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Background: Amiodarone is a frequently used antiarrhythmic drug in patients with end-stage heart 

failure. Given its long half-life, pre-transplant use of amiodarone has been controversially discussed, 

with divergent results regarding morbidity and mortality after heart transplantation (HTX).

Aim: The aim of this study was to investigate the effects of long-term use of amiodarone before 

HTX on early post-transplant atrial fibrillation (AF) and mortality after HTX.

Methods: Five hundred and thirty patients (age 18 years) receiving HTX between June 

1989 and December 2012 were included in this retrospective single-center study. Patients with 

long-term use of amiodarone before HTX (1 year) were compared to those without long-term 

use (none or ,1 year of amiodarone). Primary outcomes were early post-transplant AF and 

mortality after HTX. The Kaplan–Meier estimator using log-rank tests was applied for freedom 

from early post-transplant AF and survival.

Results: Of the 530 patients, 74 (14.0%) received long-term amiodarone therapy, with a mean 

duration of 32.3±26.3 months. Mean daily dose was 223.0±75.0 mg. Indications included 

AF, Wolff–Parkinson–White syndrome, ventricular tachycardia, and ventricular fibrillation. 

Patients with long-term use of amiodarone before HTX had significantly lower rates of early 

post-transplant AF (P=0.0105). Further, Kaplan–Meier analysis of freedom from early post-

transplant AF showed significantly lower rates of AF in this group (P=0.0123). There was no 

statistically significant difference between patients with and without long-term use of amio-

darone prior to HTX in 1-year (P=0.8596), 2-year (P=0.8620), 5-year (P=0.2737), or overall 

follow-up mortality after HTX (P=0.1049). Moreover, Kaplan–Meier survival analysis showed 

no statistically significant difference in overall survival (P=0.1786).

Conclusion: Long-term use of amiodarone in patients before HTX significantly reduces early 

post-transplant AF and is not associated with increased mortality after HTX.

Keywords: amiodarone, atrial fibrillation, heart failure, heart transplantation, mortality

Introduction
Life-threatening arrhythmias are the most common cause for sudden cardiac death and 

pose a great danger for patients with end-stage heart failure.1 Antiarrhythmic treatment 

with amiodarone for atrial or ventricular arrhythmias is effective and is commonly used 

in clinical practice.2,3 Amiodarone has been demonstrated to maintain normal sinus 

rhythm in patients with atrial fibrillation (AF) and to decrease the rate of recurrence 

of ventricular tachycardia.2,3 Especially in patients on the waiting list for heart trans-

plantation (HTX), it remains a preferred antiarrhythmic medication as it can be used 

correspondence: andreas O Doesch
Medizinische Klinik, Universitätsklinikum 
heidelberg, innere Medizin iii – abteilung 
für Kardiologie, angiologie und 
Pneumologie, im neuenheimer Feld 410, 
69120 heidelberg, germany
Tel +49 6221 56 39936
Fax +49 6221 56 4105
email andreas.doesch@med.uni-
heidelberg.de 

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2016
Volume: 10
Running head verso: Rivinius et al
Running head recto: Long-term use of amiodarone before HTX reduces early post-transplant AF
DOI: http://dx.doi.org/10.2147/DDDT.S96126

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S96126
mailto:andreas.doesch@med.uni-heidelberg.de
mailto:andreas.doesch@med.uni-heidelberg.de


Drug Design, Development and Therapy 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

678

rivinius et al

in patients with end-stage heart failure and severely reduced 

left ventricular ejection fraction for the management of per-

sistent arrhythmias.4,5

Since it is a highly lipophilic drug, amiodarone is exten-

sively distributed into the body’s tissues with a reported 

half-life ranging from 60 days in patients receiving short-

term therapy up to 120 days in patients with long-term use 

of amiodarone.6–8 This raises the question whether the use of 

amiodarone before HTX may be associated with increased 

morbidity and mortality after HTX as the newly transplanted 

heart is exposed to this drug. On the other hand, the long 

half-life of amiodarone could be a potential safeguard against 

arrhythmias in the early post-transplant period.

Hence, the aim of this large retrospective single-center 

study was to investigate the effects of long-term use of 

amiodarone before HTX on early post-transplant AF and 

mortality after HTX.

Methods
Patients
This study was reviewed and approved by the ethics committee 

of the University of Heidelberg, Heidelberg, Germany, and 

was conducted in accordance with the ethical standards of the 

2013 Declaration of Helsinki. All adult patients (18 years) 

receiving HTX at the Heidelberg Heart Center, Heidelberg, 

Germany, between June 1989 and December 2012 were 

included in this study. Patients with repeated cardiac transplan-

tation were excluded. Data were retrieved from the Heidelberg 

Registry for Heart Transplantation. Written informed con-

sent was obtained for the Heidelberg HTX register. Patients 

were divided into two groups based on their treatment with 

amiodarone before HTX: patients with at least 1 year of pre-

transplant use of amiodarone immediately before HTX were 

included in the “long-term use of amiodarone” group, whereas 

patients with no or less than 1 year of pre-transplant use of 

amiodarone prior to HTX were included in the “no long-term 

use of amiodarone” group. Moreover, duration (in months) and 

daily dose (in milligrams) of pre-transplant long-term use of 

amiodarone were reviewed and evaluated. Primary outcomes 

were early post-transplant AF (AF 30 days after HTX) last-

ing 30 seconds or longer and mortality after HTX.

Follow-up
All available records pertaining to heart rhythm in the 

early post-transplant period (30 days after HTX) were 

assessed. During the initial hospital stay, patients were 

monitored using continuous telemetry. Additionally, 12-lead 

electrocardiography (ECG) was performed on a regular basis 

and in case of any noted arrhythmia on telemetry. Also, 

24-hour Holter recording was performed to detect arrhythmic 

disorders.

After the initial hospital stay, patients were seen on a 

monthly basis during the first 6 months after HTX, then 

bimonthly until the end of the first year, and thereafter 

three times per year (or if clinically indicated).9,10 Routine 

follow-up included medical history taking, physical examina-

tion, 12-lead ECG, and routine laboratory analysis (including 

immunosuppressive drug monitoring). Further, according 

to center standard, echocardiography and endomyocardial 

biopsy were performed.11,12

Post-transplant medication
Post-transplant medication including immunosuppressive 

drug therapy was applied according to center standard. Immu-

nosuppressive drug target levels were routinely monitored by 

laboratory analysis. The initial immunosuppressive regimen 

of cyclosporine A (CsA) and azathioprine (AZA) was subse-

quently replaced by CsA and mycophenolate mofetil (MMF) 

from 2001 onward, and by tacrolimus (TAC) and MMF from 

2006 onward. Simultaneously, steroids (prednisolone) were 

also administered.9,10

statistical analysis
Statistical analysis was performed with SAS (Version 9.3, 

SAS Institute, Cary, NC, USA). Data were expressed as 

mean ± standard deviation (SD) or as absolute number (n) 

with percentage (%). Student’s t-test was used for continuous 

variables and chi-squared test for categorical variables. The 

Kaplan–Meier estimator using log-rank tests was applied 

for freedom from early post-transplant AF and for survival 

after HTX.

Analysis of maximum-likelihood estimation was applied 

to evaluate a possible association between time of pre-

transplant use of amiodarone and survival of patients after 

HTX. Time of pre-transplant long-term use of amiodarone 

(in months) was used as the analysis variable and survival 

of patients after HTX (in months) as the dependent vari-

able. A P-value of ,0.05 was considered to be statistically 

significant.

Demographic data included recipient age, sex, body 

mass index (BMI), coronary artery disease (CAD), arterial 

hypertension, dyslipidemia, diabetes mellitus, and renal 

insufficiency. Donor data included age, sex, and BMI. 

Principal diagnoses for HTX were categorized as nonisch-

emic cardiomyopathy (CMP), ischemic CMP, valvular heart 

disease, and cardiac amyloidosis. Further, transplant sex 
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mismatch and the perioperative data (type of anastomosis 

[biatrial, bicaval, or total orthotopic HTX] and ischemic 

time) were analyzed.

Results
Patient characteristics
Five hundred and thirty patients (age 18 years) receiving 

HTX at the Heidelberg Heart Center between June 1989 and 

December 2012 were included in this study. Among these, 

74 patients received long-term therapy with amiodarone, 

whereas 456 patients did not receive long-term therapy with 

amiodarone.

In patients receiving long-term therapy with amiodarone, 

mean recipient age at HTX was 53.1±8.1 years, and the 

mean follow-up period after HTX was 7.2±6.5 years, with 

59 patients being male (79.7%). Mean donor age was 

40.4±13.2 years, with 30 donors being male (40.5%).

In the other group, mean recipient age at HTX was 

51.5±10.8 years, and mean follow-up period after HTX was 

6.8±6.1 years, with 353 patients being male (77.4%). Mean 

donor age was 39.5±13.3 years, with 207 donors being male 

(45.4%).

With regard to BMI, no statistically significant differ-

ences between the recipient (P=0.0854) and donor groups 

(P=0.8131) were detected. Comorbidities at the time of 

HTX, including CAD (P=0.6108), arterial hypertension 

(P=0.6527), dyslipidemia (P=0.1390), and diabetes mellitus  

(P=0.8765), were not statistically significantly different 

except for renal insufficiency. Patients with long-term use 

of amiodarone had a significantly higher rate of renal insuf-

ficiency (52 of 74 [70.3% of subgroup] vs 253 of 456 [55.5% 

of subgroup], P=0.0170).

Considering the principal diagnoses for HTX, signifi-

cantly more patients with nonischemic CMP were observed 

in the long-term use of amiodarone group (48 of 74 [64.9%] 

vs 236 of 456 [51.7%], P=0.0359), whereas significantly 

more patients with valvular heart disease (29 of 456 [6.4%] 

vs 0 of 74 [0.0%], P=0.0257) and cardiac amyloidosis (36 

of 456 [7.9%] vs 0 of 74 [0.0%], P=0.0123) were observed 

in the opposite group. No statistically significant difference 

was observed for ischemic CMP as the principal diagnosis for 

HTX (26 of 74 [35.1%] vs 155 of 456 [34.0%], P=0.8474). 

Furthermore, there was no statistically significant differ-

ence between the two groups with regard to the transplant 

sex mismatch (37 of 74 [50.0% of subgroup] vs 192 of 456 

[42.1% of subgroup], P=0.2035).

Perioperative data including anastomosis type, with 

further subgroups of biatrial HTX (P=0.6786), bicaval HTX 

(P=0.1242), and total orthotopic HTX (P=0.3751), as well as 

ischemic time (P=0.5763) showed no statistically significant 

difference between the groups. Patient characteristics are 

presented in Table 1.

Duration, daily dose, and indications for 
long-term use of amiodarone
The mean duration of long-term therapy of amiodarone before 

HTX was 32.3±26.3 months, ranging from 12 to 168 months. 

The mean daily amiodarone dose was 223.0±75.0 mg, rang-

ing from 100 to 400 mg per day. Indications for long-term 

therapy with amiodarone were AF in ten patients (13.5% of 

subgroup), Wolff–Parkinson–White syndrome in one patient 

(1.4% of subgroup), ventricular tachycardia in 57 patients 

(77.0% of subgroup), and ventricular fibrillation in six 

patients (8.1% of subgroup). Indications for pre-transplant 

use of amiodarone are displayed in Figure 1.

initial post-transplant medication
Comparison of the initial immunosuppressive drug therapy 

showed no statistically significant differences between 

patients with or without long-term use of amiodarone before 

HTX with regard to the use of CsA (P=0.2426) or TAC 

(P=0.2426). Neither the administration of AZA (P=0.7485) 

nor the use of MMF (P=0.7485) showed a statistically sig-

nificant difference. Moreover, there were no statistically 

significant differences regarding the use of acetylsalicylic 

acid (P=0.5496), angiotensin-converting-enzyme inhibitor/

sartan (P=0.2562), or statin (P=0.7005). In addition, neither 

the administration of beta-blocker (P=0.1561) nor the use of 

calcium channel blocker (P=0.3792) showed a statistically 

significant difference. Medication used within 30 days after 

HTX are given in Table 2.

early post-transplant aF
Sixty-one of the 530 HTX patients (11.5%) developed AF 

in the early post-transplant period. The chi-squared test 

was applied to determine whether there was a significant 

difference in the occurrence of early post-transplant AF 

(AF 30 days after HTX) between patients with and without 

long-term use of amiodarone before HTX by comparing the 

corresponding expected and observed frequencies.

In patients with long-term amiodarone use prior to HTX, 

the expected frequencies predicted 8.5 patients with AF 

after HTX (8.5 of 74 [11.5% of all patients with long-term 

amiodarone use], 8.5 of 61 [14.0% of patients with AF], and 

8.5 of 530 [1.6% of all patients]). In the other group, the 

expected frequencies predicted 52.5 patients with AF after 
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HTX (52.5 of 456 [11.5% of all patients without long-term 

amiodarone use], 52.5 of 61 [86.0% of patients with AF], 

and 52.5 of 530 [9.9% of all patients]).

In contrast to these results, the observed frequencies dif-

fered significantly (P=0.0105), showing that patients with 

long-term use of amiodarone prior to HTX had lower rates 

of early post-transplant AF, with only two patients with AF 

after HTX (2 of 74 [2.7% of all patients with long-term use 

of amiodarone], 2 of 61 [3.3% of patients with AF], and 2 

of 530 [0.4% of all patients]).

Table 1 Patient characteristics

Parameter Long-term use of amiodarone  
prior to HTX (n=74)

No long-term use of amiodarone  
prior to HTX (n=456)

P-value

Recipient data
age in years, mean ± sD 53.1±8.1 51.5±10.8 0.1536
Male sex, n (%) 59 (79.7) 353 (77.4) 0.6567
BMi, mean ± sD 25.4±3.4 24.7±3.9 0.0854
caD, n (%) 33 (44.6) 189 (41.4) 0.6108
arterial hypertension, n (%) 42 (56.8) 246 (53.9) 0.6527
Dyslipidemia, n (%) 53 (71.6) 286 (62.7) 0.1390
Diabetes mellitus, n (%) 26 (35.1) 156 (34.2) 0.8765
Renal insufficiency, n (%) 52 (70.3) 253 (55.5) 0.0170*
Donor data
age in years, mean ± sD 40.4±13.2 39.5±13.3 0.6090
Male sex, n (%) 30 (40.5) 207 (45.4) 0.4360
BMi, mean ± sD 24.7±3.8 24.5±4.0 0.8131
Principal diagnosis for HTX
nonischemic cMP, n (%) 48 (64.9) 236 (51.7) 0.0359*
ischemic cMP, n (%) 26 (35.1) 155 (34.0) 0.8474
Valvular heart disease, n (%) 0 (0.0) 29 (6.4) 0.0257*
cardiac amyloidosis, n (%) 0 (0.0) 36 (7.9) 0.0123*
Transplant sex mismatch
Mismatch, n (%) 37 (50.0) 192 (42.1) 0.2035
Donor (m) to recipient (f), n (%) 4 (5.4) 23 (5.0) 0.8956
Donor (f) to recipient (m), n (%) 33 (44.6) 169 (37.1) 0.2158
Perioperative data
Biatrial hTX, n (%) 24 (32.4) 137 (30.0) 0.6786
Bicaval hTX, n (%) 11 (14.9) 104 (22.8) 0.1242
Total orthotopic hTX, n (%) 39 (52.7) 215 (47.2) 0.3751
ischemic time, min, mean ± sD 207.4±67.5 212.1±64.9 0.5763

Note: *Statistically significant (P,0.05).
Abbreviations: hTX, heart transplantation; BMi, body mass index; caD, coronary artery disease; cMP, cardiomyopathy; m, male; f, female; min, minutes; n, number; 
sD, standard deviation.

Figure 1 indications for pre-transplant use of amiodarone.
Notes: Indications for long-term amiodarone therapy were atrial fibrillation in ten patients (13.5%), Wolff–Parkinson–White syndrome in one patient (1.4%), ventricular 
tachycardia in 57 patients (77.0%), and ventricular fibrillation in six patients (8.1%).
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Consequently, patients without long-term use of amio-

darone prior to HTX had higher rates of early post-transplant 

AF, including 59 patients with AF after HTX (59 of 456 

[12.9% of all patients without long-term use of amiodarone], 

59 of 61 [96.7% of patients with AF], and 59 of 530 [11.1% of 

all patients]). The influence of long-term use of amiodarone 

on post-transplant AF is shown in Table 3.

Further, Kaplan–Meier analysis of freedom from early 

post-transplant AF showed significantly lower rates of AF 

in patients with long-term use of amiodarone before HTX (2 

of 61 [3.3% of subgroup] vs 59 of 61 [96.7% of subgroup], 

P=0.0123). The Kaplan–Meier estimator (freedom from early 

post-transplant AF) is given in Figure 2.

Post-transplant mortality
Of the 530 HTX patients, 254 (47.9%) died during the overall 

follow-up. There was no statistically significant difference 

between the patients with and without long-term use of amio-

darone prior to HTX in 1-year follow-up mortality (amiodarone: 

16 of 71 patients [22.5% of subgroup] vs no amiodarone: 

97 of 449 patients [21.6% of subgroup], P=0.8596), 2-year 

follow-up mortality (amiodarone: 17 of 69 patients [24.6% of 

subgroup] vs no amiodarone: 114 of 445 patients [25.6% of 

subgroup], P=0.8620), 5-year follow-up mortality (amiodarone: 

18 of 60 patients [30.0% of subgroup] vs no amiodarone: 144 

of 386 patients [37.3% of subgroup], P=0.2737), or overall 

follow-up mortality (amiodarone: 29 of 74 patients [39.2% of 

subgroup] vs no amiodarone: 225 of 456 patients [49.3% of 

subgroup], P=0.1049). The influence of long-term use of amio-

darone on post-transplant mortality is shown in Table 4.

In addition, the Kaplan–Meier survival analysis showed 

no statistically significant difference in the overall sur-

vival between patients with and without long-term use 

of amiodarone prior to HTX (P=0.1786). The Kaplan–

Meier estimator (overall follow-up survival) is given in 

Figure 3. Moreover, analysis of maximum-likelihood esti-

mation showed no evidence in this study for an association 

between time of pre-transplant long-term use of amiodarone 

(ranging from 12 to 168 months) and survival of patients 

after HTX (hazard ratio [HR] =1.000; 95% HR confidence 

interval [CI]: 0.983–1.017; P=0.9765).

Discussion
Background
The use of amiodarone in patients with end-stage heart 

failure and arrhythmias prior to HTX has been contro-

versially discussed.4,5,13–18 Due to its lipophilic character, 

large volume of distribution, reduced clearance rate, and 

long half-life, the redistribution of amiodarone from the 

recipient’s tissues to the transplanted donor’s heart has been 

reported.6–8,19 This exposure of the newly transplanted heart 

to amiodarone may have an influence on post-transplant 

arrhythmias and mortality after HTX. Therefore, the purpose 

of this study was to investigate the effects of long-term use 

of amiodarone before HTX on early post-transplant AF and 

mortality after HTX.

Patient characteristics
Analysis of recipient data between patients with and with-

out pre-transplant long-term amiodarone therapy showed 

Table 2 initial post-transplant medication

Parameter Long-term use of amiodarone  
prior to HTX (n=74)

No long-term use of amiodarone  
prior to HTX (n=456)

P-value

cyclosporine a, n (%) 43 (58.1) 297 (65.1) 0.2426
Tacrolimus, n (%) 31 (41.9) 159 (34.9) 0.2426
azathioprine, n (%) 36 (48.6) 231 (50.7) 0.7485
Mycophenolate mofetil, n (%) 38 (51.4) 225 (49.3) 0.7485
steroids, n (%) 74 (100.0) 456 (100.0) na
acetylsalicylic acid, n (%) 7 (9.5) 34 (7.5) 0.5496
Beta-blocker, n (%) 7 (9.5) 72 (15.8) 0.1561
ivabradine, n (%) 3 (4.1) 27 (5.9) 0.5191
calcium channel blocker, n (%) 15 (20.3) 114 (25.0) 0.3792

Dihydropyridine, n (%) 4 (5.4) 47 (10.3) 0.1848
non-dihydropyridine, n (%) 11 (14.9) 67 (14.7) 0.9691

ace inhibitor/sartan, n (%) 29 (39.2) 211 (46.3) 0.2562
Diuretic, n (%) 74 (100.0) 456 (100.0) na
statin, n (%) 28 (37.8) 162 (35.5) 0.7005
gastric protection, n (%) (PPi/h2 blocker) 74 (100.0) 456 (100.0) na

Abbreviations: hTX, heart transplantation; ace inhibitor, angiotensin-converting-enzyme inhibitor; PPi, proton pump inhibitor; h2 blocker, histamine receptor blocker; 
n, number; na, not applicable.
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no statistically significant differences with regard to age, 

male sex, BMI, CAD, arterial hypertension, dyslipidemia, 

or diabetes mellitus. Donor age, sex, BMI, and transplant 

sex mismatch did not vary significantly between the groups. 

Furthermore, type of anastomosis (biatrial, bicaval, or total 

orthotopic HTX) and ischemic time were not statistically 

different.

Patients with long-term use of amiodarone had a signifi-

cantly higher rate of renal insufficiency, although amiodarone 

is cleared predominantly via hepatic metabolism and ,1% is 

excreted via urine.6,8 However, rhabdomyolysis – which can 

lead to kidney failure and death – may occur in patients treated 

simultaneously with amiodarone and simvastatin, especially in 

doses greater than 20 mg per day.20 Additionally, renal dysfunc-

tion has been considered a risk factor for death after HTX.21

With regard to principal diagnoses for HTX, groups dif-

fered slightly as more patients with nonischemic CMP were 

found in the long-term use of amiodarone group, while more 

patients with valvular heart disease and cardiac amyloidosis 

were found in the opposite group. However, no difference 

between groups was found in patients with ischemic CMP 

as the principal diagnosis for HTX.

Therefore, the comparison of patients with and without 

long-term amiodarone use indicated no major differences in 

demographic data, providing two similar groups principally 

varying only in terms of prior amiodarone therapy.

Table 3 Influence of long-term use of amiodarone on early post-transplant atrial fibrillation

Long-term use of amiodarone  
prior to HTX

No long-term use of amiodarone  
prior to HTX

Total

Expected frequencies
AF after HTX 8.5 52.5 61
Total percentage 8.5 of 530 (1.6%) 52.5 of 530 (9.9%) 61 of 530 (11.5%)
row percentage 8.5 of 61 (14.0%) 52.5 of 61 (86.0%) 61 of 61 (100.0%)
column percentage 8.5 of 74 (11.5%) 52.5 of 456 (11.5%) 61 of 530 (11.5%)
No AF after HTX 65.5 403.5 469
Total percentage 65.5 of 530 (12.4%) 403.5 of 530 (76.1%) 469 of 530 (88.5%)
row percentage 65.5 of 469 (14.0%) 403.5 of 469 (86.0%) 469 of 469 (100.0%)
column percentage 65.5 of 74 (88.5%) 403.5 of 456 (88.5%) 469 of 530 (88.5%)
Total 74 456 530
Total percentage 74 of 530 (14.0%) 456 of 530 (86.0%) 530 of 530 (100.0%)
row percentage 74 of 530 (14.0%) 456 of 530 (86.0%) 530 of 530 (100.0%)
column percentage 74 of 74 (100.0%) 456 of 456 (100.0%) 530 of 530 (100.0%)

P=1.0000
Observed frequencies
AF after HTX 2 59 61
Total percentage 2 of 530 (0.4%) 59 of 530 (11.1%) 61 of 530 (11.5%)
row percentage 2 of 61 (3.3%) 59 of 61 (96.7%) 61 of 61 (100.0%)
column percentage 2 of 74 (2.7%) 59 of 456 (12.9%) 61 of 530 (11.5%)
No AF after HTX 72 397 469
Total percentage 72 of 530 (13.6%) 397 of 530 (74.9%) 469 of 530 (88.5%)
row percentage 72 of 469 (15.4%) 397 of 469 (84.6%) 469 of 469 (100.0%)
column percentage 72 of 74 (97.3%) 397 of 456 (87.1%) 469 of 530 (88.5%)
Total 74 456 530
Total percentage 74 of 530 (14.0%) 456 of 530 (86.0%) 530 of 530 (100.0%)
row percentage 74 of 530 (14.0%) 456 of 530 (86.0%) 530 of 530 (100.0%)
column percentage 74 of 74 (100.0%) 456 of 456 (100.0%) 530 of 530 (100.0%)

P=0.0105*

Note: *Statistically significant (P,0.05).
Abbreviations: HTX, heart transplantation; AF, atrial fibrillation.

Figure 2 Kaplan–Meier estimator (freedom from early post-transplant atrial fibrillation).
Note: Freedom from early post-transplant atrial fibrillation (30 days after hTX) 
in patients with/without pre-transplant use of amiodarone.
Abbreviations: HTX, heart transplantation; AF, atrial fibrillation.
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Duration, daily dose, and indications for 
long-term use of amiodarone
Former studies have reported a wide spectrum of duration of 

pre-transplant amiodarone therapy ranging from ,1 week 

to a minimum duration of 3 months.5,16 A longer duration 

of pre-transplant amiodarone therapy has been associated 

with an elevated post-transplant mortality.5 Accordingly, we 

focused on long-term-use of amiodarone before HTX with a 

minimum use of 12 months to minimize bias regarding dura-

tion of intake and achievement of steady state due to the long 

half-life of amiodarone ranging up to 120 days.8

Increased mortality with amiodarone use may not only 

be associated with the duration of intake but also with the 

amount of daily dose. In this study, the mean daily dose was 

223.0±75.0 mg, which is comparable to Macdonald et al13 

reporting a mean daily dose of 247.0±31.0 mg without an 

elevated post-transplant mortality in patients with previous 

amiodarone therapy. In contrast, Chin et al5 described a 

mean daily dose of 327.0±130.0 mg with an increased post-

transplant mortality in patients with pre-transplant use of 

amiodarone for more than 4 weeks.

Amiodarone has been used for the treatment of supraven-

tricular and ventricular arrhythmias.2,3 Indications for 

pre-transplant long-term therapy with amiodarone in this study 

were AF (13.5%), Wolff–Parkinson–White syndrome (1.4%), 

ventricular tachycardia (77.0%), and ventricular fibrillation 

(8.1%).

initial post-transplant medication
Atrial tachyarrhythmias after HTX have been associated with 

acute rejection episodes.22 As rejection episodes are influenced 

by immunosuppressive drug therapy,12 we compared the initial 

immunosuppressive regimen within 30 days after HTX of 

patients with and without long-term use of amiodarone prior to 

HTX. We found no statistically significant differences (CsA, 

TAC, AZA, or MMF, all P-values were not significant).

Antiarrhythmic drugs other than amiodarone (beta-blockers 

or calcium channel blockers) can influence the occurrence 

or frequency of AF.3 To reveal the effects of concomitantly 

administered antiarrhythmic drugs, we compared the initial 

post-transplant medication within 30 days after HTX of 

patients with and without long-term use of amiodarone before 

HTX. The use of beta-blocker, ivabradine, or calcium chan-

nel blocker did not differ significantly between the groups 

(all P-values were not significant), minimizing the potential 

bias with regard to antiarrhythmic drugs.

early post-transplant aF
Pre-transplant amiodarone therapy has been associated with 

post-transplant sinus bradycardia as a result of its negative 

chronotropic effects through calcium channel inhibition and 

beta-receptor blockade, requiring temporary or permanent 

pacing support in some patients.4,23,24 In contrast, however, 

its potential as a safeguard against tachyarrhythmias in the 

early post-transplant period – due to the long half-life of pre-

transplant use of amiodarone – has been poorly studied.

AF in the early post-transplant period after HTX has a 

reported incidence of 7.9%–18.2%.25,26 In this study, 61 of 

530 patients (11.5% of total) developed AF in the early post-

transplant period. Patients with AF are at an increased risk 

of morbidity and mortality as a result of thromboembolic 

complications such as stroke.27 Moreover, several studies 

have shown an increased mortality in patients with AF after 

Table 4 Influence of long-term use of amiodarone on mortality after HTX

Parameter Long-term use of amiodarone  
prior to HTX (n=74)

No long-term use of amiodarone  
prior to HTX (n=456)

P-value

1-year follow-up mortality 16 of 71 (22.5%) 97 of 449 (21.6%) 0.8596
2-year follow-up mortality 17 of 69 (24.6%) 114 of 445 (25.6%) 0.8620
5-year follow-up mortality 18 of 60 (30.0%) 144 of 386 (37.3%) 0.2737
Overall follow-up mortality 29 of 74 (39.2%) 225 of 456 (49.3%) 0.1049

Abbreviations: hTX, heart transplantation; n, number.

Figure 3 Kaplan–Meier estimator (overall follow-up survival).
Note: survival of patients with/without pre-transplant use of amiodarone.
Abbreviation: hTX, heart transplantation.
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HTX compared to patients with sinus rhythm.25,26,28 In order 

to investigate the influence of long-term use of amiodarone 

on post-transplant AF between patients with and without 

long-term amiodarone use prior to HTX, the expected and 

observed frequencies of AF of both groups were compared. 

Here, patients with long-term use of amiodarone before HTX 

had significantly lower rates of early post-transplant AF 

(P=0.0105). Additionally, Kaplan–Meier analysis of freedom 

from early post-transplant AF showed significantly lower 

rates of AF in patients with long-term use of amiodarone 

before HTX compared to those without (P=0.0123).

Post-transplant mortality
With regard to post-transplant mortality, the scientific com-

munity is divided, as some studies reported increased post-

transplant mortality in patients with amiodarone use before 

HTX,15,16 whereas other studies showed no difference.13,14,17 

Macdonald et al13 compared post-transplant mortality 

between 19 patients with pre-transplant amiodarone therapy 

(mean duration of therapy: 9.0±2.2 months; mean daily dose: 

247.0±31.0 mg) and 31 patients as control. They found no sta-

tistically significant differences of prior amiodarone therapy 

on early allograft inotropic function or on clinical outcomes 

such as length of hospital stay or mortality within the first 

month after HTX (mortality was 5.3% and 9.7% in patients 

with and without amiodarone use, respectively).13

Similar results regarding morbidity and mortality were 

reported by Chelimsky-Fallick et al.14 They retrospectively 

matched 29 amiodarone patients (mean duration of therapy: 

11.0±22.0 months; mean daily dose: 360.0±230.0 mg) with 

29 control patents. The 30-day mortality did not differ sig-

nificantly as two patients in the amiodarone group (6.9%) 

and one patient in the control group (3.4%) died.14 In contrast, 

Konertz et al15 reported a higher rate of complications after 

HTX in patients with pre-transplant use of amiodarone, which 

included mortality, difficult weaning from extracorporeal 

circulation, elevated inotropic doses, and prolongation of 

respiratory support. Two of six patients (33.3%) with pre-

transplant amiodarone therapy died compared to three of 

26 patients (11.5%) without prior use of amiodarone. The 

duration of amiodarone therapy or mean daily dose were 

not reported.15

The three aforementioned studies were of rather small 

sample size and covered only a short follow-up period after 

HTX (mean follow-up ,1 year). Further, they did not focus 

on differences in duration of pre-transplant amiodarone 

therapy. This approach was pursued by Chin et al,5 who 

split 106 patients into groups based on their pre-transplant 

use of amiodarone: ,1 week (one patient, mean dose of 

300 mg), 1–4 weeks (five patients, mean dose of 928±492 

mg), and 4 weeks (32 patients, mean dose of 327±130 

mg). Five patients (no mean dose of amiodarone provided) 

received amiodarone for an unspecific period, and 63 patients 

had no prior amiodarone therapy. There was a threefold 

increase of in-hospital mortality in patients treated with 

amiodarone for more than 4 weeks (ten of 32 [31.3%]) 

in comparison to patients without amiodarone (six of 63 

[9.5%]), indicating that a longer pre-transplant use of 

amiodarone may be associated with increased mortality.5  

Likewise, in the aforementioned studies, sample size was 

small and follow-up covered only a short period after HTX, 

although focusing on duration of pre-transplant use of 

amiodarone.

Considering former studies with short-term follow-ups, 

Blomberg et al16 conducted a study with 20 patients receiving 

amiodarone for a minimum of 3 months before HTX, and 

65 HTX-patients without prior amiodarone therapy served 

as control. They provided a 5-year survival analysis. Here, 

eleven of 20 patients in the amiodarone group (55.0%) and 

15 of 65 in the other group (23.1%) died.16 Interestingly, one-

third of deaths in the amiodarone group occurred between 

30 and 60 days after HTX, leaving room for speculations that 

a longer follow-up in the former studies might have had an 

impact on mortality assessment.13,14

A more recent large retrospective study with a total of 396 

patients by Sanchez-Lazaro et al17 observed no significant 

differences in acute graft failure or early mortality. They 

examined 25 patients with a minimum use of amiodarone for 

at least 30 days before transplantation and 371 patients with-

out pre-transplant use of amiodarone. Three of 25 patients 

(12.0%) with pre-transplant amiodarone therapy died versus 

39 of 371 patients (10.5%) without prior use of amiodarone. 

The mean daily dose of amiodarone was not reported.17

The latest contribution to this issue was presented by 

Yerebakan et al18 at the 34th Annual Meeting of the Inter-

national Society for Heart and Lung Transplantation in 

San Diego, California, USA, in April 2014. The authors 

used a propensity score to match 86 patients with pre-

transplant use of amiodarone to 86 controls. There was a 

significantly increased in-hospital mortality after HTX in 

patients receiving prior treatment with amiodarone (7.0% 

vs 0.0%, P=0.01). However, long-term survival after HTX 

was similar between groups (P=0.72). As the final data set 

has not been published yet, preliminary results should be 

interpreted cautiously.18
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Study limitations
Our findings were derived from a single-center study with 530 

patients including 74 patients with long-term therapy of amio-

darone before HTX. Therefore, sufficient power to compare 

results with multi-center studies was provided. Moreover, in 

contrast to multicenter studies, patients received a compa-

rable center-specific induction regimen and follow-up, thus 

minimizing potential confounders. Second, the retrospective 

nature of this analysis carries the limitations of such a study 

design.9,10 Third, a possible era effect cannot be ruled out, 

given the long follow-up period.11,12

Conclusion
The use of amiodarone in patients with end-stage heart fail-

ure and arrhythmias before HTX has been controversially 

discussed.4,5,13–18 This large retrospective single-center study 

with 530 patients aimed to investigate the effects of long-term 

use of amiodarone before HTX on early post-transplant AF 

and mortality after HTX.

Notably, patients with long-term use of amiodarone 

before HTX had significantly lower rates of early post- 

transplant AF (P=0.0105). In addition, Kaplan–Meier 

analysis of freedom from early post-transplant AF showed 

significantly lower rates of AF in this group (P=0.0123). 

Moreover, we found no evidence of increased post-transplant 

mortality in patients with pre-transplant long-term use 

of amiodarone with regard to 1-year (P=0.8596), 2-year 

(P=0.8620), 5-year (P=0.2737), or overall follow-up mortal-

ity after HTX (P=0.1049). Further, Kaplan–Meier survival 

analysis showed no statistically significant difference in the 

overall survival (P=0.1786).

Therefore, based on our results and the efficacy of 

amiodarone in the treatment of atrial and ventricular arrhyth-

mias in patients with end-stage heart failure, we consider 

amiodarone an important antiarrhythmic drug in patients 

with severe heart failure awaiting HTX. Nevertheless, each 

indication for amiodarone has to be carefully taken into 

consideration for balancing its benefits and disadvantages. 

In addition, further large prospective randomized controlled 

studies are required to assess the effects of pre-transplant use 

of amiodarone on post-transplant outcomes.
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