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Mean plasma Yipid values in 100 patients who survived >3 months
after heart transplantation inereased significantly at 3 months
over p ion values: total ch from 168 + 7 to
234 = 7 mgfdl, low deasity lipoprotein (LDL) cholestero! from
111 = 6 to 148 = 6 me/dl, high density lipoproicin (HDL)
cholesterol from 34 = 1 to 47 = I mg/dl and triglycerides from
107 = 6 to 195 = 10 mg/dl. There were no significant increases
after this time. The LDL cholesterol values remained =130 mg/dl
in 64% of patients and triglyceride values remained =200 mg/dl
in 41% of patients 6 months after posteperative dietary instruc-
tions,

Beginning in 1985, select patients whose total cholesterol values
remained >300 mg/dl despite 6 moaths of dietary intervention
were treated with lovastatin given alone in a high dose (40 to
80 mg/day) or in combination with another hypolipidemic agent.
Four of the five patients so treated developed rhabdomyolysis; two
of the four had acute renal Railure. Beginning in 1988, a second

protocol—lovastatin at 20 mg/day as monotherapy—was used in
patients who despite dietary intervention had total cholesterol
>24D mg/dl (mean fotlow-up 13 monibs). In the 15 patients so
treated, mean fotal cholesterol decreased from 299 * 10 mg/dl
before treatment with lovastatia to 235 £ 9 nig/dl duving treat-
ment (21% reduction, p < 9.001) and mean LDL cholesterel was
reduced from a baseline value of 190 = 10 to 132 = 12 mp/dl
during treatment (31% reduction, p < 0.001),
In this study, lovastatin at a dose of <20 mg/day as monather-
apy was a well effective for hyp
after heart transplantation. it did wot result in rhabdomyclysis
and requived no alteration in immunosappressive therapy. How-
ever, the dose should not exceed 20 mg/day and combination
therapy with either gemfibrozil or sicotinic acid should be
avoided, even if the target LDL cholesterol value is mot reached.
(] Am Coll Cardiol 1992;19:1315-21)

Guidelines for the pharmacologic treatment of hyperlipi-
demia have evolved over the last 2 decades on the basis of a
wealth of clinical information. The most recent recommen-
dations of the National Cholestero! Education Program {1} in
the United States were formulated by a panel of experts 1o
allow physicians to optimize the benefits of treatment while
minimizing its risk. However, treatment of hyperlipidemia
after heart transplantation may require different guidetines
because of the different risk/henefit ratio in these patients.

From the Departments of Medicine and Surgery and (he Muliti-Organ
Transplant Center of The Methodist Haspital and Baylor College of Medicine.
Houston, Texas and *The Texas Heart Inslitute. St. Luke's Episcopal
Hospital, Houston. This study was supperted in part by the Cullen Trust for
Health Care, Houston, and by Grant HL 32971 from the National Heart,
Lung. and Blood Institute, National Institules of Health. Bethesda, Maryland.
Dr. Ballanlyne is supported in part by Grant K038 HL 02537 from the National
Hearl, Lung. and Blood Institute. Computalional assistance was provided by
the CLINFO project and funded by Grant RR0035 from the Division of
Research Resources, National Institutes of Health.

Manuscript received July 29, 1991; revised manuscripl received Novem-
ber 6, 1991, accepted November 20, 1991

fot reprints: Antonio M. Gotto, Jr.. MD, DPhil, Department of
Medicine. Smith Tower, M3 SM-1423, Baylor College of Medicine, 6550
Fannin Street. Houston, Texas 77030.

©1992 by the American College of Cardiology

"

Although heant tr f: have
high rates of both hyperlipidemia and accelerated coronary
artery disease. the adverse side effects from hypolipidemic
agents are mereased and the benefits of therapy must be
considered untested because of the unique pathophysiology
of coronary artery disease in the allograft .eart (2),

In this report, we describe a 6-year experience using
lovastatin, a competitive inhibitor of 3-| hydroxy-3~

hylglutaryl Ared to treat d
after hean transplamanon ln addition, we examine the
frequency aad paltern of dy ia in all heart ph
recipients at one of our institutions during this period,
review the available data on the risks amd benefits of the
various lipid-lowering agents in the context of heart trans-
‘ ion and provide dations on the
basis of these data.

Methods
Patients and lab Yy From Septemb
1985 to March 1990, 100 patients underwent orthotopic heart

0735-1097/92/55.00
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t 1 ion at The Methodist Hospital and survived
>3 months. All patients received immunosuppressive ther-
apy with prednisone and cyclosporine; 82% were also
treated with azathioprine. Venous blood saniples taken after
fasting were obtained before transplantation and at intervals
of 1, 3, 6 and 12 months after transplantation. Plasma total
hol -ol, high density lipoprotein (HDL) cholesterol and
triglyceride levels were measured by standard laboratory
methods as previously described (3). Low density lipopro-
tein (LDL) cholesterol values were estimated by the formula
of Friedewald et al. (4). All patients were given instructions
on the American Heart Assaciation Step One Diet before
discharge from the hospital after heart transplantation. In
select cases, totai 3-hydroxy-3-methylgiutaryl coenzyme A
reductase inhibitory activity was measurcd with use of a
Merck Laboratories in vitro bioassay system.

Treatnient protocols. During the 15t 2 years of the study
(1985 to 1987), five selecl patients who had two or more
conseculive total plasma cholesterol readings >300 mg/d
despite dietary inlervention for 6 months after transplanta-
tion were treated with high dose lovastatin or jovastatin
combined with another lipid-lowering agent. Lovastatin
therapy was begun at a dose of 20 mg oraiiy vice a day in the
evening, then increased to a maximur of 40 mg orally twice
u day or glven in combmatlon with a second drug, or both.
Lipop . hepatic serum creatine kinase
and whole bluod cyclesporine levels (measured by radioim-
munoassay) were determined every 6 weeks during lovasta-
tin treatment.

This protoco! (protocel ij of high dose (240 mg/day)
lovastatin or combined therapy was effective (5). However,
the protocol—particularly the approach of using a combina-
tion of drugs—-caused an ptably high incidence of
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Figure 1. Mean plasma lipid values (£SEM) in 100 patients before
and after heart transplantation. All patients received dietary instruc-
tion after transplantation: none was yet receiving a lipid-lowering
agent. Bascline versus 3-month values are significant at p < 0.05 for
both tatal cholesterol and triglycerides.

Results

Natural History Study

The patients were 91 men and 9 women, ranging in agc
from 15 to 68 years (mean 49). Changes in lipid and lipopro-
tein values after heart transplantation in these patients are
shown in Figures 1 and 2. All changes in these values
between baseline (before | ion) and 3 months after
transplantation were significant at p < 0.05.

Total cholesterol increased from 168 = 7 mg/dl at baseline
10211 £ 6 mgfdl at 1 month and to 234 + 7 mg/dl at 3 months.
Triglycerides showed a similar pattern of change, with an
increase from 107 = 6 mg/dl at baseline to 159 = 7 mg/dl at
I month and lo 195 £ 10 mgldl at 3 monlhs High density

myositis (6,7). Therefore, since 1988, both The Methodist
Hospital and The Texas Heart Institute have used monother-
apy with lovastatin at 20 mg/day (protocol 2) in select
heart transplant recipients with plasma total cholesterol
>240 mg/dl on two or more consecutive measurements made
after 6 months of dietary therapy. The change in the 1otal
cholestero! value used as a threshold for treatment was made

d from a baseline value of
34 = 1 mg/dl 10 a peak of 56 = 2 mg/dl at 1 month with a
decline to 47 = } mgfdl at 3 months, In the subset of
56 patients whose HDL cholesterol level was measured at all

Figure 2. Mean plasma lipopratein values (= SEM) before and after

after the appearance of the National Cholesterol Ed
Program adult treatment guidelines (l)

Protocol 1 was approved as a compassmnatc use
protoccl. Protocol 2 was approved by the I

heart in the 100 patients. Baseline versus 3-month
values are significanl at p < 0.05 for both high density lipoprotein
(HDL) cholesterot and low density lipoprotein (LDL) cholesteral.

Review Board of each institution.

Statistical analyses. Results are expressed as mean values
+ SEM. In the natural history analyses, changes in lipid and
lipoprotein levels between baseline and subsequent mea-
surements were evaluated by using analysis of variance
(ANOVA]} and the Bonferroni method. A paired Student
¢ test was used 1o assess changes in the treatment group in
lipoprotein levels and other laboratory mcasurements, un-
less abnormal distribution was present, in which case a
paired Wilcoxon signed-rank test was used.
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Table 1. Clinical/Laboratory Characteristics of Patients With Unacceptabie Toxicity From High Dose (240 mg/day} or Combination

Lovastatin Therapy (protocol 1. n = 3)

Patient

Paticnt Patieat Patiznt
I 2 3 4
Age (yrVracelgender 36/WiM WA 323WF AWM
Reasan far transplantation ASCVD ASCVD ASCVD j{a)
Lovastatia
Dose (mgVschedute 30id.id. AWb.id. dg.d. 0ig.d.
Duration fmo) 9 16 8 0
Other medication—dose/schedule
Cyclosporine tmg/kg) Jigd. 354, g, Aigd.
Azathiopring (mg} 1251q.d.
Prednisone (mg} 10g.d, Tvg.d. 10 d. 15/g.d.
Gemfibrozil (mg) 600b.i.d.
Nicotinic acid, slow release (mg} 500VLi.d.
Erythromycin (g) 2qd.
Serumiplasma values
TC (mgfdir—befarefon lovastatin 35917 S2EL 3681280 278217
AST (Ufiiten) 266 43 w —
ALP (Utliter) 52 [ iss 5l
Bili (mgfdh (X 0.5 33 0.5
CK (Udliter) 8.920 122 12,000
CR {mg/dh 9.7 2l 9
Cyclosporine? (ng/ml} 1013 908 -

*Previously described (6.7). *Delermined 12 h after dose by whole blood radioimmunoussay. ALP = alkaline phosphatase: ASCYD = athesosclerotic

cardiovascular disease: AST = aspartale aminotransferase: b.i.d.
ICM = idiapathic cardiomyopathy: M = male: q.4. = every da

time points, the increase that occurred between baseline and
1 month and the decline that occurred between 1 and
3 months were significant (p < 0.001 and p < 0.005.
respectively). Low density lipoprotein cholesterol increased
from 111 = 6 mg/dl at baseline to 124 = 5 mg/dl at i memh
and to 148 = 6 mg/dl at 3 months. No further significarn!
changes in lipid or lipoprotein values occurred after 3
months.

Despite the postoperative instructions given patients re-
garding the American Heart Association Step One Diet.
LDL cholesterol remained =130 mg/dl in 64% of patients
and =160 mg/dl in 22% at 6 months after transplantation. In
addition, triglycerides remained =200 mg/dl in 41% of pa-
tients and >250 mg/dl in 23% at this time.

Treatmeni Proiocols

Protocol 1. We treated five patients with high dose lov-
astatin or lovastatin combinatian therapy. Although initially
we reported (5) substantial reductions in levels of LDL
cholesterol with lovastatin at a dose of 40 mg orally twice a
day, we subsequently encountered severe toxicity rhabdo-
myolysis (6,7). Relevant clinical and Jaboratory data on the
four patients who experienced unacceptable toxicity while
receiving lovastatin at a high dose (40 mg orally either once
or twice daily) or as part of combined hypolipidemic therapy
are shown in Table 1. Elevaticns in creatine kinase and

wice daily: Bili = 1otal bilirubin: CK = crealine kinase: CR = creatinine: F = female;
= total cholesterol: 1i.d. = Ihree times daily: W = white.

measures of liver function are apparent. Two of the patients
had acute renal failure. Three of the four were receiving
combination hvpolipidemic therapy. The second agents
d—nicotinic acid. gemfibrozil and the antibiotic erythro-
mycin—are all now known to interact with lovastatin and
increase the likelihood of rhabdomyolysis: with respect to
icotinic acid, enh: d hepatic dysfunction may also oc-

cur.

Total 3-hydroxy-3-methylglutary! coenzyme A reductase
inhibitory activity in plasma was measured al the time of
rhabdomyolysis in two of the five patients. In one (Patient 1,
Table 1). the activity was 310 ng-equivalents/ml 12 h after the
second daily dose of 40 mg on day 1. In the other (Patient 2,
Table ). the activity was 251 ng-equivalents/ml 3 h after the
second daily dose of 40 mg of lovastatin given on day 1. Both
values are markedly increased compared with the mean
maximal inhibitory activity of {9.9 = 2.3 ng-equivalents/m}
seen with high dose lovastatin (20 mg twice daily) in hyper-
chalesterolemic patients rot receiving immunosuppressive
therapy (8). When the two palients were rechallenged with
only a single daily dose of 20 mg of iovastatin, the inhibitory
levels decreased to 65 and 87 ng-equivalents/m{, respec-
tively, 4 h aiter the dose (substantial improvements, but stil}
higher than the publisher! contro) values with the drug at
40 mg/day [8]).

Protocol 2. Fifteen patients began lovastatin treatment on
protocol 2 {monotherapy with lovastatin at 20 mg/day), in
1988 or later. Among the 14 men and 1 woman (mean age 54
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Table 2. Mcan Lipid. Lipoprotein and Other Laboratory Values
Before and During Treatment With Lovastatin Monotherapy at
20 mg/day (protocol 2,11 = 15)

Change

Buseline  Treatment 1% p Value
TC tmgrdl) ) 28 =2 <N
TG tmgidly 297 7 -8 NS
LDL-C tme/dl) (B 132 -3 <0.001
HDL-C (mp/dh) 3 42 18 NS
AST (Ufliter) il M -9 NS
ALT (Wliter) 3 18 -2 NS
LDH (Ulitery 185 173 -6 NS
ALP (Uffiter) ila s +0.9 NS
Bili (mg/d)) .67 083 +27 0ot
CK (Ufiter) - 93
BUN tmg/dhy ki 3§ +13 NS
Cyclo (dose in mg) 263 M0 +10 N§
WBC teells x 10'rmm'} 6.4 7.3 +14 N§

ALT = alanine aminolransierase: BUN = blood urea nitrogen: Cyclo =
cyclosporine: HDL-C = high Jensily lipopretein cholesterol: LDH = lagtate
dehydrogenase: LDL-C = low density lipopratein chalesterol: TG = triglyc.
erides: WBC = white blood cells: other abbreviations as in Table 1.

years), the cause of heart failure was coronary artery discase
in 11 and idiopathic cardiomyopathy in 4. Mean follow-up
after the initiation of lovastatin treatment was |13 months
{range 6 to 20). All patients were explicilly warned to
discontinue [ovastatin and to have their serum creatine
kinase level determined if muscle soreness developed.

The effects of lovastatin on plasma lipids and lipoproteins
and other laboratory values in patients on protocol 2 (mean
values determincd ut 6 10 12 weeks) arc shown in Table 2.
Total cholesterol decreased from 299 = 10 mg/dl before
treatment to 235 + 9 mg/dl during treatment (214 reduction.
p < 0.001). Low density lipoprotein cholesterol was reduced
from 190 + 10 mg/dl before treatment to 132 = 12 mgAdl
during treatment (31% reduction, p < 0.001). Favorable but
statistically insignificant changes were also noted between
baseline and treatment measurements of triglyceride and
HDL cholesterol levels.

The increase in total bilirubin was of borderline statistical

ignifi and was not idered 1o be clinically mean-

ingful. The mean plasma cyclosporine level did not change
significantly. The mean creatine kinase value with treatment
was 93 Uliter (range 41 to 245: normal 35 to 200). One
patient reported muscle soreness and discontinued lova-
slatin therapy withoul having the creatine kinase level mea-
sured. She was rechallenged with lovastatin at 10 mg/day
and again reported vague muscle sorcness: the creatinc
kinase measurement was 56 Uliter (within normal limits) at
the 16-mg dosc.

Treatment with the low dose lovastatin protocot did not
require significant aiterations in daily doses of cyclosporine.
prednisone or azathioprine. No other side effects were
observed with protocol 2.

JACC Vol. 19. No. &
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Discussion

Poctulated h

F isms of hyperlipids after {ranspl
tation. The high prevalence of hyperlipidemia observed in
our patients is consistenl with data in previous studies
(5,9~13) examining the natural history of lipid changes after
heart t I ion. One ism that has been pro-
posed to account for the high incidence of dyslipidemia after
heart transplantation is correction of severe congestive heart
failure in patients with preexisting lipid abnormalities. In
many of cur patients with severe congestive heart failure and
a history of hyperlipidemia. total cholesterol values were
depressed before transplantation,

A second proposed mechanism is the use of immuno-
suppressive drugs. Several series (14-16) have demonstrated
increased levels of total chol ol after the
of cyclosporine. The total cholesterol elevations were pri-
marily the result of elevations of LDL cholesterol (5).
Prednisonc has been shown to increase both total and HDL
cholesterol values in heart lrdnsplﬂﬂl recmlcms (17, 18) In
our series, HDL chol | was significantly dat 1
month after transplantation and the decline at 3 months
coincided with tapering of prednisc-ne dosage. Taylor et al.
(19) observed that heart transplanl pzmen!s who recewed
only azathioprine plus eyclosporine as
therapy did not show an increase in HDL choleslerol The
increase in HDL cholestero! is primarily the result of an
increasc in the HDL, subfraction, including an increase in
apolipoprotein A-1 20.21). Lipoprotein lipase activity was
inversely related (o cyclosporine levels in onc study {22) of
heart transplant recipients. and low levels of lipoprotein
lipase activity may lead 1o increases in plasma triglycerides.
The postiransplantation increase in plasma triglycerides in
our palients may also be related 10 the administration of
cyclosporine.

di ration

for ¢ The seq of the lipid
changes observed in our patients suggests that clinical as-
sessment for hyperlipidemia should be performed 3 10 6
months afier transplaniation. Lipid values did not signifi-
cantly change during the 3 months in which the patients were
asked to comply with the Americar: Heart Assaciation Step
One Diet as recommended by the National Cholesterol
Education Program (1). The aigorithm of the National Cho-
lesterol Education Program for deciding to pharmacologi-
cally treal elevated cholesterol is based on both the LDL
cholesterol value and the 10tal risk for developing coronary
artery discase. Accelerated coronary artery disease is the
most common cause of graft faiture in long-term survivors of
heart transplantation and is present in 30% of patients by 28
months (23,24); therefore, any heart transplant recipient
regardless of gender or traditional risk factors should be
considered to be at high risk for developing coronary artery
disease. The National Cholesterol Education Program guide-
lines (1) suggest that drug treatment be considered in high
risk patients when the LDL cholesterol value remains
2160 mg/dl after 6 months of dietary therapy. By that
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Table 3. Special Considerations in the Use of Lipid-Lowering Drugs After Heart Transplantation

Drug Possible Side Effects

Interactivns With Immunosuppressants

Bile acid sequestrant
(cholestyramine. colestipol)
Nicotinic acid

Elevation of liver funciior tests:
ievels: deer
peptic sleer dit

e
Fibric acid derivative (gemfibrozil)

3-Hydroxy-3-methylglutaryl
coenzyme A reductase inhibitor
(lovastatin)

distorbunces

May provent shsorption of fat-saluiile drags: poor
compliance hecause of constipation and bloating

creased vric acid

4 plucose 1olerance: e xacerbatian of

Guilstones: myositis: nausea: potentiation of warfarin

Elevation of transaminine leveh: myositis sleep

May inhibit absorption of cyclosporine. which is
extremely fat soluble

Cyclosporirs may cause elevations of liver [unction tests
and wric acid levels: prednisone decremes glucose
tolerance and may predispose 10 peptic wleer diseuss

Increased myositis with concamitant lavasiatin +
immunosuppressive drugs: decreased metabolism in
reral failure

Cyclosporine may increase liver function lests: greatly
increased myositis risk with lovastatin +
ImmutussERessive drugs (cyclosperine)

criterion. 22% of the patients in our natural history scries
would be considered eligible for pharmacologic intervention.
In addition te the high frequency of LDL cholesterol
elevation among our patients (645 had LDL cholesterol
=130 mg/dl at 6 months). we noled a high incidence of
elevated triglyceride levels (41% had triglyceride values
=200 mg/dl al 6 months).

Drug Treatment of Hyperlipidemia After Heart
Transplaatation

The potential side effects and drug interactions of lipid-

lowering agents must be weighed carefully in the sening of
heart transplantation (Table 3).

Bile aciu seq hy and colestipot in the
Deciding whether o apply the Natiynal Cholesterol Ed- US.). These -2 co,"s'de'ed‘?m fine drugs for treatment of
to heart t - by the c

ucation Program guideli
hinges on whether the benefits of lowering lipids are grealer
than the toxicity of t The role of hyperlipi in
the development of acceleiated coronary artery disease
remains controversial (9.23-26). The diffuse intimal prolifer-
ation that occurs after heart sransplantation is pathclogically
unique and is believed to be an immunologicaily mediated
form of chronic . Although lipoproteins probably do

Program Expert Panel (1) because they have been shown to
reduce the incidence of coronary artery disease end points
with a low incidence of toxicity. In addition to causing
constipation, bile acid resins may interfere with the absorp-
tion of lipid-soluble drugs such as cyclosporine. Keogh et al.
{31) used cholestyramine in five patients after heart trans-
p|dn(d'l0|‘l and achieved a modest (14%) reduction in total

|. Phar kil studies the area

not play a primary role in the devel of this disorder,
both clinical and animal studies (9.25,26) suggest that hyper-
lipoproteinemia may accelerate the process. Prospective
clinical trials 1o examine whether the treatment of hyperlip-
idemia will indeed slow the process of postiransplantation
intimal proliferation have not been performed.

Dietary madification is the safest form of eatment for
hyperlipidemia. All the patients in our series recelvcd dl-
etary counseling to follow the American Heart A

under the whole blood cyclosporine concentration time
curve in this study showed variable results, from a 23%
decrease 10 a 55% increase from baseline. Bile acid-binding
resins may raise triglyceride levels, which frequenily are
alrcady elevated after heart transplantation. Because of the
potential adverse effects on the absorption of immunosup-
pressive drugs and on triglyceride metabolism, we do not use

Step One Diet. Dietary intervention has been shown to have
beneficial effects on blood lipid levels after renal transplan-
tation (27-30), but the reductions have been modesi and
many of the patients have had persistent elevations of LDL
cholesterol and triglycerides. This was also the characteris-
tic pattern in our heart transplant recipients. Because both

bile acid-binding resins as first-choice monotherapy after
cardiac transplantation. However, in reduced doses and
given either 1 h after or 4 h before the administration of other
medlcauons these agents may be useful in combination with
lowering drugs.

Nicotinic acid. This agent is also considered a first-line
drug for the of high chol | by the National
Ch

thiazids diielics and lective beta-ad gic blockers
may elevate lipid valugs, we avoid prescribing these agents
as antihypertensive therapy after heart transplantation. Dis-
continuing prednisone or reducing its dose may also amelio-
rate hyperhpndemna (17-19), but wnh the possibility of in-

Program because of documented ben-
efit on coronary artery disease reduction and an acceptable
rate of side effects. Nicotinic acid has the advantage of
beneficial effects in the mixed hypertipidemia pattern that is
frequenlly seen after heart transplantation. Unfonunately.

g the risk of allograft rej Therefore, despite

dietary intervention and of of medical 2
ment., many patients will still have elevated cholesterol or
triglyceride levels and require pharmacologic intervention.

ic acid entails side effects p y exac-
erbated by immunosuppressive therapy. Bolh nicotinic acid
and cyclosporine can lead to increased values in liver
function tests and elevations of uric acid levels (32,33, Both



1320 BALLANTYNE ET AL

POSTTRANSPLANTATION HYPERLIPIDEMIA

nicotinic acid and prednisone are associated with abnormal-
ities of glucose tolerance and exacerbduon of peptic vlcer
disease. B of the in side effects ir
heart transplant recipients, we believe that nicotinic acid
may not be a first-line agent and should be used with caution
in these patients.

Gemfibrozil, a fibric acid derivative. This is another drug
that has been shows to reduce the incidence of coronary
artery disease end points (34). Fibric acid derivatives reduce
triglyceride levels, with more modest effects on LDL cho-
lesterol. We have used gemfibrozil as a single hypolipidemic
agent in a small series of heart transplant patients and
achieved marked reductions in triglycerides and more mod-
est reductions in total and LDL cholesterol levels (data not
shown). The drug is well tolerated in lransplant patients nnd
has not been noted to interfere with i

JACC val. 19, No. 6
May 1992:1315-21

hibitory activity, an effect noted in our two patients in whom
inhibitory levels were measured afler the occurrence of rhab-
domyolysis. Although reduction of the daily dose to 20 mg
reduced the enzyme inhibitory levels in these two patients,
the values were still greater than those that would be
expected in control subjects receiving the same dose of drug.
Similar findings were reported by Kobashigawa et al. (43).
Our treatment of 15 patients with a single daily 20-mg
dose of lovastatin resulted in a 21% reduction in total
holl ] and a 31% red, in LDL chol 1. These
reductions are similar to those seen by others {42,43) using
low dose | in after heart transpl L inat
20 mg/day was well tolerated by our patients, without
significant change in the mean level of cyclosporine in the
biood or in the dases given of cyclosporine, prednisone or

therapy. Fibric acid derivatives have been assaciated wnh
an increased risk of gallstones, a finding of particular con-
c-m because of the high incidence of cholelithiasis requiring

y among recipi (35). In addi-
tion, lhe modest LDL cholesterol-reducing cfects of gem-
fibrozil limit its utility for treating severe hypercholesterol-
emia after heart transplantation,

Probucal. This agent causes 2 modest reduction in total
and LDL cholesterol values, but it has not been proved to be
effective in reducing coronary artery disease end points in
clinical trials, When used by Anderson and Schroeder (36) in
heart transplant recipients, probuicol was well tolerated and

prine. The medication was d d in only 1 of
the 15 patients. Our patients did not have the significant
increase in white blood cell count noted by Kasiske et al.
(44) in their lovastatin-treated kidney transplant recipients,
but the count did increase by 14% (from 6.400 = 600
cells/fmm’ at baseline to 7,300 = 500 cells/mm® with lova-
statin, p = NS).

Recommendations. Lovastatin at a dose of 20 mg/day is a
well tolerated and effective treatment for hypercholesterol-
emia after heart transplantation. The dose should not exceed
20 mg/day—even if the desired level of LDL cholesterol is
not 'cached—hecause of |ncreased drug toxicity in heart

1 PO

tr Combi in with

vielded a 15% reduction in both LDL and HDL chol ol
values but no significant change in the ratio of LDL to HDL
cholesterol. The investigators noted no adverse clmlcal or

or nicotinic acid should be avoided because this approach is
associated with enhanced toxicity.

Iaboratory effects or interference with i
therapy. Probucol is unique among available lipid- lowenng
agents in that it inhibits the cxidation of LDL particles.
Although this action theoretically can decrease LDL uptake
in the arterial wall, there are no published clinical trials to
confirm the benefit. We do not consider probucol to be
first-ling therapy, primarily because of its modest effects on
lipids.

Lovastatin, The 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors as monotherapy have not yet been
shown to reduce the incidence of coronary artery disease
end points. In clinical studies (37-40), lovastatin therapy has
resulted in marked reductions in LDL cholesterol, ranging
from 24% 10 40%, as well as reductions in triglycerides and
increases in HDL cholesterol. Its major side effects are dose
dependent, including low rates of myositis (0.5%) and serum
transaminase elevation (1.5%) at the highest dose of
80 mg/day (37).

As reported here, we initially used up to 80 mg/day of
lovastatin. At these high doses, our heart transplant recipi-
ents, who were receiving cyclosporine and prednisone, had
an unacceptable incidence of myosttis, as has been the expe-
rience of other groups (41,42). The increased toxicily in trans-
plant recipients may be explamed by a marked increase in
plasma 3-hydroxy-3-methylgl d

ause of the i d toxicity of lipid-lowering drugs
in heart transplant recipients and the uncertain role of lipids
in the development of accelerated coronary artery disease in
the allograft, we believe that the National Cholesterol Edu-
cation Program treatment guidelines are not entirely appro-
priate for the heart transplant recipient with regard to drug
selection and treatment goals. Lovastatin in a low dose
(=20 mg/day), with careful patient instruction and follow-up,
appears 10 be more effective and potentially safcr than high
dose cholestyramine or nicotinic acid for treatment of cle-
vated LDL cholesterol in these patients, Gemfibrozil is a
well tol d and effe option for of hyper-
triglyceridemia in these patients. The National Cholesterol
Education Program goal of an LDL chalesterol level
<130 mg/dl may be difficult to achieve with monotherapy,
and the data are insufiicient to warrant aggressive combina-
tion therapy to reach this goal. Prospective clinical trials are
needed to examine whether appropriate treatment of hyper-
lipidemia after heart | ion can slow the develop-
ment of accelerated coronary artery disease in the allograft.

We thank Merck Sharp & Dohme Rescarch Laboratories for assays of
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitory aclivity;
Suzanne Simpson for editing and Shelley Overholt, Gigi Owens and Christina
Bailey for manuscript preparation.
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