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ffects of Conversion from Cyclosporine to Tacrolimus on Left
entricular Structure in Cardiac Allograft Recipients

ennifer L. Peura, MD,a Michael R. Zile, MD,a,b David S. Feldman, MD, PhD,a Adrian B. VanBakel, MD, PhD,a

atherine McClure,a Walter Uber, PharmD,a Hwajoo Haynes, RN,a and Naveen L. Pereira, MD, FACCa

welve heart transplant recipients selected for conversion from cyclosporine to tacrolimus because of adverse
ffects of cyclosporine therapy underwent echocardiography at baseline and 6 months after conversion. Left
entricular mass decreased by 24% and left ventricular geometry returned toward normal at 6 months after
onversion, without significant changes in blood pressure. J Heart Lung Transplant 2005;24:1969–72. Copyright
2005 by the International Society for Heart and Lung Transplantation.
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eft ventricular hypertrophy (LVH) occurs frequently
fter orthotopic heart transplantation.1 The causes of
VH after transplantation are unclear but could be
ultifactorial to include hypertension, immune injury,

nd the intrinsic effect of immunosuppressant drugs.1,2

yclosporine therapy, the mainstay of immunosuppres-
ion in cardiac transplantation, is often complicated by
he development of hypertension, LVH, hirsutism, dys-
ipidemia, and gingival hyperplasia.3 An alternative reg-
men using tacrolimus, a more potent immunosuppres-
ant than cyclosporine, is being used to avoid these side
ffects.4 However, whether conversion to tacrolimus
rom cyclosporine prevents LVH or alters LV structure
n the adult cardiac allograft has not been examined.

ETHODS
tudy Population

welve cardiac allograft recipients who received trans-
lants at the Medical University of South Carolina were
tudied in a prospective fashion from November 2001
o July 2002, with follow-up completed in January 2003.
atients were selected for conversion from cyclospor-

ne to tacrolimus based on the presence of 1 or more of
he following reasons: cyclosporine-induced hyperten-
ion (systolic blood pressure of more than 135 mm Hg
nd diastolic blood pressure of more than 85 mm Hg
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espite aggressive anti-hypertensive therapy), refrac-
ory hyperlipidemia (total cholesterol greater than 200
g/dl and low-density lipoprotein greater than 100
g/dl despite lipid lowering agents), hirsutism, or

ingival hyperplasia. In addition to cyclosporine, our
tandard immunosuppressant regimen included 5 mg/
ay prednisone in every patient plus either mycophe-
olate mofetil (9 patients) or azathioprine (3 patients).
he institutional review board approved the protocol,
nd patients gave written informed consent before
nrollment.

rotocol

chocardiographic and blood pressure measurements
ere performed by using standard techniques at baseline
n cyclosporine therapy before conversion and after 6
onths of tacrolimus therapy. At both time points, pa-

ients underwent the standard post-transplant follow-up,
ncluding endomyocardial biopsy, to determine rejection
tatus. Echocardiographic measurements and calculation
f volumes were made using the American Society of
chocardiography criteria. LVH was defined by mean LV
ass values greater than 150 g.1

tatistical Analysis

he Student’s t-test for paired observations was used to
ompare the difference between values at baseline and
t 6 months. Results are reported as mean � SEM; p �
.05 was considered statistically significant. The relative
isk was calculated with the Woolf procedure and was
eported with 95% confidence interval.

ESULTS
linical Data

t baseline, 12 patients (10 men and 2 women), mean
ge 57 � 3.7 years, were converted from cyclosporine
o tacrolimus. At the time of conversion, the average
ime from transplant was 2.5 � 1.0 years (range,
.75–4.5 years). The reasons for conversion were re-

ractory hypertension in 7 patients, dyslipidemia in 3
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atients, and gingival hyperplasia in 2 patients. Before
onversion, all patients were being treated for hyperten-
ion, most patients were taking 3 or more anti-hyperten-
ive agents.

After conversion to tacrolimus, blood pressure man-
gement did not significantly change in terms of dosage,
umber, or classes of anti-hypertensive agents used.
oreover, the difference in mean blood pressure read-

ngs at baseline on cyclosporine vs at 6 months after
onversion to tacrolimus was not statistically significant
Table 1). No patients had clinical or histologic evi-
ence of rejection either at the time of conversion or at
months after conversion.

chocardiographic Data

efore conversion from cyclosporine to tacrolimus, all
2 patients had evidence of concentric remodeling or
VH (Table 1.) Six months after conversion to tacroli-
us, the mean LV mass showed a 24% reduction, with

V mass decreasing in all 12 patients (Figure 1A). LV
all thickness was reduced 17%, and the ratio of LV

nd-diastolic volume to LV mass increased by 30%. The
bserved change in LV mass and geometry seemed to
e independent of blood pressure at baseline and at 6
onths (Figure 1B), and occurred irrespective of the
rimary indication for conversion to tacrolimus. The
alculated risk ratio of a patient having LVH when
reated with cyclosporine compared with tacrolimus
as 2.8 (6.3–1.2).

ISCUSSION

his study demonstrates that conversion from cyclo-
porine to tacrolimus in adult heart transplant recipi-

able 1. Clinical, Hemodynamic, Functional and Structural Parameter

arameters Baseline

ystolic blood pressure (mm Hg) 136 � 6
iastolic blood pressure (mm Hg) 85 � 3
ean Arterial Pressure (mm Hg) 102 � 3
eart rate (bpm) 85 � 4
ody surface area (m2) 2.1 � 0.1
yclosporine (ng/ml) 178 � 14
acrolimus (ng/ml)
V end-diastolic volume (ml) 94 � 23
V end-systolic Volume (ml) 22 � 7
jection fraction (%) 67 � 2
nd-diastolic wall thickness (cm) 1.2 � 0.05
V mass (g) 256 � 16
imension/wall thickness 3.82 � 0.23
olume/mass (ml/g) 0.38 � 0.03
/A ratio 2.1 � 0.3
eceleration time (m/sec) 161 � 12

VRT (m/sec) 69 � 4

alues reported as mean � SEM. E/A ratio, early diastolic velocity/late filling v

entricular end diastolic volume/left ventricular mass.
nts (1) resulted in reverse remodeling of the cardiac
llograft, characterized by a 24% reduction in LV mass
nd normalization of LV geometry; and (2) these struc-
ural changes seemed to occur independent of changes
n hemodynamic variables such as blood pressure.
ypertension occurs in more than 90% of cyclosporine-

reated heart transplant recipients and may be due to
ffects of cyclosporine and possibly the loss of native
ardiac innervation in orthotopic heart transplanta-
ion.5 There is not always a strong correlation between
he presence of hypertension and the development or
egression of LV hypertrophy in cardiac transplant
atients, suggesting that while hypertension may con-
ribute to the development of cardiac allograft hyper-
rophy, this process is multifactorial and may also be
ttributed to immune mechanisms.2

In the current study, unlike previous multicenter
rials, conversion from cyclosporine to tacrolimus did
ot result in a significant decrease in blood pressure
espite a consistent decrease in LV mass being ob-
erved for all enrolled patients. This was because the
ndication for conversion to tacrolimus was not based
olely on the presence of resistant hypertension, the
umber of patients studied was smaller, and the average
lood pressure for our patients was lower than previous
ulticenter studies.3 Although mean blood pressures

ppear lower in the tacrolimus group, a direct correla-
ion between blood pressure change and LV mass
egression is not evident (Figure 1B).

Appropriate control of blood pressure in heart trans-
lant recipients usually results in a 10% reduction in LV
ass after 1 year of anti-hypertensive therapy6; whereas

n our study, conversion to tacrolimus resulted in a 24%

Six Months p Values

123 � 5 p � 0.137
78 � 4 p � 0.190
93 � 5 p � 0.141
87 � 3 p � 0.141

2.1 � 0.1 p � 0.190

10 � 1
94 � 28 p � 0.920
18 � 7 p � 0.030
72 � 3 p � 0.178

0.99 � 0.04 p � 0.001
195 � 13 p � 0.002
4.71 � 0.27 p � 0.004
0.49 � 0.05 p � 0.006
1.8 � 0.2 p � 0.232
171 � 13 p � 0.554
69 � 3 p � 0.511

city; IVRT, is volumetric relaxation time; LV, left ventricular; Volume/mass, left
s
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egression of LV mass at just 6 months. The extent of
his change is suggestive of other contributory mecha-
isms than hypertension.
Treatment with immunosuppressive agents may
odify the activation of growth regulatory cytokines

ike tumor necrosis factor-� and transforming growth
actor-� 

7 and the consequent development of LVH,
ut whether cyclosporine and tacrolimus differ in
heir effect on cytokine activation is not known.
nitial reports suggested that tacrolimus may cause an
ncrease in LV mass and even the development of
ypertrophic cardiomyopathy.8 These studies were

imited by the small number of patients studied, the
oncomitant use of high doses of steroids, high
erum levels of tacrolimus, the presence of significant
ypertension, and involved patients who had under-
one transplantation of organs other than the heart.
hen tacrolimus was examined in larger cohorts,

ither alone or in comparison with cyclosporine,
acrolimus was shown to either cause no increase in
V mass or an increase in LV mass equivalent to that
een with cyclosporine.9

imitations

he data from the current study suggest, but do not
rove, that the structural changes observed after con-
ersion from cyclosporine to tacrolimus may have been
elated to differences in the effects that these immuno-
uppressive agents have on factors other then hemody-
amics, such as the differences in the extent or pathway
y which they alter growth regulatory mechanisms. The
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igure 1. (A) Changes in left ventricular (LV) mass before (baseline
elationship between the percent change in LV mass and the percen
yclosporine to tacrolimus.
pparent lack of a relationship between the blood
ressure and LV mass regression should be interpreted
ith caution because of the small number of patients

tudied.

ONCLUSION

his study demonstrates that (1) conversion from cy-
losporine to tacrolimus in adult heart transplant recip-
ents resulted in reverse remodeling of the cardiac
llograft, characterized by a 24% reduction in LV mass
nd normalization of LV geometry, and (2) that these
tructural changes seemed to occur independent of
hange in hemodynamic variables such as blood pres-
ure.
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