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Abstract

Aims Atrial fibrillation (AF) after heart transplantation (HTX) is associated with worse clinical outcomes. The current study
aimed to analyse the association between AF before HTX and AF within 30 days after HTX.
Methods and results This study included 639 adults who received HTX at Heidelberg Heart Center. Patients were subdivided
into four groups depending on the status of AF before and after HTX. Analyses comprised recipient and donor data, medication,
echocardiographic features, permanent pacemaker implantation, stroke, and mortality after HTX. Three hundred thirty-two
patients (52.0%) had neither AF before nor after HTX, 15 patients (2.3%) had no AF before HTX but showed AF after HTX, 219
patients (34.3%) showed AF before HTX but had no AF after HTX, and 73 patients (11.4%) had AF before and after HTX. Patients
with AF before and after HTX had a higher 1 year post-transplant mortality (39.7%) than patients without AF before or after HTX
(18.1%, P < 0.01). Secondary outcomes showed a higher percentage of enlarged atria, ventricular dysfunction, mitral
regurgitation, 1-year stroke, and 1-year permanent pacemaker implantation in patients with AF before and after HTX.
Multivariate analysis revealed a six-fold elevated risk for post-transplant AF in patients with AF before HTX (hazard ratio:
6.59, confidence interval: 3.72–11.65; P < 0.01). Further risk factors for post-transplant AF were higher donor age and
prolonged ischaemic time, whereas total orthotopic HTX was associated with a two-fold lower risk for post-transplant AF.
Conclusions Atrial fibrillation before HTX is a risk factor for post-transplant AF, permanent pacemaker implantation, and
mortality after HTX.
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Introduction

Early post-transplant atrial fibrillation (AF) has been
associated with increased morbidity and mortality in patients
after heart transplantation (HTX).1–4 Besides increasing the
risk of thromboembolic events and stroke, post-transplant
AF has been linked to graft rejection, graft failure, and
increased mortality after HTX.4–7 Even short episodes of

post-transplant AF have been shown to increase the risk of
adverse outcomes.3

Previous reported frequencies of early post-transplant AF
range from 7.9% to 18.2% depending on the observed time
interval after HTX.2,3 A recently published Cochrane Review
of 5393 HTX recipients reported an incidence of early
post-transplant AF of 9.7%, implicating that one out of ten
HTX recipients is affected by early post-transplant AF.1
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Several risk factors have been identified to facilitate the
development of AF in the early stage after HTX including
the choice of surgical HTX technique (biatrial, bicaval, or
total orthotopic HTX), distorted atrial anatomy with
enlarged atrial cavities, proarrhythmic scar tissue, sinus
node injury, mitral regurgitation, prolonged ischaemic time,
cardiac allograft rejection, chronic obstructive pulmonary
disease, increased pulmonary vascular resistance, and older
donor age.4–17

Although it is generally assumed that the donor atria are
electrically isolated from the remnants of the recipient atria
by suture lines, several case reports have reported
recipient-to-donor atrioatrial conduction across the suture
lines in HTX recipients.18–23 Patients with AF before
HTX may therefore be more likely to develop early
post-transplant AF as an expression of a chronic disease state.
By contrast, early post-transplant AF in patients who did not
suffer from AF before HTX may rather result from graft
rejection or graft failure indicating an acute disease process.
However, data on the association between AF before HTX
and AF in the early stage after HTX are limited to case reports
and have not been studied systematically.18–23

We therefore sought to investigate the association
between AF before HTX and early post-transplant AF within
30 days after HTX as well as the underlying risk factors and
clinical outcomes.

Patients and methods

Patients

We performed this study in accordance with the ethical
principles of the Declaration of Helsinki. Institutional review
board approval was granted by the University of Heidelberg
(ethical approval number: S-286/2015, Version 1.2,
28-07-2020) prior to the start of the study. Written informed
consent was obtained from patients for inclusion in the
Heidelberg HTX Registry allowing the clinical and scientific
use of data. According to the ethical approval, no additional
written informed consent was required for this observational
study as only data of the clinical routine were used.4,15,16,24–26

Our study included all adult patients (≥ 18 years) who
received first HTX at Heidelberg Heart Center, Heidelberg,
Germany, between 1989 and 2019. Patients with a second
HTX were not included. Heart rhythm was assessed in each
patient by electrocardiogram (ECG) before HTX. After HTX
and during the initial hospital stay, patients were routinely
monitored via telemetry. Resting 12-lead ECG was
periodically performed, and 24 h Holter was performed prior
to discharge. Diagnosis of AF before HTX as well as diagnosis
of AF ≤ 30 days after HTX was based upon all available
records pertaining to heart rhythm.4,15,16,24–26

At Heidelberg Heart Center, cardiac surgeons are able to
perform all three HTX techniques (biatrial, bicaval, and total
orthotopic HTX). Regarding these three HTX techniques, total
orthotopic HTX was mostly used (277 HTX), followed by
bicaval HTX (198 HTX) and biatrial HTX (164 HTX) in this study.
The choice of surgical technique had not been preassigned.
Factors influencing the choice of HTX technique were sur-
geon’s preference, anatomical characteristics, and previous
open-heart surgery.4

Based upon status of AF before and ≤ 30 days after HTX,
we stratified patients into the following four groups: patients
without AF before and after HTX, patients without AF before
HTX but with AF ≤ 30 days after HTX, patients with AF before
HTX but without AF ≤ 30 days after HTX, and patients with AF
before and after HTX.

Follow-up

Follow-up of patients after HTX was performed in accordance
with the standard of care at Heidelberg Heart Center. After
the initial hospital stay, patients were seen monthly during
the first 6 months after HTX, then bimonthly until the end
of the first year, and thereafter usually three to four times
per year (or if clinically indicated) at our HTX outpatient clinic.
Routine follow-up included medical history, physical examina-
tion, resting 12-lead ECG, echocardiography, endomyocardial
biopsy, and blood tests including immunosuppressive drug
levels.4,15,16,24–27

Restoration of sinus rhythm in patients with early
post-transplant AF was successfully achieved with pharmaco-
logical (amiodarone) or electrical cardioversion (defibrillator)
if AF did not spontaneously convert to sinus rhythm. As
patients with AF have a higher risk for thromboembolic
complications such as stroke,28–30 patients with AF after
HTX routinely received appropriate anticoagulation therapy,
mostly in form of unfractionated heparin or low molecular
weight heparin. In stable patients without major bleeding
risk, vitamin K antagonists or directly acting oral anticoagu-
lants were also used.

Medication and immunosuppression

Post-transplant medication including immunosuppressive
drug therapy was administered in accordance with the stan-
dard of care at Heidelberg Heart Center. Patients routinely re-
ceived an anti-thymocyte globulin-based immunosuppression
induction therapy after HTX. Cyclosporine A and azathioprine
were used as standard immunosuppressive drug therapy at
the beginning of the study period. From 2001 onward, azathi-
oprine was subsequently replaced by mycophenolate mofetil,
and cyclosporine A was consecutively substituted by tacroli-
mus from 2006 onward. During the first post-transplant
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months, steroids (prednisolone) were tapered incrementally
and were finally discontinued 6 months after HTX (if clinically
possible).4,15,16,24–26

Statistical analysis

We performed data analysis with SAS (Version 9.4, SAS Insti-
tute, Cary, NC, USA). Data were expressed as count (n) with
percentage (%) or as mean ± standard deviation (SD). χ2

test/Fisher’s exact test was used for categorical variables
and analysis of variance (ANOVA)/Kruskal–Wallis test, respec-
tively Student’s t test/Mann–Whitney U test for continuous
variables, as appropriate. Survival after HTX was graphically
displayed with the Kaplan–Meier estimator and compared
using log-rank test. A P value of < 0.05 was considered statis-
tically significant.4,15,16,24–26

Univariate analyses were performed to examine differ-
ences between groups including recipient data, previous
open-heart surgery, principal diagnosis for HTX, donor data,
transplant sex mismatch, perioperative data, medication in-
cluding immunosuppressive drug therapy, echocardiographic
features, graft rejections, heart rates, permanent pacemaker
(PPM) implantation, transient ischaemic attack (TIA), and
stroke after HTX. Causes for 1-year mortality after HTX were
grouped into the following categories: graft failure, acute re-
jection, infection/sepsis, malignancy, and thromboembolic
event/bleeding. Analysis of 1 year mortality after HTX also
included a multivariate analysis (Cox regression model) with
the following seven clinically relevant parameters based on
a predetermined model: AF ≤ 30 days after HTX (in total),
recipient age (years), cyclosporine A (in total), azathioprine
(in total), donor age (years), ischaemic time (min), and total
orthotopic HTX (in total). In order to avoid biased regression
coefficients and to ensure a stable number of events per
analysed variable, we decided not to include further variables
in the multivariate analysis.4,15,16,24–26

The primary outcome of this study was 1 year mortality af-
ter HTX including causes of death. Secondary outcomes com-
prised graft rejection, TIA, stroke, echocardiographic features,
bradycardia, and PPM implantation after HTX. As we sought
to investigate a possible association between AF before HTX
and AF ≤ 30 days after HTX, we performed a second multivar-
iate analysis (Cox regression model) to estimate the impact of
the following seven variables on AF ≤ 30 days after HTX: AF
before HTX (in total), recipient age (years), cyclosporine A
(in total), azathioprine (in total), donor age (years), ischaemic
time (min), and total orthotopic HTX (in total). Given the long
study period, we additionally performed a sensitivity analysis
to test the robustness of our results and to examine a possi-
ble era effect using a subgroup of patients with tacrolimus
and mycophenolate mofetil as the immunosuppressive drug
regimen was changed from 2006 onward.4,15,16,24–26

Results

Atrial fibrillation before and after heart
transplantation

This study included 639 HTX recipients, 292 patients (45.7%)
showed AF before HTX and 347 patients (54.3%) had no AF
before HTX. Within 30 days after HTX, 88 patients (13.8%)
showed AF, while 551 patients (86.2%) had no AF ≤ 30 days
after HTX.

Stratified by status of AF before and ≤ 30 days after HTX,
332 patients (52.0%) had no AF before or ≤ 30 days after
HTX, 15 patients (2.3%) had no AF before HTX but showed
AF ≤ 30 days after HTX, 219 patients (34.3%) had AF before
HTX but showed no AF ≤ 30 days after HTX, and 73 patients
(11.4%) showed AF before and ≤ 30 days after HTX.

Stratified by timing of post-transplant AF, we observed in
this study a post-transplant AF rate of 38.6% between Day
0 and Day 4 after HTX, 27.3% between Day 5 and Day 9 after
HTX, 18.2% between Day 10 and Day 14 after HTX, 4.5% be-
tween Day 15 and Day 19 after HTX, 5.7% between Day 20
and Day 24 after HTX, and 5.7% between Day 25 and Day
30 after HTX.

Demographics and medication after heart
transplantation

Analysis of baseline characteristics showed a significantly
lower recipient age (50.6 ± 10.9 years, P < 0.01) and donor
age (39.6 ± 12.7 years, P < 0.01) in patients without AF be-
fore and ≤ 30 days after HTX compared to the three other
groups. Patients without AF before and ≤ 30 days after HTX
(28.6%) as well as patients with AF before HTX but without
AF ≤ 30 days after HTX (18.3%) had a significantly lower per-
centage of biatrial HTX technique (P = 0.01), whereas patients
with AF before and ≤ 30 days after HTX had a significantly
lower percentage of total orthotopic HTX technique (24.7%,
P < 0.01) and a significantly longer ischaemic time
(253.6 ± 66.5 min, P < 0.01). There were no statistically sig-
nificant differences between groups in regard to the remain-
ing recipient data, previous open-heart surgery, principal
diagnosis for HTX, donor sex, donor body mass index, trans-
plant sex mismatch, or bicaval HTX technique (all P ≥ 0.05).
Baseline characteristics are presented in Table 1.

Comparison of the immunosuppressive drug therapy
showed a significantly higher percentage of cyclosporine A
(66.7%, P < 0.01) and azathioprine (60.0%, P < 0.01) in pa-
tients without AF before HTX but with AF ≤ 30 days after
HTX, while patients with AF before and ≤ 30 days after HTX
had a significantly higher percentage of tacrolimus (57.5%,
P < 0.01) and mycophenolate mofetil (67.1%, P < 0.01).
We found no statistically significant differences between
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the four groups regarding the administration of acetylsalicylic
acid, beta blockers, ivabradine, calcium channel blockers,
angiotensin-converting-enzyme inhibitors/angiotensin II re-
ceptor blockers, or statins (all P ≥ 0.05). Medication after
HTX is shown in Table 2.

Primary outcome after heart transplantation

Assessment of survival showed a significantly inferior 1 year
post-transplant survival in patients with AF before HTX [213
of 292 (72.9%)] compared with patients without AF before
HTX [279 of 347 (80.4%), P = 0.04]. Similarly, patients with
AF ≤ 30 days after HTX had a significantly lower 1 year
post-transplant survival [51 of 88 (58.0%)] in comparison with
patients without AF ≤ 30 days after HTX [441 of 551 (80.0%),
P < 0.01]. Kaplan–Meier survival curves are displayed in
Figures 1 and 2.

Stratified by status of AF before and ≤ 30 days after
HTX, patients without AF before and after HTX had the

highest 1 year post-transplant survival [272 of 332
(81.9%)], followed by patients with AF before HTX but
without AF ≤ 30 days after HTX [169 of 219 (77.2%)], and
patients with AF before and after HTX [44 of 73 (60.3%)].
Patients without AF before HTX but with AF ≤ 30 days after
HTX showed the lowest 1 year post-transplant survival of
all groups [7 of 15 (46.7%), P < 0.01]. Survival of patients
stratified by status of AF before and ≤ 30 days after HTX is
shown in Figure 3.

Considering the causes of death within the first year
after HTX, significantly more patients died from graft failure
in the ‘no AF before HTX but AF ≤ 30 days after HTX’ group
(33.3%, P < 0.01), while significantly more patients died
from infection/sepsis in the ‘AF before and after HTX’
group (24.7%, P < 0.01). There were no statistically signif-
icant differences between the four groups regarding causes
of death related to acute rejection, malignancy, or throm-
boembolic event/bleeding (all P ≥ 0.05). Causes of death
within the first year after HTX are given in the first part
of Table 3.

Table 1 Baseline characteristics

Parameter

No AF before HTX No AF before HTX AF before HTX AF before HTX

P value
No AF after HTX AF after HTX No AF after HTX AF after HTX
(n = 332) (n = 15) (n = 219) (n = 73)

Recipient data
Age (years), mean ± SD 50.6 ± 10.9 53.0 ± 9.8 54.2 ± 8.6 52.2 ± 11.4 <0.01*
Male sex, n (%) 253 (76.2%) 13 (86.7%) 176 (80.4%) 56 (76.7%) 0.56
Body mass index (kg/m2), mean ± SD 25.0 ± 3.9 24.8 ± 3.5 24.8 ± 3.9 25.1 ± 4.4 0.95
Arterial hypertension, n (%) 177 (53.3%) 7 (46.7%) 125 (57.1%) 41 (56.2%) 0.75
Dyslipidaemia, n (%) 205 (61.7%) 10 (66.7%) 146 (66.7%) 45 (61.6%) 0.67
Diabetes mellitus, n (%) 101 (30.4%) 6 (40.0%) 81 (37.0%) 27 (37.0%) 0.35
Renal insufficiencya, n (%) 182 (54.8%) 7 (46.7%) 135 (61.6%) 44 (60.3%) 0.33
eGFR (mL/min/1.73 m2), mean ± SD 62.1 ± 21.7 64.5 ± 18.7 57.2 ± 21.5 60.1 ± 21.7 0.06

Previous open-heart surgery
Overall open-heart surgery, n (%) 91 (27.4%) 5 (33.3%) 66 (30.1%) 28 (38.4%) 0.31
CABG surgery, n (%) 46 (13.9%) 2 (13.3%) 22 (10.0%) 8 (11.0%) 0.59
Other surgeryb, n (%) 27 (8.1%) 2 (13.3%) 32 (14.6%) 10 (13.7%) 0.10
VAD surgery, n (%) 23 (6.9%) 2 (13.3%) 18 (8.2%) 12 (16.4%) 0.06

Principal diagnosis for HTX
Ischaemic CMP, n (%) 113 (34.0%) 4 (26.7%) 66 (30.1%) 26 (35.6%) 0.69
Non-ischaemic CMP, n (%) 167 (50.3%) 9 (60.0%) 128 (58.4%) 35 (47.9%) 0.20
Valvular heart disease, n (%) 16 (4.8%) 1 (6.7%) 10 (4.6%) 7 (9.6%) 0.38
Cardiac amyloidosis, n (%) 36 (10.8%) 1 (6.7%) 15 (6.8%) 5 (6.8%) 0.37

Donor data
Age (years), mean ± SD 39.6 ± 12.7 41.7 ± 14.0 41.2 ± 14.2 46.6 ± 12.6 <0.01*
Male sex, n (%) 146 (44.0%) 5 (33.3%) 103 (47.0%) 24 (32.9%) 0.16
Body mass index (kg/m2), mean ± SD 24.8 ± 4.1 24.5 ± 3.8 24.9 ± 4.2 24.8 ± 3.7 0.98

Transplant sex mismatch
Mismatch, n (%) 143 (43.1%) 8 (53.3%) 94 (42.9%) 38 (52.1%) 0.45
Donor (m) to recipient (f), n (%) 18 (5.4%) 0 (0.0%) 10 (4.6%) 3 (4.1%) 0.77
Donor (f) to recipient (m), n (%) 125 (37.7%) 8 (53.3%) 84 (38.3%) 35 (47.9%) 0.26

Perioperative data
Ischaemic time (min), mean ± SD 214.0 ± 65.2 198.3 ± 73.4 229.4 ± 69.7 253.6 ± 66.5 <0.01*
Biatrial HTX, n (%) 95 (28.6%) 6 (40.0%) 40 (18.3%) 23 (31.5%) 0.01*
Bicaval HTX, n (%) 93 (28.0%) 5 (33.3%) 68 (31.1%) 32 (43.8%) 0.07
Total orthotopic HTX, n (%) 144 (43.4%) 4 (26.7%) 111 (50.7%) 18 (24.7%) <0.01*

Abbreviations: AF, atrial fibrillation; CABG, coronary artery bypass graft; CMP, cardiomyopathy; f, female; eGFR, estimated glomerular
filtration rate; HTX, heart transplantation; m, male; n, number; SD, standard deviation; VAD, ventricular assist device.
aeGFR < 60 mL/min/1.73 m2.
bCongenital, valvular, or ventricular surgery.
*Statistically significant (P < 0.05).
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Secondary outcomes after heart transplantation

Analysis of 30 day episodes of graft rejection showed a signif-
icantly higher percentage of graft rejection (53.3%, P < 0.01)
in patients without AF before HTX but with AF ≤ 30 days after
HTX. There were no statistically significant differences regard-
ing 30 day bradycardia, 30 day PPM implantation, 30 day TIA,
or 30 day stroke between the four groups (all P ≥ 0.05).

Within the first year after HTX, we found a significantly higher
percentage of 1 year PPM implantation in patients with AF
before and ≤ 30 days after HTX (5.5%) as well as in patients
without AF before HTX but with AF ≤ 30 days after HTX
(6.7%, P = 0.03). In addition, patients with AF before and ≤
30 days after HTX (8.2%) as well as patients without AF be-
fore HTX but with AF ≤ 30 days after HTX (6.7%) more often
suffered from stroke within the first year after HTX (P = 0.03).

Table 2 Medication after HTX

Parameter

No AF before HTX) No AF before HTX AF before HTX AF before HTX

P value
No AF after HTX AF after HTX No AF after HTX AF after HTX
(n = 332) (n = 15) (n = 219) (n = 73)

Immunosuppressive drug therapy
Cyclosporine A, n (%) 208 (62.7%) 10 (66.7%) 98 (44.7%) 31 (42.5%) <0.01*
Tacrolimus, n (%) 124 (37.3%) 5 (33.3%) 121 (55.3%) 42 (57.5%) <0.01*
Azathioprine, n (%) 161 (48.5%) 9 (60.0%) 73 (33.3%) 24 (32.9%) <0.01*
Mycophenolate mofetil, n (%) 171 (51.5%) 6 (40.0%) 146 (66.7%) 49 (67.1%) <0.01*
Steroids, n (%) 332 (100.0%) 15 (100.0%) 219 (100.0%) 73 (100.0%) n. a.

Concomitant medication
ASA, n (%) 35 (10.5%) 2 (13.3%) 25 (11.4%) 6 (8.2%) 0.87
Beta blocker, n (%) 53 (16.0%) 4 (26.7%) 40 (18.3%) 17 (23.3%) 0.38
Ivabradine, n (%) 31 (9.3%) 1 (6.7%) 25 (11.4%) 4 (5.5%) 0.49
Calcium channel blocker, n (%) 92 (27.7%) 4 (26.7%) 55 (25.1%) 20 (27.4%) 0.93
ACE inhibitor/ARB, n (%) 139 (41.9%) 6 (40.0%) 109 (49.8%) 24 (32.9%) 0.06
Diuretic, n (%) 332 (100.0%) 15 (100.0%) 219 (100.0%) 73 (100.0%) n. a.
Statin, n (%) 127 (38.3%) 4 (26.7%) 91 (41.6%) 32 (43.8%) 0.53
Gastric protectiona, n (%) 332 (100.0%) 15 (100.0%) 219 (100.0%) 73 (100.0%) n. a.

Abbreviations: ACE inhibitor, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; AF, atrial fibrillation; ASA,
acetylsalicylic acid; HTX, heart transplantation; n, number; n. a., not applicable.
aGastric protection defined as proton pump inhibitor or histamine receptor (H2) blocker.
*Statistically significant (P < 0.05).

Figure 1 One year survival after HTX in patients with and without AF before HTX (Kaplan–Meier estimator). Patients with AF before HTX showed a
statistically significant inferior 1 year post-transplant survival [213 of 292 (72.9%)] in comparison with patients without AF before HTX [279 of 347
(80.4%), P = 0.04]. Abbreviations: AF, atrial fibrillation; HTX, heart transplantation; *statistically significant (P < 0.05).
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Figure 2 One year survival after HTX in patients with and without AF ≤ 30 days after HTX (Kaplan–Meier estimator). Patients with AF ≤ 30 days after
HTX showed a statistically significant inferior 1 year post-transplant survival [51 of 88 (58.0%)] in comparison with patients without AF ≤ 30 days after
HTX [441 of 551 (80.0%), P < 0.01]. Abbreviations: AF, atrial fibrillation; HTX, heart transplantation; *statistically significant (P < 0.05).

Figure 3 One year survival after HTX in patients with and without AF before and ≤ 30 days after HTX (Kaplan–Meier estimator). Stratification of pa-
tients by status of AF before and ≤ 30 days after HTX showed that patients without AF before and after HTX had the highest 1 year post-transplant
survival [272 of 332 (81.9%)], followed by patients with AF before HTX but without AF ≤ 30 days after HTX [169 of 219 (77.2%)], and patients with
AF before and after HTX [44 of 73 (60.3%)]. Patients without AF before HTX but with AF ≤ 30 days after HTX showed the lowest 1 year
post-transplant survival of all groups [7 of 15 (46.7%), P < 0.01]. Abbreviations: AF, atrial fibrillation; HTX, heart transplantation; *statistically signif-
icant (P < 0.05).
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Secondary outcomes after HTX are presented in the second
part of Table 3.

Assessment of post-transplant echocardiographic features
showed that patients with AF before and ≤ 30 days after
HTX as well as patients without AF before HTX but with
AF ≤ 30 days after HTX had a significantly lower percentage
of normal sized right atrial (P < 0.01), left atrial (P < 0.01),
right ventricular (P < 0.01), and left ventricular end-diastolic
diameter (P = 0.01) along with a higher rate of reduced right
(P < 0.01) and left ventricular function (P < 0.01). Moreover,
patients with AF before and ≤ 30 days after HTX as well as pa-
tients without AF before HTX but with AF ≤ 30 days after HTX
had a higher rate of mitral (P < 0.01) and tricuspid regurgita-
tion (P = 0.01). Echocardiographic features after HTX are
given in Table 4.

Multivariate analysis for 1 year mortality after
heart transplantation

Multivariate analysis showed a more than two-fold increased
risk for 1 year mortality after HTX in patients with
AF ≤ 30 days after HTX [hazard ratio (HR): 2.06, confidence in-
terval (CI): 1.40–3.05; P< 0.01]. In addition, higher donor age
was also associated with increased 1 year post-transplant
mortality (HR: 1.02, CI: 1.00–1.03; P = 0.01), whereas the
other five analysed variables (recipient age, use of cyclospor-
ine A after HTX, use of azathioprine after HTX, ischaemic
time, and use of total orthotopic HTX technique) had no sta-
tistically significant effect on post-transplant 1 year mortality
(all P ≥ 0.05). Multivariate analysis for 1 year mortality after
HTX is shown in the first part of Table 5.

Association between atrial fibrillation before and
after heart transplantation

χ2 test was used to investigate the association between AF
before HTX and AF ≤ 30 days after HTX by comparing the
corresponding expected and observed frequencies. A total
of 83.0% of patients with AF ≤ 30 days after HTX already
had AF prior to HTX, whereas only 17.0% of patients with
AF ≤ 30 days after HTX had no AF before HTX (P < 0.01).
Multivariate analysis further showed a more than six-fold
elevated risk for AF ≤ 30 days after HTX in patients with AF
before HTX (HR: 6.59, CI: 3.72–11.65; P < 0.01). Other risk
factors for AF ≤ 30 days after HTX were higher donor age
(HR: 1.03, CI: 1.01–1.05; P < 0.01) and prolonged ischaemic
time (HR: 1.01, CI: 1.00–1.01; P = 0.01), whereas total
orthotopic HTX was associated with a more than two-fold
lower risk for AF ≤ 30 days after HTX (HR: 0.39, CI: 0.24–
0.65; P < 0.01). The other three analysed variables (recipient
age, use of cyclosporine A after HTX, and use of azathioprine
after HTX) showed no statistically significant effect on
AF ≤ 30 days after HTX (all P ≥ 0.05). Multivariate
analysis for AF ≤ 30 days after HTX is given in the second part
of Table 5.

Sensitivity analysis

In order to investigate a possible era effect and to examine
the robustness of our results, we performed a sensitivity
analysis with a subgroup of patients [292 of 639 patients
(45.7%)] who were administered tacrolimus and mycopheno-
late mofetil as immunosuppressive drug therapy.

Table 3 Primary and secondary outcomes after HTX

Parameter

No AF before HTX No AF before HTX AF before HTX AF before HTX

P value
No AF after HTX AF after HTX No AF after HTX AF after HTX
( n = 332) (n = 15) (n = 219) (n = 73)

Mortality within 1 year after HTX
All causes, n (%) 60 (18.1%) 8 (53.3%) 50 (22.8%) 29 (39.7%) <0.01*

Causes of death within 1 year after HTX
Graft failure, n (%) 29 (8.7%) 5 (33.3%) 14 (6.4%) 7 (9.6%) <0.01*
Acute rejection, n (%) 3 (0.9%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 0.79
Infection/sepsis, n (%) 23 (6.9%) 3 (20.0%) 31 (14.2%) 18 (24.7%) <0.01*
Malignancy, n (%) 1 (0.3%) 0 (0.0%) 1 (0.5%) 1 (1.4%) 0.67
Thromboembolic event/bleeding, n (%) 4 (1.2%) 0 (0.0%) 3 (1.4%) 3 (4.1%) 0.30

Secondary outcomes after HTX
30 day ≥ 1 graft rejection, n (%) 74 (22.3%) 8 (53.3%) 30 (13.7%) 6 (8.2%) <0.01*
30 day bradycardiaa, n (%) 12 (3.6%) 0 (0.0%) 6 (2.7%) 3 (4.1%) 0.81
30 day PPM implantation, n (%) 2 (0.6%) 0 (0.0%) 2 (0.9%) 2 (2.7%) 0.38
30 day TIA, n (%) 0 (0.0%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 0.59
30 day stroke, n (%) 6 (1.8%) 1 (6.7%) 4 (1.8%) 4 (5.5%) 0.17
1 year PPM implantation, n (%) 3 (0.9%) 1 (6.7%) 4 (1.8%) 4 (5.5%) 0.03*
1 year TIA, n (%) 0 (0.0%) 0 (0.0%) 3 (1.4%) 1 (1.4%) 0.19
1 year stroke, n (%) 6 (1.8%) 1 (6.7%) 6 (2.7%) 6 (8.2%) 0.03*

Abbreviations: AF, atrial fibrillation; HTX, heart transplantation; n, number; PPM, permanent pacemaker; TIA, transient ischaemic attack.
aBradycardia defined as mean weekly heart rate < 60 beats per minute.
*Statistically significant (P < 0.05).
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This analysis provided similar results in terms of the pri-
mary outcome (1 year mortality after HTX) and the secondary
outcomes (graft rejections, bradycardia, TIA, stroke,

echocardiographic features, bradycardia, and PPM implanta-
tion after HTX) backing the robustness of our results and
minimizing a possible era effect.

Table 4 Echocardiographic features after HTX

Parameter

No AF before HTX No AF before HTX AF before HTX AF before HTX

P value
No AF after HTX AF after HTX No AF after HTX AF after HTX
(n = 332) (n = 15) (n = 219) (n = 73)

30 day end-diastolic diameter
Normal RA (< 35 mm), n (%) 201 (60.5%) 5 (33.3%) 131 (59.8%) 22 (30.1%) <0.01*
Normal RV (< 30 mm), n (%) 286 (86.1%) 9 (60.0%) 185 (84.5%) 43 (58.9%) <0.01*
Normal LA (< 40 mm), n (%) 173 (52.1%) 4 (26.7%) 121 (55.3%) 23 (31.5%) <0.01*
Normal LV (< 55 mm), n (%) 305 (91.9%) 11 (73.3%) 209 (95.4%) 64 (87.7%) 0.01*

30 day right ventricular function
Normal, n (%) 283 (85.2%) 9 (60.0%) 180 (82.2%) 43 (58.9%) <0.01*
Reduced, n (%) 49 (14.8%) 6 (40.0%) 39 (17.8%) 30 (41.1%) <0.01*
Mild, n (%) 17 (5.1%) 1 (6.7%) 21 (9.6%) 12 (16.4%)
Moderate, n (%) 7 (2.1%) 0 (0.0%) 4 (1.8%) 6 (8.2%)
Severe, n (%) 25 (7.5%) 5 (33.3%) 14 (6.4%) 12 (16.4%)

30 day left ventricular function
Normal, n (%) 302 (91.0%) 10 (66.7%) 206 (94.1%) 61 (83.6%) <0.01*
Reduced, n (%) 30 (9.0%) 5 (33.3%) 13 (5.9%) 12 (16.4%) <0.01*
Mild, n (%) 5 (1.5%) 1 (6.7%) 6 (2.7%) 7 (9.6%)
Moderate, n (%) 6 (1.8%) 1 (6.7%) 0 (0.0%) 2 (2.7%)
Severe, n (%) 19 (5.7%) 3 (20.0%) 7 (3.2%) 3 (4.1%)

30 day tricuspid regurgitation
No, n (%) 231 (69.6%) 8 (53.3%) 130 (59.4%) 37 (50.7%) 0.01*
Yes, n (%) 101 (30.4%) 7 (46.7%) 89 (40.6%) 36 (49.3%) 0.01*
Mild, n (%) 56 (16.9%) 2 (13.3%) 61 (27.9%) 15 (20.5%)
Moderate, n (%) 30 (9.0%) 2 (13.3%) 17 (7.8%) 13 (17.8%)
Severe, n (%) 15 (4.5%) 3 (20.0%) 11 (5.0%) 8 (11.0%)

30 day mitral regurgitation
No, n (%) 259 (78.0%) 9 (60.0%) 170 (77.6%) 39 (53.4%) <0.01*
Yes, n (%) 73 (22.0%) 6 (40.0%) 49 (22.4%) 34 (46.6%) <0.01*
Mild, n (%) 69 (20.8%) 5 (33.3%) 47 (21.5%) 32 (43.8%)
Moderate, n (%) 3 (0.9%) 1 (6.7%) 2 (0.9%) 2 (2.7%)
Severe, n (%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abbreviations: AF, atrial fibrillation; HTX, heart transplantation; LA, left atrium; LV, left ventricle; n, number; RA, right atrium; RV, right
ventricle.
*Statistically significant (P < 0.05).

Table 5 Multivariate analysis

Variable Hazard Ratio 95% CI P value

1 year mortality after HTX
Atrial fibrillation ≤ 30 days after HTX (in total) 2.06 1.40–3.05 <0.01*
Recipient age (years) 1.02 0.99–1.03 0.11
Cyclosporine A (in total) 0.69 0.37–1.30 0.25
Azathioprine (in total) 1.82 0.93–3.55 0.08
Donor age (years) 1.02 1.00–1.03 0.01*
Ischaemic time (min) 1.00 0.99–1.01 0.11
Total orthotopic HTX (in total) 1.02 0.72–1.45 0.91

30 day atrial fibrillation after HTX
Atrial fibrillation before HTX (in total) 6.59 3.72–11.65 <0.01*
Recipient age (years) 0.99 0.97–1.01 0.16
Cyclosporine A (in total) 1.40 0.63–3.08 0.41
Azathioprine (in total) 1.50 0.64–3.51 0.35
Donor age (years) 1.03 1.01–1.05 <0.01*
Ischaemic time (min) 1.01 1.00–1.01 0.01*
Total orthotopic HTX (in total) 0.39 0.24–0.65 <0.01*

Abbreviations: CI, confidence interval; HTX, heart transplantation.
*Statistically significant (P < 0.05).
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Discussion

Frequency and significance of atrial fibrillation
before and after heart transplantation

Atrial fibrillation is the most common heart rhythm disorder
in patients with heart failure and its prevalence increases
with heart failure severity.31,32 Up to 50% of patients with ad-
vanced heart failure suffer from AF, and the presence of AF in
patients with advanced heart failure has been linked to in-
creased mortality.31–33 Moreover, AF in the early stage after
HTX has been associated with increased morbidity and mor-
tality after HTX.1–4 However, the association between AF be-
fore HTX and AF in the early stage after HTX has yet not
been investigated. We therefore conducted this large study
with a total of 639 HTX recipients to analyse the association
between AF before HTX and early post-transplant AF within
30 days after HTX as well as the underlying risk factors and
clinical outcomes.

Post-transplant AF is often mistaken for post-operative
AF as both occur after cardiac surgery. However, there are
important differences between post-operative and post-
transplant AF. Post-operative AF often occurs after coronary
artery bypass graft (CABG) surgery or valvular surgery as
these patients suffer from structural heart disease and many
of these patients already had AF before surgery. Given this
susceptibility to AF, the rate of post-operative AF is quite high
with reported frequencies of 30% after CABG surgery, 40%
after valvular surgery, and even 50% after combined CABG
and valvular surgery.34,35 In contrast, during HTX, the old,
morbid heart is replaced by a new, healthy heart. Therefore,
the rate of post-transplant AF is markedly lower with a
reported frequency of 9.7% in a recently published Cochrane
Review of 5393 HTX recipients.1

In addition, there is a difference in timing between
post-operative and post-transplant AF. Post-operative AF
mainly occurs within 4 days after cardiac surgery, with a peak
at Day 2 after cardiac surgery and is rarely seen after the first
post-operative week, while post-transplant AF can occur any-
time in the early period after HTX.34,35

Almost half of the patients in our study were affected by
AF before HTX (45.7%) emphasizing the clinical relevance of
AF in patients with advanced heart failure.31–33 In terms of
early post-transplant AF, 88 patients (13.8%) had
AF ≤ 30 days after HTX which is comparable with previous re-
ports ranging between 7.9% and 18.2%.2,3 Further stratifica-
tion by status of AF before and AF ≤ 30 days after HTX
showed 332 patients (52.0%) without AF before or after
HTX, 15 patients (2.3%) without AF before HTX but with AF
after HTX, 219 patients (34.3%) with AF before HTX but with-
out AF after HTX, and 73 patients (11.4%) with AF before and
after HTX. These numbers indicate that most patients (83.0%)
with early post-transplant AF ≤ 30 days after HTX already had
AF prior to HTX.

Risk factors for atrial fibrillation before and after
heart transplantation

Given the vast number of risk factors for AF,1–17 we per-
formed an in-depth analysis of risk factors for early
post-transplant AF. Higher recipient and donor age have both
been reported as risk factors for AF in the early stage after
HTX.1,2 Accordingly, patients without AF before and ≤ 30 days
after HTX had a lower recipient (P < 0.01) and donor age
(P < 0.01) in this study. Besides older age, the use of biatrial
HTX has been associated with higher rates of early
post-transplant AF.1,4 Biatrial HTX results in enlarged
atrial cavities with distorted anatomy and potentially
proarrhythmic scar tissue, which can facilitate the develop-
ment of AF.11–14 We also found a significantly higher percent-
age of biatrial HTX (P = 0.01) in patients with AF before and
after HTX as well as in patients without AF before HTX but
with AF ≤ 30 days after HTX. By contrast, patients without
AF before and after HTX as well as patients with AF before
HTX but without AF ≤ 30 days after HTX showed a signifi-
cantly higher rate of total orthotopic HTX (P < 0.01). In com-
parison with biatrial HTX, total orthotopic HTX excises most
of the recipient atria and preserves the geometry and
conduction system of the donor atria, thus minimizing
proarrhythmogenic scar tissue.4 Another perioperative risk
factor for early post-transplant AF is prolonged ischaemic
time. Ischaemic damage and subsequent endocardial fibrosis
can provide a substrate for AF.17 In our study, patients with
AF before and ≤ 30 days after HTX showed a significantly
longer ischaemic time (P < 0.01).

Besides surgical parameters, cardiac graft rejection has
been associated with supraventricular arrhythmias.17,36–38 In
this context, the underlying immunosuppressive drug therapy
that plays a key role as a tacrolimus-based immunosuppres-
sive regimen has been demonstrated to be superior to a cy-
closporine A-based immunosuppressive drug therapy in the
prevention of graft rejection.39 In our study, significantly
more patients without AF before HTX but with AF after HTX
had a cyclosporine A-based immunosuppressive drug therapy
in combination with azathioprine.

Fluid volume imbalance, electrolyte disorders, or the use
of inotropic agents have also been linked to the occurrence
of AF.6,17,29,30,36 However, in this study, we did not observe
an association between these parameters and early
post-transplant AF.

As several risk factors may have an impact on early
post-transplant AF,1–17 we performed a multivariate analysis
for AF within 30 days after HTX, which showed higher donor
age and prolonged ischaemic time as significant risk factors.
Emphasizing the importance of HTX technique, total
orthotopic HTX was associated with a more than two-fold
lower risk, while the other three analysed variables (recipient
age, cyclosporine A, and azathioprine) had no statistically sig-
nificant effect on early post-transplant AF. Most importantly,
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patients with AF before HTX had a more than six-fold
elevated risk for AF within 30 days after HTX (HR: 6.59, CI:
3.72–11.65; P < 0.01) indicating that AF before HTX is an im-
portant risk factor for early post-transplant AF, independently
of the other investigated risk factors.

Clinical outcomes of atrial fibrillation after heart
transplantation

Early post-transplant AF has been associated with worse
clinical outcomes including graft rejection, graft failure, and
increased mortality after HTX.1–7 In our study, patients with
AF within 30 days after HTX had a significantly lower 1 year
post-transplant survival (P< 0.01). Multivariate analysis addi-
tionally showed a more than two-fold increased risk for 1 year
mortality after HTX in patients with AF within 30 days after
HTX (HR: 2.06, CI: 1.40–3.05; P < 0.01). These findings are
in line with previous studies reporting an increased mortality
in patients with post-transplant AF.1–4

Further stratification of patients by status of AF before
and ≤ 30 days after HTX revealed that patients with AF
before and after HTX had a significantly higher 1 year
post-transplant mortality (39.7%) than patients without AF
before or after HTX (18.1%, P < 0.01). In terms of causes
of death, patients with AF before and after HTX more often
died from infection/sepsis (P < 0.01). Early post-transplant
AF has been linked to pulmonary infections, as alterations
in the pulmonary veins due to pulmonary hypertension,
hypoxemia, and acidosis can provoke AF, and atypical foci
of AF are more frequent in patients with chronic
obstructive pulmonary disease and elevated pulmonary
vascular resistance.15,16,40–42 By contrast, patients without
AF before HTX but with AF ≤ 30 days after HTX mainly died
from graft failure (P < 0.01) and showed a significantly
higher percentage of graft rejection (53.3%, P < 0.01). As
post-transplant AF was primarily associated with graft
rejection in patients without former AF, this may explain
why previous studies did not observe a statistically
significant association between graft rejection and
post-transplant AF in general.2–4

Concerning further clinical outcomes, it is well-known
that patients with AF have a higher risk for thromboembolic
complications such as stroke.28 In accordance, we found a
significantly higher percentage of stroke within the first year
after HTX in patients with AF before and ≤ 30 days after HTX
(8.2%) as well as in patients without AF before HTX but with
AF ≤ 30 days after HTX (6.7%). Additionally, AF has been
associated with bradycardia and need for PPM
implantation.43–45 Especially in patients with sinus node dys-
function, successful treatment of AF and restoration of sinus
rhythm may manifest in severe bradycardia requiring PPM
implantation.4,24 In our study, we also found a significantly
higher percentage of 1 year PPM implantation after HTX in

patients with AF before and ≤ 30 days after HTX (5.5%) as
well as in patients without AF before HTX but with
AF ≤ 30 days after HTX (6.7%) indicating an association
between post-transplant AF and the need for PPM implanta-
tion after HTX.

Regarding echocardiographic features, we found a higher
percentage of enlarged atria, ventricular dysfunction, and
mitral regurgitation, in patients with AF before and after
HTX as well as in patients without AF before HTX but with
AF ≤ 30 days after HTX. Mitral regurgitation can provoke
the development of AF by inducing rapidly discharging
triggers and jet-induced stretching of the left atrium.4

Furthermore, the presence of mitral regurgitation may be
related to dilated atrial size affecting valvular integrity
and function.46 Mitral regurgitation and enlarged left
atrial diameter after HTX as risk factors for post-transplant
AF highlight the importance of preserved anatomic
integrity.4

Association between atrial fibrillation before and
after heart transplantation

The majority of patients with post-transplant AF within
30 days after HTX (83.0%) already had AF prior to HTX
indicating an association between AF before and after HTX
(P < 0.01). In addition, multivariate analysis showed a more
than six-fold elevated risk for AF within 30 days after HTX in
patients with AF before HTX (HR: 6.59, CI: 3.72–11.65;
P < 0.01). Furthermore, our findings suggest two different
groups of patients with post-transplant AF. The first and
larger group of patients with early post-transplant AF
(83.0%) already had AF prior to HTX, received older donor
hearts, had a longer ischaemic time, had the lowest
percentage of total orthotopic HTX, and mainly died from
infection/sepsis. The second and smaller group of patients
with early post-transplant AF (17.0%) had no AF prior to
HTX, mainly received cyclosporine A and azathioprine as
immunosuppressive drug therapy, showed a higher
percentage of early graft rejection, and predominantly died
from graft failure. Of note, both groups, patients with AF
before and after HTX as well as patients without AF before
HTX but with AF ≤ 30 days after HTX, had a significantly
higher requirement for 1 year PPM implantation and
significantly more often suffered from stroke within the first
year after HTX.

In conclusion, our data indicate an association between AF
before and AF after HTX. As patients with AF before HTX are
more likely to develop AF after HTX and patients with AF are
at higher risk for stroke,28 close heart rhythm follow-ups
including ECG, monitor-telemetry and 24 h Holter recording
as well as adequate oral anticoagulation in case of
post-transplant AF is required in order to prevent stroke
and other worse clinical outcomes.
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Study limitations

Our findings are derived from a single-center registry
(Heidelberg HTX Registry). This design has certain limitations
and results therefore have to be interpreted carefully. How-
ever, in contrast to several multicenter studies or registries,
we could include the highly detailed data of 639 HTX recipients
in this study which is comparable in sample size with many
multicenter studies. Furthermore, these patients received a
standardized treatment and follow-up, reducing the likelihood
of potential selection bias and confounders.4,15,16,24–26

Due to of the long study period (1989–2019), a possible
era effect as a consequence of changes in surgical ap-
proaches, medical care, diagnostic, and treatment options
may have influenced our results. We therefore performed a
sensitivity analysis with patients who were administered ta-
crolimus and mycophenolate mofetil, as the immunosuppres-
sive drug therapy was switched from 2006 onward. This
analysis showed similar results substantiating the robustness
of our findings.4,15,16,24–26

Our results should be regarded as hypothesis generating,
especially in the context of early post-transplant AF or
mortality, as different factors may negatively affect these
outcomes. Furthermore, our data merely indicated an
association between AF before HTX and AF ≤ 30 days after
HTX but can neither proof nor disproof a causal relationship.
In this context, further large multicenter trials are required to
investigate the association between AF before and after HTX.

Conclusions

Early post-transplant AF has been associated with worse
clinical outcomes. We therefore investigated the association
between AF before HTX and AF within 30 days after HTX.
Our study comprised a total of 639 HTX recipients including
332 patients (52.0%) without AF before or ≤ 30 days after
HTX, 15 patients (2.3%) without AF before HTX but with
AF ≤ 30 days after HTX, 219 patients (34.3%) with AF before
HTX but without AF ≤ 30 days after HTX, and 73 patients
(11.4%) with AF before and ≤ 30 days after HTX.

Our analysis showed two different groups of patients with
early post-transplant AF, each with specific characteristics.
Patients with AF before and after HTX received older donor
hearts, had a longer ischaemic time, had the lowest

percentage of total orthotopic HTX, and mainly died from in-
fection/sepsis, while patients without AF before HTX but with
AF ≤ 30 days after HTX primarily received cyclosporine A and
azathioprine as immunosuppressive drug therapy, showed a
higher percentage of early graft rejection, and predominantly
died from graft failure.

Importantly, both groups, patients with AF before and
after HTX as well as patients without AF before HTX but with
AF ≤ 30 days after HTX, had a significantly higher 1 year
mortality, a significantly higher 1 year PPM implantation rate,
and a significantly higher 1 year stroke rate than patients
without AF ≤ 30 days after HTX.

Multivariate analysis showed higher donor age and
prolonged ischaemic time as significant risk factors for early
post-transplant AF, whereas total orthotopic HTX was associ-
ated with a two-fold lower risk for AF ≤ 30 days after HTX.
Most importantly, patients with AF before HTX had a more
than six-fold elevated risk for AF within 30 days after HTX
(HR: 6.59, CI: 3.72–11.65; P < 0.01) indicating that AF before
HTX is an important risk factor for early post-transplant AF,
independently of the other investigated risk factors.
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