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Purpose: Early posttransplant atrial fibrillation (AF) has been associated with worse clinical
outcomes after heart transplantation (HTX). The type of surgical technique may constitute a
relevant risk factor for AF.

Patients and methods: This retrospective single-center study included 530 adult patients.
Patients were stratified by surgical technique (biatrial, bicaval, or total orthotopic HTX) and
early posttransplant heart rhythm (AF or sinus rhythm). Univariate and multivariate analyses
were performed to evaluate risk factors for AF.

Results: A total of 161 patients received biatrial HTX (30.4%), 115 bicaval HTX (21.7%), and
254 total orthotopic HTX (47.9%). Sixty-one of 530 patients developed early posttransplant AF
(11.5%). Patients with AF showed a statistically inferior 5-year survival compared to those with
sinus rhythm (P<<0.0001). 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). Multivariate analysis
showed pretransplant valvular heart disease (P=0.0372), posttransplant enlarged left atrium
(P=0.0066), posttransplant mitral regurgitation (P=0.0370), and non-total orthotopic HTX
(P=0.0112) as risk factors for AF.

Conclusion: Early posttransplant AF was associated with increased mortality (P<<0.0001).
Total orthotopic HTX showed the lowest rate of AF compared to biatrial or bicaval
HTX (P=0.0012).

Keywords: atrial fibrillation, biatrial heart transplantation, bicaval heart transplantation,
mortality, surgical technique, total orthotopic heart transplantation

Introduction

Atrial fibrillation (AF) in the early posttransplant period is a common phenomenon
in patients after heart transplantation (HTX) with a previously described incidence of
7.9%—18.2%.'2 Although several risk factors, such as immunosuppressive drug therapy,
acute rejection, or ischemic time, may have an influence on the occurrence of AF, the
type of surgical technique could play a key role in the development of posttransplant
AF within 30 days after HTX.”’

A number of different cardiac transplantation techniques currently exist. In clinical
routine, three types are commonly used: biatrial (BA), bicaval (BC), and total ortho-
topic (TO) HTX. The initial “standard technique” for HTX, also known as “biatrial
technique (BA)”, was developed by Lower and Shumway.? It consists of two long
anastomoses of donor and recipient atria resulting in enlarged cavities with distorted
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anatomy, long suture lines with potentially proarrhythmic
scar tissue, and possible sinus node injury.**

An alternative is the “bicaval technique (BC)”, also
known as “bicaval, left atrial technique”, clinically introduced
by Sievers et al.° Here, the right donor atrium is preserved
via donor-to-recipient venae cavae anastomoses resulting
in unaltered properties of the right atrial geometry and con-
duction system.*> However, the left atrial anastomosis is
still performed via donor-to-recipient atrial anastomosis as
described by Lower and Shumway.>*

“Total orthotopic (TO) HTX”, also known as “bicaval,
bipulmonary venous technique”, was clinically introduced by
Dreyfus et al.” This technique comprises the total excision of
the recipient atria, except for two small pulmonary vein cuffs,
which are separately integrated into the left donor atrium.*$9
The right donor atrium is connected via BC anastomosis as
reported by Sievers et al.® In this way, the anatomic integ-
rity and physiology of both atria are preserved.’ Disadvan-
tages of this technique are prolonged ischemic time as a result
of complex anastomoses and pulmonary venous stenosis.*

Therefore, the aim of this study was to determine whether
the type of surgical technique (BA, BC, or TO) has an influ-
ence on early posttransplant AF.

Patients and methods

Patients

This study was performed in accordance with the ethical
standards of the Declaration of Helsinki and was approved
by the Ethics Committee of the University of Heidelberg,
Heidelberg, Germany. It included all patients (=18 years)
receiving HTX at the Heidelberg Heart Center, Heidelberg,
Germany, between June 1989 and December 2012. Patients
with repeated HTX were excluded. Data were retrieved from
the clinical routine. Written informed consent was obtained
for the Heidelberg HTX register.!®!! As only clinical routine
data were used for this study, no additional written informed
consent was required from the patients.

Patients were stratified by surgical technique (BA, BC,
or TO) and according to posttransplant heart rhythm within
30 days after HTX. The decision of which surgical technique
to be used had not been preselected. Factors influencing the
choice of HTX technique were surgeon’s preference, ana-
tomical characteristics, and previous open heart surgery.

Follow-up

Patients were routinely followed-up according to the cen-
ter standard. The minimum follow-up period was 30 days
after HTX. During the early posttransplant period, heart

rhythm was continuously assessed by monitor telemetry.
Furthermore, 12-lead electrocardiography was routinely
performed and in case of arrhythmias on monitor telemetry.
Additionally, 24-hour-Holter recording was performed. All
available source files pertaining to heart rhythm in the early
posttransplant period (=30 days after HTX) were analyzed.
Early posttransplant AF (AF =30 days after HTX) was
defined as AF lasting 30 seconds or longer. Atrial flutter or
other supraventricular tachyarrhythmias were not included.

Cardiac rejection episodes were diagnosed and treated
according to the revised International Society for Heart and
Lung Transplantation classification.'?

Posttransplant medication

Patients after HTX received an immunosuppressive induc-
tion treatment with anti-thymocyte globulin since 1994. The
initial immunosuppressive regimen of cyclosporine A (CsA)
and azathioprine (AZA) was subsequently replaced by CsA
and mycophenolate mofetil (MMF) from 2001 onward, and
by tacrolimus (TAC) and MMF from 2006 onward. Simul-
taneously, steroids (prednisolone) were applied.!®!!

Statistical analysis

Analysis of data was performed with SAS (version 9.3; SAS
Institute, Cary, NC, USA). Data were expressed as mean +
standard deviation (SD) or as absolute number (n) with per-
centage (%). Student’s t-test and analysis of variance were
used for continuous variables, and a chi-square test was used
for categorical variables. A Kaplan—-Meier estimator was used
to estimate the survival of patients after HTX. A P-value
of <0.0500 was considered to be statistically significant.'®!!

Univariate analyses covered demographic data, peri-
operative data, initial posttransplant medication, including
immunosuppressive drug therapy, postoperative echocar-
diographic features, and treated rejection episodes (TREs)
within 30 days after HTX.

Furthermore, a multivariate analysis (Cox regression
model) was performed to estimate the influence of seven
variables on AF within 30 days after HTX. It comprised five
variables which were statistically significant risk factors for
early posttransplant AF in the univariate analysis: valvular
heart disease as principal diagnosis for HTX, donor age
(=40 years), enlarged end-diastolic left atrial diameter after
HTX (=40 mm), mitral regurgitation after HT X, and non-TO
HTX (BA and BC). Additionally, two potential risk factors
of clinical importance for AF were included: prolonged isch-
emic time (=240 minutes) and occurrence of a TRE within
30 days after HTX. No more variables were included to
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ensure a stable number of events (AF) per analyzed variable
and to avoid biased regression coefficients.

Results
Baseline characteristics by HTX

technique

Stratified by surgical technique, 161 patients received
BA-HTX (30.4%), 115 patients received BC-HTX (21.7%),
and 254 patients received TO-HTX (47.9%). Comparison of
the three techniques showed no statistically significant differ-
ences in age, male sex, coronary artery disease, arterial hyper-
tension, dyslipidemia, or diabetes mellitus (all P=0.0500).
Patients with BA-HTX had a lower body mass index (BMI;
BA [24.1£3.3], BC [25.1£4.6], TO [25.1£3.7], P=0.0169)
and a higher rate of renal insufficiency (BA [65.8%], BC
[55.7%], TO [53.1%], P=0.0349). However, glomerular
filtration rate (GFR) showed no statistically significant dif-
ference in the three groups (P=0.9078).

Comparison of previous open heart surgery of the recipi-
ent revealed no statistically significant differences in overall
open heart surgery or in the two subgroups: coronary artery
bypass graft surgery and congenital, valvular, or ventricu-
lar surgery (all P=0.0500). More patients with BC-HTX
and TO-HTX had prior ventricular assist device (VAD)
surgery (BA [0.0%], BC [3.5%], TO [3.9%], P=0.0420).
However, only 14 of 530 patients (2.6%) received a VAD
before HTX.

In terms of principal diagnosis for HTX, there were no
statistically significant differences between groups regard-
ing nonischemic cardiomyopathy (CMP), ischemic CMP,
or valvular heart disease (all P=0.0500). The percentage
of cardiac amyloidosis as principal diagnosis for HTX was
higher in patients with BC-HTX and TO-HTX (BA [0.0%],
BC [11.3%], TO [9.1%], P=0.0002).

Considering donor data, donors of patients with BA-HTX
were younger (BA [34.5+12.1 years], BC [42.8+13.3 years],
TO[41.5£13.1years], P<<0.0001), more male sex (BA [62.7%],
BC [32.2%], TO [39.0%], P<<0.0001), and had a lower
BMI (BA [23.942.7], BC [24.3£4.2], TO [25.114.4],
P=0.0128).

Patients with BA-HTX had a lower rate of transplant sex
mismatch (BA [31.1%], BC [50.4%], TO [47.6%], P=0.0008),
a shorter ischemic time (BA [168.31£58.1 minutes], BC
[238.8460.2 minutes], TO [226.3158.2 minutes], P<<0.0001),
and a higher percentage of occurrence of a TRE within
30 days (BA [36.6%], BC[13.9%], TO [11.0%], P<<0.0001)
after HTX. The length of initial hospital stay was comparable
between the three HTX techniques (P=0.7361).

Patients with TO-HTX had the lowest rate of early post-
transplant AF within 30 days after HTX (BA [17.4%], BC
[14.8%], TO [6.3%], P=0.0012). Baseline characteristics by
HTX technique are presented in Table 1.

Baseline characteristics by heart rhythm
Analysis of early posttransplant heart rhythm within 30 days
after HTX showed 469 patients (88.5%) with sinus rhythm
(SR) and 61 patients (11.5%) with AF.

There were no statistically significant differences between
recipient data, previous open heart surgery of the recipient,
or transplant sex mismatch in patients with or without AF
(all P=0.0500).

The principal diagnosis for HTX differed not signifi-
cantly considering nonischemic CMP, ischemic CMP, or
cardiac amyloidosis (all P=0.0500). Patients with early
posttransplant AF had a higher rate of valvular heart disease
as principal diagnosis for HTX (P=0.0284).

Regarding donor data, no statistically significant differ-
ences were found in donor sex (P=0.2416) or donor BMI
(P=0.9680). Student’s #-test using continuous variables
showed a higher donor age in patients with AF (AF
[43.9£13.1 years] vs SR [39.1£13.2 years], P=0.0092),
whereas a chi-square test using categorical variables showed
no statistically significant difference between patients with
or without AF considering donor age =40 years (AF: 40 of
61 [65.6%] vs SR: 255 of 469 [54.4%], P=0.0976) or donor
age =60 years (AF: 5 of 61 [8.2%] vs SR: 19 0f 469 [4.1%],
P=0.1430).

There were no statistically significant differences between
the two groups in ischemic time (P=0.1618), the occurrence
of'a TRE within 30 days after HTX (P=0.7688), or the length
of initial hospital stay (P=0.8480).

Finally, patients with early posttransplant AF within
30 days after HTX received significantly more often BA-
HTX (AF: 28 of 61 [45.9%] vs SR: 133 of 469 [28.4%],
P=0.0051). In contrast, patients with SR within 30 days after
HTX had significantly more often TO-HTX (AF: 16 of 61
[26.2%] vs SR: 238 of 469 [50.7%], P=0.0003).

No statistically significant difference between the two
groups was found regarding BC-HTX (AF: 17 of 61 [27.9%]
vs SR: 98 0f469[20.9%], P=0.2139). Baseline characteristics
by heart rhythm are presented in Table 2.

Initial posttransplant medication

By HTX technique

Comparison of the three techniques indicated that patients
with BA-HTX predominantly received CsA (BA [98.8%)],
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Table | Baseline characteristics by HTX technique

Parameters Biatrial (n=161) Bicaval (n=115) Total orthotopic (n=254) P-value
Recipient data

Age in years, mean + SD 51.2+10.3 51.4£10.9 52.3+104 0.5514
Male sex, n (%) 131 (81.4) 83 (72.2) 198 (78.0) 0.1931
Body mass index, mean + SD 24.1£3.3 25.1t4.6 25.1£3.7 0.0169*
Coronary artery disease, n (%) 67 (41.6) 49 (42.6) 106 (41.7) 0.9841
Arterial hypertension, n (%) 93 (57.8) 57 (49.6) 138 (54.3) 0.4030
Dyslipidemia, n (%) 99 (61.5) 74 (64.3) 166 (65.4) 0.7234
Diabetes mellitus, n (%) 63 (39.1) 34 (29.6) 85 (33.5) 0.2360
Renal insufficiency,* n (%) 106 (65.8) 64 (55.7) 135 (53.1) 0.0349*
GFR, mean + SD 60.3£15.3 61.2422.1 60.2+23.3 0.9078
Previous open heart surgery

Overall open heart surgery, n (%) 33 (20.5) 33 (28.7) 77 (30.3) 0.0804
CABG surgery, n (%) 16 (9.9) 14 (12.2) 42 (16.5) 0.1421
Congenital, valvular, or ventricular surgery, n (%) 18 (11.2) 16 (13.9) 29 (11.4) 0.7479
VAD surgery, n (%) 0 (0.0 4 (3.5) 10 (3.9) 0.0420*
Principal diagnosis for HTX

Nonischemic CMP, n (%) 96 (59.6) 59 (51.3) 129 (50.8) 0.1824
Ischemic CMP, n (%) 52 (32.3) 37 (32.2) 92 (36.2) 0.6283
Valvular heart disease, n (%) 13 (8.1) 6(5.2) 10 (3.9) 0.1940
Cardiac amyloidosis, n (%) 0 (0.0) 13 (11.3) 23 (9.1) 0.0002*
Donor data

Age in years, mean + SD 34.5+12.1 42.8+13.3 41.5+13.1 <0.0001*
Male sex, n (%) 101 (62.7) 37 (32.2) 99 (39.0) <0.0001*
Body mass index, mean + SD 23.9+2.7 24.3+4.2 25.1+4.4 0.0128*
Transplant sex mismatch

Mismatch, n (%) 50 (31.1) 58 (50.4) 121 (47.6) 0.0008*
Donor (m) to recipient (f), n (%) 10 (6.2) 6(5.2) 11 (4.3) 0.6958
Donor (f) to recipient (m), n (%) 40 (24.9) 52 (45.2) 110 (43.3) 0.0002*
Perioperative data

Ischemic time (minutes), mean = SD 168.3£58.1 238.8+60.2 226.3+58.2 <0.0001*
Ischemic time =240 minutes, n (%) 12 (7.5) 59 (51.3) 104 (40.9) <0.0001*
TREs =30 days after HTX, mean + SD 0.5+0.8 0.1+0.4 0.1£0.4 <0.0001*
=| TRE =30 days after HTX, n (%) 59 (36.6) 16 (13.9) 28 (11.0) <0.0001*
AF =30 days after HTX, n (%) 28 (17.4) 17 (14.8) 16 (6.3) 0.0012*
Length of initial hospital stay (days), mean + SD 42.24+20.1 44.4+27.0 42.8+22.0 0.7361

Notes: *GFR <60 mL/min/1.73 m? *P<<0.05, statistically significant.
Abbreviations: HTX, heart transplantation; SD, standard deviation; GFR, glomerular filtration rate; CABG, coronary artery bypass graft; VAD, ventricular assist device;
CMP, cardiomyopathy; m, male; f, female; TRE, treated rejection episode; AF, atrial fibrillation; n, number.

BC [42.6%], TO [52.0%], P<<0.0001) and AZA (BA
[98.8%], BC [26.1%], TO [30.7%], P<<0.0001) as initial
immunosuppressive drug therapy, while those with BC-
HTX and TO-HTX mainly received MMF (BA [1.2%],
BC [73.9%], TO [69.3%], P<0.0001) concomitantly
with CsA or TAC (BA [1.2%], BC [57.4%], TO [48.0%],
P<0.0001). Additionally, all patients were administered
steroids concomitantly.

Patients with BC-HTX and TO-HTX received more
often ivabradine (P=0.0002) and calcium channel blocker
(P=0.0400). However, neither the administration of non-
dihydropyridine calcium channel blocker (P=0.8937) nor
the use of beta blocker (P=0.4762) differed statistically
significantly across the study.

By heart rhythm

There were no statistically significant differences between
patients with SR or AF within 30 days after HTX regarding
immunosuppressive drug therapy or antiarrhythmic medica-
tion (all P=0.0500). Data for medication used within 30 days
after HTX are given in Table 3.

Echocardiographic features

By HTX technique

More patients with BA-HTX (95.7%, P<<0.0001) had an
enlarged right atrium (end-diastolic diameter =35 mm) com-
pared to those with BC-HTX (27.0%) or TO-HTX (22.4%).
With regard to left atrial size, patients with TO-HTX (75.6%,
P<0.0001) had a higher percentage of a normal left atrial size
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Table 2 Baseline characteristics by heart rhythm within 30 days after HTX

Parameters Atrial fibrillation (n=61) Sinus rhythm (n=469) P-value
Recipient data

Age in years, mean = SD 52.2+11.3 51.7x10.3 0.7434
Male sex, n (%) 45 (73.8) 367 (78.3) 0.4287
Body mass index, mean = SD 25.1+4.4 24.8+3.7 0.5933
Coronary artery disease, n (%) 28 (45.9) 194 (41.4) 0.4993
Arterial hypertension, n (%) 32 (52.5) 256 (54.6) 0.7539
Dyslipidemia, n (%) 38 (62.3) 301 (64.2) 0.7731
Diabetes mellitus, n (%) 25 (41.0) 157 (33.5) 0.2454
Renal insufficiency,* n (%) 36 (59.0) 269 (57.4) 0.8051
GFR, mean + SD 59.7£19.4 60.5+21.1 0.7532
Previous open heart surgery

Overall open heart surgery, n (%) 19 31.1) 124 (26.4) 0.4358
CABG surgery, n (%) 9 (14.8) 63 (13.4) 0.7769
Congenital, valvular, or ventricular surgery, n (%) 10 (16.4) 53 (11.3) 0.2476
VAD surgery, n (%) I (1.7) 13(2.8) 0.6039
Principal diagnosis for HTX

Nonischemic CMP, n (%) 29 (47.5) 255 (54.4) 0.3143
Ischemic CMP, n (%) 22 (36.1) 159 (33.9) 0.7375
Valvular heart disease, n (%) 7 (11.5) 22 (4.7) 0.0284*
Cardiac amyloidosis, n (%) 3 (4.9) 33 (7.0 0.5362
Donor data

Age in years, mean £+ SD 43.9+13.1 39.1£13.2 0.0092*
Male sex, n (%) 23 (37.7) 214 (45.6) 0.2416
Body mass index, mean + SD 24.5+3.3 24.6+4.0 0.9680
Transplant sex mismatch

Mismatch, n (%) 28 (45.9) 201 (42.9) 0.6516
Donor (m) to recipient (f), n (%) 3 (4.9) 24 (5.1) 0.9469
Donor (f) to recipient (m), n (%) 25 (41.0) 177 (37.8) 0.6236
Perioperative data

Ischemic time (minutes), mean = SD 223.2£70.0 209.9+64.5 0.1618
Ischemic time =240 minutes, n (%) 24 (39.3) 151 (32.2) 0.2641
TREs =30 days after HTX, mean + SD 0.2+0.6 0.3+0.6 0.8979
=| TRE =30 days after HTX, n (%) I'1(18.0) 92 (19.6) 0.7688
Biatrial HTX, n (%) 28 (45.9) 133 (28.4) 0.0051*
Bicaval HTX, n (%) 17 (27.9) 98 (20.9) 0.2139
Total orthotopic HTX, n (%) 16 (26.2) 238 (50.7) 0.0003*
Length of initial hospital stay (days), mean = SD 42.5121.8 43.0+22.8 0.8480

Notes: *GFR <60 mL/min/[.73 m? *P<0.05, statistically significant.

Abbreviations: HTX, heart transplantation; SD, standard deviation; GFR, glomerular filtration rate; CABG, coronary artery bypass graft; VAD, ventricular assist device;

CMP, cardiomyopathy; m, male; f, female; TRE, treated rejection episode; n, number.

(end-diastolic diameter <40 mm) than those with BA-HTX
(4.3%) or BC-HTX (47.0%). There were no statistically
significant differences between HTX techniques regarding
right ventricular size, left ventricular size, left ventricular
ejection fraction, mitral regurgitation, or tricuspid regurgita-
tion (all =0.0500).

By heart rhythm

Patients with AF had a higher rate of an enlarged right
atrium (73.8% vs 42.0%, P<<0.0001), an enlarged left atrium
(77.0% vs 49.0%, P<<0.0001), and an enlarged right ventricle
(32.8% vs 13.9%, P=0.0002). Moreover, patients with AF

had significantly more often mitral regurgitation (41.0%
vs 21.5%, P=0.0008), whereas tricuspid regurgitation was
not statistically different between groups (P=0.0880). No
statistically significant difference was found regarding left
ventricular size or left ventricular ejection fraction (both
P=0.0500). Echocardiographic features within 30 days after
HTX are given in Table 4.

Multivariate risk factor analysis for early

posttransplant AF
Multivariate risk factor analysis for posttransplant AF
within 30 days after HTX included the following seven
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Table 3 Medication within 30 days after HTX

Parameters Biatrial (n=161) Bicaval (n=115) Total orthotopic (n=254) P-value
(A) By HTX technique
Cyclosporine A, n (%) 159 (98.8) 49 (42.6) 132 (52.0) <0.0001*
Tacrolimus, n (%) 2(1.2) 66 (57.4) 122 (48.0) <0.0001*
Azathioprine, n (%) 159 (98.8) 30 (26.1) 78 (30.7) <0.0001*
Mycophenolate mofetil, n (%) 2(1.2) 85 (73.9) 176 (69.3) <0.0001*
Steroids, n (%) 161 (100.0) 115 (100.0) 254 (100.0) na
ASA, n (%) 9 (5.6) 10 (8.7) 22 (8.7) 0.4743
Beta blocker, n (%) 21 (13.0) 21 (18.3) 37 (14.6) 0.4762
Ivabradine, n (%) 0 (0.0) 13 (11.3) 17 (6.7) 0.0002*
Calcium channel blocker, n (%) 30 (18.6) 25 (21.7) 74 (29.1) 0.0400*
Dihydropyridine 8 (5.0) 8 (6.9) 35 (13.8) 0.0068*
Non-dihydropyridine 22 (13.7) 17 (14.8) 39 (15.4) 0.8937
ACE inhibitor/ARB, n (%) 70 (43.5) 44 (38.3) 126 (49.6) 0.1099
Diuretic, n (%) 161 (100.0) 115 (100.0) 254 (100.0) na
Statin, n (%) 7 (4.3) 49 (42.6) 134 (52.8) <0.0001*
Gastric protection (PPI/H, blocker), n (%) 161 (100.0) 115 (100.0) 254 (100.0) na
Atrial fibrillation (n=61) Sinus rhythm (n=469)
(B) By heart rhythm within 30 days after HTX
Cyclosporine A, n (%) 37 (60.7) 303 (64.6) 0.5451
Tacrolimus, n (%) 24 (39.3) 166 (35.4) 0.5451
Azathioprine, n (%) 33 (54.1) 234 (49.9) 0.5366
Mycophenolate mofetil, n (%) 28 (45.9) 235 (50.1) 0.5366
Steroids, n (%) 61 (100.0) 469 (100.0) na
ASA, n (%) 4 (6.6) 37(7.9) 0.7142
Beta blocker, n (%) I'1(18.0) 68 (14.5) 0.4660
Ivabradine, n (%) 2(3.3) 28 (6.0) 0.3922
Calcium channel blocker, n (%) 14 (22.9) 115 (24.5) 0.7882
Dihydropyridine 3 (4.9) 48 (10.2) 0.1853
Non-dihydropyridine 11 (18.0) 67 (14.3) 0.4371
ACE inhibitor/ARB, n (%) 21 (34.4) 219 (46.7) 0.0702
Diuretic, n (%) 61 (100.0) 469 (100.0) na
Statin, n (%) 19 (31.1) 171 (36.5) 0.4157
Gastric protection (PPI/H, blocker), n (%) 61 (100.0) 469 (100.0) na

Note: *P<<0.05, statistically significant.

Abbreviations: HTX, heart transplantation; ASA, acetylsalicylic acid; ACE inhibitor, angiotensin-converting-enzyme inhibitor; ARB, angiotensin Il receptor blocker;
PP, proton pump inhibitor; H2 blocker, histamine receptor blocker; n, number; na, not applicable.

variables: valvular heart disease as principal diagnosis for
HTX (hazard ratio [HR]: 2.390; 95% confidence interval
[CI]: 1.053-5.423; P=0.0372), donor age (=40 years;
HR: 1.736, CI: 0.985-3.060, P=0.0566), prolonged ischemic
time (=240 minutes; HR: 1.725, CI: 0.999-2.978, P=0.0504),
occurrence of a TRE within 30 days after HTX (HR: 0.759, CI:
0.388-1.484, P=0.4204), an enlarged end-diastolic left atrial
diameter after HTX (=40 mm; HR: 2.498, CI: 1.291-4.835,
P=0.0066), mitral regurgitation after HTX (HR: 1.763, CI:
1.035-3.004, P=0.0370), and non-TO-HTX (BA and BC;
HR:2.236, CI: 1.200—4.164, P=0.0112). Data on multivariate
analysis for posttransplant AF within 30 days after HTX are
given in Table 5.

Survival

By HTX technique

There was no statistically significant difference in 5-year
survival between patients with BA-HTX (71.2%),
BC-HTX (63.7%), or TO-HTX (68.6%) in the Kaplan—
Meier survival analysis (P=0.4458). A Kaplan—Meier estima-
tor (5-year survival of patients by HTX technique) is shown
in Figure 1.

By heart rhythm

Kaplan—Meier survival analysis showed a statistically signifi-
cant 5-year survival (P<<0.0001) in patients with SR (71.4%)
compared to those with AF (44.4%). A Kaplan—Meier
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Table 4 Echocardiographic features within 30 days after HTX

Parameters Biatrial (n=161) Bicaval (n=115) Total orthotopic (n=254) P-value

(A) By HTX technique
End-diastolic diameter

Normal RA (<35 mm), n (%) 7 (4.3) 84 (73.0) 197 (77.6) <0.0001*
Normal LA (<40 mm), n (%) 7 (4.3) 54 (47.0) 192 (75.6) <0.0001*
Normal RV (<30 mm), n (%) 140 (87.0) 92 (80.0) 213 (83.9) 0.2990
Normal LV (<55 mm), n (%) 145 (90.1) 109 (94.8) 238 (93.7) 0.2464
LVEF
=55%, n (%) 143 (88.8) 107 (93.0) 232 (91.3) 0.4618
<55%, n (%) 18 (11.2) 8 (7.0) 22 (87)

45%—54% 2(1.2) 3 (2:6) 7(2.8)

30%—44% 2(1.2) 0 (0.0) 5(2.0)

<30% 14 (8.8) 5 (4.4) 10 (3.9)
Mitral regurgitation
No, n (%) 119 (73.9) 88 (76.5) 197 (77.6) 0.6942
Yes, n (%) 42 (26.1) 27 (23.5) 57 (22.4)

Mild 41 (25.5) 27 (23.5) 55 (21.6)

Moderate 1 (0.6) 0 (0.0) 2 (0.8)

Severe 0 (0.0) 0 (0.0) 0 (0.0)
Tricuspid regurgitation
No, n (%) 106 (65.8) 64 (55.7) 169 (66.5) 0.1097
Yes, n (%) 55 (34.2) 51 (44.3) 85 (33.5)

Mild 31 (19.2) 27 (23.5) 54 (21.3)

Moderate 12 (7.5) 18 (15.7) 22 (87)

Severe 12 (7.5) 6(5.2) 9 (3.5)

Atrial fibrillation (n=61) Sinus rhythm (n=469)

(B) By heart rhythm within 30 days after HTX
End-diastolic diameter

Normal RA (<35 mm), n (%) 16 (26.2) 272 (58.0) <0.0001*
Normal LA (<40 mm), n (%) 14 (23.0) 239 (51.0) <0.0001*
Normal RV (<30 mm), n (%) 41 (67.2) 404 (86.1) 0.0002*
Normal LV (<55 mm), n (%) 55(90.2) 437 (93.2) 0.3909
LVEF
=55%, n (%) 52(85.2) 430 (91.7) 0.0993
<55%, n (%) 9 (14.8) 39(8.3)

45%—54% 3 (4.9) 9 (1.9)

30%—44% I (1.7) 6 (1.3)

<30% 5(82) 24 (5.1)
Mitral regurgitation
No, n (%) 36 (59.0) 368 (78.5) 0.0008*
Yes, n (%) 25 (41.0) 101 (21.5)

Mild 25 (41.0) 98 (20.9)

Moderate 0 (0.0 3 (0.6)

Severe 0 (0.0 0 (0.0
Tricuspid regurgitation
No, n (%) 33 (54.1) 306 (65.2) 0.0880
Yes, n (%) 28 (45.9) 163 (34.8)

Mild Il (18.0) 101 (21.5)

Moderate 10 (16.4) 42 (9.0)

Severe 7 (11.5) 20 (4.3)

Note: *P<0.05, statistically significant.
Abbreviations: HTX, heart transplantation; RA, right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle; LVEF, left ventricular ejection fraction; n, number.
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Table 5 Multivariate analysis for posttransplant atrial fibrillation within 30 days after HTX

Variables Hazard ratio 95% Confidence interval P-value
Valvular heart disease as the principal diagnosis for HTX (in total) 2.390 1.053-5.423 0.0372*
Donor age (=40 years) 1.736 0.985-3.060 0.0566
Prolonged ischemic time (=240 minutes) 1.725 0.999-2.978 0.0504
=| treated rejection episode =30 days after HTX (in total) 0.759 0.388-1.484 0.4204
Enlarged left atrial diameter after HTX (=40 mm) 2.498 1.291-4.835 0.0066*
Mitral regurgitation after HTX (in total) 1.763 1.035-3.004 0.0370*
Non-total orthotopic HTX (in total) 2236 1.2004.164 0.0112*

Note: *P<<0.05, statistically significant.
Abbreviation: HTX, heart transplantation.

estimator (5-year survival of patients by heart rhythm) is
shown in Figure 2.

Comparing 5-year follow-up mortality rates, we found
that patients with AF had a higher mortality rate with
BA-HTX (AF: 12 of 25 [48.0%], SR: 34 of 132 [25.8%)],
P=0.0251), with BC-HTX (AF: 12 of 14 [85.7%], SR: 28
of 65 [43.1%], P=0.0038), and with TO-HTX (AF: 8 of 10
[80.0%], SR: 68 of 200 [34.0%], P=0.0031).

Furthermore, 5-year survival analysis of patients by HTX
technique and heart rhythm showed a statistically significant
difference (P<<0.0001). Patients with SR had better survival
irrespectively of the surgical technique (BA: SR [74.3%]
vs AF [56.0%], BC: SR [70.2%] vs AF [23.5%], TO: SR
[70.2%] vs AF [45.8%]). A Kaplan—Meier estimator (5-year
survival of patients by HTX technique and heart rhythm) is
shown in Figure 3.

Discussion

Incidence of early posttransplant AF

In this study, 61 patients (11.5%) developed AF within 30 days
after HTX. These patients were subdivided into 28 patients
with BA-HTX (17.4%), 17 patients with BC-HTX (14.8%),
and 16 patients with TO-HTX (6.3%; P=0.0012). This is in

100
80 A
—_ B VA A s d
é 60 =+ 63.7%
S 40
B ——BAHTX + = Censored
S5 204 | ——-BCHTX Log-rank P=0.4458
n —-—TOHTX
0 4
BA 161 126 122 116 114 1M1
BC 15 84 e 66 56 39
TO 254 197 184 168 152 134
0 1 2 3 4 5
Time after HTX (years)

Figure | Kaplan—Meier estimator (5-year survival by surgical technique).

Note: Five-year survival of patients stratified by surgical technique (BA, BC, and
TO HTX).

Abbreviations: HTX, heart transplantation; BA, biatrial; BC, bicaval; TO, total
orthotopic.

line with the findings of Dasari et al! who observed a 30-day
incidence of AF with 7.9% after HTX and of Pavri et al> who
reported a 14-day incidence of AF with 18.2% after HTX.

Techniques of HTX

In patients with BA-HTX, the donor atria are joined with
most of the recipient atria, including pulmonary veins,
superior vena cava, and inferior vena cava. As a result, both
atrial cavities are enlarged resulting in distorted anatomy
with potentially proarrhythmic scar tissue and previously
reported atrial arrhythmias with even recipient-to-donor
atrioatrial conduction.'>!* In contrast, BC-HTX and TO-HTX
preserved the geometry and conduction system of the right
donor atrium, as well as these keep most of the left donor
atrium intact.*> Consequently, a lower incidence of atrial
arrhythmias compared to BA-HTX has been observed.®
However, differences in size of the left atrial diameter and
the remaining left atrial tissue between the two previously
mentioned techniques still exist. BC-HTX features one large
piece of recipient left atrium including the pulmonary vein
ostia, whereas TO-HTX has two smaller pieces of recipient
left atrium consisting of one atrial graft with the right pulmo-
nary veins and another with the left pulmonary veins.®’

100 A
804 X
— ks 71.4%
E e
1 h__ﬁ_"’_'_——r—c»—-v———p
g 404 Bt 44.0%
S —— SR + = Censored
(3 204 |~ AF Log-rank P<0.0001
0 4
SR | 469 374 354 326 301 267
AF | 61 33 29 24 21 17
0 1 2 3 4 5
Time after HTX (years)

Figure 2 Kaplan—Meier estimator (5-year survival by heart rhythm).

Note: Five-year survival of patients stratified by heart rhythm within 30 days after
HTX (SR or AF).
Abbreviations:
fibrillation.

HTX, heart transplantation; SR, sinus rhythm; AF, atrial
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— — - Biatrial HTX, sinus rhythm (BA-SR)

— — Bicaval HTX, sinus rhythm (BC-SR)
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Biatrial HTX, atrial fibrillation (BA-AF)

— - — Bicaval HTX, atrial fibrillation (BC-AF)

——-— Total orthotopic HTX, atrial fibrillation (TO-AF)

Figure 3 Kaplan—Meier estimator (5-year survival by surgical technique and heart
rhythm).

Note: Five-year survival of patients stratified by surgical technique (biatrial, bicaval,
and total orthotopic HTX) and by heart rhythm within 30 days after HTX (SR
or AF).

Abbreviation: HTX, heart transplantation.

We found the lowest rate of AF within 30 days after HTX
in patients with TO-HTX (6.3%), followed by BC-HTX
(14.8%) and BA-HTX (17.4%, P=0.0012). These findings
suggest that TO-HTX is associated with a reduced occur-
rence of early posttransplant AF due to maintenance of atrial
anatomic integrity and physiology.

However, the selection of surgical technique depends on
various factors, such as surgeon’s preference, anatomical
characteristics, and previous open heart surgery, and should
therefore be subject to a case-by-case decision by the surgical
team in the patient’s best interest.

Risk factor analysis for early
posttransplant AF

Several risk factors may influence the occurrence of early
posttransplant AF. Prolonged ischemic time has been associ-
ated with an increased rate of posttransplant AF, especially
patients with a prolonged ischemic time (=240 minutes)
are at higher risk."> As BA-HTX has a shorter ischemic time
due to fewer anastomoses, this might be associated with a
decreased rate of AF. However, we found no significant
differences in ischemic time or prolonged ischemic time
between patients with SR and AF in the univariate (P=0.1618
and P=0.2641, respectively) or in the multivariate analysis
(P=0.0504). This is in line with previous reports’ finding of
no association between ischemic time and AF."?

Atrial tachyarrhythmias after HTX have been linked
to acute rejection.'*!” We did not observe any association

between acute rejection and AF. Neither did the number of
TREs (P=0.8979) nor the occurrence of =1 TRE differ in the
univariate (P=0.7688) or multivariate analysis (P=0.4204).
Other studies reported similar findings as they did not observe
any association between acute rejection and AF after HTX.!2
Moreover, we did not find any significant differences in
the immunosuppressive drug therapy (CsA, TAC, AZA, or
MMF) between patients with or without AF.

Antiarrthythmic drugs (beta blocker or calcium channel
blocker) can influence the occurrence of AF."" Comparing
the initial medication within 30 days after HTX, we found
no significant differences between patients with SR or AF
with regard to the use of beta blocker or calcium channel
blocker. In a previous study, our group analyzed the influence
of the long-term use of amiodarone before HTX on early
posttransplant AF and could demonstrate that long-term use
of amiodarone prior to HTX significantly reduced early post-
transplant AF.!!' A comparison of the three HTX techniques
regarding pretransplant long-term use of amiodarone showed
no significant difference (P=0.3042).

Univariate and multivariate analyses of echocardio-
graphic features showed that patients with AF had a higher
rate of an enlarged left atrium (P<<0.0001 and P=0.0066,
respectively). Patients with a dilated left atrium may be
more susceptible to AF due to increased wall tension and
excitable scar tissue. Patients with BA-HTX and BC-HTX
had higher rates of an enlarged left atrium compared to those
with TO-HTX (P<<0.0001). Former studies have stated worse
outcomes with BA-HTX regarding atrial diameter, atrial
geometry, and atrial hemodynamics resulting in an increased
rate of AF,* whereas TO-HTX offers a more physiologic
atrial anatomy and size with improved left atrial function.'®

We observed a higher number of mitral regurgitation in
patients with AF in the univariate and multivariate analyses
(P=0.0008 and P=0.0370, respectively), although there were
mainly mild forms of mitral regurgitation. However, even
mild forms of mitral regurgitation may provoke atrial arrhyth-
mias, such as AF, by jet-induced stretching of the atrium or
provoking rapidly discharging triggers, especially in cases of
an already enlarged left atrium. Various studies have reported
an increased incidence of posttransplant mitral regurgitation
in patients with BA-HTX.**!8 Moreover, mitral regurgita-
tion may be related to abnormal atrial size causing impaired
valvular integrity and function.”” We detected the highest rate
of mitral regurgitation in patients with BA-HTX (26.1%),
followed by BC-HTX (23.5%) and TO-HTX (22.4%).

Increase of the left atrial diameter and mitral regurgitation
after HTX as risk factors for AF highlight the importance of
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preserved anatomic integrity. As a matter of fact, TO-HTX
itself significantly reduced early posttransplant AF by creat-
ing normal sized atrial diameters along with a lower rate of
mitral regurgitation.

Patients with valvular heart disease as principal diagnosis
for HTX had a higher rate of early posttransplant AF which
might be due to former open heart surgery causing scar tissue
and adhesions. This could result in aggravated anastomoses
of the donor heart providing potential foci for arrhythmias.

Survival

The development of posttransplant AF has been associated
with increased mortality after HTX."* Even short periods
of AF have been linked to worse outcomes.? These reports
are in line with our findings showing an inferior 5-year
survival of patients with AF (P<<0.0001). Furthermore, our
data showed an impaired survival of patients with AF in all
three techniques.

A survival advantage in patients with BC-HTX or
TO-HTX compared to BA-HTX has been controversially
discussed in the literature.>*2*2! Some studies reported a
higher mortality rate with BA-HTX,*® whereas other publi-
cations found no difference.>!

As a matter of fact, we could not find any statistically
significant difference in 5-year survival between HTX
techniques (P=0.4458), although the occurrence of early
posttransplant AF was higher in patients with BA-HTX and
BC-HTX.

This circumstance indicates that survival after HTX
depends on various risk factors of which early posttrans-
plant AF seems to be an important one — but not the only
one. Hence, this large study of 530 patients was able to
demonstrate differences between the three HTX techniques
regarding the occurrence of AF as well as to show the influ-
ence of early posttransplant AF on survival after HTX, in
general — but not to distinguish the effect of AF on survival
within the three different HTX techniques as several risk fac-
tors can affect survival after HTX. Therefore, further large
prospective randomized controlled studies are required to
address this interesting issue.

Study limitations

First, these findings were based on a single-center study with
530 patients. However, due to its participant number including
161 patients with BA-HTX, 115 patients with BC-HTX, and
254 patients with TO-HTX, these results may be compared
in numbers with those of multicenter studies. Additionally,
patients received a comparable center-specific treatment and
follow-up minimizing possible confounders.

Second, although data were gathered prospectively, the
retrospective nature of this analysis carries the limitations
of such a study design.!®!!

Third, a possible era effect cannot be ruled out, given the
long follow-up period.?*>?

Conclusion

Early posttransplant AF was associated with a significantly
increased mortality rate after HTX (P<<0.0001). A multivariate
risk factor analysis indicated pretransplant valvular heart dis-
ease, an enlarged left atrium after HTX, mitral regurgitation
after HTX, and non-TO (BA and BC) as significant risk fac-
tors for early posttransplant AF. Patients with TO-HTX had
the lowest rate of AF within 30 days after HTX.
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