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Background: Recently there are a number of reports on the cardiotoxicity of tacrolimus in 
post-transplant patients. There is no protocol for cardiovascular evaluation in these patients. This 
study was performed to evaluate the cardiotoxicity of tacrolimus in liver transplant recipients. 

Patients and Methods: We evaluated 63 post-liver transplant patients who received 
tacrolimus. They were evaluated for cardiovascular complications by physical examination, 
electrocardiographic and echocardiographic examinations within three and six months following 
liver transplantation. Serum tacrolimus levels were checked by ELISA. For comparison, we 
selected 50 post-liver transplant patients who received no tacrolimus and evaluated them for 
cardiovascular function identically.  

 Results: Among 63 patients, 42 were male (66.7%) and 21 were female (33.3%); 70% of the 
patients were adults, and 19 (30%) were within the pediatric age group. The cardiovascular 
examinations, electrocardiogram and echocardiography of all patients three months post-
transplantation were normal except for two children who developed tacrolimus related cardiac 
complications. Both had high serum tacrolimus levels. No adults developed cardiovascular 
complications. In the control group, the results of the cardiovascular evaluations were normal in all 
cases.  

Conclusion: The cardiovascular toxicity of tacrolimus, such as hypertrophic cardiomyopathy, 
may be observed in pediatric patients. Therefore, we recommend routine regular cardiovascular 
evaluation of children after liver transplantation.  
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Introduction 

 
acrolimus, a calcineurin inhibitor, is the 
major immunosuppressive medication 
used in the treatment of patients after 

liver transplantation. It has been used with low 
doses or without steroids in children receiving liver  

 
 
transplants.1 Tacrolimus has a mode of action 
similar to that of cyclosporine, but is 10 – 100 
times as potent and is associated with fewer 
rejection episodes.2,3  

The major side effects of tacrolimus in children 
include: anemia, renal toxicity, hyperkalemia, 
gastrointestinal symptoms, allergic reactions, and 
post-transplant lymphoproliferative disease.4 
Compared with cyclosporine, however, gingival 
hyperplasia, hirsutism, coarsening of the facial 
features and hypertension solely due to tacrolimus 
are notably absent.4 In clinical trials, tacrolimus 
has been shown to be better tolerated and 
associated with fewer rejection episodes, in 
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addition to better graft and patient survival 
compared with cyclosporine. Therefore, tacrolimus 
has been increasingly used by many transplant 
centers as the primary immunosuppressive agent 
immediately after transplantation.5 It has been 
reported that tacrolimus can cause cardiac 
toxicity.4,6,7 The potential cardiac toxicity of 
tacrolimus has been found in rabbits and baboons 
during animal studies.8 Cardiotoxicity has been 
described in a group of pediatric patients receiving 
tacrolimus as a part of immunosuppression for 
orthotopic liver transplantation.7 

This study was performed to evaluate cardiac 
toxicity in post-liver transplant patients who 
received tacrolimus for more than six months.  
 

Patients and Methods 
 

This study approved by local institutional 
review board. Patients and for children parents or 
legal guardians signed approved informed consents 
to participate in study. 

We prospectively studied 63 liver transplant 
recipients who underwent liver transplantation 
between September 2006 and September 2007, and 
received tacrolimus as the main immuno-
suppressive medication.  

All patients had a normal cardiac examination,  
normal electrocardiogram (ECG), chest X-ray and 
echocardiography which were performed before 
transplantation by our cardiologists. All children 
were visited by pediatric cardiologists. 
Echocardiographic examination was performed 
using the GE VIVID 3 echocardiographic 
machines by probe 3 MHz.  

Oral tacrolimus was started one day after the 
operation with a dose of 0.1 – 0.15 mg/kg/day. The 
whole blood trough levels of tacrolimus were 
monitored, with target levels of 10 – 20 ng/mL.  

All patients received 20 – 25 mg/kg intravenous 
methyl prednisolone for three consecutive days and 
then a 1 mg/kg/day oral prednisolone taper during 
the three month post-transplant period.  

All patients were visited by the same 
cardiologists three and six months after liver 
transplantation and underwent full cardiovascular 
evaluation including ECG and echocardiography.  

Tacrolimus trough levels were checked during 
these visits.  

In addition, 50 patients who underwent liver 
transplantation prior to September 2006 and 
received cyclosporine as the main 

immunosuppressive medication were evaluated as 
the control group. These patients were also 
evaluated by the same cardiologists and underwent 
full cardiac evaluation and echocardiography.  

 
Results 

 
There were 63 tacrolimus treated recipients (42, 

66.7% male and 21, 33.3% female) with a mean 
age of 27.816.1 years (range, 2 – 58 years).  

We studied 19 (30%) pediatric patients (age 
under 18) and 44 (70%) adult patients.  

The indications for liver transplantation 
included: HBV cirrhosis (n=12, 19%), Wilson 
disease (n=12, 19%), autoimmune cirrhosis (n=11, 
17.5%), cryptogenic cirrhosis (n=10, 15.9%), 
primary sclerosing cholangitis (n=4, 6.3%), 
progressive familial intrahepatic cholestasis (n=4, 
6.3%), Caroli disease (n=2, 3.2%), tyrosinemia 
(n=2, 3.2%), HCV cirrhosis, primary biliary 
cirrhosis, Budd-Chiari syndrome, biliary atresia, 
neonatal hepatitis and biliary hypoplasia, all of 
which had  one case (n=1, 1.6%) each.  

There were 52 (81.3%) patients who received a 
whole graft from deceased donors and 3 (4.7%) 
cases that underwent split liver transplantation. 

The remaining 8 (12.5%) patients received a 
graft from living donors (their parents).  

The mean tacrolimus levels of patients at three 
and six months after liver transplantation were 
11.2±5.8 ng/mL (range 1 – 32.1) and 7.5±4.5 
ng/mL (range 2.1 – 31.5), respectively. 

Cardiac evaluation, ECG and echocardiography 
three months post-surgery were normal in all cases 
with the exception of two children. The first case 
was a two year old boy who underwent split liver 
transplantation due to tyrosinemia with multiple 
hypoechoic nodules in the liver. He received 
tacrolimus at a dose of 0.15 mg/kg/day and 
prednisolone (5 mg/day). Three months after the 
operation, he developed a fever and dyspnea. On 
physical examination, he had high blood pressure 
(150/80 mmHg) and a heart murmur. ECG showed 
tachycardia, left axis deviation and left ventricular 
hypertrophy. Echocardiography showed 
obstructive hypertrophic cardiomyopathy with 
asymmetric hypertrophy of the interventricular 
septum, left ventricular hypertrophy and aortic 
valve stenosis. The tacrolimus trough level of the 
patient at this time was 32.1 ng/mL. He also had 
cervical lymphadenopathy and a lymph node 
excision biopsy was performed which indicated 
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post-transplant lymphoproliferative disorder. 
Tacrolimus was discontinued and sirolimus was 
started but the patient did not respond and died one 
month later.  The second case was a five year-old 
girl, a case of biliary atresia without any signs and 
symptoms of a cardiac problem, but 
echocardiography three months after liver 
transplantation showed aortic stenosis and mitral 
and tricuspid regurgitation. The tacrolimus trough 
level of this case was 30.3 ng/mL. We adjusted the 
dose of tacrolimus and her echocardiography 
became normal six months after the liver 
transplant.  

Cardiac evaluations and echocardiography were 
normal in the remaining patients six months after 
liver transplantation.  

In the control group which included 15 (30%) 
children and 35 (70%) adult patients who received 
cyclosporine, cardiac evaluations and 
echocardiography results were all normal. 

  
Discussion  

 
Tacrolimus is a potent immunosuppressive 

agent with a mechanism of action similar to that of 
cyclosporine.9 It is 10 to 100 times more potent 
than cyclosporine.3 This potency has contributed to 
its superiority in preventing allograft rejection and 
has allowed most patients to be weaned off 
corticosteroids.10 Tacrolimus has significant 
adverse effects; namely renal toxicity, 
neurotoxicity, anemia, gastrointestinal symptoms 
and post transplant diabetes mellitus.4,11  

In 1995, Atkinson et al.12 reported the first 
series of five pediatric patients (two liver 
transplant recipients) who developed tacrolimus 
associated symmetric hypertrophy of the left 
ventricle or concentric hypertrophic 
cardiomyopathy. Later, other authors reported a 
few cases of cardiac toxicity related to  
tacrolimus.7,9,10,12–15 A number of mechanisms have 
been proposed to explain the cardiotoxicity of 
tacrolimus, including arteritis of cardiac arteries 
and extensive calcification of cardiac tissue,14 
tacrolimus mediated hypertension,7 and a reduced 
serum selenium level.16 However, the true 
underlying mechanism of tacrolimus related 
cardiomyopathy is not completely understood. 

It is likely that the cardiotoxicity due to 
tacrolimus is related to high blood levels of this 
medication, particularly at levels greater than 20 
ng/mL.17  

There are no prospective control studies on a 
large group of liver transplant recipients with 
tacrolimus cardiotoxicity with a six months follow- 
up.  

Nakata et al.18 evaluated 32 patients who 
underwent living related liver transplantation for 
evidence of tacrolimus associated cardiotoxicity.  
None of their patients developed this complication 
despite some having the same blood level of 
tacrolimus as our patients (12.2 ng/mL vs. 11.2 
ng/mL). This may be due to the shorter duration of 
follow-up in the Nakata et al.18 report in 
comparison to the present study (four weeks vs. six 
months). 

Our study showed two cases of tacrolimus 
associated cardiac toxicity in pediatric patients. 
Therefore, long term follow-up is needed to 
determine whether or not tacrolimus induces 
cardiomyopathy. 

Our first case is similar to a case that was 
reported by Pappas et al.19 who did not respond to 
sirolimus therapy.  

Turska-Kmiec et al.20 reported a case of 
tacrolimus associated hypertrophic 
cardiomyopathy who was responsive to sirolimus 
treatment.  

The levels of tacrolimus in both cases in our 
study with cardiac problems were high (32.1 and 
30.3 ng/mL), in comparison to previous 
studies.18,19  

Hypertrophic cardiomyopathy has also been 
reported to arise from the administration of 
steroids.21 One of our cases received a low dose of 
prednisolone and the other did not receive steroids. 
The cardiomyopathy of steroids was correlated to 
its immunomodulating effects in addition to some 
of its side effects such as fluid retention and 
hypertension. Pappas et al.19 have reported that 
concurrent use of steroids and tacrolimus may 
accelerate the development of hypertrophic 
cardiomyopathy. In our center, the adult patients 
received steroids for a longer period than the 
pediatric patients due to potential growth 
impairment, with no cases of cardiotoxicity in the 
adult patients despite the fact that 70% of our cases 
were adults and only 30% were children. This 
finding is consistent with a previous study.22 
Considering previous studies and our findings, it 
seems that cardiotoxicity of tacrolimus is seen 
almost exclusively in pediatric patients, as four of 
our adult patients had tacrolimus levels above 20 
ng/mL but none of them developed cardiac 
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problems. The differences between the adult and 
pediatric population need further investigation.  

It is imperative to develop guidelines for 
clinical evaluation and follow-up to monitor the 
potential cardiac effects of tacrolimus, especially 
in children. 
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