
Introduction

Atrial tachyarrhythmias occur in the transplanted 
heart after orthotopic heart transplantation (OHT) 
with a reported incidence of 18% to 65%.1-3 While 
multiple factors may contribute, the post-operative 
atrial tachyarrhythmia risk may be due in part to 
the type of operative technique, specifically bicaval 
(BC) versus biatrial (BA) approach to anastomosis 
of the donor to recipient heart. The BA operative 
technique, with its anastomoses of donor and re-
cipient atria, results in substantial distortion of nor-
mal atrial anatomy and requires long anastomoses 
in potentially excitable atrial tissues.4,5 By contrast, 
the BC method tends to preserve right and left atri-

al configuration; although the left atrium of the 
donor is anastomosed to a left atrial cuff of the re-
cipient heart, the donor and recipient vena cava 
are directly anastomosed. The result is less exten-
sive atrial surgery.6 

Previous studies have examined the frequency of 
atrial arrhythmias in the two OHT operative tech-
niques. While 2 studies7, 8 reported less post-op-
erative atrial tachyarrhythmias with BC method 
compared to BA, 2 other studies9,10 did not ob-
serve a significant difference. Consequently, we 
aimed to reassess the influence of OHT operative 
technique (BC vs. BA) on occurrence of early atrial 
tachyarrhythmias (≤30 days of heart transplanta-
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Abstract

There is conflicting evidence that operative technique affects the risk of atrial tachyarrhythmia after or-
thotopic heart transplantation (OHT). We sought to determine whether OHT by bicaval (BC) technique 
is associated with a lower risk of atrial tachyarrhythmia than biatrial (BA) technique. Consecutive pa-
tients who underwent OHT between 1997 and 2007 at the University of Minnesota were included in this 
retrospective cohort study with follow-up through December 31, 2011. We included 260 OHT recipients 
(BA, 155; BC, 105). Fifty-nine patients (22.7%) developed early atrial tachyarrhythmias. The multivaria-
ble odds ratio (95% confidence interval [CI]) of BC technique for early atrial tachyarrhythmias was 0.85 
(0.46-1.57), P=0.59. After a median follow-up of 4.9 years, 40 (15.4%) patients developed late atrial tachyar-
rhythmias. The multivariable hazard ratio (HR) (95% CI) of BC technique for late atrial tachyarrhythmias 
was 0.99 (0.50-1.96), P=0.98. Graft rejection was found to be a multivariate predictor of late atrial tachyar-
rhythmias (HR, 2.89; 95% CI, 1.48-5.65; P=0.002). In contrast to prior reports, we did not find an association 
between operative technique and early or late atrial tachyarrhythmias after OHT. Graft rejection is a risk 
factor for late atrial tachyarrhythmias after OHT.
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tion) and late (>30days of heart transplantation) 
in a large cohort of OHT patients who underwent 
their operation within the last decade. 

Material and Methods

Patient Population

Patients who underwent OHT between 1997 and 
2007 at the University of Minnesota were includ-
ed in this retrospective cohort study. The present 
study is based on data obtained at baseline (date 
of OHT) and during follow-up through December 
31, 2011. The protocol was approved by the Uni-
versity of Minnesota Institutional Board Review. 
Patients who underwent OHT at <18 years of age 
were excluded.

Data

All available medical records were reviewed 
for demographics, indication for transplant, 
pre-transplant co-morbidities, and the type of op-
erative technique (BC vs. BA). Additionally, we 
collected data on ECG-documented atrial tach-
yarrhythmias, and on occurrence of rejection ep-
isodes.  

Indications for OHT were divided into ischemic 
(50%) and non-ischemic cardiomyopathy, and the 
latter was further characterized as dilated (37%), 
restrictive (5%), hypertrophic (2%) and valvular 
pathologies (6%).  Pre-transplant co-morbidities 
included hypertension, diabetes, hyperlipidemia, 
obstructive sleep apnea, coronary artery disease, 
peripheral vascular disease, and pre-transplanta-
tion atrial tachyarrhythmias, specifically atrial fi-
brillation (AF) and atrial flutter (AFL).  

Early post-operative tachyarrhythmia was defined 
as occurrence of rhythm-documented AF, AFL, or 
atrial tachycardia (AT) lasting more than 30 sec-
onds, within 30 days after OHT. Late post-opera-
tive tachyarrhythmia was defined as occurrence of 
rhythm-documented AF, AFL, or atrial tachycar-
dia (AT) lasting more than 30 seconds, more than 
30 days after OHT. Rhythm strips or 12-lead ECGs 
were obtained when a patient had symptoms of 
chest discomfort, shortness of breath, palpita-
tions, dizziness, or physical signs of tachycardia 
or hemodynamic instability. The ECGs or rhythm 

strips were assessed independently by 2 cardiolo-
gists. A diagnosis of AF was made when there was 
an irregularly irregular R-R interval with no dis-
cernible atrial activity. AFL was diagnosed when 
clear-cut ‘saw-tooth’ atrial activity at fixed rate 
of 240-320 beats/min was present in the inferior 
leads.  AT required presence of a non-AFL atrial 
tachycardia with non-sinus P-wave axis.11 

Data regarding the presence and grade of acute 
rejection episodes after OHT were collected from 
histopathology results on endomyocardial biopsy 
done as routine surveillance or as clinically indi-
cated when acute rejection was suspected. Inter-
national Society of Heart Lung Transplant (ISH-
LT) grading of acute cellular rejection was used to 
classify the grades described and antibody medi-
ated rejection was termed as humoral.12 If an atrial 
tachyarrhythmia episode occurred within 2 weeks 
of an acute rejection, the former was classified as a 
rejection-related atrial arrhythmia.

Statistical Analysis

Categorical variables are presented as number (%) 
and continuous variables are presented as mean 
+/- standard deviation. Student’s t-test and Fish-
er’s exact test were used to evaluate statistical 
significant difference in baseline clinical charac-
teristics between BA and BC groups. To estimate 
the association of operative technique with risk of 
early post-operative atrial tachyarrhythmia, we 
calculated odds ratios (ORs) and 95% confidence 
intervals (CIs) using logistic regression models. 
For late post-operative atrial tachyarrhythmia, 
person-years at risk were calculated from the date 
of OHT until the date of late post-operative atrial 
tachyarrhythmia, death, or last follow-up, which-
ever occurred first. We used Cox proportional haz-
ards models to calculate the hazard ratios (HRs) 
and 95% CIs of operative technique for late atrial 
post-operative tachyarrhythmia. We ran 2 models: 
Model 1 was adjusted for age and sex; and Model 
2 was additionally adjusted for the following base-
line covariates: pre-transplant atrial tachyarrhyth-
mia, obstructive sleep apnea, coronary artery dis-
ease, hypertension, diabetes mellitus, peripheral 
vascular disease, and time-dependent graft rejec-
tion episodes. In the logistic regression models 
for early post-operative atrial tachyarrhythmia, 
we did not adjust for graft rejection because there 
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were no graft rejection-related atrial arrhythmias 
within 30 days after OHT. 

In addition, to identify other risk factors for early 
post-operative atrial tachyarrhythmia, we includ-
ed age, sex, operative technique, pre-transplant 
atrial tachyarrhythmia, obstructive sleep apnea, 
coronary artery disease, hypertension, diabetes 
mellitus, and peripheral vascular disease in a mul-
tivariable logistic regression model. To identify 
predictors of late post-operative atrial tachyar-
rhythmia, we included all aforementioned var-
iables plus graft rejection in a multivariable Cox 
proportional hazards model. The proportional 
hazards assumption was tested using time interac-
tion terms and inspection of log negative log sur-
vival curves and was found not to be violated in 
all models. 

Statistical analysis was performed using SAS ver-
sion 9.2 (SAS Institute Inc., Cary, NC). All P values 
reported were 2-sided, and statistical significance 
was evaluated at the 5% level.

Results

There were 260 OHT recipients included in the 
study. The mean age was 52.0 ± 11.8 years at time 
of transplant, and 58 (22.3%) were women. OHT 
was performed in 155 (59.6%) patients by BA anas-
tomosis and in 105 (40.4%) patients by BC anasto-
mosis. The mean hospital stay (time from OHT to 
discharge) was 20.6 ± 20.3 days in BA group and 
20.5 ± 20.3 days in the BC group, and was not sig-
nificantly different between the groups (P=0.87). 

Baseline clinical characteristics of the patient pop-
ulation are shown in Table 1. There was no signif-
icant difference in distribution of pre-transplant 
co-morbidities between BA and BC groups. Table 
2 shows the number of BA and BC procedures by 
year during 1997-2007. There were more BA than 
BC procedures performed each year except for 
2005 and 2006.

Early post-operative atrial tachyarrhythmias

Of 260 patients who underwent OHT, 59 (22.7%) 
developed atrial tachyarrhythmias within 30 days 
after surgery. Of the 59 patients, 42 (16.2%), 11 
(4.2%), and 15 (5.8%) developed AF, AFL, and AT, 

respectively. Seven patients were affected by 2 
types of atrial tachyarrhythmias and 1 patient had 
all 3 types.
The OR (95% CI) for early atrial tachyarrhythmias 
associated with BC technique was 0.85 (0.46-1.57), 
P=0.59 after adjusting for age, sex, and other risk 
factors (Table 3, Model 2). In a multivariable logis-
tic regression model, there were no baseline vari-
ables that significantly increased the odds of early 
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Table 1 Baseline Characteristics of Study Patients

Variable
Biatrial 
Group 
(n=155)

Bicaval 
Group 
(n=105)

P
valuea

Sex 0.45
Male 123 (79.4) 79 (75.2)

Female 32 (20.7) 26 (24..8)

Age at transplant (years) 51.9 ± 11.4 51.8 ± 12.3 0.98

Hypertension 69 (44.5) 53 (50.5) 0.38

Hyperlipidemia 63 (40.6) 51 (48.6) 0.25

Obstructive sleep apnea 12 (7.7) 16 (15.2) 0.07
Diabetes mellitus 47 (30.5) 28 (26.7) 0.58
Coronary artery disease 62 (40.0) 33 (31.4) 0.19
Pre-transplant AF/AFL 29 (18.7) 26 (24.8) 0.28
Peripheral vascular 
disease 10 (6.5) 7 (6.7) 1.00

aStudent t test was used to compare continuous variables 
which are expressed as mean ± SD. Fisher exact test was 
used to compare categorical variables which are expressed as 
number (%). AF, atrial fibrillation; AFL, atrial flutter.

Table 2 Number of Biatrial and Bicaval 
Procedures by Year

Year of 
Trans-
plant

Number of Biatrial 
procedures (n=155)

Number of Bi-
caval procedures 
(n=105)

Total 

1997 3 (50.0%)a 3 (50.0%)a 6
1998 10 (58.8%) 7 (41.2%) 17

1999 8 (66.7%) 4 (33.3%) 12

2000 10 (62.5%) 6 (37.5%) 16

2001 7 (50.0%) 7 (50.0%) 14

2002 31 (86.1%) 5 (13.9%) 36

2003 27 (93.1%) 2 (6.9%) 29
2004 19 (51.4%) 18 (48.6%) 37
2005 11 (34.4%) 21 (65.6%) 32
2006 8 (34.8%) 15 (65.2%) 23
2007 21 (55.3%) 17 44.7%) 38

aAll percentages are row percentages
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post-operative atrial tachyarrhythmias (Table 4).

Late post-operative atrial tachyarrhythmias

During a median (interquartile range) follow-up 
duration of 4.9 (2.3-7.3) years, 40 (15.4%) patients 
developed late post-operative atrial tachyarrhyth-
mias. Of the 40 patients, 21 (52.5%), 15 (37.5%), 
and 12 (30.0%) developed AF, AFL, and AT, re-
spectively. Eight patients had 2 types of atrial 
tachyarrhythmias and none had all 3 types.

The crude incidence rates of late post-operative 
atrial tachyarrhythmias in BA and BC patients 

P=0.98 after adjusting for age, sex, and other risk 
factors (Table 5, Model 2). In a multivariable Cox 
proportional hazards model, graft rejection signifi-
cantly increased the risk of late post-operative atri-
al tachyarrhythmias (HR, 2.89; 95% CI, 1.48-5.65; 
P=0.002) (Table 6).

Discussion

Main findings

Post-operative atrial tachyarrhythmias, particu-
larly AF, contribute substantially to length of hos-
pitalization, cost of care, and long-term mortality 
following cardiac surgery,13-15 including in patients 
who have undergone OHT.8,16 The overall inci-
dence of post heart transplant atrial arrhythmia 
in our study was similar to recently published 
contemporary data by Dasari et al17 with similar 
findings of higher incidence of first 30 days atri-
al arrhythmias as compared to post 30 days. The 
principal findings of our study are as follows. 
First, operative technique in OHT (BC versus BA) 
was not significantly associated with early or late 
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Table 3
Risk of Early Post-Orthotopic Heart Trans-
plant Atrial Tachyarrhythmias by Operative 

Technique

Biatrial 
(n=155)

Bicaval 
(n=105)

P val-
ue

Early atrial  
tachyarrhyth-
mias 
Number of 
events 37 22

Odds ratio 
(95% CI)

Model 
1a 1 [Referent] 0.85 (0.47-

1.54) 0.58

Model 
2b 1 [Referent] 0.85 (0.46-

1.57)       0.59

aAdjusted for age and sex, bModel 1 additionally adjusted for 
pre-transplant atrial tachyarrhythmia, obstructive sleep ap-
nea, coronary artery disease, hypertension, diabetes melli-
tus, and peripheral vascular disease. CI, confidence interval

Table 4
Logistic Regression Model for Risk of Early 

Post-Orthotopic Heart Transplant Atrial 
Tachyarrhythmias 

Variable Odds ratio (95% 
CI) P value

Operative technique (bi-
caval vs. biatrial) 0.85 (0.46-1.57) 0.59

Age at transplant (per year) 1.00 (0.97-1.02) 0.87

Sex (male vs. female) 0.99 (0.48-2.08) 0.99

Pre-transplant AF/AFL 1.23 (0.59-2.57) 0.58

Obstructive sleep apnea 0.43 (0.13-1.36) 0.15

Coronary artery disease 0.87 (0.45-1.68) 0.67

Hypertension 1.71(0.93-3.17) 0.09
Diabetes mellitus 1.53 (0.78-3.01) 0.22
Peripheral vascular disease 1.35 (0.43-4.29) 0.61

AF, atrial fibrillation; AFL, atrial flutter; CI, confidence inter-
val.

Table 5
Risk of Late Post-Orthotopic Heart Trans-

plant Atrial Tachyarrhythmias by Operative 
Technique

Biatrial 
(n=155)    

Bicaval 
(n=105)

P val-
ue

Late atrial  tachyar-
rhythmias

Number of events 26   14

Person-years 780 477

Incidence rate 3.33 2.94 0.71

Hazard ratio (95% CI) Model 
1b

1 [Refer-
ence]

0.91 
(0.47-
1.75)

0.78

Model 
2c

1 [Refer-
ence]

0.99 
(0.50-
1.96)

0.98

aPer 100 person-years, bAdjusted for age and sex, cModel 1 
additionally adjusted for pre-transplant atrial tachyarrhyth-
mia, obstructive sleep apnea, coronary artery disease, hyper-
tension, diabetes mellitus, peripheral vascular disease, and 
time-dependent graft rejection episodes.CI, confidence inter-
val
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were 3.3 and 2.9 per 100 person-years, respective-
ly (P=0.71) (Table 5). The multivariable HR (95% 
CI) for late post-operative atrial tachyarrhythmias 
associated with BC technique was 0.99 (0.50-1.96), 
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Table 6
Cox Proportional Hazards Model for Risk 
of Late Post-Orthotopic Heart Transplant 

Atrial Tachyarrhythmias 

Variable Hazard ratio (95% 
CI)

P 
value

Operative Report (bicaval 
vs. biatrial) 0.99 (0.50-1.96) 0.98

Age at transplant (per year) 1.00 (0.98-1.04) 0.69

Sex (male vs. female) 1.04 (0.45-2.39) 0.93

Pre-transplant AF/AFL 0.78 (0.34-1.81) 0.57

Obstructive sleep apnea 0.76 (0.22-2.59) 0.66

Coronary artery disease 1.23 (0.59-2.57) 0.58

Hypertension 1.07 (0.54-2.10) 0.85
Diabetes mellitus 1.16 (0.58-2.34) 0.674
Peripheral vascular disease 0.87 (0.25-3.03) 0.83
Graft rejection 2.89 (1.48-5.65) 0.002

AF, atrial fibrillation; AFL, atrial flutter; CI, confidence interval.

post-operative atrial tachyarrhythmias. Second, in 
multivariable analysis, graft rejection was found to 
be an independent predictor of late post-operative 
atrial tachyarrhythmias. 

BC versus BA operative technique

The BA technique was originally introduced by 
Lower and Shumway4,5 and remains the standard 
technique for OHT due to its simplicity. The BC 

method gained attractiveness in 1990’s with some 
studies suggesting that it decreased hospital stay, 
decreased pacemaker requirement, reduced atri-
al pressure, reduced tricuspid regurgitation, 
and had mortality benefit despite slightly longer 
ischemic times compared with the BA proce-
dure.18,19 The BA technique (Figure 1A) involves 
the donor heart attached to right and left atrial 
cuffs of the recipient heart. In the BC technique 
(Figure 1B), the anastomoses are made at the lev-
el of vena cavae and a small recipient left atrial 
cuff around the pulmonary veins. The BA tech-
nique causes more distortion of the atrial anat-
omy and thereby a potential to produce a more 
arrhythmogenic substrate as compared to the BC 
technique.4, 5

Data from prior studies have been inconsistent 
with regard to the risk of post-operative atrial 
tachyarrhythmias comparing BC and BA tech-
niques. Certain prior prospective studies8, 20-22 
with relatively small sample sizes (30-75 patients 
in BA or BC) compared the burden of early atrial 
arrhythmias after OHT. These studies reported 
fewer atrial tachyarrhythmias with BC group as 
compared with BA. In contrast, Grande et al[9] 
prospectively studied 71 subjects in BA and 46 
subjects in BC group after OHT and observed no 
significant difference in burden of AF between 
the groups (incidence of AF in BA 13.1% and BC 

Figure 1: Figure 1A. Biatrial Technique, Figure 1B. Bicaval Technique, RA, Right Atrium; IVC, Inferior Vena Cava; SVC, Superior 
Vena Cava.
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4.6%, P=NS). Khan et al24 reported incidence of AF 
in a large cohort of heart transplant patients and 
although the overall rate of post transplant AF 
was 0.3%, much lower compared to our study, the 
only cases of AF found were in the BC group.  Cui 
et al [10] reported 13.1% incidence of AF in a larg-
er population of 892 patients after OHT with 69 
of 117 episodes of AF occurring within 2 weeks of 
transplantation.  This study provided further evi-
dence that BC group did not have any advantage 
over BA with respect to atrial tachyarrhythmia 
burden.

Considering the inconclusive literature regarding 
the relationship of post-operative arrhythmias to 
BC versus BA methodology, we sought to reas-
sess this issue in an 11-year retrospective cohort 
of 260 OHT recipients at the University of Minne-
sota.  During this 11-year period, there were more 
BA than BC procedures performed each year ex-
cept for 2005 and 2006. In our study, we did not 
find a statistically significant difference between 
the 2 groups with respect to early post-operative 
arrhythmias. Although, there is no difference in 
early post-operative arrhythmias between the 2 
operative techniques, there may be a difference 
in long-term arrhythmia outcomes. Indeed, a 
meta-analysis of several prospective and retro-
spective studies with longer follow-up periods19 
suggested superiority of BC technique over BA 
technique in maintaining sinus rhythm. Thus, 
over time, BA operative technique may induce 
formation of the substrate necessary for genera-
tion of late post-operative atrial arrhythmias, par-
ticularly AF. However, in our study, we did not 
find a statistically significant difference between 
the 2 groups with respect to late post-operative 
arrhythmias.

Predictors of Post-Operative Atrial Trachyar-
rhythmias

Pre-transplant AF or AFL was not associated with 
an increased risk of post-operative atrial tach-
yarrhythmias probably because the prior cardiac 
substrate is removed during OHT. On the other 
hand, although hypertension and diabetes remain 
as potential risk factors, they did not influence the 
risk of early or late atrial arrhythmias. Consistent 
with the findings of previous studies,10, 16, 23, 25 we 
found that graft rejection was significantly associ-

ated with an increased risk of late post-operative 
atrial tachyarrhythmias. One could postulate that 
graft rejections lead to fibrosis or edema, which in 
turn, set up heterogeneities in conduction or repo-
larization within the atria, promoting atrial tach-
yarrhythmias.

Limitations

There are several limitations in our study. First, 
it is possible that asymptomatic arrhythmias 
might have been missed or were not document-
ed. Second, factors that impact on the frequency 
of atrial tachyarrhythmias such as volume sta-
tus, renal function, peri-operative infections, and 
immunosuppressive medical regimens were not 
included in the study. Additionally, factors that 
can increase the incidence of atrial arrhythmias 
in the first 30 days after surgery such as peri-pro-
cedural medications, hemodynamic changes, and 
metabolic derangements were not studied.  Third, 
since this was a retrospective study, standardiza-
tion of medical management that could impact on 
post-operative arrhythmic burden differences be-
tween BC and BA groups prior to or after OHT 
was not possible.  Data on angiotensin receptor 
inhibitors or beta blockers use that could have 
anti-arrhythmic effects were not included in our 
study; our patients often had dynamic medical 
regimens prior to OHT, with these medications 
being held on several occasions for a significant 
period and with concomitant use of pressors and/
or inotropes, making it impractical to include 
them for comparison between BC and BA groups.  
Fourth, data regarding the timing of atrial arrhyth-
mias in relation to onset of graft rejection was not 
included in the study. Fifth, factors such as dura-
tion of transplant surgery, ischemia time of the 
donor heart, and co-morbidities of the donor that 
can potentially impact development of post-trans-
plant atrial arrhythmias were not studied. Finally, 
we did not characterize the type of AF in our pa-
tients, i.e., paroxysmal, persistent, or permanent 
AF nor did we assess frequency burden of atrial 
arrhythmias.

Conclusions

Our study indicates that susceptibility to early or 
late post-OHT atrial tachyarrhythmias is not sig-
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nificantly different whether BC or BA operative 
technique is employed for OHT. Graft rejection is 
significantly associated with late post-transplant 
atrial tachyarrhythmias. 
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