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Abstract

Aims Right bundle branch block (RBBB) after heart transplantation (HTX) is a common finding, but its impact on
post-transplant survival remains uncertain. This study investigated the post-transplant outcomes of patients with complete
RBBB (cRBBB) ≤ 30 days after HTX.
Methods This registry study analysed 639 patients receiving HTX at Heidelberg Heart Center between 1989 and 2019.
Patients were stratified by diagnosis of cRBBB ≤ 30 days after HTX. Analysis included recipient and donor data, medication,
echocardiographic features, graft rejections, atrial fibrillation, heart rates, permanent pacemaker implantation and mortality
after HTX including causes of death.
Results One hundred thirty-nine patients showed cRBBB ≤ 30 days after HTX (21.8%), 20 patients with pre-existing cRBBB in
the donor heart (3.2%) and 119 patients with newly acquired cRBBB (18.6%). Patients with newly acquired cRBBB had a worse
1-year post-transplant survival (36.1%, P < 0.01) compared with patients with pre-existing cRBBB (85.0%) or without cRBBB
(86.4%), along with a higher percentage of death due to graft failure (P < 0.01). Multivariate analysis indicated
cRBBB ≤ 30 days after HTX as significant risk factor for 1-year mortality after HTX (HR: 2.20; 95% CI: 1.68–2.87; P < 0.01). Sec-
ondary outcomes showed a higher rate of an enlarged right atrium (P = 0.01), enlarged right ventricle (P< 0.01), reduced right
ventricular function (P < 0.01), 30-day atrial fibrillation (P < 0.01) and 1-year permanent pacemaker implantation (P = 0.02) in
patients with cRBBB after HTX.
Conclusions Newly acquired cRBBB early after HTX is associated with increased post-transplant mortality.
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Introduction

Right bundle branch block (RBBB) is one of the most
common electrocardiographic abnormalities in patients
after heart transplantation (HTX).1–6 Previous reported
frequencies range from 19.6% to 69.4% depending on the
definition of RBBB and the observed time interval after
HTX.7,8 On average, about half of all patients after

HTX show incomplete (iRBBB) or complete RBBB (cRBBB)
over time.9–13

The cause of RBBB after HTX is still subject to controversy,
but numerous reasons have been suggested including the
posterior rotation of the implanted donor heart, surgical
technique (biatrial or bicaval), prolonged ischaemic time,
graft rejection, valvular regurgitation and right ventricular
dysfunction.1–14 Moreover, chronic obstructive pulmonary
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disease (COPD) and increased pulmonary vascular resistance
(PVR) that have been linked to right heart strain and in-
creased mortality after HTX may provoke the manifestation
of RBBB after HTX.15,16

Results about the prognostic effect of RBBB after HTX
are conflicting as several studies found an increased
post-transplant mortality in patients with RBBB after
HTX,3,4,9,11 whereas others could not confirm such
effect.1,5,6,10,13,14 Differences in sample size and study de-
sign may have contributed to inconsistencies because stud-
ies varied in definition of RBBB (iRBBB or cRBBB), length of
follow-up (30-day, 1-year or 5-year) and analysed outcomes
(mortality, graft rejection, surgical parameters or echocar-
diographic features).1–14

Time until diagnosis and duration of RBBB may also play a
key role as the presence of cRBBB in the early stage after HTX
may have another impact on post-transplant mortality as the
development of iRBBB several years after HTX. In addition,
there might be an important difference between patients
with newly acquired cRBBB after HTX and patients with
cRBBB after HTX, which was already present in the donor
heart before HTX. However, these questions have yet not
been sufficiently answered in the literature. We therefore
sought to investigate the post-transplant outcomes of pa-
tients with cRBBB ≤ 30 days after HTX focusing on mortality
with causes of death, echocardiographic features, graft rejec-
tions, bradycardia, permanent pacemaker (PPM) implanta-
tion and atrial fibrillation (AF) after HTX.

Patients and methods

Patients

We performed this study in accordance with the ethical stan-
dards of the Declaration of Helsinki. Approval was granted by
the institutional review board (IRB) of Heidelberg University
(ethical approval number: S-286/2015, Version 1.2, 28-
07-2020). 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 routine clinical
data were analysed.15–19

This study contained all adult patients (≥18 years) receiving
HTX at Heidelberg Heart Center, Heidelberg, Germany, be-
tween 1989 and 2019. Patients with a second HTX were ex-
cluded. Donor hearts were routinely transported in an ice
box (cold ischaemic storage), and Bretschneider solution was
used as cardioplegic solution for myocardial protection. We
initially stratified patients by diagnosis of cRBBB ≤ 30 days
after HTX: patients with cRBBB ≤ 30 days after HTX
(‘cRBBB group’) and patients without cRBBB ≤ 30 days after

HTX (‘no cRBBB group’). Patients with cRBBB ≤ 30 days after
HTX were further subdivided into patients with newly
acquired cRBBB ≤ 30 days after HTX and patients with
cRBBB ≤ 30 days after HTX, which was already present in the
donor heart before HTX. Definition of cRBBB was based upon
the following characteristic electrocardiographic (ECG) find-
ings: (1) QRS duration ≥ 120 ms, (2) RSR’ in leads V1 and/or
V2, (3) S wave duration > 40 ms or greater than R wave dura-
tion in leads I and V6, (4) R wave peak time normal in leads V5
and V6 and (5) R wave peak time > 50 ms in lead V1.20

Follow-up

Follow-up after HTX was performed in accordance with the
standard of care at Heidelberg Heart Center. During the initial
hospital stay, patients were continuously supervised by te-
lemetry monitoring, and 12-lead ECG was performed on a
regular basis. Before discharge, 24-h Holter was routinely per-
formed. Diagnosis of cRBBB ≤ 30 days after HTX was based
upon all available records pertaining to heart rhythm in the
early post-transplant period.15–19

After discharge, 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 ex-
amination, 12-lead ECG, echocardiography, endomyocardial
biopsy and blood tests including immunosuppressive drug
monitoring.15–19,21

Post-transplant medication

Post-transplant medication including immunosuppressive
drug therapy was administered in accordance to centre
standard. Patients initially received an anti-thymocyte globu-
lin-based immunosuppression induction therapy after HTX.
Cyclosporine A and azathioprine were used as the initial im-
munosuppressive drug therapy at the beginning of the study
period. From 2001 onwards, azathioprine was subsequently
substituted by mycophenolate mofetil, and cyclosporine A
was consecutively replaced by tacrolimus from 2006 onwards.
Steroids (prednisolone) were tapered incrementally during
the first post-transplant months and were finally discontinued
6 months after HTX (if clinically possible).15–19

Statistical analysis

Data were analysed with SAS (Version 9.4, SAS Institute, Cary,
NC, USA) and expressed as mean ± standard deviation (SD) or
as count (n) with percentage (%). Difference of mean or haz-
ard ratio (HR) with 95% confidence interval (CI) was used as
measure of association. Student’s t-test/Mann–Whitney U
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test or analysis of variance (ANOVA)/Kruskal–Wallis test was
used for continuous variables and chi-squared-test/Fisher’s
exact test for categorical variables, as appropriate. Kaplan–
Meier estimator was employed to graphically display 1-year
post-transplant survival. A P-value of <0.05 was considered
statistically significant.15–19

Univariate analyses were performed to search for inter-
group differences including recipient data, previous
open-heart surgery, principal diagnosis for HTX, donor data
(including presence of cRBBB in the donor heart before
HTX), transplant sex mismatch, preoperative data, periopera-
tive data, post-transplant medication, immunosuppressive
drug therapy, post-transplant echocardiographic features,
graft rejections, post-transplant AF, post-transplant heart
rates and PPM implantation after HTX. Causes of death within
1 year after HTX were grouped into the following categories:
graft failure, acute rejection, infection/sepsis, malignancy and
thromboembolic event/bleeding. Analysis of 1-year mortality
after HTX further included a multivariate analysis (Cox regres-
sion model) with the following eight clinically relevant param-
eters based on a predetermined model: cRBBB ≤ 30 days
after HTX (in total), recipient age (decades), recipient preop-
erative PVR (Wood units), recipient COPD (in total), recipient
severely reduced 30-day right ventricular function (in total),
recipient severely reduced 30-day left ventricular function
(in total), donor age (decades) and ischaemic time (hours).
We did not include additional parameters in this multivariate
analysis to avoid biased regression coefficients and to ensure
a stable number of events (deceased patients) per analysed
variable. In order to address clinically relevant questions with
subgroup analyses, we decided to use the largest available
number of patients for this study. Given the long study period
of 30 years (1989–2019), we performed a sensitivity analysis
to test the robustness of the study results and to investigate a
possible era effect using a subgroup of patients with tacroli-
mus and mycophenolate mofetil as the immunosuppressive
drug regimen was switched from 2006 onwards.15–19

The primary outcome of this study was mortality
after HTX. Secondary outcomes included post-transplant
echocardiographic features, graft rejections, post-transplant
AF, post-transplant bradycardia and PPM implantation
after HTX.

Results

Characteristics of RBBB after HTX

This study comprised a total of 639 patients including 139 pa-
tients with cRBBB ≤ 30 days after HTX (21.8%) and 500 pa-
tients without cRBBB ≤ 30 days after HTX (78.2%). Patients
with cRBBB ≤ 30 days after HTX were further subdivided into
20 patients with pre-existing cRBBB in the donor heart before

HTX (3.2%) and 119 patients with newly acquired cRBBB after
HTX (18.6%).

Mean duration of QRS interval in patients with cRBBB was
134.7 ± 12.5 ms, ranging from 120 to 181 ms. In patients with
pre-existing cRBBB in the donor heart before HTX, mean du-
ration of QRS interval was 130.8 ± 8.8 ms, ranging from 120
to 149 ms. Patients with newly acquired cRBBB after HTX
had a duration of QRS interval of 135.3 ± 13.0 ms, ranging
from 120 to 181 ms.

Demographics and medication after HTX

Patients with cRBBB ≤ 30 days after HTX had a higher recipi-
ent age (53.8 ± 9.5 years vs. 51.6 ± 10.5 years; difference:
2.2 years, 95% CI: 0.4–4.0 years, P = 0.02), a higher percent-
age of recipient COPD (46 of 139 [33.1%] vs. 109 of 500
[21.8%]; difference: 11.3%, 95% CI: 2.7–19.9%; P = 0.01), a
higher donor age (43.8 ± 13.2 years vs. 40.2 ± 13.4 years; dif-
ference: 3.6 years, 95% CI: 1.1–6.1 years, P = 0.01) and a lon-
ger ischaemic time (235.0 ± 70.7 min vs. 220.2 ± 67.4 min;
difference: 14.8 min, 95% CI: 1.6–28.0 min, P = 0.03).

Analysis of preoperative right heart catheterization
data showed a significantly higher right atrial pressure
(11.8 ± 4.0 mmHg vs. 10.5 ± 4.0 mmHg; difference: 1.3 mmHg,
95% CI: 0.5–2.1 mmHg, P < 0.01), right ventricular pressure
(15.7 ± 5.2 mmHg vs. 14.2 ± 4.9 mmHg; difference: 1.5 mmHg,
95% CI: 0.5–2.5 mmHg, P < 0.01), pulmonary arterial systolic
pressure (45.9 ± 11.9 mmHg vs. 41.9 ± 12.4 mmHg; differ-
ence: 4.0 mmHg, 95% CI: 1.7–6.3 mmHg, P < 0.01), pulmo-
nary arterial diastolic pressure (23.9 ± 7.4 mmHg vs.
21.3 ± 7.3 mmHg; difference: 2.6 mmHg, 95% CI: 1.2–
4.0 mmHg, P < 0.01) or PVR (243.2 ± 116.2 mmHg vs.
198.1 ± 97.2 mmHg; difference: 45.1 mmHg, 95% CI: 23.8–
66.4 mmHg, P < 0.01).

No statistically significant differences between both groups
were found in regard to the remaining recipient data, previ-
ous open-heart surgery, principal diagnosis for HTX, donor
sex, donor body mass index, transplant sex mismatch, preop-
erative pulmonary artery pulsatility index or surgical HTX
techniques (all P ≥ 0.05). Baseline characteristics are given
in Table 1.

Analysis of the immunosuppressive drug therapy showed
no statistically significant differences between both groups
concerning the administration of cyclosporine A, tacrolimus,
azathioprine or mycophenolate mofetil (all P ≥ 0.05). Patients
with cRBBB ≤ 30 days after HTX had a lower percentage of
angiotensin-converting-enzyme (ACE) inhibitors/angiotensin
II receptor blockers (ARB) compared with patients without
cRBBB ≤ 30 days after HTX (49 of 139 [35.3%] vs. 229
of 500 [45.8%]; difference: 10.5%, 95% CI: 1.5–19.5%;
P = 0.03). There were no statistically significant differences
between both groups in the administration of acetylsalicylic
acid (ASA), beta blockers, ivabradine, calcium channel
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blockers or statins (all P ≥ 0.05). Medication after HTX is
shown in Table 2.

Primary outcome after HTX

In terms of the primary outcome of this study, patients with
cRBBB ≤ 30 days after HTX had a significantly higher 30-day
(32.4% vs. 3.8%, difference: 28.6%, 95% CI: 20.6–36.6%, P <

0.01), intrahospital (43.9% vs. 7.2%, difference: 36.7%, 95%
CI: 28.1–45.3%, P < 0.01), 31-day-to-1-year (24.4% vs. 9.8%,
difference: 14.6%, 95% CI: 7.0–22.2%, P < 0.01), hospital dis-
charge-to-1-year (12.9% vs. 6.4%, difference: 6.5%, 95% CI:
0.5–12.5%, P = 0.01) and 1-year all-cause mortality after

HTX (56.8% vs. 13.6%, difference: 43.2%, 95% CI: 34.4–
52.0%, P< 0.01). Regarding the causes of death within 1 year
after HTX, significantly more patients with cRBBB ≤ 30 days
after HTX died from graft failure (32.4% vs. 2.0%, difference:
30.4%, 95% CI: 22.5–38.3%, P < 0.01) and infection/sepsis
(21.6% vs. 9.0%, difference: 12.6%, 95% CI: 5.3–19.9%,
P < 0.01). There were no statistically significant differences
between groups concerning the causes of death within 1 year
after HTX in terms of acute rejection, malignancy or thrombo-
embolic event/bleeding. Causes of death within 1 year after
HTX are provided in Table 3.

Multivariate analysis revealed a more than twofold
increased risk for 1-year mortality after HTX in patients
with cRBBB ≤ 30 days after HTX (HR: 2.20, CI: 1.68–2.87;

Table 1 Baseline characteristics

Parameter All (n = 639)
No cRBBB ≤ 30 days
after HTX (n = 500)

cRBBB ≤ 30 days
after HTX (n = 139) Difference 95% CI P-value

Recipient data
Age (years), mean ± SD 52.1 ± 10.3 51.6 ± 10.5 53.8 ± 9.5 2.2 0.4–4.0 0.02*
Male sex, n (%) 498 (77.9%) 388 (77.6%) 110 (79.1%) 1.5% �6.2%–9.2% 0.70
Body mass index (kg/m2), mean ± SD 24.9 ± 4.0 24.9 ± 3.9 25.2 ± 4.3 0.3 �0.5–1.1 0.45
Arterial hypertension, n (%) 350 (54.8%) 269 (53.8%) 81 (58.3%) 4.5% �4.8%–13.8% 0.35
Dyslipidaemia, n (%) 406 (63.5%) 323 (64.6%) 83 (59.7%) 4.9% �4.3%–14.1% 0.29
Diabetes mellitus, n (%) 215 (33.6%) 169 (33.8%) 46 (33.1%) 0.7% �8.2%–9.6% 0.88
COPD, n (%) 155 (24.3%) 109 (21.8%) 46 (33.1%) 11.3% 2.7%–19.9% 0.01*
Renal insufficiencya, n (%) 368 (57.6%) 287 (57.4%) 81 (58.3%) 0.9% �8.4%–10.2% 0.85
eGFR (ml/min/1.73 m2), mean ± SD 60.3 ± 21.7 60.7 ± 22.0 58.9 ± 20.5 1.8 �2.1–5.7 0.37

Previous open-heart surgery
Overall open-heart surgery, n (%) 190 (29.7%) 146 (29.2%) 44 (31.7%) 2.5% �6.2%–11.2% 0.58
CABG surgery, n (%) 78 (12.2%) 59 (11.8%) 19 (13.7%) 1.9% �4.5%–8.3% 0.55
Other surgeryb, n (%) 71 (11.1%) 56 (11.2%) 15 (10.8%) 0.4% �5.4%–6.2% 0.89
VAD surgery, n (%) 55 (8.6%) 40 (8.0%) 15 (10.8%) 2.8% �2.9%–8.5% 0.30

Principal diagnosis for HTX
Ischaemic CMP, n (%) 209 (32.7%) 160 (32.0%) 49 (35.2%) 3.2% �5.7%–12.1% 0.47
Non-ischaemic CMP, n (%) 339 (53.1%) 269 (53.8%) 70 (50.4%) 3.4% �6.0%–12.8% 0.47
Valvular heart disease, n (%) 34 (5.3%) 26 (5.2%) 8 (5.8%) 0.6% �3.7%–4.9% 0.80
Cardiac amyloidosis, n (%) 57 (8.9%) 45 (9.0%) 12 (8.6%) 0.4% �4.9%–5.7% 0.89

Donor data
Age (years), mean ± SD 41.0 ± 13.4 40.2 ± 13.4 43.8 ± 13.2 3.6 1.1–6.1 0.01*
Male sex, n (%) 278 (43.5%) 221 (44.2%) 57 (41.0%) 3.2% �6.1%–12.5% 0.50
Body mass index (kg/m2), mean ± SD 24.8 ± 4.1 24.8 ± 4.1 24.8 ± 4.0 0.0 �0.8–0.8 0.99

Transplant sex mismatch
Mismatch, n (%) 283 (44.3%) 215 (43.0%) 68 (48.9%) 5.9% �3.5%–15.3% 0.21
Donor (m) to recipient (f), n (%) 31 (4.9%) 24 (4.8%) 7 (5.0%) 0.2% �3.9%–4.3% 0.91
Donor (f) to recipient (m), n (%) 252 (39.4%) 191 (38.2%) 61 (43.9%) 5.7% �3.6%–15.0% 0.23

Preoperative data
RAP (mmHg), mean ± SD 10.8 ± 4.1 10.5 ± 4.0 11.8 ± 4.0 1.3 0.5–2.1 <0.01*
RVP (mmHg), mean ± SD 14.5 ± 5.0 14.2 ± 4.9 15.7 ± 5.2 1.5 0.5–2.5 <0.01*
PASP (mmHg), mean ± SD 42.8 ± 12.4 41.9 ± 12.4 45.9 ± 11.9 4.0 1.7–6.3 <0.01*
PADP (mmHg), mean ± SD 21.9 ± 7.4 21.3 ± 7.3 23.9 ± 7.4 2.6 1.2–4.0 <0.01*
PAPi (value), mean ± SD 2.1 ± 0.9 2.1 ± 1.0 2.0 ± 0.8 0.1 �0.1–0.3 0.16
PVR (dyn·s·cm�5), mean ± SD 207.9 ± 103.4 198.1 ± 97.2 243.2 ± 116.2 45.1 23.8–66.4 <0.01*

Perioperative data
Ischaemic time (min), mean ± SD 223.4 ± 68.4 220.2 ± 67.4 235.0 ± 70.7 14.8 1.6–28.0 0.03*
Biatrial HTX, n (%) 164 (25.7%) 131 (26.2%) 33 (23.7%) 2.5% �5.5%–10.5% 0.56
Bicaval HTX, n (%) 198 (31.0%) 157 (31.4%) 41 (29.5%) 1.9% �6.7%–10.5% 0.67
Total orthotopic HTX, n (%) 277 (43.3%) 212 (42.4%) 65 (46.8%) 4.4% �5.0%–13.8% 0.36

CABG, coronary artery bypass graft; CI, confidence interval; CMP, cardiomyopathy; COPD, chronic obstructive pulmonary disease; cRBBB,
complete right bundle branch block; f, female; eGFR, estimated glomerular filtration rate; HTX, heart transplantation; m, male; n, number;
PADP, pulmonary artery diastolic pressure; PAPi, pulmonary artery pulsatility index; PASP, pulmonary artery systolic pressure; PVR, pulmo-
nary vascular resistance; RAP, right atrial pressure; RVP, right ventricular pressure; SD, standard deviation; VAD, ventricular assist device.
aeGFR < 60 mL/min/1.73 m2.
bCongenital, valvular or ventricular surgery.
*Statistically significant at P < 0.05.
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P < 0.01). Furthermore, recipient age (HR: 1.20, CI: 1.08–
1.33; P < 0.01), recipient preoperative PVR (HR: 1.13, CI:
1.04–1.22; P < 0.01), recipient COPD (HR: 2.92, CI: 2.33–
3.66; P < 0.01), recipient severely reduced 30-day RV func-
tion (HR: 9.38, CI: 5.76–15.28; P < 0.01) and recipient se-
verely reduced 30-day LV function (HR: 5.96, CI: 3.08–11.54;
P< 0.01) were significant risk factors in the multivariate anal-
ysis for 1-year mortality after HTX. The other two included

variables (donor age and ischaemic time) showed no statisti-
cally significant effect on post-transplant 1-year mortality.
Multivariate analysis for 1-year mortality after HTX is given
in Table 4.

Patients with cRBBB ≤ 30 days after HTX additionally
displayed a worse 1-year survival after HTX in the Kaplan–
Meier survival analysis (43.2% vs. 86.4%, P < 0.01). Further
stratification of the cRBBB group showed a significantly lower

Table 2 Medication after HTX

Parameter All (n = 639)
No cRBBB ≤ 30 days
after HTX (n = 500)

cRBBB ≤ 30 days
after HTX (n = 139) Difference 95% CI P-value

Immunosuppressive drug therapy
Cyclosporine A, n (%) 347 (54.3%) 273 (54.6%) 74 (53.2%) 1.4% �8.0%–10.8% 0.78
Tacrolimus, n (%) 292 (45.7%) 227 (45.4%) 65 (46.8%) 1.4% �8.0%–10.8% 0.78
Azathioprine, n (%) 267 (41.8%) 208 (41.6%) 59 (42.4%) 0.8% �8.5%–10.1% 0.86
Mycophenolate mofetil, n (%) 372 (58.2%) 292 (58.4%) 80 (57.6%) 0.8% �8.5%–10.1% 0.86
Steroids, n (%) 639 (100.0%) 500 (100.0%) 139 (100.0%) 0.0% n.a. n.a.

Concomitant medication
ASA, n (%) 68 (10.6%) 50 (10.0%) 18 (12.9%) 2.9% �3.3%–9.1% 0.32
Beta blocker, n (%) 114 (17.8%) 93 (18.6%) 21 (15.1%) 3.5% �3.4%–10.4% 0.34
Ivabradine, n (%) 61 (9.5%) 50 (10.0%) 11 (7.9%) 2.1% �3.1%–7.3% 0.46
Calcium channel blocker, n (%) 171 (26.8%) 130 (26.0%) 41 (29.5%) 3.5% �5.0%–12.0% 0.41
ACE inhibitor/ARB, n (%) 278 (43.5%) 229 (45.8%) 49 (35.3%) 10.5% 1.5%–19.5% 0.03*
Diuretic, n (%) 639 (100.0%) 500 (100.0%) 139 (100.0%) 0.0% n.a. n.a.
Statin, n (%) 254 (39.7%) 200 (40.0%) 54 (38.8%) 1.2% �8.0%–10.4% 0.81
Gastric protectiona, n (%) 639 (100.0%) 500 (100.0%) 139 (100.0%) 0.0% n.a. n.a.

ACE inhibitor, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid; CI, confidence in-
terval; cRBBB, complete right bundle branch block; HTX, heart transplantation; n, number; n.a., not applicable.
aGastric protection defined as proton pump inhibitor (PPI) or histamine receptor (H2) blocker.
*Statistically significant at P < 0.05.

Table 3 Causes of death within 1 year after HTX

Parameter All (n = 639)
No cRBBB ≤ 30 days
after HTX (n = 500)

cRBBB ≤ 30 days
after HTX (n = 139) Difference 95% CI P-value

Graft failure, n (%) 55 (8.6%) 10 (2.0%) 45 (32.4%) 30.4% 22.5%–38.3% <0.01*
Acute rejection, n (%) 4 (0.6%) 3 (0.6%) 1 (0.7%) 0.1% �1.5%–1.7% 0.87
Infection/sepsis, n (%) 75 (11.7%) 45 (9.0%) 30 (21.6%) 12.6% 5.3%–19.9% <0.01*
Malignancy, n (%) 3 (0.5%) 2 (0.4%) 1 (0.7%) 0.3% �1.2%–1.8% 0.63
Thromboembolic event/bleeding, n (%) 10 (1.6%) 8 (1.6%) 2 (1.4%) 0.2% �2.1 – 2.5% 0.89
All causes, n (%) 147 (23.0%) 68 (13.6%) 79 (56.8%) 43.2% 34.4%–52.0% <0.01*

CI, confidence interval; cRBBB, complete right bundle branch block; HTX, heart transplantation; n, number.
*Statistically significant at P < 0.05.

Table 4 Multivariate analysis for 1-year mortality after HTX

Variable Hazard ratio 95% CI P-value

Complete RBBB ≤ 30 days after HTX (in total) 2.20 1.68–2.87 <0.01*
Recipient age (decades) 1.20 1.08–1.33 <0.01*
Recipient preoperative PVR (Wood units) 1.13 1.04–1.22 <0.01*
Recipient COPD (in total) 2.92 2.33–3.66 <0.01*
Recipient severely reduced 30-day RV function (in total) 9.38 5.76–15.28 <0.01*
Recipient severely reduced 30-day LV function (in total) 5.96 3.08–11.54 <0.01*
Donor age (decades) 1.02 0.94–1.10 0.70
Ischaemic time (hours) 1.00 0.90–1.10 0.94

ACE inhibitor, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; COPD, chronic ob-
structive pulmonary disease; HTX, heart transplantation; LV, left ventricle; PVR, pulmonary vascular resistance; RBBB, right bundle branch
block; RV, right ventricle.
*Statistically significant at P < 0.05.
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1-year post-transplant survival in patients with newly ac-
quired cRBBB ≤ 30 days after HTX (36.1%) in comparison
with patients with pre-existing cRBBB in the donor heart
(85.0%) or patients without cRBBB ≤ 30 days after HTX
(86.4%, P < 0.01). Kaplan–Meier estimators are shown in
Figures 1 and 2.

Secondary outcomes after HTX

Assessment of echocardiographic features after HTX showed
a lower percentage of normal sized right 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) as well as left ventricular function (P < 0.01) in pa-
tients with cRBBB ≤ 30 days after HTX. Patients in the cRBBB
group further had a higher rate of mitral and tricuspid regur-
gitation (both P < 0.01). Echocardiographic features after
HTX are shown in Table 5.

Analysis of 30-day graft rejection (P = 0.10), 30-day brady-
cardia (P = 0.19) or 30-day PPM implantation after HTX
(P = 0.09) showed no statistically significant difference be-
tween groups. Patients with cRBBB ≤ 30 days after HTX had
a higher rate of 30-day post-transplant AF (21.6% vs. 11.6%,
P < 0.01) and a higher rate of 1-year PPM implantation after
HTX (4.3% vs. 1.2%, P = 0.02). Data regarding secondary out-
comes after HTX are provided in Table 6.

Sensitivity analysis

A sensitivity analysis to test the robustness of the study re-
sults and to investigate a possible era effect was performed
with a subgroup of patients receiving tacrolimus and myco-
phenolate mofetil (292 of 639 patients [45.7%]). This analysis
showed comparable results regarding the primary outcome
(mortality after HTX) and the secondary outcomes (post-
transplant echocardiographic features, graft rejections,
post-transplant AF, post-transplant bradycardia and PPM im-
plantation after HTX) supporting the robustness of the study
results and minimizing the likelihood of an era effect.

Discussion

Frequency and significance of RBBB after HTX

As the prognostic effect of RBBB after HTX is still subject to an
ongoing debate, we performed this large study with 639 HTX
recipients to elucidate the frequency and significance of
early cRBBB after HTX. A total of 139 patients showed
cRBBB ≤ 30 days after HTX (21.8%). This is in line with former
studies describing a similar rate of early cRBBB after HTX.1,10

Jessen et al.10 reported a cRBBB rate of 17.3% (14 of 81) im-
mediately after HTX, and Ferretto et al.1 stated a cRBBB rate
of 23.8% (57 of 240) on the first day after HTX. These data

Figure 1 1-year survival after HTX in patients with and without
cRBBB ≤ 30 days after HTX (Kaplan–Meier estimator). Patients with
cRBBB ≤ 30 days after HTX had a significantly worse 1-year post-trans-
plant survival in the Kaplan–Meier survival analysis (43.2%) compared
with patients without cRBBB ≤ 30 days after HTX (86.4%, P < 0.01).
cRBBB, complete right bundle branch block; HTX, heart transplantation;
*
statistically significant (P < 0.05).

Figure 2 1-year survival after HTX in patients with newly acquired
cRBBB ≤ 30 days after HTX, with cRBBB ≤ 30 days after HTX which was
already present in the donor heart before HTX, and without
cRBBB ≤ 30 days after HTX (Kaplan–Meier estimator). Stratification of
the cRBBB group showed a significantly lower 1-year post-transplant sur-
vival in patients with newly acquired cRBBB ≤ 30 days after HTX (36.1%)
in comparison with patients with pre-existing cRBBB in the donor heart
(85.0%) or patients without cRBBB ≤ 30 days after HTX (86.4%,
P < 0.01). cRBBB, complete right bundle branch block; HTX, heart trans-
plantation; *statistically significant (P < 0.05).
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indicate that HTX recipients have a substantially higher per-
centage of cRBBB in comparison with the general
population.22,23 In the Copenhagen City Heart Study with
18 441 participants, the prevalence of cRBBB varied between
1.0% and 10.0%, depending on sex and increasing with age.23

This difference is of clinical significance as the presence of
cRBBB has been associated with increased mortality in the
general population, in patients with myocardial infarction
and in patients with congestive heart failure.23–26

Several pathophysiological factors may contribute to the
development of cRBBB after HTX. Positioning of the donor
heart often results in a clockwise rotation on the long axis

of the transplanted heart that may cause stretched-induced
cRBBB after HTX as the fibres of the right bundle branch
are more susceptible to damage than the fibres of the left
bundle branch.1,7,8,13,27–29 In addition, the use of biatrial or
bicaval HTX technique has been discussed to have an impact
on the rate of cRBBB after HTX. Ferretto and colleagues1 de-
scribed a significantly lower incidence of cRBBB after HTX in
patients with bicaval HTX (23.8%) in comparison with a con-
trol population with biatrial HTX (40.7%, P < 0.01) although
both HTX techniques do not directly cause damage to the
subhisian conduction system.1 However, in this study, we
could not detect a significant difference between patients

Table 5 Echocardiographic features after HTX

Parameter All (n = 639)
No cRBBB ≤ 30 days
after HTX (n = 500)

cRBBB ≤ 30 days
after HTX (n = 139) Difference 95% CI P-value

30-day end-diastolic diameter
Normal RA (<35 mm), n (%) 359 (56.2%) 294 (58.8%) 65 (46.8%) 12.0% 2.7%–21.3% 0.01*
Normal RV (<30 mm), n (%) 523 (81.8%) 438 (87.6%) 85 (61.2%) 26.4% 17.8%–35.0% <0.01*
Normal LA (<40 mm), n (%) 321 (50.2%) 256 (51.2%) 65 (46.8%) 4.4% �5.0%–13.8% 0.35
Normal LV (<55 mm), n (%) 589 (92.2%) 485 (97.0%) 104 (74.8%) 22.2% 14.8%–29.6% <0.01*

30-day RV function
Normal, n (%) 515 (80.6%) 441 (88.2%) 74 (53.2%) 35.0% 26.2%–43.8% <0.01*
Reduced, n (%) 124 (19.4%) 59 (11.8%) 65 (46.8%) 35.0% 26.2%–43.8% <0.01*
Mild, n (%) 51 (8.0%) 35 (7.0%) 16 (11.5%) 3.5%
Moderate, n (%) 17 (2.7%) 11 (2.2%) 6 (4.3%) 2.1%
Severe, n (%) 56 (8.7%) 13 (2.6%) 43 (31.0%) 28.4%

30-day LV function
Normal, n (%) 579 (90.6%) 477 (95.4%) 102 (73.4%) 22.0% 14.4%–29.6% 0.01*
Reduced, n (%) 60 (9.4%) 23 (4.6%) 37 (26.6%) 22.0% 14.4%–29.6% <0.01*
Mild, n (%) 19 (3.0%) 15 (3.0%) 4 (2.9%) 0.1%
Moderate, n (%) 9 (1.4%) 3 (0.6%) 6 (4.3%) 3.7%
Severe, n (%) 32 (5.0%) 5 (1.0%) 27 (19.4%) 18.4%

30-day tricuspid regurgitation
No, n (%) 406 (63.5%) 349 (69.8%) 57 (41.0%) 28.8% 19.7%–37.9% <0.01*
Yes, n (%) 233 (36.5%) 151 (30.2%) 82 (59.0%) 28.8% 19.7%–37.9% <0.01*
Mild, n (%) 134 (21.0%) 104 (20.8%) 30 (21.6%) 0.8%
Moderate, n (%) 62 (9.7%) 36 (7.2%) 26 (18.7%) 11.5%
Severe, n (%) 37 (5.8%) 11 (2.2%) 26 (18.7%) 16.5%

30-day mitral regurgitation
No, n (%) 477 (74.6%) 399 (79.8%) 78 (56.1%) 23.7% 14.7%–32.7% <0.01*
Yes, n (%) 162 (25.4%) 101 (20.2%) 61 (43.9%) 23.7% 14.7%–32.7% <0.01*
Mild, n (%) 153 (23.9%) 97 (19.4%) 56 (40.3%) 20.9%
Moderate, n (%) 8 (1.3%) 3 (0.6%) 5 (3.6%) 3.0%
Severe, n (%) 1 (0.2%) 1 (0.2%) 0 (0.0%) 0.2%

CI, confidence interval; cRBBB, complete right bundle branch block; HTX, heart transplantation; LA, left atrium; LV, left ventricle; n, num-
ber; RA, right atrium; RV, right ventricle.
*Statistically significant at P < 0.05.

Table 6 Secondary outcomes after HTX

Parameter All (n = 639)
No cRBBB ≤ 30 days
after HTX (n = 500)

cRBBB ≤ 30 days
after HTX (n = 139) Difference 95% CI P-value

30-day ≥ 1 graft rejection, n (%) 118 (18.5%) 99 (19.8%) 19 (13.7%) 6.1% �0.6%–12.8% 0.10
30-day atrial fibrillation, n (%) 88 (13.8%) 58 (11.6%) 30 (21.6%) 10.0% 2.6%–17.4% < 0.01*
30-day bradycardiaa, n (%) 21 (3.3%) 14 (2.8%) 7 (5.0%) 2.2% �1.7%–6.1% 0.19
30-day PPM implantation, n (%) 6 (0.9%) 3 (0.6%) 3 (2.2%) 1.6% �0.9%–4.1% 0.09
1-year PPM implantation, n (%) 12 (1.9%) 6 (1.2%) 6 (4.3%) 3.1% 0.4%–6.6% 0.02*

CI, confidence interval; cRBBB, complete right bundle branch block; HTX, heart transplantation; n, number; PPM, permanent pacemaker.
aBradycardia defined as mean weekly heart rate < 60 beats per minute.
*Statistically significant at P < 0.05.
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with biatrial, bicaval or even total orthotopic HTX in regard to
cRBBB ≤ 30 days after HTX. Another perioperative factor is
prolonged ischaemic time, which has been linked to cRBBB
after HTX.3,6,12 We also found a longer ischaemic time in pa-
tients with early cRBBB after HTX (235.0 ± 70.7 min vs.
220.2 ± 67.4 min, P = 0.03) implicating ischaemia-induced
damage as a possible reason for cRBBB after HTX.

In addition to surgical parameters, right ventricular strain
could be a cause for cRBBB after HTX. Gao and colleagues2

found in a group of 50 HTX recipients an association between
higher right heart and pulmonary pressures and patients with
cRBBB after HTX. Similar findings were reported by Sandhu
and colleagues13 who found a higher rate of right ventricular
dysfunction in patients with cRBBB after HTX (61.9% vs.
24.0%, P < 0.01). Assessment of preoperative right heart
catheterization data in our study showed a significantly
higher right atrial pressure, right ventricular pressure, pulmo-
nary arterial systolic pressure, pulmonary arterial diastolic
pressure and PVR in patients with early cRBBB after HTX.

Besides newly acquired cRBBB after HTX due to peri- and
post-transplant causes, a certain degree of cRBBB might have
already been present in the donor heart before HTX.29–31 In a
large study of the California Transplant Donor Network,
Khush et al.31 reported that 1.8% (18 of 980) of potential do-
nor hearts and 1.6% (9 of 560) of used donor hearts had
cRBBB before HTX, which is comparable with our study with
3.2% (20 of 639) of used donor hearts showing cRBBB before
HTX. These findings indicate that cRBBB after HTX is mostly a
result of peri- and post-transplant events.

Mortality and causes of death after HTX

Data regarding the association between RBBB and increased
mortality after HTX are inconclusive as several studies found
an increased post-transplant mortality in patients with RBBB
after HTX,3,4,9,11 whereas others found no significant differ-
ence in mortality after HTX.1,5,6,10,13,14 These divergent find-
ings may result from differences in study design, sample
size, definition of RBBB, onset of RBBB after HTX and
follow-up period.1–14

We therefore decided to perform this large study with 639
HTX recipients specifically looking at 1-year mortality of pa-
tients with cRBBB ≤ 30 days after HTX. In our study, patients
with cRBBB ≤ 30 days after HTX had a significantly increased
1-year all-cause mortality after HTX (P < 0.01), along with a
higher rate of death due to graft failure (P < 0.01) and infec-
tion/sepsis (P < 0.01). Multivariate analysis showed a more
than twofold increased risk for 1-year mortality after HTX in
these patients (HR: 2.20, CI: 1.68–2.87; P < 0.01). Especially
patients with newly acquired cRBBB ≤ 30 days after HTX had
a significantly higher 1-year post-transplant mortality (63.9%)
compared with patients with pre-existing cRBBB in the donor
heart (15.0%) or patients without cRBBB ≤ 30 days after HTX

(13.6%, P < 0.01). Our data suggest that newly
acquired cRBBB early after HTX is associated with increased
post-transplant mortality.

Right ventricular dysfunction and RBBB after HTX

Right ventricular dysfunction after HTX is associated with in-
creased post-transplant mortality and can be accompanied
by derogations of the cardiac conduction system manifesting
as RBBB, AF, bradycardia or even requirement for PPM im-
plantation after HTX.1,4,7,11,12,14–19,32–34 In our study, patients
with cRBBB ≤ 30 days after HTX had a higher percentage of
an enlarged right atrium (P = 0.01), an enlarged right ventri-
cle (P < 0.01), tricuspid regurgitation (P < 0.01) and right
ventricular dysfunction (P < 0.01), indicating the presence
of severe right heart strain.

Graft rejection is a leading cause for right ventricular dys-
function and has been linked to the development of RBBB af-
ter HTX, but definition of graft rejection and temporal
relationship varied between studies.1,3,7,11 In contrast, we
and other authors could not find a significant association be-
tween graft rejection and cRBBB after HTX.2,8,10,13

Increased levels of cardiac biomarkers have been associ-
ated with graft rejection, right ventricular dysfunction, pul-
monary hypertension and poor survival after HTX.35–39 As
several cardiac biomarkers such as cardiac troponin I (cTnI),
cardiac troponin T (cTnT), high-sensitivity cardiac troponin T
(hsTnT), brain natriuretic peptide (BNP) or N-terminal pro-
brain natriuretic peptide (NT-proBNP) are clinically used,
comparison may be difficult. Furthermore, increased cardiac
biomarkers have also been observed in HTX recipients with-
out signs of cardiac graft impairment emphasizing the need
for intraindividual assessment of differences as well as exclu-
sion of non-cardiac elevation of cardiac biomarker levels (re-
duced metabolic and renal clearance).39

Bradycardia frequently occurs in the early stage after HTX
and may require PPM implantation.18,40–42 However, the
impact of cRBBB early after HTX on the post-transplant need
for PPM implantation is uncertain.1,4,8,43 Jones and
colleagues43 reported the presence of cRBBB early after
HTX in 38.1% of patients who later received PPM implanta-
tion after HTX. Ferretto and colleagues1 found a twofold in-
creased rate of PPM implantation after HTX in patients with
cRBBB early after HTX (10.5% vs. 5.5%) but could not reach
statistical significance. In our study, we found a significantly
higher rate of 1-year PPM implantation in patients with
cRBBB ≤ 30 days after HTX (4.3% vs. 1.2%, P = 0.02), implicat-
ing an association between cRBBB early after HTX and
post-transplant need for PPM implantation.

Cardiac arrhythmias after HTX have been linked to COPD
and an increased PVR.15,16 In the initial post-transplant pe-
riod, the right donor heart of HTX recipients with
pre-existing COPD is exposed to considerable physiological
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stress including pulmonary hypertension, hypoxaemia,
hypercarbia and acidosis, which can provoke AF.15,16,44,45 In
our study, patients with cRBBB ≤ 30 days after HTX had a
higher percentage of COPD (33.1% vs. 21.8%, P = 0.01), a
twofold higher rate of early post-transplant AF (21.6% vs.
11.6%, P < 0.01), and died significantly more often from in-
fection/sepsis (21.6% vs. 9.0%, P < 0.01).

Our results indicate that cRBBB ≤ 30 days after HTX—espe-
cially newly acquired cRBBB—is associated with increased
post-transplant mortality, right ventricular dysfunction, need
for PPM implantation and AF after HTX. These patients
should hence be carefully monitored including 12-lead ECG,
echocardiography, myocardial biopsies and immunosuppres-
sive drug levels.

Study limitations

Our findings are based on a single-centre registry (Heidelberg
HTX Registry). Interpretation of results should therefore be
treated with caution as this study design carries certain limi-
tations. Nevertheless, unlike many multicentre studies, our
study provides an excellent granularity as patients received
a standardized centre-specific pre-, peri- and post-transplant
treatment and follow-up, reducing the likelihood of potential
selection bias and confounders. Furthermore, this study in-
cluded 639 patients analogous in sample size to multicentre
studies.15–19

This study included HTX recipients over a period of 30
years. A possible era effect due to changes in medical care
might have affected our results. As the immunosuppressive
drug regimen was changed from 2006 onwards, we
performed a sensitivity analysis with patients who received
tacrolimus and mycophenolate mofetil. This analysis showed
similar findings supporting the robustness of our results.15–19

Study results should be considered as hypothesis-
generating as several factors may affect post-transplant
mortality. Our data therefore can neither proof nor disproof
a causal relationship between cRBBB ≤ 30 days after HTX
and increased 1-year mortality after HTX but merely indicate
an association. In order to confirm our findings, further
large multicentre trials are required to investigate the
effects of cRBBB ≤ 30 days after HTX on post-transplant
outcomes.

Conclusion

To our knowledge, this is the largest study investigating the
post-transplant outcomes of patients with cRBBB ≤ 30 days
after HTX, especially in regard to differences between pa-
tients with newly acquired cRBBB ≤ 30 days after HTX and pa-
tients with cRBBB ≤ 30 days after HTX, which was already
present in the donor heart before HTX. A total of 139 patients
showed cRBBB ≤ 30 days after HTX (21.8%), hereof 20 pa-
tients with pre-existing cRBBB before HTX (3.2%) and 119 pa-
tients with newly acquired cRBBB after HTX (18.6%). Patients
with newly acquired cRBBB after HTX had a worse 1-year
post-transplant survival (36.1%, P < 0.01) compared with pa-
tients with pre-existing cRBBB before HTX (85.0%) or without
cRBBB after HTX (86.4%), along with a higher percentage of
death due to graft failure (P < 0.01). Multivariate analysis in-
dicated cRBBB ≤ 30 days after HTX as a significant risk factor
for 1-year mortality after HTX (HR: 2.20; 95% CI: 1.68–2.87; P
< 0.01). Secondary outcomes showed a higher rate of an en-
larged right atrium (P = 0.01), an enlarged right ventricle
(P < 0.01), a reduced right ventricular function (P < 0.01),
30-day AF (P < 0.01) and 1-year PPM implantation
(P = 0.02) in patients with cRBBB after early HTX.
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