 75 % and 74 % respectively. 

Finally, a multicentre study of 1586 patients with dyspnoea revealed highest BNP 

concentrations in patients with decompensated heart Ailure but levels were also 

elevated in patients with left ventricular dysfunction A BNP level below 50 

pg/ml was especially useful for ruling out heart failure, with a negative predictive 

value of 96 %. 
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The increased leA ventricular wall tension seen with LVH activates the release of 

BNP (and to a lesser extent ANP). BNP has natriuretic, diuretic and vasodilatory 

properties and its secretion can be viewed as counter-regulatory to the actions of 

the renin-angiotensin-aldosterone axis. It has been suggested that BNP production 

may occur beAre the appearance of LV structural changes in hypertensive 

patients BNP release would appear to have two usefiil outcomes: Grstly it 

represents a means of counteracting development of heart failure and secondly it 

serves as a marker of early LV dysfimction. Measurement of plasma BNP is 

feasible in outpatients and can be expected to identify patients with hypertension 

who are at increased risk of left ventricular hypertrophy. 

Brain natriuretic peptide and liver transplantation 

It is not known what happens to BNP in the setting of liver transplant 

hypertension. There are no data on levels of BNP in liver transplant patients, 

whether hypertensive or not. The prevalence of hypertension after hver transplant 

is high and if the same applies as in non-transplant hypertension, a single 

outpatient plasma sample analysed 5)r BNP could provide valuable prognostic 

inArmation in hypertensive transplant patients with regard to the presence or 

absence of left ventricular hypertrophy. This would enable patients at particular 

risk of cardiovascular disease consequent upon LV hypertrophy to be diagnosed 

early and to be targeted 5)r cardioprotective treatment. 

Chapter 4 comprises a study examining BNP levels in liver transplant recipients, 

both normotensive and hypertensive, and compares these with a non-transplant 

control population. 
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Uric Acid 

Elevated serum uric acid was first linked to increased risk of cardiovascular 

disease in 1959 As efkrts to identify treatable risk factors 6 r cardiovascular 

disease intensify, there has in recent years been renewed interest in the association 

between hyperuricaemia and cardiovascular disease Several studies have now 

been published citing uric acid as a cardiovascular risk 6ctor but there has been 

debate as to the nature of this association, particularly whether hyperuricaemia is 

an independent risk f^tor. 

Uric acid synthesis 

Dietary and endogenous nucleic acids are degraded ultimately to uric acid through 

the action of the enzyme xanthine oxidase. Uric acid itself is a weak acid present 

throughout the extracellular fluid as sodium urate. It is excreted renally and about 

90 % of Gltered uric acid is reabsorbed 6om the proximal renal tubule Active 

secretion into the distal tubule by an ATPase-dependent mechanism contributes to 

the overall clearance Serum uric acid levels are determined by the rate of 

purine metabolism, influenced by dietary and genetic factors, and the efficiency of 

renal clearance. Uric acid is sparingly soluble in aqueous solutions and exposure 

to high levels can over time predispose to deposition of urate crystals in soA 

tissues The classical manifestation of this is the attack of painAil gout caused 

by deposition of urate crystals in the joints of the great toe. 

Uric acid and calcineurin inhibition 

It has long been recognised that hyperuricaemia occurs as a complication of 

cyclosporin therapy. Studies report that 30 to 84 % of patients on cyclosporine 

Allowing heart or kidney transplants develop hyperuricaemia 144-151 

Hyperuricaemia has been shown to be associated with renal impairment and 

exacerbated by diuretic use Mechanisms for hyperuricaemia 
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have been proposed. It has been shown that hyperuricaemia occurs as a 

consequence of reduced urate clearance rather than increased production of uric 

acid 150 and reduction in the glomerular filtration rate secondary to cyclosporin 

has been suggested as a mechanism of hyperuricaemia 150, 153 ̂  study by 

Marcen gf a/ provides evidence that decreased tubular secretion of uric acid could 

also play a role in urate retention in renal transplant recipients 152 

Uric acid and liver transplantation 

Uric acid levels after liver transplant have received little attention and there are 

only a handful of studies addressing the issue. Transient hyperuricaemia occurring 

during the first year after transplant has been described in 12 % of patients 154 

and increases in serum urate during the first 3 weeks aAer transplant have been 

reported 155, The current knowledge of uric acid levels after liver transplant is 

limited by small numbers of patients studied and the lack of any studies looking 

beyond one year after transplant. 

Uric acid and cardiovascular disease 

Observational studies show that serum uric acid concentrations are higher in 

patients with established coronary heart disease compared with healthy controls 

156, In a study of 7978 patients with mild to moderate hypertension followed up 

for a mean of 6.6 years high serum urate at baseline and during treatment was 

associated with an increased risk of developing cardiovascular disease 157. 

Hyperuricaemia persisted despite control of blood pressure. Further evidence of 

an association between uric acid and cardiovascular disease came 6om the United 

States National Health and Nutrition Survey III showing that age-ac^usted rates of 

myocardial infarction and stroke were higher across increasing serum uric acid 

quartiles among male and female hypertensive patients 158. 
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Uric acid and hypertension 

There is evidence that hyperuricaemia and hypertension are hnked. About one 

quarter of hypertensive patients have hyperuricaemia and asymptomatic 

hyperuricaemia has been shown to predict subsequent development of 

hypertension, irrespective of renal function In the Olivetti Heart Study 

baseUne uric acid was the strongest predictor of new-onset hypertension among 

547 middle-aged men, with a Img/dl increment in serum uric acid being 

associated with a 23 % increase in the risk of developing hypertension during a 

twelve year fbllow-up period. It is possible that hyperuricaemia contributes to the 

development of hypertension and thereby increases the risk of cardiovascular 

disease. 

Confounding factors associated with hyperuricaemia 

There has been however, controversy regarding the role of uric acid as an 

independent cardiovascular risk Actor. Hyperuricaemia is associated with a 

number of con&unding Actors. These include elevated serum triglyceride and 

cholesterol, elevated or reduced blood glucose, Asting and post carbohydrate 

plasma insulin concentrations, increased or decreased body mass index and waist-

hip ratio In addition, uric acid levels increase as renal function declines 

Distinguishing the efkcts of an elevated serum uric acid upon cardiovascular risk 

6om the confounding effects of its association with other recognised risk factors 

has created diGGculties in ascertaining the true impact of hyperuricaemia as a risk 

factor 5)r cardiovascular disease. 

Evidence for uric acid as an independent cardiovascular risk factor 

Several studies have suggested that uric acid is an independent risk Actor 5)r 

cardiovascular disease 164-166 ^ significant association between raised 

serum uric acid and cardiovascular mortality independent of body mass index. 
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serum cholesterol concentrations, blood pressure, smoking status, age and diuretic 

use has been shown in three studies with more than 1000 patients in each study 

164-166 the MONICA cohort of 1044 male patients AiUowed up for 7 years 

166 Bickels's recent study of 1017 patients with coronary artery disease 1^^, 

those with the highest serum urate concentrations had higher age-adjusted risk of 

myocardial infarction and death &om cardiovascular disease. In Alderman's study 

after ac^ustment 5)r the variables listed above together with serum creatinine, 

a diSerence of 1 standard deviation (0.03 mmol/1) in serum uric acid level was 

associated with a 22 % difference in total cardiovascular events (stroke, 

myocardial infarction, fatal and non-fatal events). This eSect was greater than that 

associated with a 1.08 mmol/1 difference in serum cholesterol or a 21mmHg 

difference in systolic blood pressure. 

Evidence against uric acid as an independent cardiovascular risk factor 

There are several studies that suggest the link between elevated uric acid and 

cardiovascular disease can be explained by confounding factors. Thus although an 

increased serum uric acid was shown to be associated with development of 6tal 

coronary heart disease and increased risk of angina in large trials such as the 

Honolulu Heart Program of 7705 patients this association disappeared once 

hypertensive patients on thiazide diuretics at baseline were excluded. In the 

Framingham Heart Study of 6763 patients with median foliow-up of 23 years, 

age-adjusted risk Ar coronary heart disease, cardiovascular death and all-cause 

mortality increased with increasing uric acid levels in women but not men. This 

eGect was lost completely after adjustment 5)r blood pressure, total cholesterol, 

smoking, diabetes meUitus and especially diuretic therapy. 

A significant positive association between serum uric acid and risk of coronary 

heart disease was seen in the British Regional Heart Study of 7688 patients 1^^, 

but this relationship lost significance upon ac^ustment 6)r serum cholesterol and 

blood pressure. Nevertheless, in the Honolulu study, elevated serum uric acid was 

associated with a 40 % increase in coronary risk independent of all other 
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con&undmg 6ctors in a subgroup of alcohol abstainers. Furthermore, in the 

Framingham study men with gout, who had the highest uric acid levels, had a 60 

% greater incidence of coronary heart disease independent of other risk 6ctors 

These latter two observations suggest that even in the studies that have not 

demonstrated overall an independent ef&ct of serum uric acid upon cardiovascular 

risk, there are important subgroups 6)r whom elevated uric acid would appear to 

be implicated as an independent risk factor. 

Determination of Hyperuricaemia after Liver Transplant 

As there is evidence that hyperuricaemia is linked to increased cardiovascular risk 

in the general population, it is interesting to speculate whether it also predicts a 

greater risk of cardiovascular disease aAer liver transplant. It is Grst necessary to 

gain a better understanding of the prevalence of hyperuricaemia after liver 

transplant. I have undertaken a retrospective analysis of the case notes of patients 

at Addenbrooke's Hospital. This has enabled me to assess the prevalence of 

hyperuricaemia and to compare cardiovascular risk in hyperuricaemic patients 

versus non-hyperuricaemic patients. These Endings are discussed in Chapter 6. 
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Chapter 1. Cardiovascular risk (actors after liver transplantation 
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Introduction 

With improved immunosuppressive regimens and better treatment of bacterial and 

viral inactions after liver transplantation, long-term survival has increased and 

five-year survival rates now exceed 70 % In recent years older patients and 

patients with co-morbidity, such as coronary heart disease, hypertension and 

diabetes mellitus, have been accepted 5)r Hver transplantation in greater numbers. 

Accordingly, transplant physicians have paid increasing attention to the 

importance of cardiovascular risk factors after transplantation. It is emerging that 

hypertension, hypercholesterolaemia and weight gain occur commonly 18-22, 24 

Most studies of cardiovascular complications after liver transplant 17-19,22, 

23, 25 record that in the region of 50 % or more of patients are hypertensive after 

transplant and hypercholesterolaemia develops in as many as 66 % of patients 

Increases in body mass index of 3 kg/m^ during the Grst two years after transplant 

are observed, representing an increase of 13 %. Development of cardiovascular 

risk factors 6om baseline may be an important 6ctor in long-term survival 

although 6 w studies have addressed this. I have examined retrospectively the 

development of hypertension, hyperlipidaemia, weight gain and diabetes mellitus 

in a cohort of liver transplant recipients Allowed up 5)r a median of 52 months. 

Using the Framingham coronary risk scoring equations I calculated the 10-year 

risk of developing CHD in our patients and determined by how much this risk 

changes as a consequence of liver transplantation. I have in addition compared the 

cardiovascular risk scores with a local age and sex matched population. Finally 

the incidence of myocardial infarction and stroke in this series was compared with 

expected rates in cohorts 6om the United Kingdom general population. My aim is 

that this information will provide a greater understanding of the prevalence of risk 

factors 5)r CHD and the incidence of cardiovascular disease after Uver transplant. 

Patients and Methods 

The casenotes of all patients aged eighteen years and over who underwent Grst 

liver transplantation 6)r both acute or chronic liver disease between 01/01/1994 
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and 01/01/1999 at Addenbrooke's Hospital and who survived a minimum of six 

months were reviewed. Patients whose principal place of fbllow-up was 

elsewhere, notably Italian patients who were Allowed up in Italy, were excluded. 

I recorded the indication for transplant, age at transplant and baseline 

cardiovascular parameters including blood pressure, weight and body mass index 

(BMI), serum lipid levels and smoking status. 

The three highest outpatient values at any time after transplant 6)r blood pressure, 

cholesterol, triglyceride and weight were recorded and the average of these three 

was used in statistical analysis. Hypertension was deGned as a blood pressure of 

140/90 mmHg or greater on three separate occasions. An automated chemistry 

analyser (Dade Behring, Deerfield, Illinois, USA) was used to determine serum 

lipid levels. Hypercholesterolaemia was deGned as a serum cholesterol greater 

than 5.2 mmol/1 (200 mg/dl). A serum triglyceride greater than 2.0 mmol/1 (176 

mg/dl) was indicative of hypertriglyceridaemia. The prevalence of diabetes 

mellitus was determined by the number of patients requiring treatment with 

insulin, oral hypoglycaemic agents or diet. Rather than use the pre-transplant 

weight as the baseline measurement, which is often influenced by the presence of 

ascites, I chose the weight at the Grst outpatient visit after transplant with which to 

compare subsequent post-transplant weight. Body mass index (BMI) was divided 

into 6)ur categories according to World Health Organisation criteria Thus, 

underweight was deGned as a BMI less than 20 kg/m^, normal was deGned as a 

BMI between 20-25 kg/m^, a BMI between 25 and 30 kg/m^ categorised 

overweight whilst a BMI above 30 kg/m^ was considered obese. Cause of death 

and the incidence of cardiovascular and cerebrovascular events occurring beyond 

the first post-transplant year were also documented. 

Coronary heart disease risk scores 

The Framingham coronary risk equations provide an estimate of the 10-year risk 

of developing CHD This is based upon knowledge of patients' total 

cholesterol:high density hpoprotein-cholesterol (HDL) ratio, systolic blood 

pressure, smoking status, presence or absence of diabetes mellitus, age and 
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gender. For interpretation and 6}r treatment purposes 10-year risk can be 

expressed as being < 15 %, 15-30 % and > 30 %. I used tbe Framingham 

equations to estimate coronary risk in 137 patients 6)r whom data were 

available before and after transplant. The data needed to calculate post-transplant 

coronary risk were collected at a mean of 12 months (range 11-15 months) after 

transplant &om a single clinic visit. In the remaining 44 patients there was 

incomplete documentation of pre-transplant &sting serum cholesterol and HDL-

cholesterol and this prevented these patients 6om having their coronary risk 

scores calculated accurately. 

A database of 1226 patients has been established for the population of Ely, a rural 

town in East Angha close to Addenbrooke's Hospital. The Ely cohort was 

selected by chance and the response rate was 74 % This population provides 

an excellent comparison with our liver transplant recipients, the m^ority of whom 

are 6om East Anglia and surrounding areas. Data 6om the Ely cohort were used 

to predict coronary risk scores so as to compare with data 6om the liver transplant 

recipients. 

Cardiovascular events 

The incidence of myocardial inArct (MI) and stroke occurring aAer the first 

transplant year were compared with expected age and sex matched incidence rates 

in the general UK population. Events that occurred during the Grst year have been 

documented but not included in this analysis. The reason 6)r excluding these is 

that there are several factors unrelated to cardiovascular disease in the Grst months 

after transplant that can contribute to cardiovascular events. What I have 

attempted to do is assess the impact of post-transplant hypertension and 

hypercholesterolaemia upon subsequent occurrence of MI and stroke. One year 

after transplant the majority of cases of hypertension and hypercholesterolaemia 

were evident and this there&re serves as a suitable baseline time point. 
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Comparison populations 

I used data on the annual incidence of MI in a population of 568, 800 residents of 

Oxfordshire to compare with the incidence in the transplant recipients. The 

Ox&rdshire study was conducted in 1994/5 using prospective and retrospective 

case records. This is hence&rward referred to as the Oxford cohort. Matching for 

age and sex, I calculated the number of Mi's that would be expected in the general 

population given the same length of fbllow-up as the transplant patients. The same 

approach was used to compare the incidence of stroke aAer transplant with that of 

the non-transplant population. Data G-om community based stroke registers in 

London which had previously been used to ascertain the incidence of stroke 

between 1995 and 1997 formed the basis of the comparative general 

population, which is re6rred to as the London cohort. 

Finally the prevalence of hypertension and a cholesterol:HDL ratio ^ 5 at one year 

after transplant were compared with age and sex matched Ggures 6 r a general 

United Kingdom population. The Health Survey for England 1994 provided 

prevalence data on hypertension and cholesteroliHDL ratio in a 

sociodemographicaUy representative sample of the English population ^ ^ 

This is subsequently referred to as the English cohort. Hypertension in that study 

was defined as a blood pressure of 160/95 mmHg or greater and there6)re I 

adjusted the blood pressure threshold for liver transplant patients accordingly to 

compare the two populations. 

Statistical Analysis 

The SPSS software statistical package was used. Student's t-test. Fisher's exact 

test, Mann-Whitney U-test and Chi-square tests were used as appropriate. Data are 

shown as mean ± standard error of the mean unless otherwise stated. 
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Results 

Patient characteristics 

A total of 181 patients met the criteria for analysis. The commonest indications for 

transplantation were primary biliary cirrhosis, alcohol related liver disease and 

chronic viral hepatitis B or C with cirrhosis (Table 1.1). Mean age at transplant 

was 53 years (Range 18 -68 years). The median length of follow-up was 54 

months (Range 6-90 months). 92 patients were male and 89 female. 162 patients 

had one transplant, 13 had two transplants and 6 had three transplants. 

Table 1.1 Patient Demographics 

All Patients Cyclosporin Tacrolimus Rapamycin 

n = 181 n = 116 n=59 n = 6 

Median Age (range) in years 53 (18-68) 52(18-68) 54(18-67) 57.5 (38-67) 

Sex (M:F) 92:89 57:59 33:26 2:4 

Indication for Transplant (%): 

Primary biliary cirrhosis 37(20) 27(23) 9(15) 1(1% 

Alcoholic liver disease 32(18) 21(18) 11(19) 1(11% 

Hepatitis B or C cirrhosis 30(110 16(14) 12 (20) 2(33) 

Acute liver failure 21(12) 14(12) 7(12) * 

Primary sclerosing cholangitis 18(10) 12(10) 6 ( 1 0 * 

Autoimmune liver disease 10(6) 7(6) 2(3) 1(17) 

Others 33(18) 19(16) 12 (20) 1(1-% 
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Triple immimosuppression with a calcineurin inhibitor, prednisolone and 

azathioprine was used in the m^ority of patients. 116 (64 %) patients received 

cyclosporin, tacrolimus was used in 59 (33 %) patients whilst rapamycin was used 

in the remaining 6 (3 %). 44 patients switched immunosuppression during the 

course of the study period. Whichever immunosuppressant the patient was taking 

&)r the longest period was used to denote whether a patients' immunosuppression 

was with cyclosporin or tacrolimus. The cardiovascular data was then collected 

only 6)r the period of time during which the patient was taking that agent. 40 

patients switched 6om cyclosporin to tacrolimus, 2 switched 6om tacrolimus to 

cyclosporin and 2 6om cyclosporin to rapamycin. 15 of the 40 patients converted 

to tacrolimus were classified as being on tacrolimus as main immunosuppression: 

the median time to conversion was 4 months. The remaining 25 patients were 

classified as being on cyclosporin and the median time to conversion was 33 

months. 

169 (93 %) patients received prednisolone. Patients treated with rapamycin and a 

further 6 who received Campath, a monoclonal antibody, did not get 

corticosteroids as primary immunosuppression. 44 out of the 174 patients 

surviving greater than one year were taking prednisolone or hydrocortisone for 

greater than 12 months. Of these, 10 had a primary diagnosis of autoimmune hver 

disease and 24 were on a dose of 5mg per day or less. Azathioprine was 

withdrawn at one year in the majority of patients. Acute cellular rejection episodes 

were treated with high-dose intravenous steroids. Mycophenolate mofetU was 

used in some cases of chronic, recurrent acute or unresolved acute rejection. 

Cardiovascular Risk Factors 

Cardiovascular risk 6ctors were analysed for the whole population as well as by 

type of immunosuppression. Too 6 w patients were treated with rapamycin 6)r 

meaningful comparisons to be made with other immunosuppression. The peak 

values 6)r the cardiovascular parameters occurred at any time 6om 2 months after 

transplant to the limits of the period of &Uow-up. The peak values for aU 

cardiovascular parameters were scattered throughout the range of 6)llow-up with 
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no discernible pattern. The exception was weight gain which tended to be 

maximal by 2 years. 

Hypertension 

Prior to transplantation 10 patients (5.5 %) were hypertensive or had a history of 

treated hypertension. These ten continued to require antihypertensive medication 

after transplant. Following transplantation 130 additional patients (71.8 %) 

developed hypertension (P<0.001). Hypertension developed in significantly more 

patients on cyclosporin compared to those treated with tacrolimus (Table 1.2). The 

commonest drugs administered were, in descending order of 6equency, beta-

blockers, calcium channel blockers, alpha-blockers, angiotensin converting 

enzyme inhibitors and diuretics. 30 % required more than one drug to control 

blood pressure. 

Using a deGnition of hypertension of 160/95 mmHg or greater, to match that used 

in the English cohort, the prevalence of hypertension at a mean of 12 months after 

transplant was 54 %. The English cohort would be expected to have a prevalence 

of hypertension of 21.7 %. Younger transplant patients in particular had f ^ higher 

rates of hypertension than their age matched counterparts in the English cohort: 

prevalence of hypertension in the under 45 age group was 37 % and 3 % Ar the 

transplant and English cohort patients respectively. 
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Table 1.2 Cardiovascular Risk Factors Before and After Liver Transplant 

Pre-transplant Post-transplant 

CyA FK506 Rapa CyA FK506 Rapa 

Hypertension (%) 

(n=181) 

Hypercholesterolaemia (%] 

(11=137) 

Hypertriglyceridaemia (%) 

(n=137) 

BMI > 25 k g W 

(n=181) 

BMI > 30 kg/m^ 

(n=181) 

Diabetes Mellitus (%) 

(n=181) 

4.3 8.5 0 82.6 67.2 

15.9 16.1 20 

7.5 14 

32.8 23.7 16.7 

3.4 1.7 

7.8 10.2 16.7 

65.7 

31.3 

60.3 

29.3 

12.2 

51.2 

48.8 

52.5 

15.3 

15.3 

Serum Cholesterol 

Follow-up data for serum cholesterol were available in all bar one patient. 112 

patients (62.2 %) had elevated serum cholesterol after transplant. Pre and post 

transplant serum cholesterol levels were available in 137 patients: 22 (16.1 %) had 

hypercholesterolaemia before transplant compared with 82 (59.9 %) after 

transplant (P<0.001). Two-thirds of patients with hypercholesterolaemia before 

transplant had cholestatic liver disease. Patients treated with cyclosporin were no 

more likely to have hypercholesterolaemia after transplant than those on 

tacrolimus (65.7 % versus 51.2 %) (Table 1.2). 

83.3 

60 

80 

50 

16.7 

16.7 

CyA = cyclosporin. FK506 = tacrolimus. Rapa = rapamycin 

denotes a significant difference between pre-and post-transplantation (P<0.05) 

_L denotes a significant difference between cyclosporin and tacrolimus 
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Serum cholesterol levels pre and post transplant are shown in Figure 1. Mean 

serum cholesterol increased after transplant from 4.2 + 0.2 to 5.8 ±0.1 mmol/1 

(P<0.001). Serum cholesterol showed a significant increase after transplant when 

cyclosporin, tacrolimus and rapamycin treated patients were analysed separately 

(Figure 1). There was no difference in the increase in serum cholesterol observed 

for cyclosporin compared with that for tacrolimus. The prevalence at one year 

after transplant of a cholesterol: HDL ratio >5 was 40 % after liver transplant. 

This compares with a figure of 28.9 % that would be expected from the English 

cohort. 

Figure 1. Mean serum cholesterol pre and post transplant 
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All changes pre and post transplant are significant (P<0.05) 
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Figure 2. Mean serum triglyceride pre and post transplant 
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Figure 3. Mean BMI pre and post transplant 

All changes pre and post transplant are significant (P<0.05) 
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Serum Triglyceride 

Serum triglyceride levels were available in 180 patients. 74 (41.1 %) patients had 

high levels of serum triglyceride after transplant. Pre and post-transplant data were 

available in 137 patients: 13 (9.5 %) patients had hypertriglyceridaemia be&re 

transplant compared with 55 (40.1 %) after transplant (P<0.001). Tacrolimus 

treated patients were no more likely to have hypertriglyceridaemia after transplant 

than those on cyclosporin (Table 1.2). Mean serum triglyceride increased aAer 

transplant 6om 1.3 + 0.1 to 2.0 ±0.1 mmol/1 (P<0.001). The efkct of difkring 

immunosuppression upon serum triglyceride is shown in Figure 2. 

Body mass index 

BMI increased after transplant 6om 23.0 kg/m^ to 26.8 kg/m^ (P<0.001) (Figure 

J ). At the first outpatient visit, 29.3% of patients had a BMI > 25 kg/m^ compared 

with 57.5% after transplant. Thus the prevalence of being overweight rose by 28.2 

%. The increase observed in BMI was significant for all types of 

immunosuppression (Figure 3). There was no diOerence in the change in BMI 

between cyclosporin and tacrolimus. A higher proportion of patients developed a 

BMI >30 kg/m^ with cyclosporin compared to tacrolimus, although statistical 

significance was not reached (Table 1.2). Only 8 patients lost weight during 

fbllow-up. All of these 8 had low or normal BMI throughout. 

Diabetes mellitus 

16 patients had a pre-transplant diagnosis of diabetes mellitus. Following 

transplant a fiirther 8 patients developed diabetes mellitus, 4 of whom became 

insulin dependent and 4 required oral hypoglycaemic agents. Two of these 

patients were able to discontinue treatment within one year. Four out of seven 

non-insulin dependent diabetics required insulin long term aAer transplant. The 

mean time on steroids for those who developed diabetes mellitus aAer 

transplantation was 12.1 + 4.7 months compared with 12.5 + 1.3 months for those 

without diabetes mellitus (P=0.91). 
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Smoking 

At transplantation 18 % of patients were smokers, 23 % were ex-smokers and 59 

% had never smoked. Of the current smokers, 50 % gave up within 1 year. 

Deaths 

3 patients died between 6 and 12 months after transplant. Causes of death for all 

patients are shown in Table 1.3. There were 16 deaths during the follow-up 

period. 7 deaths were due to a recurrence of the original liver disease and 3 were 

due to malignancy. One 62 year old male patient with a pre-transplant history of 

hypertension died from a subarachnoid haemorrhage 3.7 years after transplant. 

Compared to the Ely cohort those in the liver transplant group have a relative risk 

for death of 5.4 (95% CI, 2.9-10.2). Adjusting for age, sex, blood pressure, total 

and HDL- cholesterol, triglyceride, BMI and smoking, the relative risk for the 

transplant group was 3.8 (95% CI 1.6-9.1). 

Table 1.3 Causes of death in patients surviving greater than 6 months 

Cause of Death 

Recurrent cholangiocarcinoma 

Recurrent hepatitis C cirrhosis 

Recurrent primary sclerosing cholangitis 

Recurrent hepatocellular carcinoma 

Carcinoma of duodenum 

Carcinoma of bronchus 

Carcinoma of prostate 

Non-Hodgkin's lymphoma 

Sub-arachnoid haemorrhage 

Septicaemia 

Liver failure 

Multi-organ failure 

Bronchopneumonia 

Number of Patients 

2 

3 
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Cardiovascular events 

Cardiac events are summarised in Table 1.4. Seven patients each had one event. 

One patient sustained a non-fatal MI 42 months after transplant. This patient had a 

history of hypertension prior to transplant and had also developed high serum 

cholesterol after transplant. This compares to an expected number of events of 

1.82 in the matched Oxford cohort with an incidence ratio of 0.55 (95% CI: 0.01-

3.06). 

2 patients sustained their first stroke after the first transplant year. Each had a 

cerebellar infarct. Both had developed hypercholesterolaemia and one 

hypertension by the time of their strokes. The age and sex matched London cohort 

would be expected to have experienced 1.38 first strokes with an incidence ratio 

for first stroke of 1.45 (95% CI: 0.18-5.22). 3 additional patients had strokes 

during the first year; 1 after one month, 1 at three months and 1 at eight months 

after transplant. These occurred prior to development of any identifiable 

cardiovascular risk factors. No patient has any residual neurological disability. 

Table 1.4 Non-fatal cardiovascular events beyond 1 year after transplant 

Number of Patients Cardiovascular Event Interval to onset (months) 

1 Myocardial infarct 42 

1 New-onset angina 38 

1 Atrial fibrillation 19 

2 Heart failure 20 

2 Stroke 50 (range 16-84) 
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Coronary Heart Disease risk 

Cardiovascular parameters of the Ely cohort and the transplant recipients at one 

year post transplant are listed in Table 1.5. The mean 10-year predicted 

probability or risk of developing CHD in 1027 patients of the Ely cohort for 

whom complete data were available together with predicted probabilities pre- and 

post-transplant are shown in Table 1.6. The mean 10-year predicted risk of CHD, 

expressed as a percentage, increases after transplant, being 11.5% compared with 

6.9 % pre-transplant (P<0.001). It is also greater after transplant than that of the 

Ely cohort (P<0.0001). Subdivision of patients into the three different risk score 

groups is shown in Table 1.7. There is a markedly significant shift of patients into 

higher risk groups following transplant. There was no difference in the estimated 

CHD risk when comparing cyclosporin and tacrolimus. The estimated 10-year risk 

for cyclosporin treated patients, based upon data one year after transplant, is 12.1 

% whilst that for tacrolimus treated patients is 10.7 % (P=NS). 

Table 1.5 Comparison of Ely cohort and Liver transplant recipients at one year 

post-transplant 

Ely Liver Transplant 

Mean Mean 

Men Age (years) 59.6 ± 0.5 58.8 ± 1.0 

BMI (kgW) 26.2 ± 0.2 28.5 ± 0.6 

Cholesterol (mmol/1) 6.4 + 0.1 5.5 ±0.2 

Systolic BP (mmHg) 131 ±0.7 155.1 ±2.2 

Diastolic BP (mmHg) 80.5 ± 0.5 91 ± 1.5 

Women Age (years) 59.5 ± 0.4 60.2 ± 1.0 

BMI (kgW) 25.9 + 0.2 27.2 + 0.8 

Cholesterol (mmol/1) 6.4 + 0.1 5.8 ±0.2 

Systohc BP (mmHg) 126.7 ±0.6 157.5 ±2.8 

Diastolic BP (mmHg) 76.7 ± 0.4 91.9 ± 1.5 
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Table 1.6 Comparison of 10-year predicted probability of CHD in 

different cohorts 

Cohort n Mean risk 95% CI 95% CI 

(%) lower (%) upper (%) 

Pre-transplant 137 6.9 6.5 7.4 

Post-transplant 137 11.5 10.1 13.0 

Ely cohort 1027 7.0 6.7 7.4 

95 % CI: 95 % confidence intervals 

Table 1.7 Comparison of the percentage of patients in different CHD risk 

bands in the different cohorts 

Cohort 10-year predicted probability for CHD 

< 15 % 15 - <30% > 30 % Total 

Ely 

Pre Liver Transplant 

Post Liver Transplant 

77.8 % 20.0 % 

85.3% 14.7% 

59.9 % 34.3 % 

2.2% 100% 

100 % 

5.8% 100% 

Pearson test: p < 0.001 between pre and post transplant 

Pearson % test: p < 0.0001 between Ely and post transplant 

High Triglceride and low HDL-Cholesterol 

There is evidence that a high serum triglyceride in combination with a low HDL-

cholesterol is a predictor of ischaemic heart disease 177_ a high triglyceride was 

defined as above 1.69 mmoL l̂ whilst a low HDL-cholesterol was below 1.03 

mmol/1 for men and below 1.29 mmol/1 for women, according to the Adult 

Treatment Panel III (ATP III) criteria in the diagnosis of the metabolic syndrome 
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(Table 1.8). Using these definitions, 36 % of the total transplant patients had both 

a high triglyceride and low HDL-cholesterol. 32 % of patients with hypertension 

had this lipid abnormality. 

Table 1.8. ATP III criteria for identification of the metabolic 

syndrome 

Abdominal obesity (waist circumference) 

Men > 102 cm (40 in) 

Women > 88 cm (35 in) 

Triglycerides >150 mg/dl 

HDL cholesterol 

Men < 40 mg/dl 

Women <50 mg/dl 

Blood pressure > 130/ > 85 mmHg 

Fasting glucose >110 mg/dl 

Diagnosis of the metabolic syndrome is made when 3 or more of the risk 

determinants shown are present. 

Discussion 

This study has shown that development of risk factors for cardiovascular disease, 

including hypertension and hypercholesterolaemia, is common following liver 

transplant. Utilising these data I have calculated that the predicted 10-year risk of 

developing CHD is much higher after transplant than before and exceeds that in 

age/sex matched general populations. However, the observed burden of 

cardiovascular disease, measured by cardiovascular mortality and the incidence of 

myocardial infarction and stroke, during 4.5 years of follow-up is low. 

48 



The development of cardiovascular risk 6ctors and their contribution to 

accelerated cardiovascular disease aAer liver transplant is an important issue in the 

long-term management of transplant patients. On current available evidence 

however, it is questionable whether the development of hypertension and 

hypercholesterolaemia is accompanied by an equivalent increased incidence of 

cardiovascular disease. Many studies attest to the high &equency of 

cardiovascular risk 6ctors but hole has been reported on the development of 

cardiovascular after transplant and few studies have conq^ared the 

incidence of MI and stroke with expected incidence rates from a conq)arable non-

transplant population. 

In common with other reported series hypertension, hypercholesterolaemia and 

weight gain occurred 6equently after transplant. Hypertension was the commonest 

risk 6ctor observed, affecting 77 % of patients at some point after transplant. This 

figure compares with prevalence rates 6om 36 to 82 % that have been reported in 

other studies 16-23,25, 33 Hypertension was more common in transplant 

recipients compared to an age and sex matched general population and was 

observed in both young and older transplant recipients. Serum cholesterol 

increased significantly after transplant. Hypercholesterolaemia is well documented 

after liver transplantation 32-34 develops in as many as 66.2 % 

of patients 

Obesity is a problem 6equently encountered in the long term care of hver 

transplant recipients and in some patients weight gain is dramatic. Using the Grst 

outpatient BMI as a baseline, which typically is two to three weeks after 

transplant, I showed that BMI increased significantly after transplantation. The 

increase in BMI I observed is similar to that reported in other studies 

39 patients (21.5 %) became obese (BMI > 30 kg/m^) during fbllow-up whilst 

only 9 patients lost weight, all of whom bad normal BMI throughout. Evidence 

suggests that the m^ority of weight gain occurs in the 5rst post-transplant year, 

vyith only a slight increase during the second year and very little thereafter 

40. In this series weight gain persisted beyond 2 years in 96 %. 
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Several authors have observed that hver transplant recipients have an increased 

prevalence of diabetes meUitus ^3,42 % found that just 4.4 % of patients 

diabetic with diabetes persisting beyond the Grst post-transplant year in 3 

%. The incidence of diabetes after transplant in the USA ranges 6om 12 to 18 % 

15, 22,23 Yhe lower incidence of diabetes in our patients may reflect our policy 

of early withdrawal of corticosteroids. Corticosteroid withdrawal has been shown 

to improve diabetic control and may allow discontinuation of treatment A 

similar prevalence of diabetes mellitus to our own was reported 6om 

Birmingham, UK, where prednisolone is typically withdrawn at three months 

after transplant. 

Immunosuppressant drugs, including calcineurin inhibitors and corticosteroids, 

are implicated in the causation of hypertension, dyslipidaemia and weight gain 

after liver transplant 29, 33,107 Sa-um lipid levels are also influenced by 

post-transplant weight gain, diabetes mellitus, diet and renal dysfunction 

There is evidence that transplant recipients receiving tacrolimus develop less 

cardiovascular risk 6ctors than those receiving cyclosporin. In common with 

other studies I found a higher prevalence of hypertension in patients on 

cyclosporin compared to tacrolimus 16-20 Patients on cyclosporin had a trend to 

higher serum cholesterol and greater weight gain echoing the Endings of previous 

studies 1^^. There was no diSerence between 

immunosuppression with respect to development of diabetes mellitus. Recent 

studies have also shown that diabetes mellitus develops equally with cyclosporin 

and tacrolimus 1^; 

M^or risk factors for cardiovascular disease such as hypertension and 

hypercholesterolaemia are undoubtedly common after liver transplant but it is not 

so clear whether transplant recipients are, as a result of development of such risk 

factors, at greater risk for development of coronary or cerebrovascular disease. 

The use of cardiovascular risk scores has recently been ^plied to liver transplant 

recipients 1^. I have used the same scoring system to conq)are the change in 

estimated risk of CHD bekre and after transplant and to relate the risk after 
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Iifinsfikmt widh the riskiriaLiruitcbied locxiliioii-tnmfqplant pKypmlatiorL TTbis study is 

the Grst to demonstrate the marked increase in 10-year risk of developing CHD 

that occurs aAer liver transplant, with the estimated risk increasing 6om 6.9 % to 

11.5%. This is signiGcantly higher than the estimated risk score 5)r the Ely cohort 

of non-transplant patients. The m^ority of patients with elevated serum 

cholesterol pre-transplant had cholestatic liver disease and these patients are not 

thought to be at increased cardiac risk 6om their dyshpidaemia. The inclusion of 

these patients probably overestimates the overall cardiovascular risk pre-transplant 

such that in reality the change in CHD risk aAer transplant is perhaps greater than 

I have presented here. 

The risk score of 11.5 % is also higher than that published &om Birmingham, UK 

One possible explanation 6)r the higher risk in our patients is that I looked at 

patients at one year aAer transplant when the majority have already developed 

hypertension and hypercholesterolaemia, the two principle 6ctors determining the 

increase in coronary risk. The Birmingham cohort included patients S-om 0.1 

years aAer transplant and this would probably underestimate the true coronary 

risk. To illustrate this the prevalence of systolic hypertension (Systolic blood 

pressure >140 mmHg) at 1 month in our patients was 35 % conqiared to 76 % at 

12 months. Mean systolic blood pressure was 138 mmHg at 1 month and 157 

mmHg at 12 months (P<0.001). 

If we assume that patients require treatment aimed at reducing coronary risk when 

the risk is 15 % or greater, 40.1 % of patients aAer transplant should beneGt Aom 

intervention aimed at primary prevention. This is a much higher percentage than 

the local non-transplant population. Regular blood pressure monitoring is 

important and efkrts should be made to reduce systohc blood pressure to below 

140 mmHg. Patients with an elevated serum cholesterol who have an estimated 

CHD risk score of 15 %or greater should be treated with a statin 6)r primary 

prevention. A move to greater use of tacrolimus over cyclosporin may be 

beneficial in view of the lower prevalence of hypertension with tacrolimus 

although it is interesting that there was no diSerence in the estimated 10-year risk 

score between cyclosporin and tacrolimus treated patients. Shorter duration of 
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corticosteroid use aAer transplant may also reduce risk. Other risk 6ctors 6)r 

cardiovascular disease such as hyperuricaemia and hyperhomocysteinaemia may 

have a role to play as possible markers of cardiovascular risk in liver transplant 

recipients. Elevated serum uric acid occurs in 47 % of patients aAer liver 

transplant ^ (discussed in detail in Chapter 6) and increased serum 

homocysteine levels have also been documented although their relationship 

to development of CHD in transplant recipients has not been shown. 

Weight loss may become an increasingly important area to tackle in reducing 

cardiovascular risk. Liver transplant patients as a whole Ailfil many of the criteria 

5)r the metabolic syndrome which is closely linked to insulin resistance 

(Table 9). Insulin resistance is associated with heightened cardiovascular risk 

The m^ority of insulin resistant/hyperinsuUnaemic patients have a fasting glucose 

concentration <110 mg/dl and the combination of hypertension with a high serum 

triglyceride and low HDL-cholesterol is strongly suggestive of insulin resistance 

183, 184 Hypertensive patients with the highest ratio of triglyceride to HDL-

cholesterol have the greatest CHD risk 1^^. 

One-third of the liver transplant patients probably have insulin resistance, on the 

basis of hypertension and dyslipidaemia, although measurements of 6sting insulin 

to support this assumption have not been performed. Interestingly hyperuricaemia 

which is present in almost half the patients aAer liver transplant 1^0 jg associated 

with insulin resistance. It has been suggested that a substantial part of the CHD 

risk associated with hypertension in insulin resistant individuals is caused by other 

features of insulin resistance and treatment directed solely at blood pressure 

lowering may not reduce the CHD risk as much as is hoped 1^^. For the 32 

% of liver transplant recipients who are insulin resistant, weight loss and increased 

physical activity could have as important a role to play as speciGc therapies 

targeting hypertension and hypercholesterolaemia. This is an area 5)r fiirther 

research. 
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Few studies have addressed the issue of long-term cardiovascular conq)lications 

after liver transplant. Most have looked at deaths due to cardiovascular and in 

some cases cerebrovascular disease but data on non-&tal myocardial infection or 

cerebrovascular accident are lacking. In a study of patients surviving at least one 

year after transplant, 13.8 % of subsequent deaths were 6om cardiovascular 

disease, of which 60 % were due to MI 1^. The mean time to death 6om 

cardiovascular disease was 55.6 months. Stroke accounted for 3.8 % of deaths. 

Asfar et al report that 14.3 % of deaths beyond the first transplant year were 

6om cardiovascular disease, 5.7 % 6om MI, and mean time to cardiac death was 

3.9 years. Rabkin et al report that 7.5 % of deaths in 40 patients who died aAer 

the 6rst post-transplant year were 6om MI. A study of patients surviving more 

than three years after transplant reported that 15.8 % of deaths were due to MI 

with 21 % of deaths overall due to cardiovascular disease The m^ority of 

these patients had pre-existing coronary artery disease or risk factors beR)re 

transplant. In all these studies the mortality &om cardiovascular disease amounts 

to between 1.5 and 3 % of the total number of patients ahve at one year 1^-15 

is not clear 6om the above studies whether these death rates are dif&rent 6om 

those e)q}ected in the general population. 

The recent paper 6om Johnstone et al compared cardiovascular deaths in 

transplant recipients with an age matched general population, albeit not local to 

the transplant centre. They showed a relative risk of death &om cardiovascular 

disease of 2.56 compared to an age-matched non-transplant population. This was 

based on data acquired 6om 1312 transplant recipients over 4962 person-years of 

observation. Deaths due to ischaemic heart disease occurred at a median of 27 

months post-transplant. Furthermore the relative risk of ischaemic cardiac events 

was 3.07 and the median times to MI and stroke were 32 and 34 months 

respectively. Sheiner et al in a study of 96 patients surviving 5 or more years 

after transplant, also found a significantly higher prevalence of hypertension in 

transplant recipients compared to United States population Ggures. 6.1 % of 

deaths in that study were due to cardiac disease and overall 2.2 % died 6om 

cardiovascular disease. Interestingly the prevalence of heart disease including MI 
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aAer transplant was no diHerent from that of an age and sex matched general 

population. 

Most studies so 6 r published suggest that cardiovascular disease is an important 

determinant of long term survival after transplant. In the current study however, 

not one patient died 6om MI or stroke. This is in contrast to the cardiovascular 

mortality evident in other studies 12-15, 188 stark contrast to renal 

transplantation in which cardiovascular disease accounts 6)r up to 50 % of deaths, 

although pre-transplant cardiovascular disease is much more common in these 

patients ^ It is noteworthy that the relative risk of dying in the Ely cohort only 

fell 6om 5.4 to 3.8 after adjustment for cardiovascular risk factors. 

When assessing the long term outlook for transplant recipients with regard to 

potential cardiovascular mortality it is important to be able to relate the incidence 

of cardiovascular events in transplant recipients with that of the general 

population. I have compared the incidence of MI and stroke after transplant with 

that 6om general population studies in Oxford and London, United Kingdom. 

Whilst this is not ideal, as it would be pre6rable to have incidence rates of 

cardiovascular events 6om the local Ely population, the studies I chose to 

compare incidence rates were nevertheless 6om areas that a number of the 

transplant recipients come &om However, because of the small number of 

observed cardiovascular events and the associated wide confidence intervals it is 

diSicult to draw statistically meaningflil conclusions on the incidence of MI and 

stroke after transplant compared to non-transplant populations. Nevertheless, I 

feel it is an important clinical observation that in spite of a high prevalence of risk 

factors for CHD and stroke, only a small number of patients to date have had a 

cardiovascular event. 

Why should cardiovascular mortality after transplant be lower in this study than 

others? One possible explanation is that the prevalence of diabetes mellitus is 

lower in these patients compared to other series. Secondly, the presence of CHD 

or risk 6ctors Ar CHD prior to transplant has been implicated in the aetiology of 

post-transplant CHD and to our knowledge very 6 w of the patients studied 
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here had pre-existing CHD. Finally, tacrolimus is associated with 6wer 

cardiovascular events and lower mortality 6om CHD aAer transplant than 

cyclosporin It is possible that proportionately more patients in our study were 

treated with tacrolimus than in earlier studies that reported a greater incidence of 

CHD 12, 15,188 

Two Airther points deserve consideration. Firstly, the vast m^ority of patients 

having a hver transplant are pre-selected to be at low risk of cardiac disease at the 

time of transplant. It should not be surprising that it takes several years 6)r those 

patients who subsequently develop risk factors such as hypertension to su@er a 

cardiovascular event as a result of de novo development of risk factors. Secondly, 

there is evidence that calcineurin, via a calcium-calmodulin-calcineurin-nuclear 

factor of activated T-ceUs (NFAT) signalling pathway, has a pivotal role in 

development of cardiac hypertrophy ^^1. It is intriguing to speculate that 

calcineurin inhibitors could limit the cardiac hypertrophy that would be expected 

to develop in the face of post-transplant hypertension. In support of this are animal 

studies which have shown that following aortic constriction tacrolimus and 

cyclosporin partially prevent the expected consequent left ventricular hypertrophy 

192, 193 Against the idea of such a protective role are fiirther animal studies 

showing no difference in development of left ventricular hypertrophy with 

cyclosporin and tacrolimus versus untreated animals and the recently 

reported autopsy evidence of asymmetric cardiac hypertrophy in both cyclosporin 

and tacrolimus treated liver transplant recipients 1^^. A drawback of post-mortem 

studies is that they may select patients who are predisposed to cardiac disease that 

could be unrelated to the immunosuppression. For the present, it is an interesting 

notion that calcineurin inhibitors could of&r some cardioprotective element in the 

face of the systemic vasoconstriction that accompanies their use. 

Studies comparing transplant patients with matched non-transplant populations 

with longer periods of 611ow-up, ideally beyond 10 years, are required if the true 

extent of the burden of cardiovascular disease aAer transplant is to be established. 

This will need to be of6et against the natural increase in cardiac morbidity and 

mortality with advancing age. 
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Chapter 2. Investigations into the mechanisms of hypertension 
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Introduction 

Hypertension is the commonest cardiovascular complication that occurs after liver 

transplantation with several studies reporting a prevalence approaching 50 % or 

greater 18-20, 22,23 Hypertension is mani&st &equently within 6 months of 

transplant Systemic vasoconstriction probably underlies post-transplant 

hypertension but the specific mechanisms contributing to this remain unresolved. 

Activation of the renin-angiotensin system may be implicated but the relationship 

between increases in plasma renin and development of hypertension is unclear. 

Increased plasma renin has been shown in transplant recipients with established 

hypertension 13 months after transplant but low levels of renin have been 

reported during the Grst four months after transplant even in those who develop 

hypertension subsequently Endothelin-I is a potent vasoconstrictor. 

Increases in plasma ET-1 levels have been observed in the Grst few days aAer 

liver transplant in association with increasing mean arterial blood pressure 

Urinary endothehn levels increase within a few months of transplant. A rise in 

plasma endothelin during the first weeks or months aAer transplant could have an 

impact upon the early increases in blood pressure that are 6equently observed 

after transplant. Finally arterial stifbess is causally linked with hypertension and 

is acknowledged as the cause of isolated systolic hypertension An increase 

in arterial stiSness after liver transplant could thereAre contribute to development 

of hypertension. Interestingly it has recently been shown that an increase in ET-1 

leads to a rise in pulse wave velocity and hence arterial sti&iess 

The purpose of this study was to determine plasma levels of renin, aldosterone and 

endothelin-1 and to use pulse wave analysis to determine arterial stifhess 

be&re and after liver transplant, in order to assess the contribution of these to the 

development of hypertension during the Erst 6 months after liver transplant. 
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Methods 

Thirty-two consecutive patients on the waiting list for liver transplant were 

recruited into the study. Patients were enrolled into the study within one week of 

going on the waiting list. Patients with diabetes mellitus, past or current 

hypertension or clinical evidence of cardiovascular disease were excluded, as 

were patients taking beta-adrenoceptor antagonists for portal hypertension. 

Patients having a re-transplant or multiorgan transplant were also excluded. 

Diabetic patients were excluded because arterial stif&ess is enhanced in diabetes 

mellitus and because of the probability that ACE-inhibitors would be 

prescribed. Approval 6)r the study was obtained 6om the local research ethics 

committee and informed written consent was given by each patient. 

Renin and aldosterone 

Blood samples were taken for renin and aldosterone estimation. AAer a 30 minute 

period of supine rest, a 5 ml sample of blood was collected into a lithium-heparin 

tube and centrifuged at 2000 rpm 6)r 5 minutes within one hour of sampling. 

Plasma was then stored at minus 70 ° Celsius until analysis. Shortly be6)re 

analysis, the samples were thawed rapidly and maintained at room temperature. 

Renin was measured in 200 micro litre plasma with a commercially available 

immunoradiometric assay kit (Nichols Institute, CA, USA) Allowing methods 

described previously Aldosterone was determined using a commercial 

radioimmunoassay kit (Diagnostic Products corporation, CA, USA) following the 

principles proposed by Kubasik et al The biochemistry department of 

Addenbrooke's Hospital performed the assays Ar me. 

Endothelin-l 

Samples for endothelin-l were collected aAer patients had been lying down for 30 

minutes. 5 ml samples were collected and placed immediately into lithium heparin 

tubes on ice. Within one hour the samples were centrifuged for 5 minutes at 2000 

rpm and the plasma stored at minus 70 ° Celsius until analysis. 
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Assay of endothelin in plasma: 

Amprep C2 minicolumns (Amersbam Biosciences, Little Chalfbnt, UK) were pre-

conditioned with 2 ml methanol followed by 2 ml H20. Plasma samples (1.8 ml) 

were acidified by addition of 0.25 ml 2M HCl, centrifuged, and the supernatant 

applied to the pre-conditioned columns. The columns were then washed twice 

with 2.5 ml 0.1 % trifluoroacetic acid (TFA, Sigma, Gillingham, UK). 

Endothelins were eluted with 2 ml of 80 % methanol/0.1 % TF A/19.9 % HzO and 

the eluate evaporated in an evacuated centrifuge (SpeedVac, Labsystems, 

Basingstoke, UK). 

The eluate was reconstituted in 250 ^1 assay buffer and 100 |il were assayed in 

duplicate using a double-antibody enzyme-Hnked immunosorbent assay (ELISA) 

for endothelin (Endothelin-1 Biotrak ELISA System, Amersham Biosciences, 

Little Chalfbnt, UK) according to the manu6cturers' instructions. Briefly, 

standard and unknown samples were added to 96 well plates coated with an 

antibody directed to the C-terminal hexapeptide of ET-1. After overnight 

incubation at 4 "C the plates were washed and an antibody directed to the N-

terminal region of ET-1 conjugated to horseradish peroxidase was added. AAer 2 

hours incubation at room temperature, the plates were washed and tetramethyl 

benzidine was added as a substrate. The colour reaction was stopped by addition 

of IM H2SO4 and the resultant yellow colour read at 450 nm. Unknowns were 

con^ared to a standard curve of authentic endothelin-1 and the results e^gressed 

as pmoi/L, corrected for the volume of plasma extracted. 

Pulse wave analysis 

Augmentation index (AI) and ascending aortic pressure were determined by pulse 

wave analysis (PWA) using the SphygmoCor apparatus (SCOR; PWV Medical, 

Sydney, Australia). A high Gdelity micromanometer (SPC-301; Millar 

Instruments, Texas, USA) was used to flatten the radial artery at the wrist in the 

non-dominant hand using gentle pressure. Data were collected directly into a 

portable computer. After 20 sequential waveforms had been acquired, the 
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integrated software was used to generate an averaged peripheral wavekmi and 

corresponding central pressure wave6)rm. The peripheral waveform was 

trans6)rmed into the central wave&rm using a generalised and validated transfer 

factor Recordings were excluded if the systolic or diastolic variability of the 

wave5)rms exceeded 5 %, or the ang)litude of the wave&rm, a measure of the 

quality of the tracing, was <100 mV. 

AI and ascending aortic pressure were derived 6om the central pressure waveArm 

using the computer software. AI was defined as the difference between the Grst 

and second systolic peaks of the central arterial waveform, expressed as a 

percentage of the central pulse pressure AI is a measure of systemic arterial 

stif&ess and wave reflection. 

Study Protocol 

32 patients were recruited into the study. Males : Females 66 : 34, median age 51 

years (26 - 67 years). The commonest indications Ar transplant were chronic 

hepatitis C virus cirrhosis, alcohol related cirrhosis and primary sclerosing 

cholangitis. Hypertension was defined as a systolic blood pressure > 140 mmHg 

or a diastolic blood pressure > 90 mmHg 

Patients were seen at the time of listing for transplant and again at intervals of 1, 3 

and 6 months aAer liver transplant. Measurements of renin, aldosterone, 

endothelin, pulse wave analysis and peripheral blood pressure were per&rmed at 

the Erst three visits. For the final 6 month visit, aU the measurements except PWA 

were performed. Pulse wave analysis was not measured at 6 months because 6)r 

this study it was necessary to determine AI before development of hypertension. 

Blood pressure was measured in duplicate with the same mercury 

Sphygmomanometer after a 5 minute period of rest and pulse wave analysis was 

performed immediately after. Readings were collected in duplicate and the mean 

used for statistical analysis. 
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Where possible treatment of hypertension was avoided during the 6rst 3 months. 

This is because during the Grst 3 months corticosteroids may contribute to 

hypertension. AAer 3 months however, the majority of patients were weaning off 

corticosteroids, as is our policy, and in some cases this is sufficient to lower blood 

pressure. 

Immunosuppression Protocol 

All patients received triple immunosuppression with tacrolimus, prednisolone and 

azathioprine initially. Tacrolimus was given in a twice daily dose adjusted to 

maintain the plasma concentration between 5 and 15 mcg/1 lor the Srst 3 months 

and between 5 and 10 mcg/1 thereaAer. Prednisolone was given in a dose of 20 mg 

daily for the first month and the dose reduced over the Grst three months. 

Prednisolone was continued beyond three months in those patients transplanted 

for autoimmune hver disease and sclerosing cholangitis associated with 

inflammatory bowel disease. Acute cellular rejection of moderate or severe grade 

200 treated with methylprednisolone Ig daily intravenously 6)r three days in 

aU cases. 

Statistics 

The data after transplant were compared using Student's t-test. Pearson's 

correlation coefficient was used where appropriate. The SPSS software was used. 

Results 

Hypertension 

3 patients (9 %) developed hypertension within one month of transplant. 15 

patients (47 %) were hypertensive by 3 months. At 6 months 16 (50 %) were 

hypertensive. The changes in haemodynamic parameters 6)r the total patient 

population are shown in Table 2.1. Peripheral systolic blood pressure increased at 

61 



1 month in 22 patients (69 %) and decreased in 10 patients (31 %) compared with 

pre-transplant measurements, whilst at 3 months, only 3 patients (9 %) still had a 

blood pressure below that of the pre-transplant value. There was no overall change 

in heart rate. 

Table 2.1. Haemodynamic parameters before and at 1 and 3 months after 

transplant 

Pre- 1 month 3 months P-value P-value P-value 

transplant post- post- comparing comparing comparing 

transplant transplant pre and pre and Im and 3m 

Im 3m 

PSBP 119 + 3 123+4 133 + 3 0348 <0.001 0.004 

PDBP 75+2 78 ± 3 84 ±3 0.175 <0.001 0.003 

CSBP 105 ± 2 109 ±3 120 + 3 0.156 <0.001 0.002 

CDBP 76 ± 2 78 ± 2 85 ± 3 0.147 <0.001 0.002 

MAP 88 + 2 92 ± 2 100 + 3 0.079 <0.001 0.001 

HR 79 + 3 84 ± 3 80 ±2 0.058 0.223 0.113 

AI 9.9 ± 2.6 14.7 + 3.4 16.2 ± 1.9 0.264 0XM5 0.07 

PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; MAP, mean arterial pressure; HR, heart rate; AI, augmentation index 

Augmentation index 

The augmentation index had increased significantly by 3 months after transplant 

(Table 2.1). The rise in AI could be inferred to be due to increasing arterial 

stiffness or it could be linked directly to the rise in blood pressure which itself 

causes augmentation index to increase. Logistic regression analysis was used to 

ascertain whether the increase in observed AI could be accounted for by changes 
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in heart rate and mean arterial pressure. Using a multiple regression model 

containing the peripheral systolic and diastolic blood pressure measurements, 

mean arterial pressure and heart rate, the adjusted = 0.57. Thus after adjusting 

for the variables listed above, it is inferred that 57 % of the change in AI could be 

accounted for by changes in HR and blood pressure. There was no correlation 

between AI at 3 months and plasma ET-1 (r = 0.23, P = 0.42). 

Subgroup analysis 

Patients were analysed according to whether or not they had developed 

hypertension at 3 months. This was so that changes in the haemodynamic 

parameters, in particular the AI, could be compared between the two groups prior 

to development of hypertension. Patient details of the two groups are shown in 

Table 2.2. The haemodynamic parameters between the groups were compared 

prior to transplant (Table 2.3), at one month after transplant (Table 2.4) and at 3 

months after transplant (Table 2.5). 

Table 2.2. Comparison of normotensive and hypertensive patients 

Age Sex Pred Pred Plasma Plasma ACR 

(range) Im 3m FK506 FK506 

(mg) (mg) Im 3m 

(mcg/1) (mcg/1) 

Normo 50 (22- M65% 14 + 1 5 + 1 8.8 + 10.0 + N=8 

tensive 64) 0.8 0.7 

:n=17 

Hypert 53 (41- M67% 14 ± 1 5 + 1 8.2 ± 11.0 + N=8 

ensive: 66) 0.6 0.9 

n=15 

Pred: median prednisolone dose; FK506: tacrolimus; ACR: acute cellular rejection 

None of the differences between the two patient groups are significant at the 5 % 

level 
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Table 2.3. Pre-transplant haemodynamic parameters in patients who became 

hypertensive at 3 months compared to those who remained normotensive 

Hypertensive group Normotensive group P-Value 

N= 15 N= 17 

PSBP 123 ± 3 112±4 0.036 

PDBP 78 + 2 70 ± 3 0.038 

CSBP 110±3 98±3 0.012 

CDBP 78+2 71+3 0.067 

MAP 91 ± 2 82 ±3 0.032 

HR 72 + 3 84 ± 4 0.042 

AI 14.5+4.1 7.1+3.8 0.18 

PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; MAP, mean arterial pressure; HR, heart rate; AI, augmentation index 

Table 2.4. Haemodynamic parameters at 1 month in patients who subsequently 

became hypertensive at 3 months compared to those who remained normotensive 

Hypertensive group Normotensive group P-Value 

N= 12 N= 17 

PSBP 132 ±4 115 ± 3 0.0013 

PDBP 84 + 3 72 ± 2 0.0043 

CSBP 118+4 102 + 3 0.0013 

CDBP &5±3 73 ± 2 0IW55 

MAP 99 + 3 86 ± 2 0.0025 

HR 79 ±3 87 ±4 0.15 

AI 19.3 ±2.4 10.8 ±3.5 0.046 

N.B. These data exclude 3 patients who were already hypertensive at 1 month 

PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; MAP, mean arterial pressure; HR, heart rate; AI, augmentation index 
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Prior to transplant the patients who developed hypertension at 3 months had 

higher peripheral and central blood pressure than the normotensive patients. By 1 

month after transplant 3 patients had developed hypertension. Because of the 

effects of a rise in blood pressure upon augmentation index these 3 were excluded 

from the analysis as I wanted to assess the change in augmentation index prior to 

developing hypertension to establish whether arterial stiffness is implicated in 

evolving hypertension. At 1 month peripheral systolic blood pressure was 

unchanged in the normotensive group (P=0.62) but had risen from 123 to 132 

mmHg in the hypertensive group (P=0.04). Augmentation index was higher in the 

hypertension group (Table 2.4). 

Data at 3 months after transplant are shown in Table 2.5. By 3 months 47 % were 

hypertensive and all these patients were included in the analysis of the 

hypertension group. Peripheral, central and mean arterial pressures and AI were 

higher in the hypertensive group. 

Table 2.5. Haemodynamic parameters at 3 months in patients hypertensive at 3 

months compared to those who remained normotensive 

Hypertensive group Normotensive group P-Value 

N=15 N=17 

PSBP 149 + 2 118 + 4 <0.0001 

PDBP 93 ± 4 77 ± 2 0.001 

CSBP 135 ±3 107 ± 3 <0.0001 

CDBP 94 ± 4 78 ± 2 0.0013 

MAP 111 ± 3 91 ± 3 <0.0001 

HR 78 + 3 85 ± 4 0J8 

AI 21.2 ±2.7 11.9±3 0.031 

PSBP, peripheral systolic blood pressure; PDBP, peripheral diastolic blood 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; MAP, mean arterial pressure; HR, heart rate; AI, augmentation index 
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There was a rise in peripheral systolic blood pressure and mean arterial pressure at 

3 months compared to pre-transplant in both the hypertensive and normotensive 

groups (P < 0.001 and P=0.046 respectively for systolic blood pressure and 

P<0.0001 and P=0.012 respectively for MAP). There was a trend towards an 

increase in AI by 3 months in both groups (P=0.095 and 0.124 for the 

hypertensive and normotensive groups respectively), the statistical significance 

having been lost due to the smaller patient numbers in each subgroup. 

Renin and Aldosterone 

Changes in plasma renin and aldosterone are shown in Tables 2.6-2.8. The values 

are shown for the study group as a whole (Table 2.6) and subdivided into those 

patients who were normotensive and those who were hypertensive at the end of 

the study, i.e. at 6 months (Tables 2.7, 2.8). A plasma renin below 10 mU/1 

following a 30 minute period of supine rest is considered normal. The normal 

laboratory range for aldosterone is 100-800 pmol/1. 

Table 2.6. Plasma renin and aldosterone before and during 6 months after 

transplant 

Plasma renin % with Plasma aldosterone % with high 

(mU/1) high renin (pmol/1) aldosterone 

Pre-transplant 440±165 87.5 1244 ±205 418 

1 month 39.4 ± 8.4 84.4 311 ±42 9.4 

3 months 18.2 + 2.9 71.9 324 ± 57 6.3 

6 months 27.3 ± 5.6 65^ 425 ± 64 1&8 

Levels of plasma renin and aldosterone were elevated pre-transplant. Plasma 

aldosterone fell to normal after transplant. Plasma renin also fell but levels 

remained slightly elevated. 
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Table 2.7. Comparison of plasma renin (mU/1) in patients hypertensive at 6 

months versus those normotensive at 6 months 

Hypertensive Normotensive P-value 

(n=16) (n=16) 

Pre-transplant 449 ± 327 433 ± 154 0.97 

1 month 32.5 ± 13.0 45.0+11.0 0.47 

3 months 20.2 ± 5.0 15.7 ±2.1 0.42 

6 months 23.8 ± 5.9 29.2 ± 8.0 0.60 

Table 2.8. Comparison of plasma aldosterone (pmol/l) in patients 

hypertensive at 6 months versus those normotensive at 6 months 

Hypertensive Normotensive P-value 

(n=16) (n=16) 

Pre-transplant 1235 ±344 1251 ±255 0.97 

1 month 307 ±58 314 ±62 0.94 

3 months 407 ± 88 218 ±57 0.087 

6 months 459±107 407 ± 82 0.70 

These results illustrate that there was no difference between hypertensive and 

normotensive patients with respect to levels of renin and aldosterone at any 

timepoint. 

Endothelin-1 

Results of plasma ET-1 are shown in Tables 2.9 and 2.10. Table 2.9 shows the 

plasma ET-1 before and after transplant for all 32 patients whilst Table 2.10 

compares the hypertensive and normotensive groups. An ET-1 level above 20 

pmol/l was considered elevated. 
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Table 2.9. Plasma endothelin pre and post transplant 

for the whole population ( n = 32) 

ET-1 (pmol/1) % with high ET-1 

Pre-transplant 

1 month 

3 months 

6 months 

19.4 ±6.3 

6.8 + 1.5 

10.6 ±2.5 

17.1 ±4.2 

2L9 

15.6 

2L9 

3L3 

The only significant difference pre- and post-transplant was between the pre-

transplant and 1 month post-transplant samples (P=0.048). 

Table 2.10. Comparison of plasma endothelin (pmol/1) in hypertensive and 

normotensive groups 

Hypertensive % with Normotensive % with P - value 

group (n=16) high ET-1 group (n=16) high ET-1 

Pre-transplant 27.0 ± 11.0 3L3 11.1 ±5.4 12.5 0.021 

1 month 10.8 ±2.5 25 2.7+1 6.3 0.008 

3 months 14.4 ±4.5 3L3 7.0 ±2.1 12.5 0.16 

6 months 28 ± 7 50 7.5 + 3.6 I2J) 0.019 

The P - value refers to the difference in plasma ET-1 between the hypertensive 

and normotensive groups 

For both groups plasma endothelin levels fell early after transplant but were 

similar to the pre-transplant levels by 6 months after transplant. Plasma ET-1 was 

higher in the hypertensive group throughout, with the exception of the 3 month 

level, and by 6 months hypertensive patients had a significantly greater plasma 

ET-1 than the patients without hypertension and the levels were elevated above 

the normal limit of 20 pmol/1. At 6 months, ET-1 was elevated in 8 of 16 patients 
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(50 %) with hypertension compared with 2 out of 16 patients (12.5 %) with 

normal blood pressure. 

Abnormalities of plasma renin, ET-1 and pre-transplant state 

11 of 32 patients (34.4 %) had diuretic resistant ascites at the time of transplant. 

Of these 91 % had plasma renin levels above 100 mU/1. Just one patient had a 

plasma renin level above 100 mU/1 who did not have ascites. Of the 7 patients 

with elevated ET-I prior to transplant, just 2 had ascites. Mean serum creatinine 

pre-transplant was 73+3 p^mol/l and at 6 months aAer transplant was 98 ± 4 

|j,mol/l (P < 0.001). There was no correlation between serum creatinine and serum 

ET-1 either be&re or at 6 months after transplant (r = 0.15, P = 0.43 and r = 0.03, 

P = 0.88 respectively). There was no correlation between plasma ET-1 and plasma 

tacrolimus levels at 1,3 and 6 months post-transplant (r = -0.04, P = 0.86, r = 

0.08, P = 0.71, r = -0.09, P = 0.67 respectively). 

Discussion 

This study concerns the development of hypertension during the Erst 6 months 

after liver transplant. The involvement of the renin-aldosterone system and plasma 

endothelin -1 to development of early hypertension has been studied, in addition 

to changes in augmentation index after liver transplant. 

Considering the total study population, blood pressure was unchanged at 1 month 

but had increased by 3 months after transplant. Both peripheral and central aortic 

blood pressures increased. 9 % were hypertensive at 1 month, 47 % were 

hypertensive at 3 months and 50 % at 6 months had developed hypertension. Thus 

the m^ority developed hypertension between the Grst and third months. All 

patients hypertensive at three months remained so at 6 months. Just one patient 

was treated Ar hypertension, with amlodipine, during the study period. The 

overall data were unaltered when this patient was excluded (not shown). 
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Since the study was completed, Airther outcome data has emerged regarding 

hypertension. Median fbllow-up is currently 27 months (Range 19 to 36 months). 

One hypertensive patient died j&om a myocardial in&rct at 30 months. 94 % of the 

hypertensive patients have continued to require pharmacological treatment. 2 of 

the 16 patients (13 %) normotensive at 6 months have developed hypertension, 

one at 2 years and one at 2.5 years. This data supports the idea that most patients 

develop hypertension during the first 3 months with just a small percentage 

becoming hypertensive subsequently. Two patients have proved difficult to treat, 

both remaining hypertensive despite triple antihypertensive therapy with a 

calcium channel antagonist, an ACE-inhibitor and a beta-adrenoceptor antagonist. 

One of these had elevated ET-1 levels, the other did not. 

Levels of plasma renin and aldosterone were elevated prior to transplant. This has 

been reported previously and is consistent with the vasodilatory circulatory 

system in many patients with cirrhosis awaiting transplant. Not all patients had 

deranged renin and aldosterone pre-transplant and this probably reflects differing 

degrees of circulatory disturbance associated with varying severity of liver 

disease. The presence of ascites, and in particular diuretic resistant ascites, reflects 

more marked circulatory dysfunction and this group of patients had the highest 

levels of plasma renin. The mean plasma ET-1 was elevated pre-transplant, as 

documented by some but not all ^1. Levels of ET-1 were not greater in 

those patients with more severe decondensation, as judged according to ascites 

and serum creatinine. Other studies have shown both increased plasma ET-1 

and unchanged plasma ET-1 levels in cirrhotic patients with ascites. 

After transplant levels of renin fell but remained slightly above the normal level. 

There was no change in levels during the 6 month study period. There was no 

difference in plasma renin between hypertensive and normotensive patients. 

Similarly, plasma aldosterone 611 to the low-normal range by 1 month after 

transplant and remained normal at 6 months. Again there was no diGerence 

between hypertensive and normotensive patients. 
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What of other studies examining the renin-aldosterone axis? The rise in arterial 

pressure that occurs following transplant that is perceived by the juxtaglomerular 

apparatus may contribute to reduction in renin synthesis with a consequent fall in 

aldosterone synthesis. Falls in plasma renin and aldosterone during the 5rst 4 

months after transplant have been reported in a small number of studies involving 

cyclosporin treated patients Furthermore, in 2 of these studies in which 

patients were 5)Uowed up 6 r 4 weeks and 2 months after transplant, the fall 

in renin and aldosterone occurred at a time when there was an increase in blood 

pressure. In the current study, the 6ct that there was no diG&rence between the 

hypertensive and normotensive patients, at a time when blood pressure increased 

steadily, suggests that the mild stimulation of the renin-angiotensin axis does not 

contribute greatly to development of hypertension during the first 6 months after 

liver transplant. 

What then could be the role for the renin-angiotensin system in early transplant 

hypertension? Levels of plasma renin activity are known to increase 6om 12 

months after liver transplant and it is possible that at this time point after 

transplant the renin-angiotensin axis may contribute to hypertension. Juhen et al 

found increases in active and total renin in 16 hypertensive liver transplant 

recipients, samples being taken 13 months after transplant Aldosterone levels 

in the upright position were higher than in normal controls in the same study. In 

neither study was it possible to correlate the observed increases in renin with 

changes in blood pressure but a role 5)r stimulation of the renin-angiotensin axis 

can be surmised. As I have observed however, in the Srst 6 months after 

transplant, which is the time when a large number of patients develop 

hypertension, it is likely that other mechanisms besides the renin-angiotensin axis 

are implicated. 

The augmentation index is a marker of arterial stiKiess. Mean AI increased at one 

month and increased Airther at 3 months. An increase in AI implies an increase in 

arterial stif&ess. The most valuable time to determine AI in this study was prior to 

development of hypertension to see if a rise in AI preceded development of 

hypertension. This is important because established hypertension is itself 
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associated with a rise in AI and it then becomes impossible to determine 

whether increasing AI due to increased arterial stiHhess contributed to 

hypertension or whether the hypertension itself caused the increase in AI. 

In order to investigate the possible influence of increasing arterial stifhess upon 

evolving hypertension I compared AI in patients who were hypertensive at 3 

months but who were normotensive at 1 month with those who remained 

normotensive throughout. There was no difkrence between these groups with 

respect to tacrolimus levels, prednisolone dosage and number of patients receiving 

intravenous corticosteroids 5)r acute cellular rejection. 

The AI was higher in the group with evolving hypertension at one month even 

though they were normotensive at that time. Could this imply that increased 

arterial stif&ess was a contributory factor to hypertension? Those in the group 

who developed hypertension at 3 months had higher mean blood pressure pre-

transplant in addition to higher blood pressure at 1 month. It is Ukely that the 

increased blood pressure that persisted between the two groups itself contributed 

to the dif&rence in observed AI rather than increasing arterial stif&ess being 

wholly responsible. This is borne out by the regression analysis that demonstrated 

that 57 % of the dif&rence in AI was associated with changes in blood pressure 

and heart rate. It is nevertheless plausible that increasing arterial stifhess was 

directly responsible for some of the increase in AI and hence can be implicated in 

the development of hypertension. 

An interesting observation is that the blood pressure pre-transplant in the patients 

who became hypertensive post transplant was higher than in the group who 

remained normotensive aAer transplant. The study numbers are too small to 

examine whether there is a threshold blood pressure pre-transplant that serves as a 

marker of likely progression to hypertension, although I think it unlikely that such 

a threshold exists given the multiple factors implicated in post-transplant 

hypertensioiL 
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There is emerging evidence that circulating endothelin levels have a significant 

role in liver transplant recipients. A link with increased blood pressure has been 

postulated. Lerman et a] report elevations in plasma endotbelin throughout the 

first week after transplant and blood pressure increased significantly during 

this time period. Textor et al ^04 documented increases in endothelin and 

blood pressure in the first week after transplant, although plasma endothelin levels 

fell towards pre-transplant values during weeks 2 to 4. Textor et al have 

documented increased levels of circulating and urinary endothelin for up to 2 

years after liver transplant, with both cyclosporin and tacrolimus based 

immunosuppression, and 65 % of patients were hypertensive at 2 years 

Experimental studies have shown that administration of calcineurin inhibitors is 

associated with an increase in circulating levels of ET-1 

This study is the first to directly compare changes in circulating ET-1 pre and 

post-transplant in patients who developed hypertension with those who did not. In 

those patients who developed hypertension, plasma ET-1 was elevated by 6 

months and was signiGcantly higher than those with normal blood pressure. This 

could suggest a role 6)r rising levels of ET-1 in the development of hypertension. 

Plasma tacrolimus levels were not higher in hypertensive patients and there was 

no correlation between plasma levels of tacrolimus and serum ET-1 levels. There 

may be limitations however, to the interpretation of ET-1 levels. For example, it 

has been suggested that measurements of circulating ET-1 are relatively imprecise 

markers of the release of endothelin, 6)r endothelin is directed primarily toward 

the vascular smooth muscle cells rather than into the vessel lumen 

An important implication for the involvement of ET-1 in transplant hypertension 

is the recent introduction of endothelin antagonist drugs. Animal studies in rats 

showed that endothelin receptor antagonists could prevent the cyclosporin 

mediated rise in blood pressure, and also block vasoconstriction in aSerent renal 

arterioles 75, 76 aigg lower blood pressure in established cyclosporin-

induced hypertension Endothelin antagonists have recently entered clinical 

trials in humans and an initial study demonstrates efRcacy of one such drug, 

darusentan, in the treatment of hypertension, with significant reductions in systohc 
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blood pressure observed over a 6-week period These agents have not as yet 

been utilised in hypertension after hver transplant. 

It is possible that the role of ET-1 in the development of hypertension after liver 

transplantation may not be known until trials of endothehn antagonists are 

underway, and their efficacy in transplant hypertension can be assessed. My data 

show that circulating ET-1 is elevated in hypertensive patients. This, together with 

the promise seen in early trials of endothelin antagonists in the non-transplant 

arena, suggests that clinical trials in transplant hypertension should be undertaken. 
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Chapter 3. Comparison of the efBcacy of amlodipine, lisinopril and bisoprolol 

in the management of post-transplant hypertension 
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Introduction 

Hypertension is common after liver transplant. Several studies report a prevalence 

approaching 50 % or greater ^ ^ Despite the 6ct that post-

transplant hypertension is so common it is perhaps surprising that there are so 

very few clinical trials of antihypertensive drugs in transplant recipients. 

Traditionally calcium channel antagonists have been used as Grst line treatment of 

post-transplant hypertension and there is a theoretical basis for using them in that 

such drugs work by counteracting the intense vasoconstriction seen with 

calcineurin inhibitor immunosuppression. There are only 3 clinical studies that 

demonstrate efRcacy of this class of drug but in no study were calcium channel 

antagonists compared directly with other agents Published series 

quote the use of a variety of other antihypertensives after liver transplant, 

including beta adrenoceptor antagonists, alpha adrenoceptor antagonists, 

angiotensin converting enzyme (ACE) inhibitors and diuretics, either used alone 

or in combination. However, there are no trials of such drugs as second line 

treatment of hypertension, i.e. after calcium channel blockers, and there is no 

available data that compares the use of commonly used antihypertensives such as 

ACE inhibitors and beta blockers. Accordingly it is not possible at this stage to 

6)rmulate an evidence based management strategy 6)r hypertension occurring 

after liver transplant. 

The arterial pressure wave&rm contains useful information concerning aortic and 

systemic arterial stif&ess. The waveform at any time is made up of a forward 

moving and backward going reflected wave. With increasing age or under 

conditions that cause sti%mng of the arterial tree the amphtude and velocity of 

the reflected wave increase. A larger reflected wave returns to the aorta earlier and 

adds to or augments the systolic pressure. The augmentation index (AI) is a 

measure of the contribution of the reflected pressure wave to the ascending 

pressure waveform and is expressed as a percentage of the pulse pressure. AI 

provides a measure of systemic arterial stifbess and wave reflection. 
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AI can be measured non-invasively using the technique of pulse wave analysis 

which allows accurate recording of radial artery pressure wave6)rms and 

generation of the corresponding central aortic waveArm. From this the central 

aortic pressure and augmentation index (AI) are derived. Central blood pressure 

and arterial stiGBiess are better predictors of cardiovascular risk and mortality than 

peripheral blood pressure 79, 81 Monitoring the eSects of antihypertensive agents 

on AI may provide in&rmation that conq)lements peripheral blood pressure 

recordings and that could help in determining which drugs are preferred to treat 

post-transplant hypertension. 

To address these issues, I have conducted a trial of antihypertensive therapy in 

liver transplant recipients. There are two arms to the study. The Grst arm assesses 

the calcium channel blocker amlodipine as initial antihypertensive treatment. The 

second arm examines in a randomised cross-over study the beta adrenoceptor 

antagonist bisoprolol and the ACE inhibitor hsinopril as second line drugs in 

patients intolerant of or unresponsive to amlodipine. Peripheral and central blood 

pressure and AI were measured be&re and aAer treatment with each drug. 

Methods 

Patients with hypertension were recruited 6om the liver transplant clinic. 

Hypertension was deGned as an outpatient systolic blood pressure, as measured 

with a mercury sphygmomanometer after a 5 minute seated period of rest, of 140 

mm Hg or greater on at least three separate clinic attendances. Systolic, as 

opposed to diastolic, blood pressure was studied in order to simpli^ the study in 

terms of assessing drug efRcacy and deciding upon drug dosage increases, and 

also because it is more closely linked to CHD risk than diastolic blood pressure 

206, 207 Patients with diabetes meUitus were excluded, as were patients on 

diuretics and those already on antihypertensive drugs other than amlodipine. 

Approval 5)r the study was obtained 6om the Local Research Ethical Committee 

and written in&rmed consent was obtained 6om each participant. 

The study design was in two parts. 
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Part 1. Using amlodipine as first-line treatment 5)r hypertension 

24 patients were recruited. These patients, who were not taking any 

antihypertensive medication, were commenced on the dihydropyridine calcium 

channel blocker amlodipine. This part of the study was open-labelled and 

uncontrolled. The starting dose was 5 mg once daily. If after one month of 

treatment systolic blood pressure was still above 140 mmHg the dose was 

increased to 10 mg once daily. Patients were reviewed 4-weekly 6)r a total period 

of three months. 

Part 2. Randomised cross-over study comparing bisoprolol with lisinopril 

Patients were recruited into this arm of the study if they were intolerant of 

amlodipine or if peripheral systohc blood pressure was not controlled despite 

maximum tolerated dose of amlodipine. 13 patients entered this arm of the study, 

11 of whom were recruited 6om the amlodipine study arm. 3 of the 13 patients 

were on amlodipine 5 mg or 10 mg once daily but were still hypertensive. The 

remainder were not taking any antihypertensive agents. 

The study design was a randomised cross-over study cong)aring treatment with 

the beta-adrenoceptor antagonist bisoprolol with the ACE inhibitor hsinopril. The 

starting dose of each drug was 5 mg once daily. Patients were reviewed at 4-

weekly intervals and if the systohc blood pressure remained above 140 mmHg, 

the dose of each drug was increased to 10 mg and if necessary 20 mg once daily. 

After a 12 week period of treatment the Grst drug was stopped. Following a 4 

week washout period, the second agent was commenced. The study concluded 

after a flirther 12 weeks. 

Peripheral blood pressure 

Blood pressure was measured using the same mercury sphygmomanometer on 

each patient visit. Measurements were made in duplicate, aAer 5 minutes of seated 

rest, in the brachial artery of the dominant arm. 
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Pulse wave analysis 

Peripheral pressure waveforms were recorded 6om the radial artery of the 

dominant hand at the wrist using a high-Gdelity micromanometer (Millar 

Instruments, Texas, USA) and the SphygmoCor apparatus (SCOR; PWV Medical, 

Sydney, Australia). This technique has been described in more detail in the 

Introduction. 20 sequential wave6)rms were acquired and the integrated software 

was used to generate an averaged peripheral waveform and corresponding central 

pressure waveform Recordings were excluded if the systolic or diastolic 

variability of the waveArms exceeded 5 %, or the amplitude of the wave6)rm, a 

measure of the quality of the tracing, was <100 mV. AI and ascending aortic 

pressure were derived 6om the central pressure wavekrm AI, defned as the 

difference between the second and first systolic peaks of the central arterial 

waveform, was expressed as a percentage of the central pulse pressure. 

Pulse wave analysis measurements were made in duphcate and the means of the 

two sets of measurements were used in analysis. Recordings were made prior to 

commencing each study drug and during the final treatment visit with each drug. 

Measurements were made aAer a 5 minute period of rest in a chair. 

Plasma Renin and Aldosterone 

Blood samples 6)r serum renin and aldosterone were collected be5)re initiating 

treatment with amlodipine, bisoprolol and lisinopril and again at the end of each 

treatment period. Blood sampling was done after a 20 minute period of supine 

rest. Samples were collected into lithium-heparin tubes. Samples were then spun 

at 2000 rpm 6)r 5 minutes within one hour of sampling, and the plasma stored at -

70 Celsius until analysis. 

The actual analysis was per&rmed by the Department of Biochemistry at 

Addenbrooke's Hospital Shortly beAre analysis, the samples were thawed 

rapidly and maintained at room temperature. Renin was measured in 200 

microlitre plasma with a commercially available immunoradiometric assay kit 
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(Nichols Institute, CA, USA) following methods described previously 198 

Aldosterone was determined using a commercial radioimmunoassay kit 

(Diagnostic Products corporation, CA, USA) following the principles proposed by 

Kubasik et al 1^9 

Data analysis 

Data were compared before and after treatment with amlodipine, bisoprolol or 

lisinopril using Student's paired t-test. To compare the responses to bisoprolol and 

lisinopril in the cross-over study I used repeated measures of analysis of variance 

(ANOVA). Values are reported as means ± standard error of the mean (unless 

otherwise stated). A p-value < 0.05 was considered significant. 

Results 

Baseline patient characteristics for each study arm are shown in Table 3.1. Two 

patients in the amlodipine study had a history of hypertension prior to transplant, 

as did one patient in the cross-over study. The commonest indications for liver 

transplant were cirrhosis due to chronic viral hepatitis or alcoholic liver disease, 

and primary biliary cirrhosis. 

Table 3.1. Baseline characteristics 

Amlodipine study Cross-over study 

Male : Female (%) 58:42 46 : 54 

Age (yrs) : mean (range) 59.8 (36-74) 55 (36-67) 

Years since transplant 4.1 (0.5-14) 2.7 (0.75-14) 

Immunosuppression FK n = 20: CyA n = 4 FK 100 % 

FK denotes immunosuppression with tacrolimus and CyA cyclosporin. 
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Drug tolerability: Amlodipine study arm 

2 of the 24 patients discontinued the drug within 2 weeks. In one patient this was 

because of peripheral oedema and in the other because of palpitations. No 

outcome data were available 6 r either patient, so both have been excluded 6om 

statistical analysis. Ten (42 %) of the total group of 24 patients developed side 

effects attributable to amlodipine. Peripheral oedema developed in 9 patients 

whilst tachycardia occurred in 1 patient. In all, 8 (33 %) of the total group had to 

stop taking the drug because of side eSects. Of those who developed oedema with 

amlodipine, 78 % reported this on the 5 mg dose and 22 % on 10 mg daily. 

Drug tolerability: Cross-over study 

Throughout the duration of the cross-over study three patients were also taking 

amlodipine 5 mg daily. Both bisoprolol and lisinopril were well tolerated. One 

patient discontinued lisinopril after two doses because of probable hypotensioiL 

This patient has been excluded 6om statistical analysis. Two patients developed 

dry cough with lisinopril. One patient discontinued bisoprolol after 8 weeks 

because of headache with the 5 mg dose. This patient achieved a systolic blood 

pressure below 140 mmHg and sufRcient data was available to allow inclusion in 

analysis. Intermittent claudication and cold peripheries were also reported with 

bisoprolol (1 patient each). 

Haemodynamic changes 

The peripheral and central haemodynamic changes for each drug are shown in 

Tables 3.2a, 3.2b and 3.2c. The data for bisoprolol and lisinopril are inclusive of 

the three patients who were also taking amlodipine. None of the haemodynamic 

changes were affected if these three patients were excluded 6om analysis (data 

not shown). 
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Table 3.2a. Haemodynamic changes with amlodipine 

HR PSBP PDBP MAP PPP CSBP CDBP CPP AI 

beats mmHg mmHg mmHg mmHg mmHg mmHg mmHg 

min"' 

Pre- I s T i 154 + 2 89 ±2 112 + 2 65 +2 141 ±2 91 +2 51 +2 27.3 + 2 

amlodipine 

On 78 + 2 130 + 2 80 + 2 97 ±2 50 + 2 117 ±2 81 ±2 36 ±2 19.3+2 

amlodipine 

P-value 0.14 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

HR, heart rate; PSBP, peripheral systolic blood pressure; PDBP, peripheral 

diastolic blood pressure; MAP, mean arterial pressure; PPP, peripheral pulse 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; CPP, central pulse pressure; AI, augmentation index 

Table 3.2b. Haemodynamic changes with bisoprolol 

HR 

beats 

min"̂  

PSBP 

mmHg 

PDBP 

mmHg 

MAP 

mmHg 

PPP 

mmHg 

CSBP 

mmHg 

CDBP 

mmHg 

CPP 

mmHg 

AI 

Pre- 76±3 154 + 2 92 + 3 114 + 3 62±4 140 + 3 94 + 3 45 + 3 21.7 + 3 

bisoprolol 

On 57 ±3 142 + 4 85±3 106 + 3 57 ±4 135±4 87 ±3 49 ±4 33.2 + 3 

bisoprolol 

P-value <0.001 <0.001 0.004 0.001 0.042 0.07 0.003 0.07 <0.001 

HR, heart rate; PSBP, peripheral systolic blood pressure; PDBP, peripheral 

diastolic blood pressure; MAP, mean arterial pressure; PPP, peripheral pulse 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; CPP, central pulse pressure; AI, augmentation index 
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Table 3.2c. Haemodynamic changes with lisinopril 

HR 

beats 
• -1 mm 

PSBP 

mmHg 

PDBP 

mmHg 

MAP 

mmHg 

PPP 

mmHg 

CSBP 

mmHg 

CDBP 

mmHg 

CPP AI 

mmHg 

Pre- 72 + 3 154 + 2 92 + 3 113 + 3 62 + 2 140 + 2 93 +4 47±2 24.9 + 1.9 

lisinopril 

On- 71 ±3 130 ±5 81 ±3 95 + 4 50 + 3 116 + 5 81 ±3 34 + 2 14.7 + 3.7 

lisinopril 

P-value 0.4 <0.001 0.001 <0.001 0.001 <0.001 0.001 <0.001 <0.001 

HR, heart rate; PSBP, peripheral systoKc blood pressure; PDBP, peripheral 

diastolic blood pressure; MAP, mean arterial pressure; PPP, peripheral pulse 

pressure; CSBP, central systolic blood pressure; CDBP, central diastolic blood 

pressure; CPP, central pulse pressure; At, augmentation index 

Peripheral systolic blood pressure fell below 140 mmHg with 5 mg once daily of 

amlodipine in 17 of the 22 patients. However, 5 of these patients with a 

satisfactory response were unable to continue taking amlodipine because of side 

effects. 

With bisoprolol, peripheral systolic blood pressure was reduced to below 140 

mmHg in 7 patients with 5 mg, a further 2 patients with 20 mg but 3 remained 

hypertensive on 20 mg. 

In the lisinopril arm, peripheral systolic blood pressure was lowered below 140 

mmHg in 9 patients on 5 mg once daily, 2 further patients on 20 mg but one 

remained hypertensive on 20 mg daily. 

All three antihypertensive agents reduced peripheral blood pressure significantly 

(Tables 3.2a, 3.2b, 3.2c and Figure 4). However, there were clear differences 

between the drugs and of particular interest between lisinopril and bisoprolol. 

Comparing bisoprolol with lisinopril using repeated measures of ANOVA, 
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lisinopril was associated with a greater fall in systolic blood pressure (F=7.04, 

P=0.022) and the change in AI (falling with lisinopril and rising with bisoprolol) 

was also significant (F=6.38, P=0.039). There was no order effect in terms of the 

blood pressure response in the cross-over study. 

Figure 4. Peripheral blood pressure before and after treatment with 

antihypertensive drugs 
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The differing effects of the drugs upon peripheral and central pulse pressure can 

be illustrated by subtracting the central from the peripheral pulse pressure and 

comparing the differences pre- and post-treatment (Table 3.3). These data include 

the three patients who were also on amlodipine 5 mg throughout. 
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Table 3.3. The effects of antihypertensive drugs upon peripheral and central 

pulse pressure 

Pre- Post Pre- Post- Pre- Post 

amlodipine amlodipine lisinopril lisinopril bisoprolol bisoprolol 

PPP-CPP 14 ± 1 14±1 15+1 16 + 2 16 ±1 8 ± 1 

(mmHg) 

P-value 0.955 0.336 <0.001 

PPP = peripheral pulse pressure; CPP = central pulse pressure 

There was no change in the difference between PPP and CPP with amlodipine and 

lisinopril reflecting the fact that both peripheral and central pressures were 

reduced by corresponding amounts with each drug. In contrast bisoprolol was 

associated with a fall in the difference between PPP and CPP, from 16 mmHg to 8 

mmHg (P < 0.001). This illustrates that with bisoprolol, the central aortic pressure 

has not fallen as much as the peripheral pressure on account of the changes in 

wave reflection. 

Plasma Renin and Aldosterone 

The results of the plasma levels of renin and aldosterone before and at optimum 

dose of amlodipine, bisoprolol and lisinopril are shown in Table 3.4. 
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Table 3.4. Plasma renin and aldosterone during antihypertensive 

treatment 

Serum renin (mU/1) Serum aldosterone (pmol/1) 

Pre-amlodipine 19.5 ±5.0 222.4 ±37.1 

On amlodipine 46.3 ± 10.2 ** 368 + 45.6* 

Pre-bisoprolol 41.8 ± 18.7 382.2 + 24.3 

On bisoprolol 18.9 ±6.9 347.2 ± 42.5 

Pre-lisinopril 13 ±3.0 303.4 ± 26.2 

On lisinopril 140.3+29.2 ** 190.8 ±27.3 ** 

Normal lab range for renin: <10 mU/1 

Normal lab range for aldosterone: 100-800 pmol/1 

* denotes P < 0.05 comparing pre-treatment and during treatment 

** denotes P < 0.01 comparing pre-treatment and during treatment 

Baseline levels were similar with each drug. Treatment with amlodipine was 

associated with significant increases in both plasma renin and aldosterone, 

whereas lisinopril reduced plasma aldosterone. In contrast neither plasma renin 

nor aldosterone was influenced by bisoprolol. There was no difference in the data 

for bisoprolol and lisinopril when the 3 patients who were also taking amlodipine 

were excluded (data not shown). 

Non-cardiovascular parameters 

Table 3.5 shows the changes in non-cardiovascular parameters during the 

amlodipine study and the cross-over study. None of the changes in the various 

parameters were significant with the exception of the change in prothrombin time 

with p-values of 0.012 for the amlodipine limb and 0.003 for the cross-over limb. 

This was a clinically insignificant change, however. Neither liver nor renal 

function was affected during the study, nor was there any change in serum levels 
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of immunosuppression nor in prednisolone dosage. For those patients treated with 

lisinopril, there was no change in 24 hour creatinine clearance. Pre -lisinopril this 

was 53.7 ± 7.9 ml/minute and on maximum dose of lisinopril it was 51.1 ±6.5 

ml/minute. 

Table 3.5. Changes in non-cardiovascular parameters with drug 

treatment 

Amlodipine study Cross-over study 

start finish start Finish 

FK 506 (ng/I) 8.0 ± 0.8 8.6 ± 0.9 8.9 ± 8 7.3 + 0.9 

CyA (^g/1) 140 ± 13 134 ± 15 * * * * * * 

Pred (mg) 1.8 + 0.6 1.6 ± 0.6 1.2 ±0 1.2 ± 0 

Weight (kg) 81.6 ± 4.6 80.5 ±4.5 90.7 ± 6.9 91.3 ±6.5 

Creatinine (fig/1) 118 + 11 114± 12 140 ± 20 136 ± 19 

ALT (U/L) 70 ±24 67± 16 51 ±8 69 + 21 

Albumin (g/L) 39 ±1 38 + 1 37 ± 1.6 38 ±1.6 

Bilirubin(iJ,mol/l) 15.2 ±3.3 15 ±3.3 14.5 ±4.4 11.3 ±2.7 

PT (sees) 13.8 ±0.3 12.5 ±0.3 14.5 ± 0.5 12.2 ± 2 

FK506, tacrolimus level; CyA, cyclosporin level; Pred, mean prednisolone dose; 

Creatinine, serum creatinine; ALT, alanine aminotransferase; PT, prothrombin 

time 

Discussion 

I chose to study the effects of three commonly used classes of antihypertensive 

drug that are used to treat liver transplant recipients ^9, 110, 208 Following the 

principles that apply to treatment of hypertension in a non-transplant setting I 

utilised low doses of drugs initially and increased the dose at monthly intervals 
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until either the maximum dose was reached, therapeutic target blood pressure had 

been achieved or side-e8ects warranting cessation of treatment developed. The 

patients in this study all had established hypertension and with two exceptions 

were beyond one year after transplant. I have confirmed that amlodipine is an 

effective drug in liver transplant recipients. My data also show that lisinopril is 

more effective than bisoprolol and has an equal blood pressure lowering efkct to 

that of amlodipine. 

Calcium channel blockers have been traditionally used as Grst line treatment of 

transplant hypertension, on the basis that they are able to counter the 

vasoconstriction associated with calcineurin inhibition 1̂ ^̂ . Studies to date 

have been few and not without limitations. Isradipine was 6und to be elective 

when given early after transplant and mean blood pressure decreased 6om 151 ± 

3/91 ± 2 to 130 + 3/81 ± 2 mmHg The blood pressure lowering e%cts may 

have been confounded however, by dosage adjustment of corticosteroids and 

cyclosporine, and co-administration of S-usemide. Nicardipine has proven efficacy 

in transplant hypertension with 70 % of patients rendered normotensive, but the 

drug doses used are not clear and the pre-treatment blood pressures are not known 

26 % of patients developed side effects, 15 % having to discontinue 

treatment. Finally, nifedipine was shown to reduce blood pressure in 16 patients at 

a mean of 15 months after transplant In this published abstract, the beta-

adrenoceptor antagonist labetalol also reduced blood pressure in 9 additional 

patients. The study was not designed to compare the 2 drugs however, and it is 

noteworthy that the heart rate was identical in both groups and suggests the 

labetalol patients were not adequately beta-blocked. 

AAer liver transplant, there is loss of the nocturnal decline in blood pressure as 

seen with other solid organ transplants using cyclosporine 

immunosuppression. Loss of circadian blood pressure variation is associated with 

more rapid development of hypertensive end-organ damage 210, 211 

Interestingly nocturnal blood pressure decreased with isradipine in Taler's study. 

It is not known how this would impact upon subsequent long-term development of 

hypertensive complications. 



In that study 40 % of patients complained of symptoms including tachycardia, 

oedema and headaches necessitating withdrawal of isradipine. This is remarkably 

similar to the Endings in this study in which 42 % of patients developed side 

effects with amlodipine, principally peripheral oedema. Interestingly, Taler et al 

have recently shown that, 6)r hypertension occurring in the Grst 6w months after 

transplant, the presence of resting tachycardia and a low peripheral vascular 

resistance measured non-invasively can identify which patients are likely to 

experience symptomatic intolerance to isradipine. Such measurements however 

may not be practical in everyday clinical practice. Patients developing symptoms 

of oedema or tachycardia in the study presented here generally did so within the 

first week of treatment with the 5 mg dose. 77 % responded to a 5 mg once daily 

dose whilst increasing the dose to 10 mg improved blood pressure in 2 patients. 

The remaining three either did not respond to or did not tolerate the increased 

dose. The 611 in blood pressure with amlodipine is similar to that observed with 

isradipine 1̂ ^̂ . The fall in peripheral blood pressure we observed was mirrored by 

a similar 611 in the derived central aortic pressure (and mean arterial pressure). 

Whilst amlodipine is clearly an effective antihypertensive drug in Uver transplant 

recipients, it's use is potentially limited by the high percentage of patients 

developing side-effects. One option to limit these would be to keep the dose as 

low as possible, possibly using as little as 2.5 mg daily. Alternatively different 

calcium channel blockers could be tried. There are limitations to this however, Ar 

nicardipine has been shown to interfere with cyclosporin pharmacokinetics and 

causes increased levels whilst dikiazem and verapamil can both lead to 

elevated levels of calcineurin inhibitor 1 )̂̂ . There&re trying a different 

dihydropyridine calcium channel antagonist is 6voured, and lercanidipine is a 

suitable alternatives to amlodipine. 

Given that 40 % of patients develop side-e8ects with amlodipine there is a 

requirement for alternative agents. There are no published trials comparing 

antihypertensive drugs after Uver transplant other than calcium channel blockers. 

The second part of my study was designed to address the question of what is 

appropriate second-line treatment. I compared once daily dosing of lisinopril and 
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bisoprolol in a cross-over study. The patients on bisoprolol were adequately beta-

blocked as evidence by the resting heart rate of 57 beats /minute. Both drugs 

reduced peripheral blood pressure but the 611 in peripheral systolic blood pressure 

was greater 6 r lisinopril. Both drugs were equally well tolerated. There was no 

change in serum creatinine or in creatinine clearance during administration of 

lisinopril. 

The elevation in serum renin observed in the patients prior to treatment is 

consistent with mild stimulation of the renin-angiotensin axis. After the first 

transplant year levels of plasma renin activity increase and elevated plasma 

renin levels have been reported in hypertensive transplant patients at 13 months 

after transplant All bar one of our patients was beyond one year after 

transplant. The blood pressure response to lisinopril suggests that activation of the 

renin-angiotensin axis is one 6ctor implicated in the causation of hypertension in 

these patients. The fall in aldosterone and increase in serum renin with lisinopril is 

consistent with the mechanisms of action of the drug, with negative 6edback 

resulting in fiirther release of renin. Because of studies suggesting suppression of 

the renin-angiotensin axis in the Grst year after transplant it has been felt 

that ACE-inhibitors have limited efRcacy during this period 1 )̂̂ . I have not 

been able to address this in the current study but lisinopril alone is certainly an 

effective agent 6)r hypertension after one year. Amlodipine, by causing 

vasodilatation, stimulates both renin and therekre aldosterone release, and this is 

reflected in my observations. There was a trend towards a reduction in plasma 

renin with bisoprolol. Beta-blockers are known to suppress plasma renin, possibly 

through eSects on the sympathetic nervous system ^1^. 

Aside 6om the effects upon peripheral blood pressure, there were marked 

diSerences in the augmentation index and central aortic pressures which provide 

additional supportive in&rmation in 6vour of choosing lisinopril over bisoprolol. 

These can be explained by considering the dynamics of arterial pressure waves. 

Forward moving arterial pressure waves are reflected back A-om the periphery so 

that the wave5)rm at any time is made up of the krward moving and backward 

going reflected waves. Normally the reflected wave arrives back at the aortic root 
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in diastole, thereby helping to maintain coronary perfusion. If wave reflection is 

increased, the reflected wave returns to the aorta earher and augments the central 

systolic pressure. AI is a measure of the contribution of this reflected pressure 

wave to the ascending aortic pressure wave&rm. 

AI increased with bisoprolol. Bisoprolol increases the AI because the length of 

systole is prolonged, allowing the reflected wave to return during systole. It has 

been shown that a 611 in heart rate of 10 beats/minute is associated with a rise in 

AI of 4 % Thus the drop in heart rate observed with bisoprolol would 

account 6)r around 8 % of the 11.5 % increase in AI. As the reflected wave returns 

to the heart it helps to maintain the central aortic pressure and hence the fall in 

central aortic pressure was smaller with bisoprolol than with lisinopril. The 611 in 

central aortic pressure is thereAre less than might be expected 6om measurements 

of the brachial artery pressure alone. Lisinopril on the other hand reduced both 

peripheral and central aortic systolic pressures equally. Amlodipine also reduced 

AI and central aortic pressure to a similar degree as lisinopril. The 611 in AI 

observed with amlodipine, which acts as a vasodilator, may be e^glained by a 

reduction in arterial stiOhess. 

The diSerent effects of these drugs on arterial wave dynamics mirror those 

encountered in the general population. Thus, nifedipine, captopril and 6)sinopril 

all reduce wave reflections 100-102 whilst propranolol increases reflections 

Using identical Sphygmacor apparatus to that which was used in my study, Deary 

et al showed similar findings to the current study: in patients with essential 

hypertension bisoprolol resulted in an increase in AI whereas lisinopril reduced AI 

214 

The effect on central pressure may be clinically important because it is the central 

aortic pressure and not the brachial pressure that determines left ventricular 

workload Indeed left ventricular mass correlates well with the shape of the 

central waveform in normotensive and hypertensive patients Because of its 

ability to lower central blood pressure in addition to a better peripheral pressure 

reduction, I suggest that lisinopril is pre&rred to bisoproloL Whether the eSects 
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upon central aortic pressure reduction that I observed with lisinopril are sustained 

and in the loi% term result in less leA ventricular dysfunction are areas that have 

not been addressed as yet. In Chen's study left ventricular mass was not 

altered after 8 weeks of treatment with 5)sinopril, possibly a reflection of the mild 

hypertension and too short a fbllow-up time to detect a change in ventricular mass. 

Aside 6om pharmacological intervention using antihypertensive drugs there are 

other options to consider as means of reducing blood pressure after transplant. For 

patients who develop hypertension in the first few months after transplant 

corticosteroid withdrawal as part of the standard immunosuppressive regime may 

be sufficient to reduce blood pressure. Similarly if patients have continued on 

corticosteroids and have established hypertension steroid withdrawal may be 

appropriate. This has been shown to reduce blood pressure whilst not endangering 

the graft In a trial of 100 patients randomised to steroid withdrawal after 3 

months, hypertension occurred less commonly in the steroid withdrawal group 

^1^. There was no dif&rence in the incidence of acute or chronic rejection 

between the groups. An uncontrolled study looking at withdrawing corticosteroids 

at one year demonstrated a 611 in the requirements Ar antihypertensive 

medications ^1^. Finally reducing the dose of prednisolone 6om 10 mg to 5 mg 

daily was associated with discontinuation of antihypertensive medication in 9 % 

My work has also shown that switching immunosuppression 6om cyclosporin 

to tacrolimus can bring about a 611 in blood pressure without adverse effects on 

graA function. This is discussed in detail in Chapter 5. 

In summary, my findings support the general view that calcium channel blockers 

are the agents of choice 6)r established hypertension. Among these the 

dihydropyridine class, which includes amlodipine, isradipine, felodipine and 

lercanidipine, are pre6rred. They have the most 6vourable side-effect proGle of 

the three classes of drug studied with fewer contraindications to their use. I have 

shown that when amlodipine is not tolerated or is ineffective, lisinopril achieves 

greater peripheral blood pressure reduction than bisoproloL Lisinopril's eGects on 

reducing central aortic blood pressure and AI are further evidence that lisinopril 

should be preferred to bisoprolol. The finding that cyclosporin upregulates 
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angiotensin 11 receptors suggests potential benefit of angiotensin 11 antagonists 

in transplant hypertension. This is an area 6)r Airther study. 
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Chapter 4: Brain natriuretic peptide after liver transplantation 
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Introduction 

Measurement of plasma BNP is per&rmed easily in the outpatient clinic. It is 

known that plasma BNP rises in the setting of left ventricular hypertrophy in 

hypertensive patients. A level of BNP that is greater than the mean of the control 

population plus 2 standard deviations is generally defined as representing an 

elevated BNP. It is not known what happens to BNP in the setting of liver 

transplant hypertension. Based upon evidence 6om non-transplant hypertensive 

patients, a blood sample analysed 6)r BNP should provide valuable prognostic 

in6)rmation in hypertensive transplant patients in that patients with hypertension 

who have leA ventricular hypertrophy and systolic dysfimction could be identified 

132, 133 would enable patients at particular risk of cardiovascular disease, 

consequent upon LV hypertrophy, to be diagnosed and treated early. 

There are no data on levels of BNP in liver transplant patients, whether 

hypertensive or not. The prevalence of hypertension aAer liver transplant is high. 

It is an attractive idea that BNP could serve as a use Ail screening tool for LVH in 

hypertensive patients, allowing resources to be targeted to those patients most 

likely to benefit from further investigations and intervention. BNP could in theory 

be utilised in liver transplant patients to provide additional information on 

cardiovascular risk. 

Methods 

A total of 104 people were recruited &om the hver transplant clinics, hypertension 

clinic and normal healthy volunteers. Each participant had his or her blood 

pressure measured by me using the same mercury Sphygmomanometer (mean of 

two readings). Hypertension was deGned as a blood pressure of 140 / 90 mmHg or 

greater, either on or off antihypertensive drugs. Patients taking beta-adrenoceptor 

antagonists were excluded as these drugs elevate BNP levels A single blood 

sample was taken 6om each participant for determination of serum BNP. The 5)ur 

subject groups are discussed below. 
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Liver transplant - non-hypertensive 

25 patients were recruited 6om the liver transplant clinic. The case notes were 

used to identi^ patients who had been consistently normotensive Allowing 

transplantation. On two consecutive clinic visits prior to being included in the 

study I had checked their blood pressure in duplicate. No patients had a pre-

transplant history of hypertension and no patients were taking antihypertensive 

drugs. 

Liver transplant - hypertensive 

54 patients with hypertension following liver transplant, and who had no clinical 

signs of heart Wlure, were recruited 6om the liver transplant clinic. Patients were 

identified 6om their case notes as having been consistently hypertensive for a 

minimum of 12 months. I then measured their blood pressure on two consecutive 

clinic visits to conGrm the presence of established hypertension. Only two patients 

had a history of hypertension prior to transplant. 

Non-transplant - non-hypertensive 

13 volunteers with normal blood pressure were recruited from staff at 

Addenbrooke's Hospital. Blood pressure was measured on two separate occasions 

over a one month period be&re inclusion in the study. No patients had a prior 

history of hypertension and no-one was taking any antihypertensive drugs. 

Non-transplant - hypertensive 

12 patients attending hypertension outpatient clinics at Addenbrooke's Hospital 

were recruited. These patients aU had systohc blood pressures of 140 mmHg or 

above and 11 of the 12 were taking antihypertensive drugs (other than beta-

blockers). 
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BNP analysis 

A single 5 ml blood sample was taken and placed immediately into cooled EDTA 

tubes. These were centrifiiged at 1800 rpm for 20 minutes at 4 ^C. The separated 

plasma was put into tubes containing 50 p-l trasylol and stored at - 70 until 

analysis. BNP was measured on the Advia Centaur immunoassay analyser. The 

assay was a 2-site sandwich immunoassay using direct chemiluminescence. The 

first antibody recognised the ring structure of BNP-32 and carried the acridinium 

label. Antibody 2 recognised the C-terminal portion of BNP-32 and is bound to 

the solid phase (magnetic particles). Antibody 1 was added before antibody 2 and 

the BNP pulled down by a magnet while the unreacted serum is washed away. 

The acridinium chemiluminescent label was activated and the signal measured. 

Blood samples were taken and stored by me. The analysis was performed by the 

Department of Biochemistry at West Suffolk Hospital, Bury St. Edmunds. 

All patients gave written informed consent. The study was approved by the Local 

Research Ethics Committee. 

Results 

Table 4.1. Patient characteristics 

Transplant Transplant 

hypertension normal BP 

(n=54) (n=25) 

Non-

transplant 

hypertension 

(n=12) 

Non-

transplant 

normal BP 

(n=13) 

Sex M:F 56:44 44 : 56 58:42 54:46 

Age (years) 61 (39-74) 54(40-67) 61 (51 -74) 38(18-55) 

Systolic BP 153 ± 2 125 ± 3 151 ± 3 119 + 2 

Diastolic BP 88 ± 2 79 + 3 90 + 3 75 ± 3 
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Liver Transplant Hypertension Group 

Hypertension developed at a mean of 12 months (range 0.5 - 80 months) after 

liver transplant. The mean time since transplant was 49 months. This was identical 

to the time since transplant for the non-hypertensive transplant group. The 

samples for BNP were taken at a mean of 38 months following onset of 

hypertension (range 15-117 months). 30 of the 54 patients were taking 

antihypertensive medication. Of these, 24 were on one drug and 6 patients were 

taking two drugs. Calcium channel antagonists were the commonest 

antihypertensive agents used (25 patients), followed by angiotensin converting-

enzyme inhibitors (9 patients) and alpha-adrenoceptor antagonists (2 patients). All 

patients were receiving tacrolimus. 

Non-Transplant Hypertension Group 

The patients in this group had been hypertensive for a mean of 12 years. All bar 

one patient were taking antihypertensive drugs. 4 were taking one drug, 5 were 

taking two drugs and 3 were taking three drugs. The commonest antihypertensive 

drugs used were, in descending order of frequency, calcium channel antagonists (7 

patients), angiotensin-converting enzyme inhibitors (5 patients), alpha-adrenergic 

antagonists and diuretics (3 patients each). 

Table 4.2 shows the serum levels of BNP in pg/ml. 

Table 4.2. Serum levels of BNP in different patient groups 

Group Transplant Transplant Non-transplant Non-transplant 

hypertension normal BP hypertension normal BP 

BNP (pg/ml) 69.8 + 11 48.4 ±7.7 25.6 + 7.2 14.9 ±4.3 

P-value 0.12 0.22 
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The P-values denote the significance between (i) the two transplant groups and (ii) 

the non-transplant groups. 

Using the non-hypertensive non-transplant group as the control group, the cut-off 

plasma level of BNP was set at the mean plus 2 standard deviations giving a value 

of 44.6 pg/ml (14.92 + 2x14.85 pg/ml). 50 % of the hypertensive transplant group 

had BNP levels above 44.6 pg/ml compared with 17 % of the non-transplant 

hypertensive group. Serum levels were significantly higher in the transplant 

hypertensive group than the non-transplant hypertension group (P = 0.002). The 

non-hypertensive transplant group had higher values of BNP than the hypertensive 

non-transplant group (P = 0.039) and 48 % of this transplant group had BNP 

levels above 44.6 pg/ml. Finally, the control group had the lowest levels of BNP 

and just 8 % of the control group had BNP levels above 44.6 pg/ml. 

There was no correlation between plasma BNP and systolic blood pressure 

(Pearson correlation coefficient 0.153, P = 0.3). Likewise there was no correlation 

between BNP and serum tacrolimus levels (Pearson correlation coefficient - 0.15, 

P = 0.38) nor between BNP and cyclosporin levels (Pearson correlation coefficient 

- 0.292, P = 0.383). 

Table 4.3 shows the effect of sex upon the plasma levels of BNP in the two liver 

transplant groups. 

Table 4.3. Effect of gender on BNP levels in liver transplant recipients 

Hypertensive group Non-hypertensive group 

Male (n = 30) Female (n=24) Male (n= 11) Female (n= 14) 

Plasma level of 62.9 + 13 74.2 + 19 37.3 ± 10 54.1 + 11 

BNP (pg/ml) 

P-value 0.63 0.29 
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In both groups, BNP levels tended to be higher in women although statistical 

significance was not reached. 

Discussion 

Plasma levels of BNP are elevated after liver transplant, both in hypertensive and 

non-hypertensive patients with the 6)rmer group having higher values. The mean 

plasma levels of each transplant group were greater than the non-transplant 

hypertensive group. The cut-off level of BNP, derived 6omthe control group, was 

similar to that reported in other studies Approximately 50 % of liver 

transplant recipients had elevated levels of BNP. It is interesting that an equal 

proportion of non-hypertensive transplant patients have elevated levels of BNP, 

albeit not to the same magnitude as the hypertensive patients. One would be 

surprised if this many patients had LVH and caution should be used when 

interpreting the significance of an elevated BNP in the transplant patients. There is 

also a striking diSerence between the percentage of hypertensive non-transplant 

patients with elevated BNP and the two transplant groups. 

What in&rences can be drawn 6om the plasma levels ofBNP observed after 

transplantation? The significant increases in BNP seen in transplant patients, both 

hypertensive and normotensive, could be related to the vasoconstriction that 

occurs with calcineurin inhibition. An early increase in BNP could be the left 

ventricle's protective response to an increase in arterial stifBiess consequent upon 

calcineurin inhibitors. StifT arteries are associated with increased pulse pressure 

and it is interesting that pulse pressure has been positively correlated with plasma 

levels of BNP It is possible that the transplant patients with elevated BNP 

represent those most at risk from development of cardiovascular disease. Indeed, 

as has been discussed earlier, BNP has been correlated with incident 

cardiovascular events in hypertensive patients 

The diSerence in BNP levels between the two transplant groups could represent 

the 6ct that the hypertensive patients have developed or are in the early stages of 
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left ventricular systolic dysfunction, which is known to be associated with 

elevated levels of BNP 1^3 studies in non-transplant patients would suggest 

that the difference in blood pressure itself does not account for the increase in 

BNP in the hypertensive group. However, additional information, possibly &om 

echocardiography, is required in order to clarify the relationship between plasma 

BNP and systohc dysfunction after liver transplantation. 

It must be borne in mind that there are a number of conkunding &ctors that 

should be considered in the interpretation of the levels of BNP. Female liver 

transplant recipients had a trend towards higher levels of BNP than males, in both 

hypertensive and normotensive patients. Patient numbers in the non-transplant 

groups were too small for meaningful gender comparisons to be made. Recent 

evidence points to there being a sex difference in plasma levels of BNP with 

women having higher levels than men 214, 218 largest study of BNP is 

Wang's analysis 218 % patients 6om the Framingham Heart Study 219 who 

were healthy patients without hypertension, heart disease or heart 6ilure: the 

strongest predictors of higher BNP levels were 6male sex and older age. Mean 

BNP levels were 8.0 + 12.8 pg/ml and in women 13.9 + 18.9, giving a combined 

mean BNP value of 11.7 pg/ml which is similar to our results. 

The reasons for the diSerence are unknown, although an eSect of female sex 

hormones upon BNP gene expression has been proposed 218 Gender differences 

in BNP levels has important implications for the use of BNP in clinical practice, 

including transplant patients, but this has not been taken into account in the 

studies linking BNP to left ventricular dysfunction. Regarding the influence of 

age, in Wang's study 218 levels were relatively constant up to the age of 70 

but levels then rose considerably in the elderly, perhaps representing subclinical 

cardiac disease or reduced renal clearance of BNP 220 Applying this to liver 

transplant recipients who are generally under the age of 70, it is probably 

reasonable to assume that age does not need to be factored in to the assessment of 

plasma BNP levels. 
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The final con&unding factor to consider is that of co-existent antihypertensive 

medication Antihypertensive drugs aGect plasma levels of BNP in different ways. 

Beta-blockers are associated with an elevation of BNP levels, and in one study 

bisoprolol elevated BNP by more than 3-fold compared to placebo In clinical 

terms the increase in BNP could be regarded as a beneficial response to the ef&cts 

of beta-blockade, particularly the resultant vasodilatation and natriuresis that are 

required to compensate for a reduction in cardiac output and renal perfusion 

pressure 214,221 g^^h an eGect upon BNP levels have obvious implications 5)r 

the usefulness of BNP as a screening tool for heart failure and for this reason, 

patients on beta-blockers were excluded 6om this study. 

What of the effects of other drugs? In the same study, Deary et al looked at the 

effects of several antihypertensive agents on BNP secretion in hypertensive 

patients. Amlodipine and the thiazide diuretic bendrofluazide caused a significant 

decrease in BNP levels whereas plasma BNP Allowing treatment with the ACE-

inhibitor lisinopril or the alpha-blocker doxazosin was similar to placebo levels. It 

has also been shown that in patients treated with ACE-inhibitors whose leA 

ventricular mass index 611s, plasma BNP also falls. This eSect however was 

related to regression of LVH rather than a direct effect of ACE-inhibition on BNP 

levels ^^2 "phe liver transplant patients included in this study were treated with a 

variety of antihypertensive agents. When the plasma BNP levels were compared 

between those hypertensive patients on no treatment and those on antihypertensive 

medication, there was no diSerence (BNP levels of 67.8 ±14 pg/ml versus 71.7 

+17 pg/ml respectively, P = 0.86). Thus by excluding patients on beta-blockers, 

the efkct of antihypertensive drugs on the BNP levels in the transplant patients 

appears to be of no significance. 

This study is the Grst to examine plasma BNP levels in patients following liver 

transplantation. Half the patients have elevated levels, compared to a local control 

population. It would be adventurous to claim that elevated levels of BNP in 

transplant patients imply a risk of heart 6ilure or systohc dysfunction. A rise in 

BNP may be the cardioprotective response to vasoconstriction due to 

immunosuppression after transplant and may not be indicative of left ventricular 
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impairment. Accordingly the high BNP values may not carry the same prognostic 

significance as in non-transplant hypertension. Certainly it seems unlikely that 48 

% of normotensive transplant recipients have LVH, which their elevated BNP 

levels might suggest. Based on the data 6om this study, it is doubtful that plasma 

BNP levels will be useful in screening 6)r or identifying LVH in transplant 

recipients. 

What is now needed is further assessment by echocardiography, particularly of 

those transplant recipients with elevated BNP levels who were normotensive. If 

these patients have no LVH then it can be surmised that measurement of BNP will 

not be helpful, and the elevated levels observed represent the left ventricle's 

response to tacrolimus induced vasoconstrictioiL It would be interesting to obtain 

BNP levels in rapamycin treated patients for comparison. McDonagh et al showed 

that the negative predictive value in detecting left-ventricular systolic dysfunction 

of a BNP level below 17.9 pg/ml was 97.5 % 133 would be reasonable to 

surmise that after hver transplant a normal BNP would make the presence of LVH 

highly unlikely, and this could prove to be the most useful information derived 

6om determining levels of BNP in transplant recipients. 

103 



Chapter 5. The eOects of conversion from Cyclosporin to Tacrolimus upon 

cardiovascular risk factors 
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Introduction 

Trials in orthotopic liver transplantation have demonstrated small but clear 

difkrences between cyclosporin and tacrolimus with respect to the 6equency of 

acute cellular rejection, re6actoiy rejection and chronic rejection 1 I t 

has also been suggested that grafts with chronic rejection can be 'rescued' by 

switching 6om cyclosporin to tacrolimus ^ As 5-year survival rates continue to 

improve there is growing interest in 6ctors that may af&ct long-term survival 

after liver transplantation, including the presence or absence of markers of 

cardiovascular disease. Hypertension, hyperlipidaemia and obesity are 

encountered 6equently in the transplant rec^ient and may contribute to overall 

cardiovascular risk. Several studies suggest that cardiovascular risk profiles are 

more 6vourable in patients taking tacrolimus rather than cyclosporin. Thus the 

reported prevalence of hypertension 18-21, 32,114 ĝ id hypercholesterolaemia 

19,20, 32, 34 transplant are lower with tacrolimus. The development of 

moderate or severe obesity after transplant has been described in over 34 % of 

patients with a normal body mass index (BMI) before surgery A trend towards 

reduced weight gain aAer transplantation with tacrolimus instead of cyclosporin 

has been described ^ 1^. 

It is sometimes necessary to change immunosuppression 6om cyclosporin to 

tacrolimus. This could be because of graft dysAmction with cyclosporin or 

because a patient has side effects related to cyclosporin. Despite the reported 

differences between cyclosporin and tacrolimus with respect to development of 

cardiovascular risk 6ctors there are 6 w data on the eSects of conversion 6om 

cyclosporin to tacrolimus upon blood pressure, serum lipids and weight. One 

study of 20 cyclosporin treated liver transplant recipients demonstrated a reduced 

requirement 6)r antihypertensive medication after tacrolimus was substituted ^ 

In another study of 31 patients converted to tacrolimus serum lipid levels 611 

significantly after three months ^ To my knowledge, the effect of changing 

6om cyclosporin to tacrolimus upon weight has not been assessed. There is 

therefore little in&rmation on what ef&ct conversion to tacrolimus has upon 
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cardiovascular risk. I have reviewed the effect of converting 26 patients with and 

without cardiovascular risk factors 6om cyclosporin to tacrolimus upon blood 

pressure, serum lipids, blood glucose and weight. Using the Framingham coronary 

risk prediction equations I have compared the CHD risk be6)re and after 

conversion to tacrolimus. 

Methods 

Patients 

The outpatient case records of aU 29 liver transplant recipients who had been 

converted 6om cyclosporin to tacrolimus over a 24-month period 6om 1997 to 

1999 were evaluated. Three patients who were converted to tacrolimus because of 

chronic allograft rqection were excluded A-om the study on the basis that any 

resulting changes in cardiovascular parameters upon conversion to tacrolimus 

could be attributed to improvement in graft function rather than the drug alone. 

This left 26 patients who were converted &om cyclosporin to tacrolimus who had 

stable graft Amction during the months preceding conversion. The reasons 6)r 

switching to tacrolimus are listed in Table 4.1. Six patients who were commenced 

on tacrolimus with the onset of late acute cellular rejection were included because 

graft ftmction during the months prior to the episode of rejection had been stable. 

These patients all responded to 3 days treatment with intravenous 

methylprednisolone. 
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Table 5.1. Indication for Conversion to Tacrolimus 

Number Of Patients 

Weight gain 8 

Late acute cellular rejection 6 

Pancytopaenia 1 

Neurological symptoms 2 

Lethargy 2 

Nephrotoxicity 1 

Itching 1 

Hypertension 2 

Hirsutism 1 

Gum hypertrophy 1 

Cardiovascular parameters 

Blood pressure, total serum cholesterol and triglyceride, weight, random blood 

glucose, liver graft and renal function are collected routinely at each outpatient 

attendance. Seated blood pressure was measured after a period of rest in the 

outpatient clinic. Serum lipid and blood glucose levels were determined by an 

automated chemistry analyser (Dimension RXL, Dade Behring, USA). These 

parameters were evaluated on 3 outpatient attendances prior to changing 

immunosuppression. After conversion to tacrolimus and once patients had been 

established on this for two months, these same measurements were evaluated for 

the next three outpatient attendances. The time span during which the three sets of 

measurements were collected varied between patients according to the fi-equency 

of outpatient attendance, itself a reflection of graft ftinction and time fi-om 

transplant. This time varied from a mean of 7 ± 3 months whilst patients were 
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taking cyclosporin to a mean of 8 + 3 months once patients were converted to 

tacrolimus. 

The coronary risk prediction equations as used in the Framingham models, and 

which have been discussed in previous chapters, were used to predict 10-year 

coronary heart disease risk in the patients be&re and after conversion to 

tacrolimus using the data on blood pressure and serum cholesterol that was used in 

the above analysis together with age, gender, smoking status and presence of 

diabetes mellitus. 

Immunosuppression protocol 

All patients were taking cyclosporin to maintain their whole blood trough level 

between 80-150 |J,g/L. The day after cessation of cyclosporin, tacrolimus was 

started at a dose of O.lmg/kg in two divided doses. The dose was subsequently 

adjusted to maintain trough plasma levels between 5 and 15 ^ig/L. Three patients 

also received azathioprine 75 mg daily. Two patients were on maintenance 

hydrocortisone 5)r adrenal dysfunction, one of whom was also on azathioprine. 

Two were taking prednisolone 10 mg daily before immunosuppression conversion 

and in one of these the dose of prednisolone was reduced to 5 mg daily 4 months 

after commencing tacrolimus. The remainder of the patients had discontinued 

steroids prior to the study period. 

Statistical analysis 

Results are expressed as means ± standard deviation, except for serum triglyceride 

which is given as the median and range. Comparisons between patients prior to 

and after conversion to tacrolimus were per&rmed using Student's t-test or 

McNemar's test as appropriate. A P value of less than 0.05 was considered to 

represent statistical significance. 
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Results 

Patient characteristics are shown in Table 5.2. One patient developed intense 

pruritus within weeks of commencing tacrolimus, which had to be discontinued. 

Cyclosporin was restarted and this patient has been excluded from further 

statistical analysis. 

Table 5.2. Patient Characteristics (N = 25) 

Age (years) 

Sex (M ; F 

Median time from transplant to conversion 

(months) 

Indication for Liver Transplant 

4 8 ± 3 

7 : 18 

29 (range 6 - 54) 

Primary biliary cirrhosis 6 

Alcoholic cirrhosis 5 

Fulminant hepatic failure 4 

Primary sclerosing cholangitis 3 

Hepatitis C cirrhosis 1 

Others 6 

There was a small reduction of no clinical relevance in serum bilirubin after 

conversion, from 14.1 to 10.6 mmol/1 (P<0.05). Aside from this, conversion to 

tacrolimus had no effect on hepatic or renal frinction. Thus, there were no 

significant differences in serum alanine aminotransferase (ALT), albumin, 

prothrombin time or serum creatinine after conversion to tacrolimus (Table 5.3). 

No cardiovascular events occurred during the follow-up period. Changes in the 

cardiovascular risk factors are summarised in Table 5.4. 
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Table 5.3. Graft and Renal Function Before and After Conversion to 

Tacrolimus 

Cyclosporin Tacrolimus P-Value 

Prothrombin Time (s) 14.2 ± 2 14.4 ± 2 NS 

ALT (IU/1) 76 ±50 68 ±40 NS 

Bilirubin (p-mol/l) 14 + 4 11 ±3 0.004 

Albumin (g/dl) 38 ± 5 39 ± 5 NS 

Creatinine (|amol/l) 125 ±34 121 ±31 NS 

NS = not significant to the 5 % level 

Table 5.4. Cardiovascular Risk Factors After Conversion to Tacrolimus 

Cyclosporin Tacrolimus P-value 

Systolic Blood Pressure 158 + 25 148 ±22 0.015 

Cholesterol (mmol/1) 5.3 ±0.9 4.9 ±0.9 0.01 

Triglyceride (mmol/1) 1.2 (0.7-5.2) 1.2 (0.7-4.0) NS 

Weight (kg) 79.4 ± 22.6 76.1+20.1 0^84 

Glucose (mmol/1) 6.0 + 2.7 6.1 ±2.7 NS 

NS = not significant 

Results expressed as mean ± standard deviation except triglyceride for which the 

median and range are shown. 
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Blood Pressure 

One patient was excluded 6om the blood pressure analysis because atenolol bad 

been prescribed inadvertently tor hypertension one week be6)re starting 

tacrolimus. 10 of the remaining 24 patients were already taking antihypertensive 

drugs; 5 were on a beta-adrenoceptor antagonist, 2 were on an alpha-adrenoceptor 

antagonist, one on a calcium channel blocker and 2 patients were receiving three 

antihypertensive agents. Mean systolic blood pressure 611 &om 158 ± 25 mmHg 

to 148 ± 22 mmHg when patients were converted to tacrolimus (P = 0.015). 

Nineteen patients (79 %) were hypertensive (SEP >140 mmHg) on cyclosporin 

whereas 15 (63 %) remained hypertensive on tacrolimus (P = 0.063). There were 

no new prescriptions or increases in antihypertensive drug dosages during the 

period of 611ow-up after conversion to tacrolimus. Systolic blood pressure in the 

two patients who were converted purely because of hypertension 611 by 44 and 18 

mmHg in each case. 

Serum Lipids 

A cholesterol lowering drug was commenced inadvertently in one patient shortly 

after conversion to tacrolimus and this patient was excluded 6om statistical 

analysis, so that cholesterol measurements were available 6)r 24 out of 25 

patients. Mean serum cholesterol 611 from 5.3 + 0.9 mmol/1 to 4.9 ± 0.9 mmol/1 

after conversion to tacrolimus (P = 0.01). Hypercholesterolaemia was defined as a 

serum cholesterol of 5.2 mmol/1 (200 mg/dl) or greater. 12 of the 24 patients (50 

%) had hypercholesterolaemia when taking cyclosporin; 7 patients (29 %) 

remained hypercholesterolaemic on tacrolimus (P = 0.063). 

Serial data on serum triglyceride levels were available 6 r 22 out of 25 patients. 

Hypertriglyceridaemia was defined as a serum triglyceride of 1.9 mmol/1 (167 

mg/dl) or greater. 5 patients (23 %) had hypertriglyceridaemia on cyclosporin 

compared to 3 (14 %) on tacrolimus, a non-significant change. Median serum 

triglyceride did not change after conversion, being 1.2 (range 0.7 to 5.2) mmol/1 

on cyclosporin compared with 1.2 (range 0.7 - 4.0) mmol/1 on tacrolimus. 
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Weight 

68 % of patients lost weight on tacrolimus. The mean weight of the patients at the 

time of conversion was 79.4 kg ± 22.6 kg. A median time of 11 months alter 

commencing tacrolimus the mean weight was 76.1 ± 20.1 kg (P = 0.024). Mean 

BMI prior to conversion was 29.0 ± 7.8 kg/m^ compared with 27.8 ± 6.9 kg/m^ 

eleven months alter commencing tacrolimus (P= 0.02). 16 patients had a BMI 

over 25 kg/m^ prior to conversion compared to 13 patients afterwards. In the 

subgroup of 8 patients who were converted to tacrolimus solely because of post-

transplant weight gain, 6 lost weight with mean weight falling 6om 100.2 + 24.1 

kg at the time of conversion to 92.9 ± 22.2 kg 11 months later. BMI in this group 

fell 6om 36.9 ± 7.8 kg/m^to 34.2 ± 6.8 kg/m^. 

Association between serum cholesterol, weight loss and blood pressure 

Of those patients who lost weight after conversion, 65 % also had a reduction in 

blood pressure and 76 % had a reduction in serum cholesterol. The fall in serum 

cholesterol was however, small. Considering only those patients who lost weight, 

prior to conversion mean serum cholesterol was 5.3 + 0.4 mmol/l and post 

conversion it was 5.1 + 0.5 mmol/l (P=0.302). This compares with a drop in serum 

cholesterol in those patients who did not lose weight of 0.6 mmol/l from 5.5 ± 0.2 

to 4.9 + 0.2 mmol/l (P=O.OOI). There was no correlation between weight loss and 

the reductions in serum cholesterol and blood pressure (P=0.85 and P=0.55 

respectively). In the subgroup who were converted because of weight gain, there 

was a weak correlation between weight loss and cholesterol reduction (Pearson 

correlation coefEcient = 0.708, P=0.049) but no correlation between weight loss 

and blood pressure reduction. 

Blood Glucose 

One patient had diabetes mellitus prior to conversion and which predated liver 

transplantation. No changes in insulin requirements were necessary for this 

patient, and there was no difference in glycosylated haemoglobin concentration 
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(HbAlc) after conversion to tacrolimus. There was no difference in mean blood 

glucose for the remaining patients between cyclosporin and tacrolimus (Table 5.4) 

and no new cases of diabetes mellitus developed after conversion. 

The changes in blood pressure, serum cholesterol, weight and blood glucose are 

illustrated in Figures 5a, 5b, 5c and 5d. 

Fig.Sa. Systolic blood pressure pre and post conversion to tacrolimus 
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Fig.S.b. Serum cholesterol pre and post conversion to tacrolimus 
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Fig. 5.C. Weight pre and post conversion to tacrolimus 
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Fig.S.d. Blood glucose pre and post conversion to tacrolimus 
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Coronary Risk Prediction 

Using tlie Framingham coronary risk prediction equations and inputting systolic 

blood pressure the mean 10-year coronary risk expressed as a percentage pre-

conversion was 13.1 ±2.1 %. Following conversion to tacrolimus the risk fell to 

11 ±1.8% (P< 0.001). 
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Discussion 

I have shown that conversion to tacrolimus is weU tolerated and resulted in 

significant improvements in a number of cardiovascular risk factors. It has long 

been recognised that cyclosporin is associated with post-transplant hypertension 

208,223 More recently it has emerged that tacrolimus based immunosuppressive 

regimens are associated with hypertension less Aequently than cyclosporin 16-21, 

1 Canzanello ef a/ reported a prevalence of hypertension at 12 months post-

liver transplant of 81 % in cyclosporin and 30 % in tacrolimus treated patients 

The same group reported two-year prevalence rates ofhypertension of 82 % with 

cyclosporin and 64 % with tacrolimus 48 % of cyclosporin treated patients 

were hypertensive at one year contrasting with 33 % of the tacrolimus group in a 

series 6om Fung aZ ̂  Guckelberger aZ reported that hypertension occurred 

in 57 % of long term survivors after Hver transplantation treated with cyclosporin 

compared with 33 % of tacrolimus treated patients A similar difference at 3 

years aAer transplant was observed in a recent paper by Rabkin ef aZ 

The mechanisms of post-transplant hypertension are not fully understood and are 

discussed elsewhere in this thesis. Similarly it is not known why there are 

differences between tacrolimus and cyclosporin with regard to prevalence of 

hypertension. There are however, some potential differences between the drugs 

that could account for the varied effects on blood pressure. 

Both drugs cause systemic vasoconstriction, although during the first month after 

liver transplantation cyclosporin was associated with a progressive and greater rise 

in systemic resistance index (S VRI) than tacrolimus, and a correspondingly 

greater rise in blood pressure Cyclosporin and tacrolimus may interfere with 

local regulation of vascular tone. Administration of cyclosporin and tacrolimus 

may be associated with increased circulating levels of endothelin-1, as has been 

discussed, that may be implicated in transplant hypertension. It is not known 

whether cyclosporin causes a greater rise in ET-1 than tacrolimus. Cyclosporin 

may also inhibit endothelial nitric oxide synthesis, which would 6vour 
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vasoconstriction and in hypertensive transplant recipients it also alters 

endothelium-mediated vasodilatation Altered endothelial function may be 

important in transplant hypertension and could theoretically account 6 r some of 

the difference in 6equency of hypertension between cyclosporin and tacrolimus 

28, 

Abnormalities in lipid profiles with elevated serum cholesterol and triglyceride 

after liver transplant are weU documented The cause of post-transplant 

dyslipidaemia is multi6ctorial and includes genetic predisposition, post-transplant 

diabetes melhtus and chronic renal dysfunction, as well as the ef&cts of 

corticosteroids and immunosuppressant drugs Cyclosporin binds to the LDL-

cholesterol receptor and may interfere with feedback control of cholesterol 

synthesis and cyclosporin may also limit cholesterol degradation by reducing 

bile acid synthesis 

As is the case with hypertension, hypercholesterolaemia and 

hypertriglyceridaemia are observed more 6equently with cyclosporin than with 

tacrolimus. In the long-term 6)llow up of the US Multicenter KF506 Liver Study 

Group report, there were signiGcance increases in total cholesterol, LDL 

cholesterol and triglycerides in patients treated with cyclosporin compared to 

tacrolimus Similar Gndiags are described at 6 and 12 months post-

transplantation by Jindal ef a/ Guckelberger ef aZ showed that patients 

receiving cyclosporin had a significantly higher prevalence of 

hypercholesterolaemia than patients treated with tacrolimus (76.4 % versus 53.3 

%), although there was no significant difference in the prevalence of 

hypertriglyceridaemia 1^. In a report &om the Mayo Clinic, total cholesterol and 

triglyceride were both significantly lower at 4 and 12 months in patients treated 

with tacrolimus compared to cyclosporin 

The choice of immunosuppression may influence the degree of weight gain after 

liver transplantation. Canzanello ef a/ reported a significant increase in BMI at 12 

months with both cyclosporin and tacrolimus corqpared with pre-transplant BMI 
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The relative increase in BMI was slightly greater in patients treated with 

cyclosporin although not significantly diGerent to tacrolimus. The studies of 

Canzanello gf aZ and Guckelberger gf a/ both showed a trend towards an increased 

prevalence of obesity in patients treated with cyclosporin over tacrolimus although 

in neither study was the difference between immunosuppression statistically 

significant It is not clear why tacrolimus may result in less weight gain 

than cyclosporin. 

Whilst the evidence is in favour of tacrolimus having a more favourable 

cardiovascular profile than cyclosporin, the impact of changing 

immunosuppression 6om cyclosporin to tacrolimus on cardiovascular risk factors 

in patients with stable graft function has only recently begun to receive attention. 

Fung gf a/ ^ ^ ̂  studied 20 patients who were converted to tacrolimus 6om 

cyclosporin because of (i) complications relating to cyclosporin, including renal 

failure and hypertension secondary to cyclosporin toxicity, and/or (ii) 

uncontrolled liver aUograA rejection. Those patients who were hypertensive on 

cyclosporin were able to discontinue or reduce their antihypertensive medication. 

Similarly, Pratschke gf a/ report that six out of nine patients converted &om 

cyclosporin because of hypertension were able to reduce or discontinue 

antihypertensive drugs in the 3 months after conversion to tacrolimus ^ In 

contrast, it has been recently reported that conversion 6om cyclosporin to 

tacrolimus did not result in improvements in blood pressure in any of 16 liver 

transplant recipients with hypertension In that study, mean systolic blood 

pressure was 141 + 19 mmHg be6)re and 141 + 18 mmHg after conversioiL 

In the present study I found that systolic blood pressure fell significantly after 

conversion to tacrolimus. This change occurred in the absence of any additional 

antihypertensive therapy and in those patients stiU on corticosteroids, no 

significant change in cumulative steroid dose. Furthermore, improvement in blood 

pressure occurred independently of any eGect upon serum creatinine, which did 

not change after conversion. For those patients with hypertension, the reduction in 

blood pressure after substituting tacrolimus for cyclosporin could have clinical 

importance in reducing the need to initiate antihypertensive drugs or to increase 
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existing treatment. The mean 611 in systolic blood pressure of 10 mmHg may 

appear small, but is comparable to what would be e^gected by the introduction of 

an antihypertensive agent. 

Pratschke ef aZ studied serum lipids in 31 patients with stable graA function who 

were converted from cyclosporin to tacrolimus because of cyclosporin related 

side effects ^ Three months alter conversion mean cholesterol and triglyceride 

levels had fallen significantly. Selzner ef a/ noted normalisation of serum 

cholesterol and triglyceride after 6 months in two patients with hyperlipidaemia 

converted 6om cyclosporin to tacrolimus In a study of 21 patients with 

hyperlipidaemia a mean of 33 months after transplant, mean serum cholesterol and 

triglyceride feU, with 55 % of hypercholesterolaemic patients achieving normal 

serum cholesterol at 3 months I observed a significant reduction in serum 

cholesterol but there was no effect upon triglyceride levels. Reduction in serum 

cholesterol can be influenced by associated weight loss. This is unlikely to have 

been a 6ctor in the patients studied 5)r there was no correlation between the two 

parameters in patients who lost weight aAer conversion. 

Of interest in the present study was the efkct switching to tacrolimus had upon 

weight. BMIs ign i f i can t ly over a median period of 11 months of tacrolimus 

treatment. Of the eight patients who were converted to tacrolimus solely because 

of recent weight gain, the mean weight 6116om 100.2 kg to 92.9 kg. Although 

this was a non-significant diSerence the number of patients is small. In two 

patients the weight loss was dramatic. A male patient transplanted two years 

previously whose weight had increased by 30 kg since transplantation lost 22 kg 

in the twelve months AUowing commencement of tacrolimus. The second patient 

was a 6male transplanted 3 years previously. In the 12 months prior to starting 

tacrolimus her weight had risen 6om 134 kg to 146 kg. In the 11 months aAer 

conversion her weight fell 6om 146 kg to 136 kg. 

The reasons for the observed weight reduction with tacrolimus are not clear. By 

the time that immunosuppression was changed, patients had already been assessed 

by a dietician and appropriate weight reducing measures had been attenq)ted. Only 
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after such measures were undertaken was cyclosporin changed to tacrolimus. No 

weight reducing measures or formal dietary manipulation were reported by any 

patient during the period of this study. Only 4 of the 25 patients were receiving 

corticosteroids (but at a maximum dose of 10 mg prednisolone) and dose 

reduction occurred in just one patient after conversion, 6)ur months after 

commencing tacrolimus. The daily dose of corticosteroids in the other three 

patients did not differ between the periods of cyclosporin and tacrolimus 

treatment DiSerences in steroid ogosure with cyclosporin and tacrolimus would 

not appear to account 6)r the observed weight reduction. No patients reported any 

new gastrointestinal symptoms such as anorexia which could account 5)r weight 

loss. Whilst it is not clear why such marked weight loss occurs in certain patients, 

I have shown that for patients on cyclosporin whose weight has increased 

excessively after transplant switching to tacrolimus is a useful therapeutic 

manoeuvre to achieve weight reduction. 

Recent studies have not reported any difference in the rates of new-onset diabetes 

between cyclosporin and tacrolimus treated liver transplant recipients 

There were no new cases of diabetes mellitus in the patients studied here and no 

difference in blood glucose when patients were converted to tacrolimus. These 

findings are in agreement with those previously reported ^ ^ ̂  and suggest that 

converting patients to tacrolimus does not have any diabetogenic efkcts. 

The decrease in 10-year predicted risk of coronary heart disease is an important 

observation. It suggests that conversion to tacrolimus could have a longer term 

impact upon CHD and also potentially on survival. Interestingly it has recently 

been shown that patients with tacrolimus as their primary immunosuppressant 

have 6wer cardiovascular events and a reduced cardiovascular mortality than 

those treated with cyclosporin after hver transplant It is plausible there6)re 

that a switch to tacrolimus could impact upon fiiture development of CHD. The 

main treatable factors governing coronary risk in the transplant recipients are 

hypertension and/or a high ratio of total to LDL-cholesteroL Switching 

immunosuppression is clearly one option aimed at reducing predicted and one 

hopes actual risk of coronary disease. Other options include initiation of 
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antihypertensive therapy or statins for cholesterol lowering. The means that one 

err^loys to reduce coronary risk should be tailored to each individual patient. 

In summary, I have demonstrated that switching immunosuppression was well 

tolerated, with no significant changes in allograft fimction or in renal function. 

Only one patient did not tolerate tacrolimus. There was a signiGcant 611 in 

predicted risk of coronary heart disease when patients were converted 6om 

cyclosporin to tacrolimus. In addition there were significant beneGts realised in 

reduction of blood pressure, serum cholesterol and weight. Conversion to 

tacrolimus may ehminate the need 5)r additional drug treatment of hypertension 

or hypercholesterolaemia, or may allow discontinuation of existing medication. In 

patients whose weight is increasing I have shown that stopping cyclosporin and 

commencing tacrolimus can achieve impressive weight loss. 
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Chapter 6. Hyperuricaemia after Liver Transplantation 
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Introduction 

Hyperuricaemia is a recognised complication of renal and cardiac transplantation 

144-151 Renal dysAmction, such as may occur with cyclosporin, can result in 

impaired clearance of uric acid by the kidneys and be a cause of hyperuricaemia, 

whilst hyperuricaemia per se can result in urate nephropathy and worsening renal 

function Very few studies have reported hyperuricaemia aAer liver 

transplantatioiL In one of these, transient hyperuricaemia occurred in 14 % during 

the Grst year Gout has been reported alter cardiac and renal transplantation 

and occurs in up to 28 % of renal transplant recipients 145-150 gy contrast, in a 

series of Hver transplant recipients, no cases of gout were reported with 

cyclosporin immunosuppression despite the presence of hyperuricaemia At 

Addenbrooke's Hospital it has been noted that a number of cases of acute gout 

have occurred in liver transplant recipients. This has led to the study presented 

here which consists of the Endings of a retrospective analysis of 134 consecutive 

liver transplants examining the incidence of gout but in particular exploring the 

prevalence of hyperuricaemia in transplant patients. As has been discussed in the 

general introduction, uric acid is a risk f^ tor for coronary heart disease in the 

general population. Investigation of hyperuricaemia after liver transplant will 

throw light on the existence of another coronary risk factor in transplant patients. I 

have also examined whether patients with hyperuricaemia are at greater risk for 

coronary heart disease than those with normal serum uric acid levels. 

Methods 

Patient analysis 

The outpatient records of 134 consecutive liver transplant recipients with a 

fimctioning allograft beyond six months who received liver transplants between 

01/01/94 and 25/11/98 at Addenbrooke's Hospital were evaluated. The three peak 

serum uric acid levels at any time point after transplant and the corresponding 

serum creatinine were recorded 5)r aU patients. For those patients treated with the 

xanthine oxidase inhibitor allopurinol, the mean serum creatinine was documented 
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during the three months prior to and three months after commencement of the 

drug. Development of gout, a documented previous history of gout, the type of 

immunosuppression and treatment with diuretics or other drugs known to 

contribute to hyperuricaemia were recorded. Serum urate and creatinine 

concentrations were measured by an automated chemistry analyser (Dimension 

RXL, Dade Behring). Hyperuricaemia was defned, according to the 

Addenbrooke's biochemistry laboratory re&rence values, as a serum urate 

concentration above 0.36 mmol/16r women and 0.45 mmol/1 in men on two or 

more occasions. 

Using the Framingham coronary risk prediction equations I have calculated the 

predicted 10-year risk of coronary artery disease in patients with hyperuricaemia 

and compared this to the risk in patients with normal serum urate. 

Immunosuppression protocol 

Cyclosporin was used as maintenance immunosuppression in 75 patients. 

Cyclosporin was given twice daily in a dose which was adjusted to maintain 

trough blood cyclosporin levels at 150 - 225 pg/l for the first three months after 

transplantation, and then at 80-150 pg/1 subsequently. Tacrolimus was used as 

maintenance immunosuppression in 59 patients. Tacrolimus was given twice daily 

in a dose sufRcient to maintain trough blood concentrations between 1 0 - 1 5 p,g/l 

for the first three months and then at 5 - 15 ;ig/l subsequently. 3 patients were 

treated with rapamycin instead of tacrolimus or cyclosporin. 

Prednisolone was given in a daily dose of 20 mg 5)r one month and subsequently 

reducing by 5mg monthly over the next three months. If a satisfactory response to 

stimulation with adrenocorticotrophic hormone was achieved prednisolone was 

then discontinued. Azathioprine was commenced at a once daily dose of 75 mg 

and withdrawn at one year. In patients transplanted for autoimmune hepatitis or 

primary sclerosing cholangitis with ulcerative colitis, azathioprine was continued 

long-term. 
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Statistical analysis 

Data are reported as means ± 1 standard error of the mean. The significance of 

diSerences between the study populations was analysed with Student's t-test. 

Fisher's exact test and Pearson's correlation coefficient was used where 

appropriate. A P value less than 0.05 was considered as significant. 

Results 

134 patients were included in the analysis. 75 patients (56 %) received 

cyclosporin and 59 (44 %) received tacrolimus. The male 6male ratio was 70 : 64. 

The mean length of time 6om transplant to data analysis was 39.6 ±1.4 months 

Hyperuricaemia 

The overall prevalence of hyperuricaemia was 47 %. An equal percentage of men 

and women developed hyperuricaemia (Table 6.1). 67 % of patients with 

hyperuricaemia and 21 % of patients with normal urate levels had a serum 

creatinine above 125 |imol/l (P<0.001). Serum creatinine was significantly higher 

in hyperuricaemic than in non-hyperuricaemic patients at 147.5 +/- 6.1 pmol/l and 

106.4 +/- 2.9 p,mmol/l respectively (P<0.01). The peak uric acid correlated 

significantly with corresponding serum creatinine with a Spearman Rank 

correlation coeSicient of 0.694 (P<0.001). 

The effect of differing immunosuppression was compared. 51 % of cyclosporin 

treated patients were hyperuricaemic compared to 42 % on tacrolimus (P=not 

signiGcant) (Table 6.2). In those patients with hyperuricaemia, tacrolimus treated 

patients had signiGcantly higher serum creatinine than those treated with 

cyclosporin (175.8 + 17.4 p.mol/1 versus 136.2 ±4.1 p^mol/l) (P = 0.039). The 

number of patients treated with rapamycin was too small for meaningful 

conqiarisons to be made, but uric acid levels were normal in all three patients 

ranging 6om 0.22 to 0.29 mmol/1. 
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Table 6.1. Clinical features of hyperuricaemia versus non-hyperuricaemia in liver 

transplant recipients 

Hyperuricaemia Non-hyperuricaemia P value 

(n=63) (n=71) 

Sex (M: F) 33 ; 30 37:34 NS 

Age (year) 52.3 ± 1.4 48.6 ±1.6 NS 

Serum creatinine (fxmo 1/1) 147.5 ±6.1 106.4 ±2.9 <0.01 

% pts with creatinine > 125 (j,mo1/1 67 21 <0.001 

NS = not significant 

Table 6.2. Effect of immunosuppression on prevalence of hyperuricaemia and 

on renal function 

Cyclosporin 

(n=88) 

Tacrolimus 

(n = 43) 

P value 

Hyperuricaemic patients (%) 45 (51%) 18 (42%) NS 

Serum creatinine()a,mol/l) 136.2 + 4.1 175.8 ± 17.4 0.039 

NS = not significant 

This table illustrates that hyperuricaemia affects patients treated with cyclosporin 

and tacrolimus equally. The serum creatinine was higher in hyperuricaemic 

patients on tacrohmus. 
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Gout 

Gout was diagnosed according to clinical criteria with hyperuricaemia occurring 

in the setting of monoarticular arthritis 230, 231 g cases of gout were observed in 

a total of 134 patients (6%). The male : female ratio was 7:1. 4 occurred in 

patients taking tacrolimus and 4 with cyclosporin. AH eight had hyperuricaemia. 

Affected joints included wrists (2 patients), knees (2 patients), ankle (2 patients), 

elbow (1 patient) and metatarsophalangeal (1 patient). The meantime from 

transplant to the first episode of gout was 25 +/- 5 months. Only one patient with 

gout had a pre-transplant history of gout. None of these patients were treated with 

diuretics or other drugs which are known to cause hyperuricaemia. 

The patients with gout demonstrated a trend towards higher serum levels of urate 

and creatinine than the patients with hyperuricaemia who did not have gout, but 

the differences were not statistically significant (Table 6.3). 

Table 6.3. Clinical features of liver transplant recipients with gout versus 

those with hyperuricaemia but without gout 

Gout Hyperuricaemia without P value 

(n = 8) gout (n = 55) 

Age (year) 53.9+/-0.8 52+/- 1.6 NS 

SecOWiF) 7 : 1 29 :26 

Serum urate (mmol/1) 0.63 +/- 0.07 0.49 +/- 0.01 NS 

Serum creatinine (pmol/l) 191.9 + 31.4 141 ± 5 NS 

NS = not significant 
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Treatment with allopurinol 

All 8 patients with gout were treated with the xanthine oxidase inhibitor 

aUopurinoL These patients all had elevated serum creatinine prior to commencing 

allopurinol. 10 patients (9 M: 1 F) with hyperuricaemia and high serum creatinine 

but without gout were also treated with allopurinol. Uric acid levels returned to 

normal in all patients. Serum creatinine fell in 15 out of the 18 patients. Over a 

median period of three months treatment with allopurinol the mean serum 

creatinine fell from 177.1 ± 15.6 pmoU/l to 160.4 + 13.2 pmol/1 (P=0.01) (Figure 

6). No significant changes in cumulative dosage of immunosuppression nor in the 

type of immunosuppression were made during this time. One patient was taking 

azathioprine and the dose of this drug was halved beAre allopurinol was 

commenced. 
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Figure 6. Serum creatinine in hyperuricaemic patients with and without gout 

be6)re and after treatment with allopurinol (n = 18) 

Serum creatinine before and after treatment with allopurinol 
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The mean lO-year predicted coronary heart disease risk score 5)r patients with 

hyperuricaemia was 14.1 + 1 %, whereas that 5)r patients with normal serum urate 

was 10.1 ± 1 % (P<0.01). The risk score was also calculated 6)r patients be5)re 

and after treatment with aUopurinol. This did not change, being 14.2 ± 1 % before 

and 13.8 + 1 % aAer treatment (P=NS). 
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Cardiovascular events 

There were 2 cardiac events during the period of 5)llow-up: one patient had a non-

fatal myocardial infarct and one developed angina. Each patient had 

hyperuricaemia. 2 patients had cerebrovascular accidents, both non-fatal. One of 

these had hyperuricaemia. 

Discussion 

15)und hyperuricaemia to be common after Hver transplantation, occurring in 47 

% of patients. This is the largest study to date and has uncovered a 6 r higher 

prevalence of hyperuricaemia than previous work suggested. There are two 

principal bodies of work looking into serum uric acid levels aAer Hver transplant. 

In a study of 59 cyclosporin treated liver transplant recipients Taillandier ef a/ 

5)und that although serum urate increased by 30 % aAer transplant only 8 patients 

developed a transient hyperuricaemia in the first year after transplantation ^ 

Van Thiel gf aZ showed that serum urate levels increase after liver transplantation, 

with both cyclosporin and tacrolimus 1^^. There was no significant diSerence 

between the two immunosuppressants in terms of elevation in serum urate. 

However, the forty patients were only Allowed for 20 days after transplant. 

The paucity of data 5)r hver transplantation contrasts with renal and cardiac 

transplants where it has long been recognised that hyperuricaemia occurs as a 

complication of cyclosporin therapy. Studies report that 30 to 84 % of patients are 

affected, the prevalence depending somewhat on the deSnition of hyperuricaemia 

144-153 Tbat almost half the hver transplant recipients had hyperuricaemia is, in 

my opinion, an important complication of hver transplantation. In common with 

studies of renal transplantation, we found that hyperuricaemia was associated with 

renal impairment as suggested by raised serum creatinine 

There was a significant correlation between peak uric acid and corresponding 

serum creatinine. Interestingly tacrohmus treated hyperuricaemic patients had 

significantly higher serum creatinine than those treated with cyclosporin. I have 

130 



not investigated the mechanisms of hyperuricaemia in these patients. Whilst these 

may be similar to those in renal transplantation additional work should be 

undertaken investigating uric acid metabolism, not only with cyclosporin as 

immunosuppression but also with tacrolimus which was associated with 

hyperuricaemia in 42 % of patients. 

An important observation in this study was the ef&ct of treatment of 

hyperuricaemia on renal function. Of the 18 patients treated with allopurinol, 

comprising patients with gout and patients with asymptomatic hyperuricaemia, 

serum uric acid returned to normal in all 18 patients. 15 of these showed a fall in 

serum creatinine during the Grst three months of allopurinol treatment, and the 

mean creatinine of the group 611 signiGcantly during this time period. This 

suggests that hyperuricaemia contributed to the elevation in serum creatinine. 

As a complication of hyperuricaemia, it is relevant also to consider the incidence 

of gout in these patients. Rather like with hyperuricaemia there are few 

documented cases of gout in liver transplant recipients. No cases of gout were 

recorded in Taillandier ef a/'s study of 59 liver transplant recipients during the 

first post-transplant year Gout has been described in a long term survivor of 

liver transplantation 5)r glycogen storage disease type la and in 4 of 31 

patients who reported developing gout by means of a postal questionnaire at three 

years after transplant 

Gout occurred in 6 % of the study population. The mean length of time 6om 

transplantation to the presentation of gout was 25 months, similar to that reported 

Allowing renal and cardiac transplant. None of the patients with gout received 

treatment with diuretics and only 2 of the hyperuricaemic patients received 

diuretics during their outpatient 6)llow-up whilst one fiirther patient was treated 

with hydroxyurea. The relative lack of diuretic use after liver transplantation, as 

illustrated here, could explain why gout has not been reported as readily as after 

cardiac or renal transplantation where the use of such drugs is greater 

1 ̂ 0 Another factor could be that the doses of cyclosporin used following Hver 

transplantation are less than those used after renal or cardiac transplantation. 

131 



Another interesting observation was that the coronary heart disease risk was 

significantly higher in hyperuricaemic patients than in those with normal serum 

urate. The simplest interpretation of this is that hyperuricaemia serves as a marker 

of patients who are at higher risk 5)r coronary disease. It is also conceivable that 

hyperuricaemia contributes to the overall cardiovascular risk, particularly 

given the evidence that elevated serum uric acid is an independent risk factor 6)r 

not only coronary heart disease but also cerebrovascular disease 

There are grounds to speculate on mechanisms for the increased cardiovascular 

risk seen with hyperuricaemia and these are discussed below. 

Uric acid is known to promote low-density lipoprotein oxidation in vitro 

Xanthine oxidase has been shown to be an important source of superoxide 6ee 

radicals and increased uric acid levels are associated with increased production of 

oxygen 6ee radicals this being an important factor in atherogenesis. Uric acid 

has been shown to stimulate granulocyte adherence to the endothelium which 

again serves as an important step in development of atherosclerosis. Elevated uric 

acid levels are associated with increased platelet adhesiveness and this could 

contribute to thrombus formation Uric acid migrates across dysfunctional 

endothelial cells and accumulates as urate crystals in atherosclerotic plaques 

The crystals may then contribute to inflammation and progression of the plaque. 

Whether these factors have a bearing on the increased cardiovascular risk of 

elevated serum uric acid is as yet undetermined. Interestingly, as far as hver 

transplantation is concerned, hyperuricaemia is recognised as a &ature of the 

metabohc syndrome which was mentioned in Chapter 1. Patients with metabohc 

syndrome are at heightened cardiovascular risk through the ef&cts of insulin 

resistance. Serum uric acid does not of course 6ature in the CHD risk prediction 

models that are currently in use. Furthermore it was not possible in this study, 

given the number of patients under 6)llow-up and the small number of observed 

cardiovascular events, to investigate whether hyperuricaemia is an independent 

risk factor for cardiovascular disease aAer liver transplant. 
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I have reported an important association between liver transplantation and 

hyperuricaemia. Both cyclosporin and tacrolimus treated patients are afkcted. In 

patients with gout and in those with hyperuricaemia and renal impairment, I have 

shown that treatment with aUopurinol results in a significant reduction in serum 

creatinine. Hyperuricaemia is also a risk &ctor 5)r cardiovascular disease. I 

cannot comment at this stage whether hyperuricaemia in liver transplant recipients 

serves simply as a useful serum marker in individuals at heightened 

cardiovascular risk or whether it is in Act an independent risk factor Ar CHD. I 

suggest that serum uric acid should be monitored after Hver transplantation. In 

those patients 5)und to be hyperuricaemic, close attention should be paid to the 

existence of other risk 6ctors for CHD. 
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Final Discussion 
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One of the most important challenges 6cing those caring 6)r liver transplant 

patients in the 21^ century is the control of risk 6ctors for cardiovascular disease. 

Patients are dying less often 6om infections or graA dysfunction such that 5 - year 

survival is now 75 % with 10 - year survival not 6r behind. The eGects of ageing 

as transplant recipients live longer will be such as to increase their risk of 

cardiovascular disease. Superimposed on this is the high prevalence of risk 6ctors 

that liver transplantation exposes the recipient too. 

There are data emerging to suggest that patients are succumbing to CHD and 

cerebrovascular disease although the lack of a control population in several of 

these studies makes it unclear how this mortality differs &om the general 

populatioiL Although the incidence of CHD in patients at Addenbrookes does not 

dif&r &om the general population during the Srst 4.5 years aAer transplant, the 

number of cardiovascular events was small. However, the predicted probability of 

developing CHD has been shown to be higher than a matched non-transplant 

population. I suspect that with more than 10 years of fbUow-up, the incidence of 

CHD will increase, perhaps reflecting the increase in risk that I have 

demonstrated. 

Apart 6om the eSects of advancing age, the two principal factors that account Ar 

the increase in potential risk of CHD after transplant are hypertension and 

hypercholesterolaemia, or more precisely a high total cholesterol: HDL-

cholesterol ratio. I have demonstrated that hypertension is the most common risk 

factor 5)r CHD after transplant. Through my study on treatment of hypertension I 

have identiSed a batting order for antihypertensive agents, backed up not only by 

evidence of elective blood pressure control but also through eGects upon 

augmentation index. Thus patients should be started on a calcium channel 

antagonist such as amlodipine. For those intolerant to this an alternative drug such 

as lercanidipine may be tolerated. The m^ority of patients will respond to single 

agent treatment. Those that do not or in those persistently intolerant of calcium 

channel blockers, I have shown that Usinopril is more effective at lowering 

peripheral and central aortic blood pressure than bisoprolol. This could have 

important imphcations 6)r long-term left ventricular function. This is an area 6)r 

further research. 
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I have shown that plasma endothelin-I levels are increased in hypertensive 

transplant recipients at 6 months. With the introduction of endothehn antagonists 

into the clinical arena, there are exciting possibilities for trialing such drugs in 

hypertensive patients Allowing liver transplantation. 

One area that has not received much attention is that of the loss of nocturnal fall in 

blood pressure that is observed after liver transplant By maintaining a higher 

blood pressure overnight the contribution to risk of CHD may be important. 

Simple clinic measurements of blood pressure may be insufficient and we 

possibly should be moving towards 24 hour ambulatory blood pressure monitoring 

with a view to treatment being directed as much at the nocturnal blood pressure as 

it currently is to daytime readings. Research into the value of reducing nocturnal 

blood pressure in transplant recipients with the aim of reduction in cardiovascular 

risk is required be&re we can embrace the notion of 24 hour blood pressure 

monitoring 5)r all our patients. 

Elevated serum cholesterol is an important risk 6ctor for CHD in the general 

population. Hypercholesterolaemia is common after liver transplant and the 

management of hypercholesterolaemia as a means of reducing CHD risk deserves 

consideration. Efkrts to treat hypercholesterolaemia have focused on 3-hydroxy-

3 -methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins) which 

inhibit a key rate-limiting enzyme in the pathway for cholesterol biosynthesis in 

the liver. Several large trials show that statins are effective at lowering cholesterol 

and reducing mortality 6om coronary artery disease 240-243 Sucii benefits are 

seen in patients with existing coronary disease but statins can also prevent 

coronary heart disease in those with risk factors for CHD but who have not yet 

developed overt disease. 

The use of statins after organ transplantation may have been limited by early 

reports, 6om heart transplant recipients using high doses of statins, of an 

increased incidence of myositis and rhabdomyolysis due to interaction with 

cyclosporin. Perhaps as a result there have been 6w published reports of the 

sa6ty and efficacy of statins after liver transplant. More recent studies in both 
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heart 244-247 kidney transplant 247-254 recipients have used lower drug 

doses and have confirmed that statins are well tolerated and elective, with 

reductions in LDL-cholesterol ranging 6om 15 % to 42 % in the post-transplant 

population. There have been only two published trials in liver transplant recipients 

255,256 the study of Imagawa pravastatin 20 mg daily given to patients 

with serum cholesterol above 225mg/dl (5.85mmol/l) was well tolerated, serum 

cholesterol was reduced by 11 - 17 % at one year and there were no reports of 

hepatotoxicity. A more recent study looked at just 6 weeks of treatment in which 

cerivastatin and pravastatin were conq)ared. Both were elective in controlling 

serum cholesterol Ideally more data are required to confirm the safety proGle 

of statins in liver transplant recipients in the era of tacrolimus although statins 

would be expected to interact similarly with cyclosporin and tacrolimus. During 

the undertaking of this thesis I have also co-ordinated a trial of the sa&ty and 

efGcacy of statins after liver transplant. The results will be available by the end of 

2004. 

Should patients after hver transplant who develop elevated serum cholesterol be 

treated with a statin? The majority of transplant patients do not have established 

CHD as this to a certain extent precludes them 6om being listed 6)r 

transplantation. Thus when considering transplant patients with 

hypercho lesterolaemia 6)r treatment with a statin, it is likely that statins would be 

used as primary prevention against development of CHD. It is recommended that 

a statin be used 6 r primary prevention in the general population when the 10-year 

probability of developing CHD is 15 % or greater 257 -phe Framingham coronary 

risk prediction equations or the Joint British Societies Coronary Risk 

Prediction Charts that are found in the British National Formulary can be used 

to calculate risk of CHD. I think these guidelines should be employed in the 

management of transplant patients as a means of identifying and treating those 

who are at risk 6om CHD. 

By controlling blood pressure to a target of a systolic of < 140 mm Hg and 

maintaining the serum cholesterol below 5 mmol/1258 statin drugs, it is 

hoped that the risk of CHD in the hver transplant population as a whole will be 
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minimised. Added to this are the benefits in CHD risk reduction I have shown in 

converting patients 6om cyclosporin to tacrolimus, and newer 

immunosuppressive regimens that require lower doses and shorter duration of 

corticosteroids. However, it is likely that other factors play a part in the potential 

for developing CHD after transplant. These include obesity, which is very 

common after transplant, and possibly elevated serum uric acid. Rather than 

consider these as separate entities I propose to view them together as Matures of 

the metabolic syndrome and suggest that liver transplant recipients manifest 

features of said syndrome. 

The importance of insulin resistance as a risk 6ctor for CHD was Grst described 

in 1988 and syndrome X was coined to designate the abnormalities associated 

with insulin resistance The syndrome has been renamed and in 2001 The 

Adult Treatment Panel III designated the constellation of lipid and non-lipid risk 

fetors of metabolic origin the 'metabolic syndrome' This syndrome is 

closely linked to insulin resistance and confers an increased risk of CHD. The 

diagnostic criteria for the metabolic syndrome are listed in Table 1.9. It has 

recently been estimated that 25 % of adults in the USA meet the criteria 6 r 

diagnosis 

The principle Matures of the metabolic syndrome are abdominal obesity, 

dyslipidaemia manifest as high triglyceride and low HDL-cholesterol, 

hypertension and elevated 6sting glucose. However, not having an elevated 

plasma glucose does not exclude a diagnosis of metabolic syndrome. Indeed, the 

abnormalities most likely to identify insulin resistance are the changes in 

triglyceride and HDL-cholesterol 1^^. The combination of hypertension and the 

above dyslipidaemia is strongly suggestive of insulin resistance and most insulin 

resistant patients wiU have a 6sting glucose below 1 lOmg/dl, the cut ofT level in 

the ATP in criteria. Hypertensive patients with the highest ratio of triglyceride to 

HDL-cholesterol have the greatest risk of CHD 1^^. The importance of abdominal 

obesity is that obesity accentuates the degree of insulin resistance. 
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A variety of other abnormahties are associated with insulin resistance. These 

include increased plasma uric acid and reduced renal urate clearance, increased 

fibrinogen and plasminogen activator inhibitor-1, endothelial dysfunction and 

polycystic ovary syndrome. The relevance to liver transplantation can be inferred 

6om the data I have acquired. On the basis of hypertension and dyslipidaemia, 

approximately one third of the patients I studied probably have insulin resistance. 

The data in chapters 1 and 6 illustrates that a large proportion of patients develop 

obesity aAer transplant and almost half have hyperuricaemia. This clustering of 

abnormalities is certainly supportive of a large number of liver transplant 

recipients having insulin resistance. Ideally one would have measurements of 

fasting glucose and insulin as supportive evidence. This is clearly an area for 

further study. 

At present, I would suggest that there is evidence suggesting a link between the 

cluster of abnormalities encountered in the transplant recipient and insulin 

resistance. This could have important imphcations if we are to try and reduce the 

burden of CHD aAer liver transplant. Although each conq)onent of the syndrome 

of insulin resistance increases the cardiovascular risk it is the combination of 

factors that accounts 5)r the heightened risk. If patients with hypertension also 

have features of insulin resistance, a substantial part of the risk associated with 

high blood pressure is in fact caused by the other components of the metabolic 

syndrome, and in particular the lipid abnormalities Hypertension is the most 

common risk &ctor for CHD encountered aAer liver transplant, but to simply treat 

the elevated blood pressure may not necessarily achieve the e^qiected benefits in 

reduction of CHD risk. It is important to address the other Matures of the 

metabolic syndrome to have the best chance of reducing the risk of CHD. 

A central feature in addressing the metabolic syndrome in liver transplant 

recipients will be to try and tackle obesity. Excess adiposity and physical 

inactivity are important lifestyle 6ctors that have an untoward effect on insulin 

action 1^^. It is probable that weight loss accompanied by increased physical 

exercise will enhance insulin sensitivity and consequently reduce the associated 

CHD risk 6ctors that are a 6ature of insulin resistance. It is likely that a 
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combined approach directed at increasing insulin sensitivity with exercise together 

with pharmacological intervention to reduce blood pressure and hpid 

abnormalities will be required to reduce the risk of cardiovascular disease after 

liver transplantation. 

Finally I would suggest that the following studies be undertaken to continue the 

work presented in this thesis. Firstly, a 10-year follow- up study of cardiovascular 

morbidity and mortality of the patients presented in Chapter 1. Not only would 

this provide important data but also the predicted 10-year risk of developing CHD 

could be then compared with the actual risk. Could calcineurin inhibitors protect 

against CHD by their possible stimulation of BNP release 6om the heart? This 

question could be addressed by extending the work into BNP utilising 

echocardiography and which has been outlined in Chapter 4. Finally, a clinical 

trial of endotheUn antagonists is warranted. The patients whose hypertension is 

unresponsive to treatment with calcium channel antagonists and ACE-inhibitors 

could be targeted for such a trial. 
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