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Abstract

Aims The aim of this study is to evaluate and compare the impact of the bicaval technique versus the biatrial technique (by
Lower and Shumway) in paediatric heart transplant patients. Only a few studies investigate this matter regarding the
long-term outcome after paediatric heart transplantation. We compared the two surgical methods regarding survival, the ne-
cessity of pacemaker implantation.
Methods and results All 134 patients (aged <18 years) – (group-1) biatrial (n = 84), versus (group-2) bicaval (n = 50), who
underwent heart transplantation between October 1988 and December 2021, were analysed. Freedom from events were es-
timated using the Kaplan–Meier method. Potential differences were analysed using the log rank test and Cox proportional haz-
ard models. Mean ± standard deviation: Bypass time (per minutes) was higher in the group 1 as compared with group 2
(P = 0.050). Survival was not significantly different (P = 0.604) in either groups. Eighteen patients required permanent pace-
maker implantation in the group 1 and only one patient required it in the group 2 (P = 0.001).
Conclusions Paediatric heart transplantation using bicaval technique results similar long-term survival compared with the
biatrial technique. The incidence of atrial rhythm disorders was significantly higher in the biatrial group, requiring a higher fre-
quency of pacemaker implantation in this group. As a results, the bicaval technique has replaced the biatrial technique in our
centre.
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Introduction

The biatrial technique developed by Lower1 and Shumway2 in
1961 has been the gold standard for orthotropic heart trans-
plantation (in adults) for many years. In this technique, the
recipient’s left and right atria are left in situ and a large atrial
anastomosis is used to connect the donor to the recipients’
heart.

The bicaval technique was first described in 1991 by Webb
et al.3 In the bicaval technique, the recipient’s atria are
completely excised, with a small cuff of left atrium remaining
around the pulmonary veins, which is then anastomosed to
donor’s left atrium, followed by direct anastomosis to the ve-
nae cavae.

The first paediatric heart transplantation was described by
Kantrowitz, who performed the biatrial technique.4 Some
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authors published their results in patients with hypoplastic
left heart syndrome, also in biatrial technique.5,6

In recent years, the biatrial technique was replaced by the
bicaval technique. There are however only few reports of the
impact of the different surgical techniques in paediatric pa-
tients in the published international literature.

In adult’s heart transplantation, we detected many
published results comparing the two different surgical
methods,7–10 but comparable publications in paediatric heart
transplantation are rare.11

Therefore, the aim of our study was to detect the rate of
complications between the bicaval technique and biatrial
techniques in patients under the age of 18, using mortality
as our primary outcome variable, and the need for pace-
maker implantation as our secondary outcome variable fol-
lowing heart transplantation. We hypothesize that there
may be a difference in cardiac arrhythmia between two surgi-
cal techniques, which may be of clinical significances.

Methods

Ethical approval statement

This study followed the ethical standards of the Declaration
of Helsinki and was approved by the Institutional Review
Board of the Ludwig Maximilian University of Munich (LMU)
registration‘s number: 735-15).

Statistics

Data were analysed using SPSS Statistics 28 software (IBM®,
Armonk, New York, USA). Continuous variables were
expressed as mean ± standard deviation and categorical var-
iables were expressed as frequencies with percentage (per-
centage) with Student’s t-test and Wilcoxon test. Differences

between means were confirmed using the chi-squared tests.
Statistical significance was set at P < 0.050. Cumulative sur-
vival curves were constructed using the Kaplan–Meier
method. A log-rank test was performed to compare survival
and necessity of pacemaker implantation after heart trans-
plantation between the groups expending a hazard ratio
(HR) using univariable Cox regression analysis.

Study population and study design

All 134 patients (<18 years) who underwent paediatric heart
transplantation between October 1988 and December 2021
were included; we analysed 83 patients in group 1 and 50 pa-
tients in group 2. The number of paediatric HTXs (heart trans-
plantations) per year and the number of surviving patients at
follow up are shown in Figure 1A,B.

The criteria and reasons for selecting the two techniques
for heart transplants between 2000 and 2013 were depended
on surgical skills.

T-test and chi-square analyses were first done to demon-
strate that both groups were comparable of demographics
and clinical data between 2000 and 2013 (see Table 1). These
tests have shown that the data of both patient groups are
comparable. From 1988 to 1999 (n = 40) the biatrial tech-
nique alone was used, from 2000 to 2013 both techniques
were used, with the biatrial method (n = 43); and from
2014 to the present only the bicaval (n = 23) technique was
applied (see Figure 1A). Mean pulmonary vascular resistance
was 11 ± 6 Wood units.

For demographics and clinical data of recipients, donors
and donor/recipients, see Table 2.

In group 1, mean age was 15 ± 16 years, mean BMI was
18 ± 4 per kg/cm2 and mean follow up time was 15 ± 9 years;
in group 2, mean age was 14 ± 12 years, mean BMI was 16 ± 4
per kg/cm2 and mean follow up time was 7 ± 6 years. The

Figure 1 Biatrial technique versus bicaval technique: Number of heart transplantations (A). Survived patients at follow-up time (B).

Impact of the operative technique on mid- and long-term results following paediatric heart transplantation 1603

ESC Heart Failure 2024; 11: 1602–1611
DOI: 10.1002/ehf2.14718

 20555822, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14718, W

iley O
nline L

ibrary on [29/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Table 1 Recipient’s demographics and clinical baseline data at time to transplantation from 2000 to 2013 to approve comparability of
biatrial- and bicaval-technique

Mean ± standard deviation (95% CI)

Biatrial technique (n = 43)
Bicaval technique (n = 27)

n (%) n (%) P-value

Age (year) 8.6 ± 6.6 9.6 ± 6.0 0.535
Sex (male), n (%) 22 (51.2) 14 (51.9) 1.000
Body weight (kg) 29.4 ± 22.5 31.9 ± 19.9 0.638
BMI (kg/cm2) 15.9 ± 3.4 16.8 ± 2.9 0.258
Aetiology (CMP, CHD) 37/6 20/7 0.344
Previous heart operation, n (%) 18 (41.9) 11 (40.7) 1.000
Pre-HTx ECMO (ECLS) Support 3 (7.0) 4 (14.8) 0.417
Pre-HTx VAD support 12 (27.9) 4 (14.8) 0.206

t-test for continuous (numerical) variables. Crosstabs (chi-square) for categorical variables, exact sig. (two-sided).
CI, confidence interval; CMP, cardiomyopathy; CHD, congenital heart disease.

Table 2 Recipient’s demographics and clinical baseline data at time to transplantation: standard versus bicaval technique

Mean ± standard deviation (95% CI)

Biatrial technique (n = 83)
Bicaval technique (n = 50)

n (%) n (%) P-value

Recipient’s demographics and clinical baseline data at time to transplantation
Era
1988–1999 40 (48) 0 <0.001
2000–2013 43 (52) 27 (54)
2014–2021 0 23 (46)

Age (year) 9 ± 7 10 ± 6 0.021
Sex (male) 49 (59) 26 (52) 0.473
Body weight (kg) 29 ± 23 30 ± 20 0.909
BMI (kg/cm2) 16 ± 4 16 ± 4 0.491
Aetiology 0.279
CMP 62 (75) 42 (84)
CHD 21 (25) 8 (16)

Previous heart operation 36 (43) 27 (54) 0.283
ECMO (ECLS) support 6 (7) 8 (16) 0.146
VAD support 15 (18) 20 (40) 0.008
Waiting time on the list (days) 59 ± 47 172 ± 137 <0.001

Donor demographic and clinical baseline data and donor/recipient data
Age (year) 16 ± 15 14 ± 12 0.687
Body weight (kg) 37 ± 26 37 ± 23 0.489
BMI (kg/cm2) 19 ± 4 18 ± 5 0.822
Sex (male) 46 (55) 27 (54) 1.000
Cause of death 0.078
Traumatic brain injury 25 (30) 9 (18)
Cerebral bleeding 10 (12) 5 (10)
Polytrauma 11 (13) 16 (32)
Hypoxaemia 12 (14) 6 (12)
Suicide* 7 (8) 1 (2)
Other neurological causes 18 (22) 13 (26)

BMI-(donor/recipient) mismatch 44 (53) 12 (24) 0.002
Hospital timeline

Aortic cross clamp time (min) 81 ± 27 80 ± 38 0.865
Cold ischaemic time (min) 225 ± 51 237 ± 53 0.218
Bypass-time (min) 149 ± 57 174 ± 88 0.050
Skin-to-skin-time (min) 308 ± 105 345 ± 175 0.178
Length of VS 20 ± 10 37 ± 12 0.013
<72 h 52 (63) 20 (40)
>72 h 31 (37) 30 (60)

ICU stay (days) 24 ± 24 52 ± 28 0.498
Hospital-stay after HTx (days) 58 ± 54 57 ± 55 0.995

t-test for continuous (numerical) variables. Crosstabs (Chi-square) for categorical variables, exact sig. (two-sided). BMI mismatch was de-
fined in case of 0.8 > donor/Recipient >1.2; Patient’s perioperative data.
CI, confidence interval; CMP, cardiomyopathy; CHD, congenital heart disease; ICU, intensive care unit; VS, length of mechanically ventila-
tion support (h).
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follow-up time was ≥1 year post-transplant, and the overall
median follow-up time was 13 years.6–19

The following patients were excluded: one patient after
pHTx was lost to follow-up, heart and lung transplantation,
ABO-incompatible heart transplantation, combined heart
and liver or heart and kidney transplantation and
re-transplantation after primary heart transplantation in pae-
diatric patients. Patient’s data are included and studied in
this actual study until re-HTx time.

Treatment

Standard Stanford triple immunosuppressive therapy was
used in both groups.12,13

Results

Overall median (IQR) follow-up time (years) was 13.1 (5.6–
19.0). Median follow-up time (IQR) was in group 1: 15.7 years
(10.2–22.7), and in group 2, it was 8.1 years (3.2–8.1) (see
Figure 1B).

Primary outcome: Survival

See Table 2 and Figure 2 for Kaplan–Maier-curve: Cumulative
survival (%) after paediatric heart transplantation in years.

In group 1, survival at 30 days, 1, 5, 10, 15 years was 96 ± 2%,
89 ± 3%, 83 ± 4%, 79 ± 4% and 66 ± 5%, and in group 2, 96 ± 3%,
94 ± 3%, 87 ± 4%, 74 ± 8% and 48 ± 13% (P = 0.604).

Secondary outcome: Pacemaker implantation

Thirty per cent of patients in group 1 (n = 18) required perma-
nent pacemaker implantation. This was significantly higher
than those in group 2 patients (P = 0.001); see Figure 3 and
Table 3.

Features and results in patients with permanent
pacemaker implantation

Overall mean time to require a pacemaker implantation was
1700 ± 1745 (days) (see Figure 3).

In group 1, six patients required a pacemaker implantation
in the first 180 days after the HTx. Twelve patients underwent
pacemaker implantation between 2 to 10 years post-trans-
plant. Mean time interval between HTx and time to requiring
a permanent pacemaker implantation was 1698 ± 1736
(days). Eight patients died in mean the time 14 ± 10 years
post-transplant. Three patients underwent re-transplant be-
cause of graft failure from 5 to 12 years after their primary
HTx. Congenital heart disease with hypoplastic left heart syn-
drome in end-stage heart failure was shown in three of pa-
tients. Four patients underwent an ECMO/ECLS support after

Figure 2 Kaplan–Meier curve, cumulative survival (%) after paediatric heart transplantation (years).
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Figure 3 Kaplan–Meier curve, cumulative freedom of pacemaker implantation after paediatric heart transplantation (%).

Table 3 Long-term outcomes

Mean ± standard deviation (95% CI)

Biatrial technique (n = 83)
Bicaval technique (n = 50)

n (%) n (%) P-value

Follow up (years) 15 ± 9 7 ± 6 0.007
Post-HTx ECLS 12 11 0.344
Tricuspid valve regurgitation early post-HTx 21 (24) 17 (34) 0.554

Mild 11 (13) 6 (12)
Moderate 3 (4) 9 (18)
Severe 7 (8) 2 (4)

Tricuspid valve regurgitation at last follow- up 14 (17) 19 (42.2) 0.078
Mild 6 (72) 8 (16)
Moderate 3 (4) 7 (14)
Severe 5 (6) 1 (2)

Post-HTx cardiac arrhythmia 45 (54) 22 (44) 0.286
Sinus node arrest 33 (40) 16 (32)
AV block 12 (14) 6 (12)

Post-HTx pacemaker implantation 18 (23) 1 (2) 0.001
Time to pacemaker Implantation (days) 1689 ± 1755 171
Post-HTx bleeding 33 (40) 17 (34) 0.581
Post-HTx effusion 29 (35) 15 (30) 0.575
Post-HTx re-sternotomy 13 (16) 11 (22) 0.486
Cause of death after HTxa 29 (35) 12 (24) 0.693

Early/primary graft failure 25 (30) 10 (20)
Acute severe rejection 1 (1) 1 (2)
Acute severe humoral rejection reaction 3 (6) 2 (4)
TVP 18 (22) 7 (14)
PTLD 1 (1) 3 (6)
Respiratory failure 0 1 (2)
Renal failure 1 (1) 2 (4)
Tumour 1 (1) 2 (4)
Late graft failure 5 (6) 2 (4)
Multi organ failure 1 (1) 1 (2)
Bleeding 1 (1) 0
Infection 21 (25) 7 (14)

Non cardiac 3 (4) 0

t-test for continuous (numerical) variables. Crosstabs (chi-square) for categorical variables, exact sig. (two-sided).
CI, confidence interval.
aOne or more reasons to death at mortality time.
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the transplantation. Six patients needed dialysis treatment
for 4 months after the transplantation. Two of the 6 are still
on dialysis treatment. Transplant vasculopathy was detected
in 15 patients, in four of them was shown a CMV positive mis-
match between recipient and donor and in two patients of
them needed a coronary artery bypass graft. Ten patients de-
veloped chronic rejection. Gender mismatch between recipi-
ent and donor was also shown in 10 patients, BMI mismatch
between recipient and donor (0.8 > donor/recipient >1.2)
was detected in nine patients.

Post-HTx diabetes mellitus developed five patients after
their heart transplantation.

In group 2, the only patient who underwent a pacemaker
implantation after 6 months post-transplant died at 4.4 years
post-heart transplantation because of intracerebral post-
transplant lymphadenopathy disorder.

Overall results

The mean skin-to-skin time (min) in group 1 was 308 ± 105
and in group 2 was 345 ± 175 (P = 0.367). The mean aortic

cross-clamp time (min) in group 1 was 81 ± 27 and in group
2 was 80 ± 38 (P = 0.865). Mean total cold ischaemic time
(min) in group 1 was 225 ± 51 and in group 2 was 237 ± 53
(P = 0.218). Mean ICU stay (days) in group 1 was 24 ± 24
and in group 2 was 52 ± 28 (P = 0.498). Mean hospital stay
after HTx (days) in group 1 was 58 ± 54 days and in group 2
was 57 ± 55 days (P = 0.995).

Patients in the group 1 were younger (P = 0.033). BMI –
mismatch (0.8 > donor/Recipient >1.2) was higher in the
group 1. VAD-support bridged to HTx was higher in the group
2 (P = 0.008) because of elongated waiting time on the list
(P < 0.001).

In univariate Cox analysis, the following were significant
risk factors for overall mortality: lower BMI (per kg/cm2;
OR: 1.081; 95% CI: 1.016–1.149; P = 0.013); greater
bypass time (per minutes; OR: 1.005; 95% CI: 1.000–
1.010; P = 0.041); greater skin-to-skin time (per OR:
1.005; 95% CI: 1.002–1.008; P = 0.003); presence of tricus-
pid valve regurgitation directly after transplantation (OR:
2.901; 95% CI: 1.561–5.391; P < 0.001) and at the last fol-
low-up: (OR: 2.841; 95% CI: 1.156–6.983; P = 0.023) (see
Table 4).

Table 4 Risk factor analysis for mortality: Univariable Cox analysis and multivariable Cox analysis

Univariable Cox analysis for overall mortality Multivariable Cox analysis for overall mortality

OR 95% CI P-value OR 95% CI P-value

Recipient feature
Waiting on the list (days) 1.000 0.997–1.003 0.818
Age (per years) 1.034 0.986–1.085 0.168
Sex (male) 1.129 0.610–2.090 0.699
Aetiology 1.491 0.771–2.885 0.235
SV physiology 1.583 0.775–3.234 0.207
Body weight (per kg) 1.012 0.999–1.026 0.074
BMI (per kg/cm2) 1.10.5 1.020–1.196 0.014 1.151 1.055–1.257 0.002
Previous heart operation 1.363 0.737–2.521 0.324
Pre-HTx ECLS/ECMO 1.814 0.758–4.341 0.181
Pre-HTx VAD Support 0.711 0.296–1.706 0.444

Donor feature
Age (per years) 1.017 0.998–1.036 0.076
Sex (male) 0.902 0.484–1.680 0.744
Body weight (per kg) 1.011 0.998–1.023 0.092
BMI (per kg/cm2) 1.081 1.016–1.149 0.013

Donor/recipient feature
Mismatch in BMI donor/recipient 1.234 0.663–2.296 0.506
Mismatch in sex donor/recipient 0.859 0.463–1.593 0.630

Intraoperative data
Cold ischaemic time (per min) 0.831 0.412–1.674 0.604
Aortic clamp time (per min) 1.009 1.000–1.019 0.051
Bypass time (per min) 1.005 1.000–1.010 0.041 1.005 1.002–1.009 0.006
Skin-to-skin-time (per min) 1.005 1.002–1.008 0.003
Early/primary graft failure 1.000 0.510–1.961 1.000
Late graft failure 0.854 0.462–1.581 0.616
Post-HTx ECLS 1.776 0.870–3.627 0.115
Post-HTx bleeding 0.936 0.499–1.755 0.837
Re-sternotomy 1.417 0.676–2.969 0.356
Post-HTx cardiac arrhythmia 0.658 0.355–1.220 0.183
Post-HTx pacemaker implantation 1.351 0.623–2.927 0.446

Post-HTx tricuspid regurgitation
At post-op time 2.901 1.561–5.391 <0.001
At follow up time 2.841 1.156–6.983 0.023

Risk factor analysis for mortality in chi-square test.
CI, confidence interval; BMI, body mass index; OR: odd ratio.
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In the multivariable Cox analysis, lower BMI (per kg/cm2,
OR: 1.151; 95% CI 1.055–1.257; P = 0.002), and greater by-
pass time were significant risk factors (per minutes; OR:
1.005; 95% CI: 1.002–1.009; P = 0.006) for overall mortality
(see Table 4).

Cardiac arrhythmia after transplantation was observed in
54% of cases in group 1 (n = 45) versus 44% (n = 22) in group
2 (P = 0.286) (see Table 3).

Most post-transplant arrhythmia were normalized at dis-
charge time. Pacemaker implantation was performed in 18
patients in group 1 and in one patient in group 2 (P = 0.001).

Tricuspid valve regurgitation was observed in both groups
after transplantation (21 patients in the group 1 and 17 pa-
tients in the group 2), but it normalized by time of discharge
(P = 0.554) (see Table 3).

Discussion

Survival

In our centre, the bicaval technique has only been performed
since May 2000, limiting the number of patients in this group
(group 1).

Survival of paediatric patients after bicaval technique was
comparable to those after the biatrial technique at our cen-
tre. Based on improved survival rates, Davies et al. recom-
mend that a bicaval anastomoses should be performed for
heart transplantation, except where technical considerations
require a biatrial technique.14 In a meta-analysis, the authors
showed significant valuable effects of the bicaval technique
with regard to survival.15 In addition, bicaval technique is
technically easier to perform under this circumstance further
facilitates cardiac transplantation. This technique is also suit-
able for performing even in complex congenital heart disease
with persistent left superior vena cava.16 Furthermore, a
biatrial technique remains as gold standard technique for pa-
tients with heterotaxy syndrome.17

In addition, haemodynamic variables such as pulmonary
capillary pressure, mean pulmonary artery pressure, and
right atrial pressure are reported lower after bicaval
transplantation.18 Therefore, the bicaval technique has now
become more popular than the biatrial technique.19,20 A sys-
tematic review with meta-analysis showed that results after
bicaval heart transplantation are better in early- and late-term
outcomes than after biatrial technique in adults.21 Four-corner
traction bicaval anastomosis combined with a continuous
everting suture techniquemay result in approximately compa-
rable survival after HTx in patients with a history of previous
cardiac surgery when compared with those without. This tech-
nique might reduce the incidence of left atrial thrombosis and
distortion. Further follow-up of long-term outcomes is re-
quired to validate these results.22

Arrhythmia

We could not identify any literature on the topic of the risk of
arrhythmias after transplantation in the paediatric transplant
population. A better anatomic configuration and synchronous
atrial function after the bicaval method may well have con-
tributed to the normal rhythm and reduced need for pace-
maker implantation.23

In patients with the bicaval technique, we detected a lower
rate of development of bradyarrhythmias resulting in a lower
frequency for permanent pacemaker implantation. Pace-
maker implantation because of bradyarrhythmia after cardiac
transplantation is common, and has no risk of sudden cardiac
death. The bicaval surgical technique was strongly protective
against postoperative pacemaker requirement in pacemaker-
requiring bradyarrhythmia with an excellent long-term
prognosis in adults. Biatrial surgery was associated with post-
operative pacemaker requirement.24 Grant et al. showed a sig-
nificant increase in the incidence of atrial tachyarrhythmia in
patients with biatrial technique and a higher hospital stay in
this group.25

The significant reduction in pacemaker implantation in the
bicaval group is most likely due to the surgical trauma to the
right atrial tissue in biatrial implantation technique. Of note,
the biatrial implantation technique requires cranial to caudal
incision of the lateral right atrial wall along the level of the
linea arcuata and hence endangers the regular conduction,
when the incision is carried out too far cranially. In addition,
there is considerable traction on the right atrial tissue after
biatrial implantation as the new lateral opening in the donor
organ should cover the ventral aspect of the remnant recipient
right atrium. The distinct abnormal placement of the donor
heart in biatrial implantation predisposes to tricuspid
regurgitation.

Duration of hospital stay after heart transplantation did
not differ between the groups in our results (P = 0.321); sinus
node arrest and atrioventricular block were higher in group 1
but without significance (P = 0.286). We did not detect any
supraventricular tachycardia like atrioventricular nodal reen-
try tachycardia (AVNRT) after paediatric transplantation. In
adult patients radiofrequency catheter ablation can eliminate
this kind of atrial tachycardia and resulting in haemodynamic
improvement.26,27 In our study pacemaker, implantation was
mostly necessary in the first year after transplantation.

A relationship between post-transplant vasculopathy (TVP)
and late necessity of pacemaker implantation in our collec-
tive was comparable to international results.28,29

Other effects

Some authors reported a shorter duration of hospital stay in
relation to the surgical technique.30 In our experience, the
hospital stay before HTx in the group 2 was slightly higher be-
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cause of increasing waiting times on the list in the past decade.
After heart transplantation, the length of hospital-stay did not
differ between the groups. A single large-scale experience in
adults with bicaval versus biatrial technique for heart trans-
plantation found no difference in survival between the two
groups, although the bicaval technique was associated with a
lower incidence for permanent pacemaker implantation.31

Grande et al. showed significantly less bleeding and fewer
surgery-related complications, fewer major arrhythmias and
less need for pacemaker implantation after bicaval HTx in their
study.10 Another study highlights the importance of prefer-
ence of the bicaval technique for orthotropic heart transplan-
tation, especially in selected young patients with low BMI and,
in particular, those potential transplant recipients with
end-stage cardiac disease in patients with congenital heart
disease.32

Tricuspid valve regurgitation

Tricuspid valve regurgitation (TVR) is a common complication
after heart transplantation.33,34 The bicaval technique main-
tains good left ventricular function, a lower incidence of tri-
cuspid valve dysfunction, and improved survival compared
to the standard technique in adult patients.8,32,35 Only few
authors described that no significant difference was observed
between the rate of TVR of biatrial and bicaval anastomosis
in patients at different time points.36 In our opinion, the
causes of TVR following transplantation are multifactorial,
with surgical technique being an important factor. In our col-
lective, there was no significant difference in early- and long-
term results in both groups (see Table 3).

We are aware that TVR can be caused through injury during
myocardial biopsy with the bioptome passing across the tri-
cuspid valve ring.34,37 Therefore, it can be induced over time
due to a higher frequency of endomyocardial biopsies in the
context of the post-transplant monitoring. In our centre, the
use of rejection monitoring with biopsy has decreased in re-
cent years. Therefore, this might be one reason why there is
no difference of the development of TVR between both surgi-
cal technique groups. In addition, distortion of the tricuspid
valve ring due to size mismatch between the donor and recip-
ient seems not to be a problem in the studied population.8

Summary

Many publications have demonstrated that the bicaval surgi-
cal technique is superior to the biatrial technique in the adult
transplantation group. There are many reasons for this. One
of them may well be that it is easier to perform and there
are less atrial arrhythmias reported after the bicaval tech-
nique in adults. In our cohort there was a significant reduc-
tion of the incidence of atrial arrhythmia using the bicaval
technique compared with the biatrial technique. We con-

clude that the bicaval surgical technique in the paediatric
transplant population has the advantage of reducing the
need for pacemaker implantation.

Regarding the overall survival, the results we achieved af-
ter bicaval technique are comparable with those of the
biatrial technique. Neither technique appears to offer a surgi-
cal benefit over the other.

The biatrial technique may be still necessary to perform
transplantation in very rare and complex heart failure pa-
tients, for example, patients with heterotaxy syndrome/with
or without dextrocardia. Based on the lower complication
rate, the bicaval technique has been the preferred surgical
procedure for paediatric heart transplantation in our centre
since 2013.

One limitation of the current study is the small sample size
in both groups. Another is the short follow-up time, particu-
larly in the bicaval group due to the recent implementation
of this surgical technique. Finally, one possible limitation of
this study is the failure to account for differences in immuno-
suppressive regimens between groups and its potential effect
on treatment outcomes.

Our results are comparable with international results.37,38

Conclusions

Paediatric heart transplantation performed by the bicaval
technique yields similar long-term survival compared to the
biatrial technique. In the biatrial group, the incidence of atrial
rhythm disorders was significantly higher. The incidence of
pacemaker implantation was significantly higher following
the biatrial technique (group 1). Based on these results, the
bicaval technique has replaced the biatrial standard tech-
nique in our centre.

Funding

No grants used. Funding is by hospital funding only.

Acknowledgements

We thank Prof. Dr. Eva Hoster (ehoster@ibe.med.uni-
muenchen.de, Institute for Medical Information Processing,
Biometry and Epidemiology; IBE) of Ludwig Maximilian
University, Munich, for statistical assistance with our report.
We also thank Mrs. Anne Wölffel-Gale for editorial assistance.
(anne.gale@web.de Gartenfelder Str. 76B; D-13599 Berlin).

Open Access funding enabled and organized by Projekt
DEAL.

Impact of the operative technique on mid- and long-term results following paediatric heart transplantation 1609

ESC Heart Failure 2024; 11: 1602–1611
DOI: 10.1002/ehf2.14718

 20555822, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14718, W

iley O
nline L

ibrary on [29/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:ehoster@ibe.med.uni-muenchen.de
mailto:ehoster@ibe.med.uni-muenchen.de
mailto:anne.gale@web.de


Conflict of interest

There is no conflict of interest for any of the authors regard-
ing this report.

References

1. Lower RR, Stofer RC, Shumway NE.
Homovital transplantation of the heart.
J Thorac Cardiovasc Surg 1961;41:
196-204.

2. Shumway NE, Angell WW, Wuerflein
RD. Progress in transplantation of the
heart. Transplantation 1967;5(Suppl):
900-903. doi:10.1097/00007890-19670
7001-00016

3. Webb WR, Howard HS, Neely WA. Prac-
tical methods of homologous cardiac
transplantation. J Thorac Surg 1959;37:
361-366.

4. Kantrowitz A, Haller JD, Joos H, Cerruti
MM, Carstensen HE. Transplantation of
the heart in an infant and an adult. Am
J Cardiol 1968;22:782-790.

5. Mavroudis C, Harrison H, Klein JB, Gray
LA Jr, Ganzel BL, Wellhausen SR, et al.
Infant orthotopic cardiac transplanta-
tion. J Thorac Cardiovasc Surg 1988;96:
912-924.

6. Blanche C, Valenza M, Aleksic I, Czer LS,
Trento A. Technical considerations of a
new technique for orthotopic heart
transplantation. Total excision of recipi-
ent’s atria with bicaval and pulmonary
venous anastomoses. J Cardiovasc Surg
(Torino) 1994;35:283-287.

7. Aziz TM, Burgess MI, El-Gamel A,
Campbell CS, Rahman AN, Deiraniya
AK, et al. Orthotopic cardiac transplanta-
tion technique: A survey of current prac-
tice. Ann Thorac Surg 1999;68:
1242-1246. doi:10.1016/s0003-4975
(99)00796-1

8. Aziz TM, Burgess MI, Rahman AN,
Campbell CS, Deiraniya AK, Yonan NA.
Risk factors for tricuspid valve regurgita-
tion after orthotopic heart transplanta-
tion. Ann Thorac Surg 1999;68:
1247-1251. doi:10.1016/s0003-4975
(99)00768-7

9. Wang SS, Chu SH, Hsu RB, Chen YS,
Chou NK, Ko WJ. Is bicaval anastomosis
superior to standard atrial procedure of
heart transplantation? Transplant Proc
2000;32:2396-2397. doi:10.1016/
s0041-1345(00)01713-9

10. Grande AM, Rinaldi M, D’Armini AM,
Campana C, Traversi E, Pederzolli C,
et al. Orthotopic heart transplantation:
Standard versus bicaval technique. Am
J Cardiol 2000;85:1329-1333.
doi:10.1016/s0002-9149(00)00765-7

11. Pahl E, Sundararaghavan S, Strasburger
JF, Mitchell BM, Rodgers S, Crowley D,
et al. Impaired exercise parameters in
pediatric heart transplant recipients:
comparison of biatrial and bicaval tech-
niques. Pediatr Transplant 2000;4:
268-272. doi:10.1034/j.1399-3046.20
00.00122.x

12. Rosenthal LL, Ulrich SM, Zimmerling L,
Brenner P, Müller C, Michel S, et al. Pe-
diatric heart transplantation in infants
and small children under 3 years of
age: Single center experience - “early
and long-term results”. Int J Cardiol
2022;356:45-50. doi:10.1016/j.ijcard.
2022.04.002

13. Groetzner J, Reichart B, Roemer U, Tiete
A, Sachweh J, Kozlik-Feldmann R, et al.
Results of pediatric cardiac transplanta-
tion -- Long-term results of a 15-year ex-
perience. Thorac Cardiovasc Surg 2005;
53:S149-S154. doi:10.1055/s-2004-
830456

14. Davies RR, Russo MJ, Morgan JA,
Sorabella RA, Naka Y, Chen JM. Stan-
dard versus bicaval techniques for
orthotopic heart transplantation: An
analysis of the united network for organ
sharing database. J Thorac Cardiovasc
Surg 2010;140:700-708, 8.e1–2.
doi:10.1016/j.jtcvs.2010.04.029

15. Schnoor M, Schäfer T, Lühmann D,
Sievers HH. Bicaval versus standard
technique in orthotopic heart transplan-
tation: A systematic review and meta-
analysis. J Thorac Cardiovasc Surg
2007;134:1322-1331. doi:10.1016/j.
jtcvs.2007.05.037

16. Kitamura S, Nakatani T, Kato T, Yanase
M, Kobayashi J, Nakajima H, et al. He-
modynamic and echocardiographic eval-
uation of orthotopic heart transplanta-
tion with the modified bicaval
anastomosis technique. Circulation J
2009;73:1235-1239. doi:10.1253/circj.
cj-08-1098

17. González-López MT, Pérez-Caballero-
Martínez R, Amoros-Rivera C,
Zamorano-Serrano J, Pita-Fernández
AM, Gil-Jaurena JM. Orthotopic heart
transplantation in an adult patient with
heterotaxy syndrome: Surgical implica-
tions. J Card Surg 2015;30:910-912.
doi:10.1111/jocs.12651

18. Locali RF, Matsuoka PK, Cherbo T,
Gabriel EA, Buffolo E. Should biatrial
heart transplantation still be per-
formed?: A meta-analysis. Arq Bras
Cardiol 2010;94:829-840. doi:10.1590/
s0066-782x2010000600018

19. Morgan JA, Edwards NM. Orthotopic
cardiac transplantation: Comparison of
outcome using biatrial, bicaval, and total
techniques. J Card Surg 2005;20:
102-106. doi:10.1111/j.0886-0440.20
05.05011.x

20. Neragi-Miandoab S, Baran D, Godelman
A, Goldstein DJ. Orthotopic heart trans-
plantation in patients with persistent
left superior vena cava: Bicaval and
biatrial techniques. Ann Thorac Surg

2014;97:1085-1087. doi:10.1016/j.
athoracsur.2013.07.033

21. Zijderhand CF, Veen KM, Caliskan K,
Schoonen T, Mokhles MM, Bekkers JA,
et al. Biatrial versus bicaval orthotopic
heart transplantation: A systematic re-
view and meta-analysis. Ann Thorac
Surg 2020;110:684-691. doi:10.1016/j.
athoracsur.2019.12.048

22. Shi F, Ren Z, Zhang M, Wang Z, Wu Z,
Hu X, et al. Effect of novel bicaval anas-
tomosis technique for transplantation
with and without prior cardiac surgery
history. Ann Transl Med 2021;9:1064.
doi:10.21037/atm-21-317

23. Trento A, Takkenberg JM, Czer LS,
Blanche C, Nessim S, Cohen MH, et al.
Clinical experience with one hundred
consecutive patients undergoing
orthotopic heart transplantation with
bicaval and pulmonary venous anasto-
moses. J Thorac Cardiovasc Surg 1996;
112:1496-1502; discussion 502–3.
doi:10.1016/S0022-5223(96)70008-9

24. Cantillon DJ, Tarakji KG, Hu T, Hsu A,
Smedira NG, Starling RC, et al.
Long-term outcomes and clinical
predictors for pacemaker-requiring
bradyarrhythmias after cardiac trans-
plantation: analysis of the UNOS/OPTN
cardiac transplant database. Heart
Rhythm 2010;7:1567-1571. doi:10.
1016/j.hrthm.2010.06.026

25. Grant SC, Khan MA, Faragher EB, Yonan
N, Brooks NH. Atrial arrhythmias and
pacing after orthotopic heart transplan-
tation: Bicaval versus standard atrial
anastomosis. Br Heart J 1995;74:
149-153. doi:10.1136/hrt.74.2.149

26. Hwang HK, Rusconi P, Rosenkranz E,
Young ML. Focal atrial tachycardia orig-
inating from the donor superior vena
cava after bicaval orthotopic heart trans-
plantation. Pacing Clin Electrophysiol:
PACE 2010;33:e68-e71. doi:10.1111/
j.1540-8159.2010.02711.x

27. Rodriguez de Armas L, Dorantes M,
Castro J, Tornes FJ, Rodriguez JC, Fayad
Y, et al. Radiofrequency catheter
ablation of atrioventricular nodal reen-
trant tachycardia in a patient with
orthotopic heart transplantation by
bicaval anastomosis. J Iinterventional
Cardiac Electrophysiol 2006;15:171-174.
doi:10.1007/s10840-006-9009-5

28. Cannon BC, Denfield SW, Friedman RA,
Fenrich AL, Dreyer WJ, Towbin JA, et al.
Late pacemaker requirement after pedi-
atric orthotopic heart transplantation
may predict the presence of transplant
coronary artery disease. J Heart Lung
Transplant 2004;23:67-71. doi:10.1016/
s1053-2498(03)00058-5

1610 L.L. Rosenthal et al.

ESC Heart Failure 2024; 11: 1602–1611
DOI: 10.1002/ehf2.14718

 20555822, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14718, W

iley O
nline L

ibrary on [29/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503


29. Roest S, Manintveld OC, Kolff MAE,
Akca F, Veenis JF, Constantinescu AA,
et al. Cardiac allograft vasculopathy
and donor age affecting permanent
pacemaker implantation after heart
transplantation. ESC Heart Failure
2022;9:1239-1247. doi:10.1002/
ehf2.13799

30. Maning J, Blumer V, Hernandez G,
Acuna E, Li H, Chaparro SV. Bicaval vs
biatrial anastomosis techniques in
orthotopic heart transplantation: an up-
dated analysis of the UNOS database. J
Card Surg 2020;35:2242-2247.
doi:10.1111/jocs.14887

31. Weiss ES, Nwakanma LU, Russell SB,
Conte JV, Shah AS. Outcomes in bicaval
versus biatrial techniques in heart trans-
plantation: An analysis of the UNOS da-
tabase. The Journal of heart and lung
transplantation: The official publication
of the International Society for Heart
Transplantation. 2008;27:178–83.
10.1016/j.healun.2007.11.003

32. Aziz T, Burgess M, Khafagy R, Wynn
Hann A, Campbell C, Rahman A, et al.

Bicaval and standard techniques in
orthotopic heart transplantation:
Medium-term experience in cardiac per-
formance and survival. J Thorac
Cardiovasc Surg 1999;118:115-122.
doi:10.1016/s0022-5223(99)70150-9

33. Algarni KD, Arafat AA, Pragliola C,
Alhebaishi YS, AlFayez LA, AlOtaibi K,
et al. Tricuspid valve regurgitation after
heart transplantation: A single-center
10-year experience. J Saudi Heart Assoc
2020;32:213-218. doi:10.37616/2212-
5043.1058

34. López-Vilella R, Paniagua-Martín MJ,
González-Vílchez F, Donoso Trenado V,
Barge-Caballero E, Sánchez-Lázaro I,
et al. Prevalence of tricuspid regurgita-
tion after Orthotopic heart transplanta-
tion and its evolution in the follow-up
period: A long-term study. Transplant
Proc 2022;54:2486-2489. doi:10.1016/
j.transproceed.2022.09.009

35. Marelli D, Silvestry SC, Zwas D, Mather
P, Rubin S, Dempsey AF, et al. Modified
inferior vena caval anastomosis to re-
duce tricuspid valve regurgitation after

heart transplantation. Texas Heart Inst J
2007;34:30-35.

36. Kalra N, Copeland JG, Sorrell VL. Tricus-
pid regurgitation after orthotopic heart
transplantation.Echocardiography (Mount
Kisco, NY) 2010;27:1-4. doi:10.1111/
j.1540-8175.2009.00979.x

37. Mylonas KS, Repanas T, Athanasiadis DI,
Voulgaridou A, Sfyridis PG, Bakoyiannis
C, et al. 754 permanent pacemaker im-
plantation in pediatric heart transplant
recipients: A systematic review and 755
evidence quality assessment. Pediatr
Transplant 2020;24:e13698.
doi:10.1111/petr.13698

38. Mahmood A, Andrews R, Fenton M,
Morrison A, Mangat J, Davies B, et al.
Permanent 751 pacemaker implantation
after pediatric heart transplantation:
risk factors, indications, and outcomes.
Clin Transplant 2019;33:e13503.
doi:10.1111/ctr.13503

Impact of the operative technique on mid- and long-term results following paediatric heart transplantation 1611

ESC Heart Failure 2024; 11: 1602–1611
DOI: 10.1002/ehf2.14718

 20555822, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14718, W

iley O
nline L

ibrary on [29/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503
https://doi.org/10.1111/ctr.13503

	Impact of the operative technique on mid&hyphen; and �long�&hyphen;�term results following paediatric heart transplantation
	Introduction
	Methods
	Ethical approval statement
	Statistics
	Study population and study design
	Treatment

	Results
	Primary outcome: Survival
	Secondary outcome: Pacemaker implantation
	Features and results in patients with permanent pacemaker implantation
	Overall results

	Discussion
	Survival
	Arrhythmia
	Other effects
	Tricuspid valve regurgitation
	Summary

	Conclusions
	Funding
	Acknowledgements
	Conflict of interest
	References

