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Objectives: Digitalis therapy (digoxin or digitoxin) in patients with heart failure is subject to 

an ongoing debate. Recent data suggest an increased mortality in patients receiving digitalis. 

This study investigated the effects of chronic digitalis therapy prior to heart transplantation 

(HTX) on posttransplant outcomes.

Patients and methods: This was a retrospective, observational, single-center study. 

It comprised 530 adult patients who were heart-transplanted at Heidelberg University Hospital 

between 1989 and 2012. Patients with digitalis prior to HTX ($3 months) were compared to 

those without (no or ,3 months of digitalis). Patients with digitalis were further subdivided 

into patients receiving digoxin or digitoxin. Primary outcomes were early posttransplant atrial 

fibrillation and mortality.

Results: A total of 347 patients (65.5%) had digitalis before HTX. Of these, 180 received 

digoxin (51.9%) and 167 received digitoxin (48.1%). Patients with digitalis before HTX had a 

significantly lower 30-day (P=0.0148) and 2-year (P=0.0473) survival. There was no significant 

difference between digoxin and digitoxin in 30-day (P=0.9466) or 2-year (P=0.0723) survival. 

Multivariate analysis for posttransplant 30-day mortality showed pretransplant digitalis therapy 

as an independent risk factor (hazard ratio =2.097, CI: 1.036–4.248, P=0.0397). Regarding 

atrial fibrillation in the early posttransplant period, there was neither a statistically significant 

difference between patients with and without digitalis (P=0.1327) nor between patients with 

digoxin or digitoxin (P=0.5867).

Conclusion: Digitalis in patients before HTX is an independent risk factor for increased 

posttransplant mortality.
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Introduction
Digitalis (digoxin or digitoxin) has been used in the treatment of congestive heart 

failure and/or atrial fibrillation (AF) for several decades.1,2 As a result, there is an 

ongoing debate about the use of digitalis as concerns have been raised about its efficacy 

and safety. There are several reports about a higher mortality in patients receiving 

digitalis,2–10 while others could not detect a statistically significant difference and 

suggested that an association between digitalis and adverse outcomes could be due 

to confounding and selection bias.11–13 Moreover, independently performed post hoc 

analyses of the AFFIRM study14 yielded diverging results as a consequence of differ-

ent statistical tools.15–18

In the light of the narrow therapeutic window of digitalis, a possible reason for the 

conflicting data could be the applied daily dose of digitalis, as elevated serum levels 
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of digitalis have been linked to an increased mortality due to 

drug interactions and arrhythmic disorders.2,15 Furthermore, 

dosing strategies and serum level monitoring of digitalis can 

vary immensely, potentially affecting the outcomes.19,20

The primary mechanism of action of digitalis is inhibition 

of sodium/potassium adenosine triphosphatase, leading to 

an elevated intracellular sodium concentration. As a conse-

quence, there is a reduced sodium/calcium exchanger activity, 

leading to an increase in intracellular calcium concentration. 

This elevated calcium level is assumed to stimulate myocar-

dial contraction (positive inotropic effect).21,22 Moreover, 

digitalis also shows effects on the cardiac conduction system 

by decreasing the heart rate (negative chronotropic effect), 

reducing the conduction velocity (negative dromotropic 

effect), and increasing cellular excitability (positive bath-

motropic effect), resulting in bradycardia, atrioventricular 

block, and cardiac arrhythmias.21,22

Furthermore, extracardiac effects of digitalis include 

sensitization of baroreceptors located in the carotid sinus 

region, modulation of smooth muscle tone, and stimulation 

of the central vagal nucleus.22–24

As part of heart failure (HF) medication, many patients 

receive digitalis before heart transplantation (HTX).1,2 

However, little is known about the transient effects of prior 

digitalis therapy on posttransplant outcomes. Hence, this 

study investigated the effects of chronic digitalis therapy 

prior to HTX on AF in the early posttransplant period, as 

well as mortality after HTX.

Patients and methods
Patients
The performance of this study was approved by the ethical 

review board of the University of Heidelberg and was in 

accordance with the Declaration of Helsinki. It comprised 

all patients ($18 years) who were heart-transplanted at 

Heidelberg University Hospital between June 1989 and 

December 2012. Cardiac re-transplantations were excluded. 

Data were retrieved from the clinical routine and analyzed in 

pseudonymized form. No additional written informed consent 

was required for this retrospective observational single-center 

study, as only clinical routine data were used.25–28

Patients were stratified by digitalis treatment prior to HTX: 

patients with $3 months of digitalis therapy directly before 

HTX were included in the “chronic digitalis” group, while 

patients with no or ,3 months of digitalis use prior to HTX 

were included in the “no chronic digitalis” group. Patients with 

intermittent or former (determined .90 days before HTX) 

digitalis therapy were put in the “no chronic digitalis” group. 

Patients with chronic digitalis were further subdivided into 

patients receiving digoxin or digitoxin. Additionally, daily 

dosage (milligrams) and duration (days) of pretransplant 

digoxin and digitoxin treatment were assessed. Indication for 

digitalis therapy before HTX was HF with or without AF.

Follow-up
Posttransplant follow-up of patients was performed in line 

with the center standard. Patients were routinely supervised 

by ongoing heart rhythm monitoring while in hospital. 

Moreover, 12-lead electrocardiography was regularly carried 

out and in the event of arrhythmias on monitoring. Addition-

ally, Holter monitoring for 24 hours was routinely conducted. 

Assessment of heart rhythm in the early posttransplant period 

(#30 days following HTX) was based upon all available 

source files. The definition of early posttransplant AF was 

that AF was documented for a minimum period of 30 seconds 

within 30 days following HTX. Other atrial arrhythmias 

were excluded.25–27

After discharge, patients were followed up monthly 

within 6 months following HTX, then every 2 months until 

12 months after HTX, and thereafter three to four times annu-

ally. Routine follow-up appointments comprised anamnesis, 

physical examination, electrocardiography, blood tests, dose 

adjustment of immunosuppressive drug therapy, and perfor-

mance of echocardiography.25–30

Medication following HTX
Patients received immunosuppressive drug therapy and 

posttransplant medication conforming to the center standard. 

Since 1994, an immunosuppressive induction treatment 

with anti-thymocyte globulin has been applied to patients 

after HTX. Cyclosporine A (CsA) and azathioprine (AZA) 

were used as initial immunosuppressive drug therapy. AZA 

was subsequently substituted by mycophenolate mofetil 

from 2001 onward, and CsA was consecutively replaced by 

tacrolimus from 2006 onward. Steroids were additionally 

administered in the initial period after HTX.25–28

Statistical analysis
Data analysis was carried out with SAS software (Version 9.3; 

SAS Institute, Cary, NC, USA). Results were presented as 

count (n) with percentage (%) or as mean ± standard deviation. 

Categorical variables were analyzed with chi-squared test, 

and continuous variables with Student’s t-test. Posttransplant 

survival and absence of AF in the early posttransplant period 

were displayed with Kaplan–Meier estimators. A P-value 

of ,0.0500 was considered as statistically significant.25–28
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Univariate analyses included recipient data, donor data, 

and perioperative data. A multivariate analysis for mortality 

within 30 days after HTX was conducted using Cox regres-

sion to analyze the impact of different variables that were 

statistically significant in the univariate analysis. It included 

the following six variables: chronic digitalis therapy before 

HTX, diabetes mellitus, nonischemic cardiomyopathy (CMP), 

cardiac amyloidosis, biatrial HTX, and bicaval HTX. No addi-

tional variables were selected for this multivariate analysis to 

provide a stable number of events (deceased patients) per ana-

lyzed variable and to avoid biased regression coefficients.

Primary outcomes of this study were mortality after HTX 

and AF within 30 days following HTX.

Results
Demographic and clinical characteristics
This retrospective observational single-center study com-

prised a total of 530 patients. Of these, 347 patients (65.5%) 

received chronic digitalis therapy before HTX and 183 patients 

(34.5%) had no chronic digitalis therapy prior to HTX. 

Patients with chronic digitalis use prior to HTX were further 

subdivided into 180 patients (51.9%) with digoxin and 

167 patients (48.1%) with digitoxin.

In terms of recipient data, no significant differences were 

observed between the groups concerning age (P=0.7164), 

male sex (P=0.4745), body mass index (P=0.0793), coronary 

artery disease (P=0.5354), arterial hypertension (P=0.7750), 

dyslipidemia (P=0.5615), renal insufficiency (P=0.1245), or 

glomerular filtration rate (P=0.9753). Patients with chronic 

digitalis use before HTX showed a significantly higher 

percentage of diabetes mellitus (131/347 [37.8%] vs 51/183 

[27.9%], P=0.0227).

Regarding the principal diagnoses for HTX, a signifi-

cantly higher rate of patients with nonischemic CMP was 

found in the chronic digitalis group (204/347 [58.8%] vs 

80/183 [43.7%], P=0.0009), while a significantly higher rate 

of patients with cardiac amyloidosis was observed in the no 

chronic digitalis group (6/347 [1.7%] vs 30/183 [16.4%], 

P,0.0001). No statistically significant differences were 

observed between groups for ischemic CMP (P=0.3856) or 

valvular heart disease (P=0.1069) as the principal diagnosis 

for HTX.

In terms of donor data, age (P=0.0713), male sex 

(P=0.1501), and body mass index (P=0.1622) were not sig-

nificantly different. Furthermore, no significant differences 

were observed between groups in transplant sex mismatch 

(P=0.7219), total orthotopic HTX (P=0.1291), or duration 

of initial hospital stay (P=0.4396).

Patients in the chronic digitalis group had a higher per-

centage of biatrial HTX (124/347 [35.8%] vs 37/183 [20.2%], 

P=0.0002), whereas patients in the no chronic digitalis 

group had a higher rate of bicaval HTX (65/347 [18.7%] 

vs 50/183 [27.3%], P=0.0225). Analysis of posttransplant 

medication indicated no significant differences between 

groups concerning the administration of acetylsalicylic acid 

(P=0.5285), β-blocker (P=0.1421), calcium channel blocker 

in general (P=0.5885), dihydropyridine calcium channel 

blocker (P=0.9037), non-dihydropyridine calcium channel 

blocker (P=0.4496), or angiotensin-converting enzyme 

inhibitor/angiotensin II receptor blocker (P=0.2815). Demo-

graphic and clinical characteristics including posttransplant 

medication are given in Table 1.

Indications for digitalis therapy
Indications for chronic digitalis use before HTX were 

HF in 183 patients (52.7%) and HF with AF in 164 patients 

(47.3%). Chronic digoxin use before HTX was applied in 

110 patients (61.1%) with HF and 70 patients (38.9%) with 

HF with AF. Chronic digitoxin therapy before HTX was 

used in 73 patients (43.7%) with HF and 94 patients (56.3%) 

with HF with AF.

Duration and daily doses of digitalis
Mean duration of chronic digitalis therapy before HTX was 

24.6±20.9 months, ranging from 3 to 148 months. Patients 

with chronic digoxin use prior to HTX had a mean daily 

dose of 0.19±0.05 mg and a mean duration of intake of 

24.0±20.8 months, ranging from 3 to 148 months.

Patients with chronic digitoxin use prior to HTX had a 

mean daily dose of 0.08±0.02 mg and a mean duration of intake 

of 25.2±21.1 months, ranging from 3 to 121 months.

Posttransplant survival
A total of 254 patients (47.9%) deceased during overall 

follow-up. Kaplan–Meier estimator showed an inferior 

30-day (P=0.0148) and 2-year (P=0.0473) survival in patients 

with chronic digitalis therapy before HTX, in comparison 

to patients without chronic digitalis therapy before HTX. 

Kaplan–Meier analysis for 30-day survival posttransplant is 

presented in Figure 1 and for 2-year posttransplant survival 

is shown in Figure 2. Additionally, no significant difference 

was found between patients with digoxin or digitoxin before 

HTX in 30-day (P=0.9466) or 2-year posttransplant survival 

(P=0.0723). Moreover, there was neither a statistically sig-

nificant difference between patients with low or high doses 

of digoxin before HTX in 30-day (P=0.5360) or 2-year 
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Table 1 Demographic and clinical characteristics

Parameter Chronic digitalis 
before HTX (n=347)

No chronic digitalis 
before HTX (n=183)

P-value

Recipient data
Age in years, mean ± SD 51.9±10.4 51.5±10.5 0.7164
Male sex, n (%) 273 (78.7) 139 (76.0) 0.4745
Body mass index (kg/m²), mean ± SD 24.6±3.8 25.2±3.9 0.0793
Coronary artery disease, n (%) 142 (40.9) 80 (43.7) 0.5354
Arterial hypertension, n (%) 187 (53.9) 101 (55.2) 0.7750
Dyslipidemia, n (%) 225 (64.8) 114 (62.3) 0.5615
Diabetes mellitus, n (%) 131 (37.8) 51 (27.9) 0.0227*
Renal insufficiency,^ n (%) 208 (59.9) 97 (53.0) 0.1245
Glomerular filtration rate, mean ± SD 60.5±19.4 60.4±23.4 0.9753
Principal diagnosis for HTX
Nonischemic CMP, n (%) 204 (58.8) 80 (43.7) 0.0009*
Ischemic CMP, n (%) 114 (32.9) 67 (36.6) 0.3856
Valvular heart disease, n (%) 23 (6.6) 6 (3.3) 0.1069
Cardiac amyloidosis, n (%) 6 (1.7) 30 (16.4) ,0.0001*
Donor data
Age in years, mean ± SD 38.9±13.0 41.1±13.6 0.0713
Male sex, n (%) 163 (47.0) 74 (40.4) 0.1501
Body mass index (kg/m²), mean ± SD 24.4±3.6 24.9±4.5 0.1622
Transplant sex mismatch
Mismatch, n (%) 148 (42.7) 81 (44.3) 0.7219
Donor (m) to recipient (f), n (%) 19 (5.5) 8 (4.4) 0.5826
Donor (f) to recipient (m), n (%) 129 (37.2) 73 (39.9) 0.5406
Perioperative data
Biatrial HTX, n (%) 124 (35.8) 37 (20.2) 0.0002*
Bicaval HTX, n (%) 65 (18.7) 50 (27.3) 0.0225*
Total orthotopic HTX, n (%) 158 (45.5) 96 (52.5) 0.1291
LOS (days), mean ± SD 42.5±23.7 44.0±20.4 0.4396
Initial posttransplant medication
ASA, n (%) 25 (7.2) 16 (8.7) 0.5285
β-Blocker, n (%) 46 (13.3) 33 (18.0) 0.1421
Calcium channel blocker, n (%) 87 (25.1) 42 (22.9) 0.5885

Dihydropyridine, n (%) 33 (9.5) 18 (9.8) 0.9037
Non-dihydropyridine, n (%) 54 (15.6) 24 (13.1) 0.4496

ACE inhibitor/ARB, n (%) 163 (47.0) 77 (42.1) 0.2815
Diuretic, n (%) 347 (100.0) 183 (100.0) na
Gastric protection (PPI/H2 blocker), n (%) 347 (100.0) 183 (100.0) na

Notes: ^Glomerular filtration rate ,60 mL/min/1.73 m2; *statistically significant (P,0.0500).
Abbreviations: ASA, acetylsalicylic acid; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CMP, cardiomyopathy; f, female; 
H2 blocker, histamine receptor blocker; HTX, heart transplantation; LOS, length of initial hospital stay; m, male; n, number; na, not applicable; PPI, proton pump inhibitor; 
SD, standard deviation.

Figure 1 Thirty-day survival after HTX (Kaplan–Meier estimator).
Note: Patients with chronic digitalis therapy before HTX had a statistically 
significant inferior 30-day posttransplant survival, compared to patients without 
chronic digitalis therapy before HTX (P=0.0148).
Abbreviation: HTX, heart transplantation.
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Figure 2 Two-year survival after HTX (Kaplan–Meier estimator).
Note: Patients with chronic digitalis therapy before HTX had a statistically significant 
inferior 2-year posttransplant survival, compared to patients without chronic digitalis 
therapy before HTX (P=0.0473).
Abbreviation: HTX, heart transplantation.
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(P=0.1997) survival nor between patients with low or high 

doses of digitoxin before HTX in 30-day (P=0.4199) or 

2-year posttransplant survival (P=0.3484).

Multivariate analysis
Multivariate analysis for posttransplant 30-day mor-

tality comprised the following six variables: chronic 

digitalis therapy before HTX (hazard ratio [HR] =2.097, 

95% CI: 1.036–4.248, P=0.0397), diabetes mellitus 

(HR =0.868, CI: 0.488–1.542, P=0.6282), nonischemic CMP 

(HR =0.661, CI: 0.381–1.147, P=0.1414), cardiac amyloido-

sis (HR =0.327, CI: 0.042–2.510, P=0.2821), biatrial HTX  

(HR =1.228, CI: 0.675–2.234, P=0.5004), and bicaval HTX 

(HR =0.779, CI: 0.350–1.736, P=0.5419). Multivariate 

analysis is displayed in Table 2.

Causes of death
A total of 52 patients (9.8%) deceased within 30 days fol-

lowing HTX. Forty-two of 347 patients (12.1%) passed 

away in the chronic digitalis group, while 10 of 183 patients 

(5.4%) deceased in the no chronic digitalis group (P=0.0146). 

In terms of causes of death, significantly more patients 

died from transplant failure in the chronic digitalis group 

(31/347 [8.9%] vs 6/183 [3.3%], P=0.0151), while there 

were no statistically significant differences in acute rejec-

tion (P=0.6448), infection/sepsis (P=0.4335), or stroke/

intracranial hemorrhage (P=0.6874). Causes of death are 

shown in Table 3.

Echocardiographic features
Patients with chronic digitalis use before HTX showed a 

significantly higher rate of reduced left ventricular ejection 

fraction (LVEF; 39/347 [11.2%] vs 9/183 [4.9%], P=0.0159) 

and an enlarged left ventricular size (31/347 [8.9%] vs 7/183 

[3.8%], P=0.0302). Additionally, the right atrial (177/347 

[51.0%] vs 65/183 [35.5%], P=0.0007) and the left atrial 

(200/347 [57.6%] vs 77/183 [42.1%], P=0.0006) end-diastolic 

diameters were significantly more often enlarged in patients 

with chronic digitalis therapy before HTX.

No significant differences were observed between groups 

in right ventricular size (P=0.1140), mitral regurgitation 

(P=0.9155), or tricuspid regurgitation (P=0.2576). Echocar-

diographic features within 30 days after HTX are shown 

in Table 4.

Atrial fibrillation
There was no statistically significant difference between 

patients with and without chronic digitalis use before HTX, 

Table 2 Multivariate analysis for mortality within 30 days after 
HTX

Variable Hazard 
ratio

95% confidence 
interval

P-value

Chronic digitalis therapy 
before HTX (in total)

2.097 1.036–4.248 0.0397*

Diabetes mellitus (in total) 0.868 0.488–1.542 0.6282
Nonischemic CMP (in total) 0.661 0.381–1.147 0.1414
Cardiac amyloidosis (in total) 0.327 0.042–2.510 0.2821
Biatrial HTX (in total) 1.228 0.675–2.234 0.5004
Bicaval HTX (in total) 0.779 0.350–1.736 0.5419

Note: *Statistically significant (P,0.0500).
Abbreviations: CMP, cardiomyopathy; HTX, heart transplantation.

Table 3 Causes of death within 30 days after HTX

Parameter Chronic 
digitalis before 
HTX (n=347)

No chronic 
digitalis before 
HTX (n=183)

P-value

Transplant failure, n (%) 31 (8.9) 6 (3.3) 0.0151*
Acute rejection, n (%) 1 (0.3) 1 (0.5) 0.6448
Infection/sepsis, n (%) 7 (2.0) 2 (1.1) 0.4335
Stroke/ICH, n (%) 3 (0.9) 1 (0.5) 0.6874
All causes, n (%) 42 (12.1) 10 (5.4) 0.0146*

Note: *Statistically significant (P,0.0500).
Abbreviations: HTX, heart transplantation; ICH, intracranial hemorrhage; n, number.

Table 4 Echocardiographic features within 30 days after HTX

Parameter Chronic 
digitalis 
before HTX 
(n=347)

No chronic 
digitalis 
before HTX 
(n=183)

P-value

End-diastolic diameter
Normal RA (,35 mm), n (%) 170 (49.0) 118 (64.5) 0.0007*
Normal LA (,40 mm), n (%) 147 (42.4) 106 (57.9) 0.0006*
Normal RV (,30 mm), n (%) 285 (82.1) 160 (87.4) 0.1140
Normal LV (,55 mm), n (%) 316 (91.1) 176 (96.2) 0.0302*
LVEF
$55%, n (%) 308 (88.8) 174 (95.1) 0.0159*
,55%, n (%) 39 (11.2) 9 (4.9)

45%–54%, n (%) 9 (2.6) 3 (1.6)
30%–44%, n (%) 7 (2.0) 0 (0.0)
,30%, n (%) 23 (6.6) 6 (3.3)

Mitral regurgitation
No, n (%) 265 (76.4) 139 (76.0) 0.9155
Yes, n (%) 82 (23.6) 44 (24.0)

Mild, n (%) 81 (23.3) 42 (22.9)
Moderate, n (%) 1 (0.3) 2 (1.1)
Severe, n (%) 0 (0.0) 0 (0.0)

Tricuspid regurgitation
No, n (%) 216 (62.2) 123 (67.2) 0.2576
Yes, n (%) 131 (38.8) 60 (32.8)

Mild, n (%) 76 (21.9) 36 (19.7)
Moderate, n (%) 32 (9.3) 20 (10.9)
Severe, n (%) 23 (6.6) 4 (2.2)

Note: *Statistically significant (P,0.0500).
Abbreviations: HTX, heart transplantation; LA, left atrium; LV, left ventricle; LVEF, 
left ventricular ejection fraction; n, number; RA, right atrium; RV, right ventricle.
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regarding the occurrence of AF within 30 days after HTX 

(P=0.1327). Kaplan–Meier analysis of freedom from early 

posttransplant AF is given in Figure 3.

Additionally, chi-squared test showed no association 

between chronic pretransplant digitalis therapy and early AF 

after HTX (P=0.1473). Moreover, there was no significant 

difference in terms of AF between patients with chronic use 

of digoxin or digitoxin before HTX (P=0.5867).

Discussion
Digitalis therapy
As digitalis-associated mortality is subject to an ongoing 

debate, this retrospective observational single-center study 

with 530 patients investigated the effects of chronic digitalis 

therapy before HTX on posttransplant mortality and AF in 

the early posttransplant period. Chronic digitalis therapy 

before HTX was associated with a significantly lower 30-day 

(P=0.0148) and 2-year (P=0.0473) survival. Patients with 

chronic digitalis use prior to HTX had a significantly higher 

rate of reduced LVEF (P=0.0159) and transplant failure 

(P=0.0151). Regarding the occurrence of early posttransplant 

AF, there was no significant difference between patients with 

and without digitalis (P=0.1327).

Two modes of action should be considered when looking 

at the effects of pretransplant digitalis therapy in patients 

after HTX: 1) the influence of the remaining serum level of 

digitalis on the cardiac allograft which has not been exposed 

to digitalis before (direct cardiac effects) and 2) the repercus-

sions of digitalis-induced extracardiac changes (sensitiza-

tion of baroreceptors, modulation of smooth muscle tone, 

and stimulation of the central vagal nucleus) on the cardiac 

allograft which was adapted to “normal” physiologic proper-

ties (indirect cardiac effects).

Moreover, a third mode of action has to be taken into 

consideration, which is closely connected with the indirect 

cardiac effects. Due to differences between digoxin and digi-

toxin in half-life and mechanism of elimination,31 residuals 

of digitalis-induced extracardiac effects may vary in dura-

tion and intensity. Once the effects of digitalis fade away, 

a counterreaction or rebound effect may occur, including 

tachycardia, arrhythmias, or fluctuation of blood pressure.

Hence, all the abovementioned characteristics should be 

carefully considered to understand the complex consequences 

of pretransplant digitalis use on outcomes after HTX.

Mortality after heart transplantation
Various studies have analyzed the effects of digitalis on 

survival in patients with congestive heart failure and/or 

AF.1–18 This study is the first to investigate the effects of 

digitalis therapy before HTX on posttransplant survival. 

We observed a statistically significant impaired 30-day and 

2-year survival after HTX in patients with pretransplant 

chronic digitalis therapy, in comparison to patients without 

chronic digitalis use before HTX.

Since patient selection and confounding may influence 

survival, demographic and clinical characteristics of patients 

with and without digitalis before HTX were compared. 

Patients in the digitalis group had a higher percentage of 

diabetes mellitus, nonischemic CMP as the principal diagnosis 

for HTX, and biatrial HTX technique, whereas patients in 

the no digitalis group showed a higher percentage of cardiac 

amyloidosis as the principal diagnosis for HTX and bicaval 

HTX technique. For further analysis, a multivariate analysis 

for posttransplant 30-day mortality was performed including 

the abovementioned five variables and pretransplant chronic 

digitalis use.

Here, only chronic digitalis therapy before HTX could be 

identified as a statistically significant risk factor for mortality 

with an HR of 2.1, indicating that patients with former digi-

talis use have a more than two-fold increased risk of death 

within 30 days after HTX.

Regarding the causes of death, significantly more patients 

deceased from transplant failure in the digitalis group (8.9%) 

compared to the no digitalis group (3.3%). This is in line with 

the observed findings of a significantly higher rate of a post-

transplant reduced LVEF and an enlarged left ventricular size 

in patients with chronic digitalis therapy before HTX.

Differences between the two derivatives of digitalis – 

digoxin and digitoxin – may have an impact on survival as the 

Figure 3 Freedom from early posttransplant atrial fibrillation (Kaplan–Meier 
estimator).
Note: There was no statistically significant difference between patients with 
and without chronic digitalis therapy before HTX in the occurrence of 30-day 
posttransplant AF (P=0.1327).
Abbreviations: AF, atrial fibrillation; HTX, heart transplantation.
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half-life and the mechanism of elimination differ.31 Digoxin 

has a half-life of about 2 days and is primarily excreted via 

the kidneys, while digitoxin has a half-life of about 6 days 

and is primarily excreted via the enterohepatic circulation.31 

However, in this study, there was no significant difference 

between patients with digoxin or digitoxin therapy prior to 

HTX in 30-day or 2-year posttransplant survival.

Due to the narrow therapeutic window of digitalis, 

increased digitalis doses and elevated serum levels of digitalis 

have been linked to impaired survival.2,15,32 Again, in this 

study, there was neither a statistically significant difference 

between patients with low or high doses of digoxin before 

HTX in 30-day or 2-year survival nor between patients with 

low or high doses of digitoxin before HTX in 30-day or 

2-year posttransplant survival.

In summary, the abovementioned results indicate that 

chronic digitalis therapy in patients before HTX is an 

independent risk factor for increased posttransplant mortal-

ity. Nonetheless, the abovementioned results indicate that 

survival after HTX may be affected by various parameters. 

So far, it is uncertain whether our results regarding the 

chronic use of digitalis before HTX can be applied to 

patients on the waiting list for HTX in general. Therefore, 

as the deleterious effects of digitalis are still not completely 

understood, digitalis in patients awaiting HTX should be 

used with utmost caution.

Early posttransplant AF
As a result of its properties, the use of digitalis may provoke the 

occurrence of supraventricular and ventricular arrhythmias.2 

Furthermore, due to its stimulation of the activity of the vagus 

nerve, its negative chronotropic and dromotropic effects, as 

well as its positive bathmotropic effects, digitalis may render 

the atrium more susceptible to AF.2,21–24

Patients with AF have an increased risk for thromboem-

bolic events such as transient ischemic attack and stroke.33 

Furthermore, patients suffering from AF after HTX have an 

impaired posttransplant survival, compared to patients with 

sinus rhythm.25,34,35 Additionally, even brief episodes of AF 

have been associated with unfavorable outcomes.35

Proarrhythmic effects of digitalis, especially the occur-

rence of AF, may be the result of drug interactions with other 

antiarrhythmic drugs.2,36 In a recent post hoc analysis of the 

PALLAS trial which compared the effects of dronedarone 

vs placebo on patients with AF and was stopped ahead of 

schedule for safety reasons, it was shown that 11 of 13 

arrhythmic deaths in the dronedarone group occurred in 

patients receiving digoxin.37,38 The authors attribute this 

increased number of deaths to a drug interaction between 

digoxin and dronedarone at the level of the P-glycoprotein 

transport system causing elevated serum levels of digitalis.2,38 

However, comparison of initial posttransplant medication 

in this study showed no significant differences between the 

digitalis group and the no digitalis group concerning the use 

of antiarrhythmic drugs such as β-blocker or calcium channel 

blocker, minimizing possible confounding.

There are several risk factors which may be related to the 

occurrence of early posttransplant AF, such as the type of 

surgical technique (biatrial, bicaval, or total orthotopic HTX).25 

The biatrial technique consists of two long anastomoses of donor 

and recipient atria resulting in enlarged cavities with distorted 

anatomy, whereas the bicaval technique preserves the right 

donor atrium via donor-to-recipient venae cavae anastomoses. 

In the total orthotopic HTX, both donor atria are preserved by 

total excision of the recipient atria, except for two small pulmo-

nary vein cuffs, which are integrated into the left donor atrium. 

The right donor atrium is preserved via donor-to-recipient venae 

cavae anastomoses as in the bicaval technique.25,39

In a previous study of our group, we could demonstrate 

that total orthotopic HTX had the lowest rate of AF (total 

orthotopic HTX: 6.3%, bicaval HTX: 14.8%, biatrial HTX: 

17.4%; P=0.0012).25 Moreover, an enlarged left atrium, mitral 

regurgitation, and valvular heart disease as the principal diag-

nosis for HTX have been related to the occurrence of early 

posttransplant AF.25

Oxidative stress has been connected to the pathogen-

esis of AF.40 Patients in the early posttransplant period are 

exposed to postoperative stress, including catecholaminergic 

imbalance, electrolyte imbalance, hypertension, or episodes 

of pain, increasing the likelihood of the occurrence of AF.

In this study, 11.5% of all patients had early post-

transplant AF, which is in line with the reported rates of 

early posttransplant AF of 7.9%–18.2%.34,35 Regarding the 

occurrence of early posttransplant AF, we could not detect a 

statistically significant difference between patients with and 

without chronic digitalis therapy before HTX.

Study limitations
First, our results are derived from a single-center study. 

Nevertheless, due to its large number of 530 participants 

including 180 patients with chronic digoxin therapy before 

HTX, 167 patients with chronic pretransplant digitoxin use, 

and 183 patients without chronic digitalis administration prior 

to HTX, outcomes are comparable in participant numbers to 

multicenter trials. In addition, patients had a standardized 

center-specific pre-, peri-, and posttransplant treatment and 
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follow-up, minimizing potential selection bias and confound-

ers. Second, although data were collected prospectively, the 

retrospective nature of data analysis has certain limits.25–28

Third, a possible interaction between digitalis and the immu-

nosuppressive drug regimen cannot be completely ruled out, 

although previous data could demonstrate that CsA has no spe-

cific inhibitory effect on the renal elimination of digoxin.41

Fourth, serum levels of digoxin or digitoxin directly before 

HTX were not available. Therefore, a potential association 

between increased posttransplant mortality and higher serum 

levels of digitalis could not be analyzed. Nevertheless, there 

was neither a significant difference between patients with 

digoxin/digitoxin nor with patients receiving low/high doses of 

digitalis in 30-day or 2-year posttransplant survival, indicating 

a dose-independent negative effect of digitalis on posttransplant 

mortality. Fifth, as a result of the extended period of follow-up, 

a potential era effect cannot be entirely excluded.25–30

Last, our findings should be considered as hypothesis-

generating, especially in regard to the results of survival, as 

several risk factors may cause reduced LVEF and an enlarged 

left ventricular size. Hence, to confirm our findings, further 

large prospective randomized controlled multicenter trials 

are needed to analyze the effects of chronic digitalis therapy 

before HTX on posttransplant outcomes.

Conclusion
The use of digitalis (digoxin or digitoxin) in patients with 

HF and/or AF is subject to an ongoing debate. As the effects 

of digitalis therapy in patients before HTX on posttransplant 

outcomes have been poorly studied, we performed the largest 

known study to investigate the effects of chronic digitalis 

therapy before HTX on early posttransplant mortality and AF. 

In this retrospective, observational, single-center study with 

530 patients, a total of 347 patients received chronic digitalis 

therapy before HTX. Of these, 180 patients received digoxin 

and 167 patients had digitoxin.

Patients with chronic digitalis therapy before HTX had 

a significantly lower 30-day and 2-year survival. There was 

no significant difference between patients with digoxin or 

digitoxin before HTX in 30-day or 2-year survival. Multi-

variate analysis for posttransplant 30-day mortality showed 

pretransplant digitalis therapy as an independent risk factor. 

In terms of causes of death, significantly more patients died 

from transplant failure in the chronic digitalis group. Fur-

thermore, patients with chronic digitalis use before HTX 

had a statistically significant higher percentage of a reduced 

LVEF and an enlarged left ventricular size.

Regarding the occurrence of early posttransplant AF, 

there was neither a significant difference between patients 

with or without digitalis nor between patients with digoxin 

or digitoxin.

In summary, chronic digitalis therapy in patients before 

HTX is an independent risk factor for increased posttrans-

plant mortality.
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