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Abstract The past 20 years have seen considerable advances in the field of organ

transplantation that have together led to a notable increase in survival rates and a
reduction in postoperative morbidity of transplant recipients. However, these
advances have been accompanied by the appearance of other complications of
transplantation, such as post-transplant hyperlipidaemia, hypertension and graft
coronary vasculopathy (GCV). GCV is an accelerated form of atherosclerosis in
transplanted hearts that has proven to be one of the most important late complica-
tions of heart transplantation and is the single most limiting factor for long-term
survival.

The most important factors favouring the development of hyperlipidaemia
after heart transplantation are inappropriate diet in combination with reduced
physical activity, adverse effects of immunosuppressive therapy (ciclosporin
[cyclosporin], corticosteroids) and polygenic hypercholesterolaemia in combina-
tion with ischaemic cardiomyopathy.

The treatment of hyperlipidaemia in heart transplant recipients results in a
variety of complications and side effects. In particular, interactions between
lipid-lowering drugs and immunosuppressive therapy have been observed. Early
attempts at treatment with bile acid binding agents and nicotinic acid derivatives
often proved insufficiently effective, and led to unacceptable adverse effects and
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significant disturbances of ciclosporin metabolism. Fibric acid derivatives pro-
vided moderate reductions in triglyceride and total cholesterol levels that were
mostly — with the exception of gemfibrozil — accompanied by significant impair-
ment of renal function. Probucol achieved only an unsatisfactory reduction in
low-density lipoprotein (LDL) cholesterol. Omega-3 fatty acids lower cholesterol
levels and improve endothelial function in heart transplant recipients; however,
the significance of these effects is still under discussion. As in the general patient
population, use of HMG-CoA reductase inhibitors (statins) achieved significant
reductions in cholesterol levels. Use of these substances has resulted in signifi-
cantly extended long-term survival times, significantly less GCV and fewer severe
graft rejections. Selective cholesterol absorption inhibitors, administered with or
without statins, could provide another treatment option for heart transplant
patients with hypercholesterolaemia. In severe familial hypercholesterolaemia,
which is rarely observed in heart transplant recipients, treatment with statins can
be combined with extracorporeal cholesterol elimination procedures such as
heparin induced extracorporeal LDL cholesterol precipitation (HELP). HELP
enables total cholesterol levels to be kept within any desired target range, and has
been used successfully and without adverse effects in heart transplant recipients.

Over the past two decades improvements in im-
munosuppressive therapy, infection prophylaxis and
therapy, and surgical management have led to a
considerable improvement in survival rates and to a
reduction in early morbidity after heart transplanta-
tion. However, these advances have been accompa-
nied by the appearance of a multiplicity of other and
previously unknown complications.'! One such
problem is post-transplant hyperlipidaemia. This af-
fects the long-term outlook not only of heart but also
of renal and liver transplant recipients.””>! Many
large-scale clinical studies have shown a correlation
between elevated lipid levels and the development
of atherosclerosis.[®8] It seems reasonable to assume
that elevated lipid levels increase the risk for cardio-
vascular disease in transplant recipients just as they
do in the general population.-11]

It is also assumed that, together with other fac-
tors, elevated lipid levels hasten the development of
graft coronary vasculopathy (GCV), an accelerated
form of coronary artery sclerosis in the transplanted
heart which, with an annual incidence of 10%, is the
most common cause of late death after heart trans-
plantation.l!>13]

Atherosclerotic changes in nontransplanted
blood vessels are another possible complication of
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hypercholesterolaemia, as suggested by the fact that
peripheral vascular disease develops sooner or later
in 10% of heart transplant recipients.[!®]

This article summarises the mechanisms, clinical
associations and ways of treating hyperlipidaemia in
heart transplant recipients.

1. Hyperlipidaemia After
Heart Transplantation

Pathological changes in lipid parameters can be
found in about 60-80% of heart transplant recipients
given standard triple immunosuppression consisting
of ciclosporin (cyclosporin), azathioprine and
methylprednisolone.l'’'1 Many studies on such
transplant patients have found that plasma levels of
total cholesterol, low-density lipoprotein (LDL),
very low-density lipoprotein (VLDL), apoli-
poprotein B and triglycerides increase between 3
and 12 months after transplantation.’?”! In the longer
term, the elevated lipoprotein fractions show a grad-
ual fall, although even then they remain above their
respective normal range. Conflicting results have
been obtained regarding high-density lipoprotein
(HDL) cholesterol levels. This lipoprotein fraction
appears not to be significantly influenced by trans-
plantation.?!! Lipoprotein (a) [Lp(a)] levels are re-
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duced after transplantation in 40% of patients.['8!
Another study found elevated Lp(a) levels to be an
independent risk factor for the development of
GCV.[2223

Three months after heart transplantation there is a
marked increase in total cholesterol to a level about
40% higher than the pretransplant level,?°! while
LDL cholesterol increases by about 34% and tri-
glycerides by up to 82%. The lipid levels rise most
markedly in the first 3 months and then stabilise at
abnormally high values even if systematic dietary
measures are observed.

Hyperlipidaemia develops after heart transplan-
tation for a variety of reasons. Some patients, in
particular those in whom ischaemic cardiomyopathy
and hypercholesterolaemia are present even before
transplantation, are genetically predisposed to the
condition by polygenic dyslipidaemia.l'!l' Dietary
factors also play a role. Many patients have a low or
ideal bodyweight before transplantation. Following
transplantation, 50% of patients put on weight as a
result of a corticosteroid-induced increase in appe-
tite.?*! A diet high in saturated fat, glucose and
calories can contribute to excessive bodyweight.
Overweight, in turn, is closely associated with the
development of hyperlipidaemia in the general pop-
ulation and, thus, also contributes to the develop-
ment of hypercholesterolaemia after heart transplan-
tation.23!

Another important factor in the development
of hyperlipidaemia is postoperative immunosup-
pressive therapy with corticosteroids and ci-
closporin.[?4261 Corticosteroids are known to act at
various points in lipid metabolism and, thereby, to
elevate a number of lipid parameters. One such
effect is an increase in the activity of acetyl-coen-
zyme A (CoA) carboxylase and a consequent eleva-
tion of free short-chain fatty acid levels. Another
effect is activation of free fatty acid synthesis and a
consequent increase in the synthesis of long-chain
fatty acids. These processes lead to an increase in
hepatic synthesis of VLDL. Hepatic LDL receptor
activity is downregulated by corticosteroids. At the
same time, activity of HMG-CoA reductase, the key
enzyme in cholesterol biosynthesis, is markedly in-
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creased. In contrast, lipoprotein lipase activity is
inhibited by corticosteroids. These various process-
es lead to markedly elevated plasma levels of
VLDL, increased total cholesterol and triglyceride
levels, and a marked reduction in HDL levels.?4
Corticosteroids may also induce insulin resistance
with compensatory hyperinsulinaemia. A high prev-
alence of severe glucose intolerance, hyperinsulin-
ism, hypertriglyceridaemia and hypercholesterol-
aemia has been reported in heart transplant pa-
tients.””! Insulin is crucial for the regulation of
VLDL secretion and catabolism.?8 Insulin resis-
tance enhances VLDL secretion and impedes the
removal of triglycerides from VLDL in the circula-
tion. This results in hypertriglyceridaemia and high
VLDL levels. Furthermore, the expanded VLDL
pool increases the transfer of cholesterol out of HDL
and probably out of LDL to VLDL. This in turn
leads to low levels of HDL cholesterol and the
formation of small cholesterol-depleted LDL. These
small dense LDL particles are rich in triglycerides
but contain relatively little cholesterol and are not
readily cleared by the physiological LDL receptor.
On the contrary, they readily undergo oxidative
modification and become highly atherogenic. Thus,
it has been suggested that the risk associated with
hyperinsulinaemia as a marker of insulin resistance
is largely explained by lipid abnormalities.*”’

It is now known that ciclosporin also acts at
various points in lipid metabolism. Ciclosporin in-
hibits the enzyme 26-hydrolase, which plays a cru-
cial role in the biosynthesis of bile acids.
Ciclosporin directly reduces conversion of choles-
terol to bile acids and, thereby, reduces transport of
cholesterol to the intestine.*®! Another mode of ac-
tion of ciclosporin is based upon the affinity of the
ciclosporin molecule for LDL receptors. Binding of
ciclosporin to these receptors leads to an increased
level of LDL cholesterol in peripheral blood.!
Increased hepatic lipase activity and reduced lipo-
protein lipase activity have also been observed in
patients receiving ciclosporin. These changes lead to
an imbalance between the LDL and VLDL lipo-
protein fractions.[*!
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2. Graft Coronary Vasculopathy

Closely related to the development of hypercho-
lesterolaemia is the development of GCV.®1 GCV is
the most important late complication of heart trans-
plantation. It is the main cause of chronic failure of
the transplanted heart and makes a significant con-
tribution to patients’ long-term morbidity and mor-
tality.['>2% The incidence of the condition is said to
be 5-10% per year and 20-50% by the third post-
operative year.?!l Coronary angiography has been
shown to underestimate the presence of GCV and,
therefore, has not proven to be a sensitive method of
diagnosis. The insensitivity of coronary angiogra-
phy in the diagnosis of GCV, except for significant
focal stenoses, has been demonstrated by
histopathological studies®®! and by comparison with
intracoronary ultrasound.®"! This insensitivity may
be due to compensation of severe intimal thickening
by vessel-enlarging remodelling. Additionally, in
the rare event of homogeneous intimal proliferation
there may be no reference vessel segment for detec-
tion of luminal narrowing.?!

In addition to the classical causes of atherosclero-
sis referred to earlier, various immunological pro-
cesses have been hypothesised as playing a role in
the pathogenesis of GCV.[21:33]

A positive correlation has also been found be-
tween high donor age at the time of transplantation
and postoperative development of GCV.3*331 This
association has been explained on the basis that the
probability of pre-existing coronary disease in-
creases with increasing donor age.

Nevertheless, the precise mechanism by which
GCYV develops has yet to be elucidated. Much evi-
dence suggests that the initial process is one of
endothelial damage mediated by cellular and hu-
moral immune mechanisms in a milieu of additional
nonimmunological risk factors.[?*3”] Humoral and
cellular immune responses to human lymphocyte
antigens (HLA) could be responsible for the endo-
thelial damage. A complete HLA-D-related mis-
match is regarded as a risk factor for GCV, as is
postoperative formation of anti-HLA antibodies.[®!
The stimulation of major histocompatibility com-
plex (MHC) class II antigens on endothelial cells
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induced by activated CD4+ T cells also triggers a
cellular immune response. The endothelial cell is a
principal determinant of vessel wall function. Nor-
mally it inhibits thrombus formation and leucocyte
adhesion, regulates the vasomotor function of the
vessel and inhibits proliferation of vascular smooth
muscle cells (VSMC). Therefore, endothelial dam-
age can disturb any or all of these functions and,
thus, predispose to arterial inflammation, thrombo-
sis, vasoconstriction, and growth and migration of
VSMC.

Independently of the initial, immunologically
mediated, endothelial lesion, the cascade of events
triggered in this way results in a physiological and
specific inflammatory immune reaction known as a
‘response to injury’.®! A particularly important as-
pect of this is the fact that activated lymphocytes
release interferon-y, which stimulates synthesis of
the intercellular adhesion molecule ICAM)-1. Ad-
hesion molecules play a crucial role in regulating the
interaction between inflammatory cells and the cells
of the vessel wall. Adhesion of leucocytes to endo-
thelial cells is a prerequisite for leucocyte transmi-
gration. Demonstration of [CAM-1 expression in the
early postoperative phase has been linked to early
occurrence of angiographically visible GCV.140
Macrophages, T cells, endothelial cells and VSMC
produce a variety of cytokines and growth factors
that cause further progression of the chronic vascu-
lar lesion. Eventually the process triggers a repair
mechanism that causes migration and proliferation
of VSMC of the vessel wall and, thus, narrowing of
the vessel lumen.™!!

Immunological risk factors for the development
of GCV are now known to include elevated levels of
cytotoxic B-cell antibodies, elevated levels of anti-
HLA antibodies, increased incidence of acute cellu-
lar and humoral rejection, cytomegalovirus infec-
tions, sensitisation to monoclonal antibodies, and
early and persistent elevation of interleukin-2 recep-
tor levels.l2!]

Nonimmunological risk factors for the develop-
ment of GCV include hyperlipidaemia, recipient age
and sex, overweight, ischaemic cardiomyopathy and
donor ischaemia time. Hypercholesterolaemia is the
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nonimmunological risk factor most frequently pre-
sent and most constantly correlated with the devel-
opment of GCV. Histochemical studies of explanted
transplanted hearts have shown levels of total cho-
lesterol, cholesterol esters and free cholesterol in the
coronary vessels of transplants to be ten times
higher than those in comparable native coronary
vessels of nontransplanted hearts. The lipid content
of the arterial wall was found to correlate to a high
degree with percentage stenosis of the coronary
vessel lumen. Accumulation of lipids and cholester-
ol in the vessel wall appears to be an early, and the
most important, predictor of development of GCV.
In contrast, elevation of triglycerides alone has not
been linked to the development of GCV.B741 Al-
though some studies have associated the presence of
pathologically elevated triglyceride levels in heart
transplant recipients with an increased incidence of
coronary stenosis as compared with patients with
normal triglyceride levels, such an association has
not been shown to be significant.[*?! In a multicentre
intravascular ultrasound study the combination of
high triglyceride levels and low HDL cholesterol
levels was found to correlate with increased intimal
thickness. 3!

This presence of post-transplant hyperlipidaemia
in the majority of patients early after heart transplan-
tation emphasises the need for prophylactic lipid-
lowering treatment immediately after transplanta-
tion.

3. Treatment of Hyperlipidaemia in Heart
Transplant Recipients

In view of the aforementioned problems of
hyperlipidaemia after heart transplantation (sections
1 and 2), treatment should be initiated as soon as
possible postoperatively. The guidelines for treat-
ment of hyperlipidaemia have evolved over the last
30 years on the basis of clinical information. The
most recent recommendations of the National Cho-
lesterol Education Program (NCEP) in the US were
formulated by a panel of experts to optimise the
benefits of treatment.[**! However, treatment of
hyperlipidaemia after heart transplantation may re-
quire different guidelines. Hyperlipidaemia in these
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patients occurs early after transplantation. Potential
treatment strategies include dietary measures, modi-
fication of immunosuppressive regimen and lipid-
lowering drug therapy.

3.1 Dietary Measures

Systematic observance of a low cholesterol diet
is the method of treating elevated LDL cholesterol
levels in heart transplant recipients with the lowest
incidence of adverse effects. All patients, together
with their partners, should receive extensive dietary
counselling. The aim should be observance of an
American Heart Association (AHA) step I or step II
diet.[*! More ambitious dietary measures, although
useful and desirable, are not satisfactorily tolerated
by patients in the long term. Dietary measures alone
are not a sufficient means of treating hypercholes-
terolaemia in heart transplant recipients, since most
patients show persistent elevation of lipid levels
despite following their diet. In a study in which heart
transplant recipients were followed up for 12
months postoperatively, a dietary programme failed
to bring about any striking change in lipoprotein
profile, both LDL cholesterol and triglycerides re-
maining elevated.” It was notable that despite
good dietary observance, optimal drug treatment of
hypertension and improved immunosuppressive
therapy, the patients still showed elevated lipid
levels. This indicates that drug therapy is required.

3.2 Modification of
Immunosuppressive Therapy

Immunosuppressive agents, in particular ci-
closporin and prednisolone, play a significant role in
the development of post-transplant hyperlipi-
daemia.”®! One way of treating hyperlipidaemia is,
therefore, to modify the patient’s immunosuppres-
sive regimen. This can involve one or both of these
immunosuppressive agents. Many US transplant
centres have attempted to reduce cholesterol levels
in heart transplant recipients by dose reduction or
discontinuation of corticosteroids;*®48] however,
the effectiveness of this measure has been highly
variable. Reductions of between 6% and 26% in
total cholesterol level have been achieved, but not
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all patients benefited from this measure. Between
56% and 89% of the transplant recipients investigat-
ed showed reductions in lipid levels after discontin-
uation or dose reduction of corticosteroids. 743!
However, the results of these studies indicate that
elimination of corticosteroids from the immunosup-
pressive regimen does not necessarily lead to a
reduction in cardiovascular risk profile. In another
study, use of a steroid-free immunosuppressive regi-
men led to a 16% and 17% reduction in total and
LDL cholesterol levels, respectively.*”) However,
HDL cholesterol decreased at the same time by
18%, with the result that the patients’ cardiovascular
risk profile was not significantly improved.

Another approach is the use of new immunosup-
pressive agents. At present the best known new
generation immunosuppressive agent is tacrolimus
(FK-506). In a number of clinical trials, tacrolimus
not only achieved significantly better results in
terms of reduced graft rejection but also caused
significantly less postoperative elevation of choles-
terol levels, as compared with ciclosporin.’% Total
cholesterol was found to be 13% and LDL choles-
terol 12% less than in patients treated with
ciclosporin. These findings were later reproduced in
renal and liver transplant recipients.’'*2l Another
new immunosuppressive agent is sirolimus
(rapamycin). Sirolimus did not significantly in-
crease  cholesterol levels compared with
ciclosporin.’®3-%1 In randomised trials, the use
sirolimus led to significantly reduced development
of GCV compared with standard care (ciclosporin,
prednisolone, azathioprine).!36-7!

Mycophenolate mofetil is another potent new
immunosuppressive agent and it is available for oral
administration. In experimental models it prolonged
survival of allogeneic transplants. Inhibition of
proliferative arteriopathy was observed in cardiac
allografts. Elevation of total cholesterol was regis-
tered in 41% of studied patients.58%

3.3 Drug Therapy

A variety of drugs belonging to a number of drug
classes that differ in terms of their ability to
favourably alter lipid levels, tolerability and adverse
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effects are available for the treatment of hypercho-
lesterolaemia after heart transplantation. They in-
clude fibric acid derivatives, probucol, omega-3 fat-
ty acids, bile acid binding agents, nicotinic acid
derivatives, HMG-CoA reductase inhibitors (sta-
tins) and cholesterol absorption inhibitors (table I).

3.3.1 Fibric Acid Derivatives

The fibric acid derivatives most commonly used
in antihyperlipidaemic therapy are gemfibrozil,
clofibrate, bezafibrate and fenofibrate. These drugs
are mostly used in patients with considerably elevat-
ed triglyceride levels. Reductions in levels of total
cholesterol and its various fractions are generally
only moderate, at 15-20%.%%1 Therefore, use of
fibric acid derivatives alone is only rarely indicated
in heart transplant recipients, since hypercholes-
terolaemia is generally the most prominent lipid
abnormality in this group. Only patients whose hy-
percholesterolaemia is accompanied by hyper-
triglyceridaemia are candidates for adjuvant therapy
with fibric acid derivatives.[®!] The gastrointestinal
adverse effects of these drugs have been found to be
an unfavourable factor for good patient compliance.
Elevation of urea and creatinine levels, and reduc-
tion of renal function have often been observed
during treatment with fibric acid derivatives, partic-
ularly in heart transplant recipients.[®!! Intestinal
absorption of ciclosporin is impaired during treat-
ment with fibric acid derivatives, sometimes result-
ing in large fluctuations in blood ciclosporin con-
centrations.[?! Only in a small study group of heart
transplant patients was gemfibrozil well tolerated
and found not to interfere with immunosuppressive
treatment.[2"

3.3.2 Probucol

Probucol has been used only rarely, namely in
patients who are intolerant of other antihyper-
lipidaemic agents. Probucol lowers both total and
LDL cholesterol levels by about 15%. It also delays
oxidation of LDL cholesterol. A reduction of HDL
cholesterol has also been observed. It has no effect
on triglycerides.'¥] In heart transplant recipients
probucol has been found to be well tolerated but to
reduce ciclosporin concentrations by up to 28%.63!
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Table I. Summary of antihyperlipidaemic drugs for use after heart transplantation
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Drug class Drug Adverse effects Risks

Fibric acid Gemfibrozil Renal dysfunction, nausea, gastrointestinal  Increased risk of myositis in combination

derivatives Clofibrate upset, gallstones, myositis, ciclosporin with statins, ciclosporin concentration
Bezafibrate interaction disturbances, renal dysfunction
Fenofibrate

Antioxidants Probucol Decreased high-density lipoprotein, Fluctuation of ciclosporin concentrations

Bile acid-binding
agents

Colestyramine
Colestipol

Omega-3 fatty acids Eicosapentaenoic acid
Docosahexaenoic acid

flatulence, loose stools, prolonged QT
interval on ECG

Constipation, bloating, malabsorption of fat-
soluble vitamins
Flatulence

Pruritus, flush syndrome, liver dysfunction,

abdominal pain, sleeplessness, myositis,

Poor compliance, inhibits absorption of
ciclosporin, may increase triglycerides

No risks known to date

Adverse effects may be exacerbated with
ciclosporin use

Increased risk of myositis with high-dose
statins, ciclosporin concentration
disturbances, rhabdomyolysis

Vitamins Nicotinic acid (niacin)
peptic ulcer disease, uric acid levels
increases
Statins Lovastatin Flatulence, increase of liver enzymes,
Simvastatin
Pravastatin increased creatinine kinase levels
Fluvastatin
Atorvastatin
Cholesterol Ezetimibe

absorption inhibitor abdominal pain

Flatulence, increased liver enzymes,

Ciclosporin concentration disturbances

To date, probucol has had no therapeutic impact in
transplant patients.

3.3.3 Omega-3 Faity Acids

Epidemiological studies have shown an inverse
correlation between consumption of fish or other
sources of dietary omega-3 (n-3) fatty acids and
cardiovascular events.[% Numerous mechanisms of
action have been described as accounting for the
favourable effect of dietary n-3 fatty acids on factors
implicated in the pathogenesis of atherosclerosis.[5!

Preliminary studies suggest that heart transplant
recipients could be an interesting focus of investiga-
tion. Large doses of n-3 fatty acids lower cholesterol
levels.[%® LDL cholesterol appears to increase dose
dependently to some extent with n-3 supplementa-
tion, the apparent increase in LDL particle size, not
the number of particles, being considered favoura-
ble. Increased HDL cholesterol levels in response to
n-3 supplementation were observed in most, but not
all, studies.® In heart transplant patients, en-
dothelium-dependent coronary vasodilation, as as-
sessed after acetylic infusion, was normal after 3
weeks of consuming 5g dietary n-3 fatty acids a day,
whereas it was pathological in otherwise matched
controls.[® This could contribute to the inhibition of
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GCV and longer cardiac graft survival seen in
animal models of cardiac transplantation.[”!
Whether n-3 fatty acids influence heart transplant
survival is currently under discussion.[%8]

3.3.4 Bile Acid Binding Agents

Bile acid binding agents (or ion exchange resins)
such as colestipol and colestyramine (cholestyra-
mine), bind to bile acids inhibiting their reabsorp-
tion and, thereby, interrupting their enterohepatic
circulation. This results in increased intrahepatic
synthesis of bile acids and increased hepatic LDL
receptor activity, leading to increased clearance of
circulating LDL cholesterol. This mechanism of ac-
tion suggests that intestinal absorption of lipid-solu-
ble substances such as ciclosporin could be dis-
turbed. In clinical trials in heart transplant recipients
treatment with colestyramine led to a 14% reduction
in total cholesterol level.[®®) However, at the same
time, unusually wide fluctuations in blood
ciclosporin concentrations were observed. More-
over, bile acid-binding antihyperlipidaemic drugs
were found to increase serum triglyceride levels in
heart transplant recipients.’” Because of these un-
desirable effects, bile acid-binding agents are of
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only limited usefulness in heart transplant recipi-
ents.

3.3.5 HMG-CoA Reductase Inhibitors (Statins)

By inhibiting HMG-CoA reductase, the key
enzyme of cholesterol biosynthesis, substances of
the statin class (lovastatin, pravastatin, simvastatin,
fluvastatin and atorvastatin) directly reduce the bio-
synthesis of cholesterol. This causes a marked re-
duction in cholesterol concentration in hepatocytes.
This shortage of intracellular cholesterol leads to a
compensatory increase in the number of newly
formed LDL receptors in the liver. By increasing the
uptake of LDL cholesterol, these newly formed
LDL receptors bring about a marked reduction in the
blood cholesterol levels.[’! Statins have been shown
in a number of prospective, randomised, long-term
studies to significantly reduce total and LDL choles-
terol levels. They also achieved a significant in-
crease in patient survival times and a significant
reduction in the number of late coronary events.[6-8!

As in general medicine, the introduction of sta-
tins constituted a breakthrough in the treatment of
hypercholesterolaemia in transplantation medicine.
The first therapeutic trial of a statin in heart trans-
plant recipients was conducted in 1988 using lovas-
tatin.[’?! Despite their good cholesterol-lowering
properties, statins were at first used cautiously in
heart transplant recipients because of the isolated
occurrence of serious adverse effects. In particular,
severe myopathy and even rhabdomyolysis were
observed.I”! Tt must be noted that these events oc-
curred in patients given doses of statins that are
usual for patients who have not undergone a heart
transplant (table II).174

Wenke

Statins are metabolised in the liver via the cyto-
chrome P450 (CYP) system. Simultaneous adminis-
tration of the immunosuppressant ciclosporin,
which is also metabolised via CYP, can lead to an
increase in the plasma concentration of both drugs.
Excessive plasma statin concentrations can cause
myopathy and even rhabdomyolysis.[’1.73 However,
these risks can be largely eliminated by regular
monitoring of liver enzymes (e.g. transaminases),
bilirubin, and muscle enzyme levels (e.g. creatine
kinase), and determining drug concentrations as
well as adjusting dosages appropriately during the
first months of statin therapy.

The primary objective of antihyperlipidaemic
therapy is to reduce total and LDL cholesterol to
levels at which the risk for atherosclerosis is low. In
secondary prevention studies on nontransplanted
coronary patients, treatment with simvastatin led to
an approximately 33% reduction in mortality and an
approximately 42% reduction in myocardial infarc-
tion risk.”? On the basis of these excellent results,
lovastatin, pravastatin and simvastatin were intro-
duced into transplantation medicine. A number of
authors reported 25-32% reductions in total choles-
terol level within 6-96 months after transplantation,
while LDL cholesterol was reduced by 40% from
baseline levels.?07275-851 These studies are sum-
marised in table III. Although there have been many
observational studies on the use of statins in heart
transplant recipients, to date there have been only
two prospective randomised studies on this subject;
these investigated the long-term effects of pravasta-

tin and simvastatin in heart transplant recipi-
ents. 18185861

Table II. Case reports of creatine kinase elevation and rhabdomyolysis in heart transplant recipients receiving lovastatin

Author (year) Lovastatin/ Combination with No. of Follow up Creatine kinase
dosage other drugs patients (months) (UL)
Corpier et al.l®l (1988) 80 mg/day 1 9 8.920
80 mg/day 1 14 23.832
Norman et al.[88 (1988) 80 mg/day Nicotinic acid 1 9 178.000 (rhabdomyolysis)
East et al.l”® (1988) 40 mg/day 1 1.5 29.920
40 mg/dL 1 9 14.140
Ballantyne et al.?% (1992) 40 mg/dL Gemfibrozil 1 10 12.000
80 mg/dL Nicotinic acid 1 8 1.122
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Table lll. Studies on the use of HMG-CoA reductase inhibitors (statins) after heart transplantation

Author (year) Drug Dosage No. of Follow up Lipid change Adverse effects
(mg/day) patients (months)

Kuo et al.l’?l (1989) Lovastatin 20-60 11 12 TC: —29% No adverse effects reported
LDL-C: =32%

Kobashigawa et al.l’® (1990)  Lovastatin 10-40 44 3 TC: —26% Rhabdomyolysis in one
LDL-C: —25% patient (40mg)

Ballantyne et al.?% (1992) Lovastatin 20 15 13 TC: —21% Muscle pain in one patient
LDL-C: =31%

Kobashigawa et al.’71 (1993)  Pravastatin 20-40 44 3 TC: -19% No adverse effects reported
LDL-C: —18%

Barbir et al.’® (1991) Simvastatin 10 12 8 TC: —38% No adverse effects reported
LDL-C: —42%

Vanhaecke et al.¢l (1994) Simvastatin 5-20 25 6 TC: —27% No adverse effects reported
LDL-C: —-40%

Carrier et al.l”® (1994) Simvastatin 10 46 36 TC: —20% No adverse effects reported
LDL-C: —36%

Campana et al.[t% (1995) Simvastatin 10 20 4 TC: —14% No adverse effects reported
LDL-C: —21%

Kobashigawa et al.' (1995)  Pravastatin 40 47 12 TC: —22% No adverse effects reported
LDL-C: —27%

Wenke et al.l2 (1995) Simvastatin 5-20 33 24 TC: —29% No adverse effects reported
LDL-C: —35%

Pflugfelder et al.[83 (1995) Simvastatin 10 13 12 TC: -32% No adverse effects reported
LDL-C: -35%

Mehra et al.[®4 (2002) Simvastatin 20 26 12 LDL-C: —23% No adverse effects reported

Wenke et al.l8%1 (2003) Simvastatin 5-20 35 96 TC: —27% No adverse effects reported
LDL-C: —34%

LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol.

In the first of these studies, 97 heart transplant
recipients were treated in the early postoperative
period with either pravastatin 40 mg/day (n = 47) or
diet alone (n = 50) as a control.!®!] Total cholesterol
levels over the first year were significantly lower in
the active treatment group than in the control group,
at 193 mg/dL (5 mmol/L) versus 248 mg/dL (6.4
mmol/L) [p < 0.001]. In addition to the cholesterol-
lowering effect of pravastatin, other positive effects
were observed. In particular, the incidence of clini-
cally severe, haemodynamically relevant graft rejec-
tion in the first year was significantly less with
pravastatin than in the control group. Also, the
1-year survival rate was significantly greater in the
patients treated with pravastatin than in the control
group, at 94% versus 78%, respectively (p < 0.02).
The incidence of GCV as determined by angiogra-
phy or autopsy was significantly lower in the prava-
statin group and intracoronary ultrasound showed
significantly less intimal thickening in the pravasta-

© 2004 Adis Data Information BV. All rights reserved.

tin group than in the control patients. Another posi-
tive effect of pravastatin therapy was a reduction in
the cytotoxicity of natural killer cells. This effect of
pravastatin was subsequently also observed in pro-
spective randomised studies on renal transplant re-
cipients. 8!

A second prospective, randomised study investi-
gated simvastatin over a period of 8 years.!®! Thirty-
five patients received simvastatin 5-20 mg/day,
while 37 patients in a control group were treated
with diet alone. At study end, the survival rate was
significantly higher in the active treatment group
than in the control group, at 88.6% versus
59.5% (p < 0.006), and the incidence of angiograph-
ically confirmed GCV was significantly lower in the
active treatment than the control group, at 24.9%
versus 54.7% (p < 0.02).851 After 4 study years the
intimal thickness of the coronary vessels as deter-
mined by intracoronary ultrasound in a subgroup of
27 patients was significantly less in the active treat-
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ment group than in the control group (p < 0.045).
Reduced rejection activity was evidenced by a ten-
dency toward less severe rejection reactions and
associated graft failure in the active treatment group
than in the control group.'®® Nevertheless, the total
number of graft rejections confirmed by biopsy did
not differ significantly between the two groups. 83861

In both studies the statin used (pravastatin and
simvastatin, respectively) was well tolerated. No
severe adverse effects were observed. There were
isolated elevations of creatine kinase; however, all
of these proved reversible and none was accompa-
nied by myolysis. No cases of rhabdomyolysis were
reported in either study, nor were there any reports
of interactions between either statin and any compo-
nent of the patients’ immunosuppressive therapy, in
particular ciclosporin. In the interests of drug safety,
hepatic and renal function were closely monitored in
both studies. The statins were given at low dosages
throughout the study in order to avoid accumulation
and resulting abnormal serum levels of the sub-
stances.

In both studies the positive effects of statin ther-
apy were not limited to cholesterol reduction. Of
course, systematic and effective cholesterol reduc-
tion is of central importance since, as demonstrated
in a number of large-scale randomised intervention
studies in the general patient population,s-® it re-
sults in less progression of coronary heart disease,
significantly fewer cardiac events and significantly
better survival rates. These effects can also be dem-
onstrated in heart transplant recipients. However, in
addition to cholesterol reduction, statins appear to
exert other actions that play a crucial role in the
pathogenesis of GCV. For example, simvastatin is
known to inhibit proliferation of VSMC, an impor-
tant process in the pathogenesis of atherosclerotic
lesions.®¥ In addition, statins exert a direct influ-
ence on the gene expression of growth factors that
are required for proliferation of VSMC.Y Further-
more, simvastatin has been found to exert a direct
influence on the gene expression of endothelin-1 in
cultured endothelial cells, thereby markedly im-
proving endothelial function and consequently pro-
viding protection against atherosclerosis.”!! Mono-
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cyte adhesion to endothelial cells, a crucial step in
the formation of atherosclerotic plaques, is similarly
inhibited by simvastatin.[®? Statins also significantly
improve epicardial and microvascular endothelial
function in heart transplant patients: after a year of
statin therapy coronary endothelial function and car-
diac cytokine activity were found to be significantly
better than in untreated patients.®3!Acting synergis-
tically, these various effects can considerably reduce
the incidence of GCV in patients receiving system-
atic statin therapy.

Statins may also have immunomodulatory ef-
fects. In both the transplantation studies described
here the survival rate was significantly better in the
patients treated with statins. This was mostly due to
a lower rate of severe rejection reactions and asso-
ciated graft failure. This phenomenon is interesting
insofar as statins themselves have no immunosup-
pressive actions;®! however, in the presence of the
immunosuppressant ciclosporin, statins appear to
develop such actions. Thus, they have been reported
to reduce the number of natural killer cells, inhibit
T-cell proliferation and reduce T-cell cytotoxicity,
suppress T-cell responses, reduce chemokine syn-
thesis in peripheral blood mononuclear cells and
inhibit expression of MHC-II genes.®>1% In order
to explain these effects of statins, it might be postu-
lated that statin-induced LDL receptor activation
also results in increased intracellular availability of
LDL-bound ciclosporin and, thus, more inhibition
of immunologically competent cells.

3.3.6 Cholesterol Absorption Inhibitors

A completely new class of cholesterol-lowering
drugs, namely selective cholesterol absorption in-
hibitors, has now become available. So far, eze-
timibe is the only available representative of this
group.[101]

In nontransplant recipients, ezetimibe signifi-
cantly reduces total and LDL cholesterol, apoli-
poprotein B and triglyceride levels while increasing
HDL cholesterol levels. These effects are due to
selective inhibition of intestinal absorption of cho-
lesterol and related phytosterols, and are seen both
with monotherapy and when the drug is used in
combination with statins.!'? Treatment with eze-
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timibe should be initiated with caution in patients
receiving ciclosporin, since increased plasma eze-
timibe concentrations have been reported in combi-
nation with ciclosporin. In particular, many immu-
nosuppressive agents are metabolised via the CYP
system and competition between substances for this
system can cause drug interactions.[101-104]

To date, little clinical experience is available on
the use of ezetimibe in heart transplant patients.

3.4 Heparin-Induced Extracorporeal
Low-Denisity Lipoprotein Precipitation (HELP)

In a small proportion of heart transplant recipi-
ents with heterozygous familial hypercholesterol-
aemia, even maximal dietary and drug therapy fails
to reduce LDL cholesterol to target levels of <100
mg/dL (2.6 mmol/L).'% In this group of patients
drug therapy can be supplemented by extracorporeal
treatment methods that can reduce the elevated LDL
cholesterol levels to within the target range. As well
as bringing about a maximal reduction in LDL cho-
lesterol level, the heparin-induced extracorporeal
LDL precipitation (HELP) system has significant
haemorheological benefits resulting from reduction

-
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of fibrinogen and Lp(a) levels.['%] The HELP sys-
tem is based on precipitation of LDL cholesterol
from the plasma. This is induced by heparinisation
and acidification of the plasma (pH 5.12). The pre-
cipitated LDL cholesterol is eliminated by means of
an extracorporeal filter system and the purified plas-
ma is then returned to the patient’s blood circulation
(figure 1). The procedure takes about 150—180 min-
utes.

The HELP system was first used in heart trans-
plant recipients with familial hypercholesterolaemia
in 1991.019%108] T the small group of patients stud-
ied, the mean LDL cholesterol level of 172 mg/dL
(4.45 mmol/L) achieved with the aid of diet and
statins was reduced to 125 mg/dL (3.2 mmol/L) by
means of the HELP system. The procedure had no
influence on the blood ciclosporin levels, nor were
any other negative effects observed. The heart trans-
plant recipients treated in this way showed no in-
creased incidence of infections and no impairment
of organ function attributable to the proce-
dure.[197198] Other authors have reported achieving
significant regression of existing GCV with the aid
of the HELP system,[10%:110]

Blood
70 mL/min
Heparin +
/ \ Cells acetate buffer
25 mL/min pH 4.85
Bicarbonate dialysis Plasm_a
ultrafiltration SEPENE
25 mL/min N
H,O Plasma
Heparin 25 mL/min
adsorption LDL/Lp(a)/fibrinogen
free plasma Precipitation
\ 50 mL/min pH 5.12 25 mL/min
Precipitate
waste ,\_/
Filtration

LDL/fibrinogen precipitate

Fig. 1. Flow chart of heparin induced extracorporeal low-density lipoprotein (LDL) precipitation (HELP). Lp(a) = lipoprotein (a).
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In a controlled trial in 20 heart transplant patients
with severe hypercholesterolaemia, regular weekly
use of the HELP technique in combination with
simvastatin (n = 10) led to a significant reduction in
fibrinogen, LDL cholesterol and Lp(a) levels, and a
lower incidence of GCV compared with patients
treated with simvastatin alone. However, the criteria
for assessment of newly diagnosed GCV were not
clearly defined in this study.!''!]

The HELP system is costly, time consuming and
of potential benefit only to a small proportion of
heart transplant recipients; it is, therefore, available
only in a small number of major treatment centres.

4. Summary and Recommendations

More than 60% of heart transplant recipients
develop elevated lipids levels, especially LDL cho-
lesterol, postoperatively. Dietary factors, genetic
predisposition and immunosuppressive agents have
been identified as the principal causes of hypercho-
lesterolaemia in transplant recipients. Elevated cho-
lesterol levels correlate in heart transplant recipients
with an increased risk for GCV and other vascular
disorders. Although urgently needed, internationally
accepted guidelines for drug therapy in heart trans-
plant recipients are still lacking.

Guidelines for the treatment of hyperlipidaemia
in heart transplant recipients should be based on the
NCEP guidelines (figure 2). According to these,
lipid-lowering therapy should be initiated in all pa-
tients with a total cholesterol >200 mg/dL (5.2
mmol/L), LDL cholesterol >130 mg/dL (3.4 mmol/
L) and triglycerides >200 mg/dL (2.26 mmol/L),
while LDL cholesterol >100 mg/dL (2.6 mmol/L)
and triglycerides >150 mg/dL (1.7 mmol/L) consti-
tute relative indications. Lipid-lowering therapy
should be initiated considerably earlier and be more
aggressive in heart transplant patients than in non-
transplant patients, as GCV develops soon after
transplantation and can become clinically relevant
within a year.

The statins are the most intensively investigated
of the drugs currently available for lowering choles-
terol levels in heart transplant recipients. In addition
to their cholesterol-lowering effect, these drugs have
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Post-transplant hyperlipidaemia:
Total cholesterol >200 mg/dL
LDL-C >130 mg/dL
Triglycerides >200 mg/dL

v

Diet (AHA step | or II)

-

+/— Triglycerides >200 mg/dL
(refractory to diet)

\4

Statins:
Lovastatin 10-20mg
Pravastatin 10-20mg
Simvastatin 5-20mg
Fluvastatin 20mg
Atorvastatin 10-20mg

Fibric acid derivatives:
Gemfibrozil 2 x 600mg

Familial hypercholesterolaemia
(refractory to diet and statin treatment)

v

Weekly interval
Heparin-induced extracorporeal
LDL-C precipitation (HELP)

Fig. 2. Treatment algorithm for hyperlipidaemia in heart transplant
recipients. AHA = American Heart Association; HELP = heparin-
induced extracorporeal LDL precipitation; LDL-C = low-density lipo-
protein-cholesterol.

demonstrated immunomodulatory effects both in
vitro and in vivo. Their clinical use has resulted in
significantly better survival rates, a significantly
lower incidence of GCV and fewer severe graft
rejections. Statin therapy in combination with a
systematic diet (AHA step I or II) should, therefore,
be initiated in all heart transplant recipients as soon
as possible after transplantation. Any of the current-
ly available statins — lovastatin, pravastatin, simvas-
tatin, fluvastatin or atorvastatin — can be used. The
organ-specific dosage guidelines for these sub-
stances must be rigidly adhered to, and careful bio-
chemical and clinical monitoring of patients in order
to minimise the risk of myositis and rhabdomyolysis
is required.

Treatment with fibric acid derivatives (e.g.
gemfibrozil) may be considered in heart transplant
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patients with hypertriglyceridaemia (>150-200
mg/dL; >1.7-2.26 mmol/L) that cannot be control-
led by diet alone. However, strict observance of
safety instructions and regular monitoring of renal
function are required.

Extracorporeal cholesterol elimination proce-
dures, such as HELP, are required in only a small
number of patients with familial hypercholesterol-
aemia refractory to diet and cholesterol-lowering
drug treatment, but when required they can be per-
formed in heart transplant recipients without risk or
complication. Currently used forms of treatment
may in the future be supplemented or replaced by
selective cholesterol absorption inhibitors.
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