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Does the method of heart transplantation
affect left ventricular filling?
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A b s t r a c t

Background: For over 40 years now orthotopic heart transplantation (OHT) has been the treatment of choice in patients with
advanced heart failure. For many years patients undergoing OHT have been treated with the classical approach involving
anastomosis of the donor atria with the recipient atria resulting in a heart in which the atria are enlarged. An alternative
method for OHT is the bicaval anastomosis technique, which involves connecting both of the donor’s venae cavae with the
recipient’s venae cavae.

Aim: To assess left ventricular (LV) filling in patients undergoing OHT using the classical (biatrial) versus bicaval approach.

Methods: We analysed 60 patients who had undergone OHT between 1 and 36 months before. Myocardial biopsy at
echocardiography revealed grade 0 or 1A rejection in all the patients. All the patients were also in NYHA functional class I.
The patients were divided in two groups: patients who had undergone biatrial anastomosis (Group 1, n = 40) and patients
who had undergone bicaval OHT (Group 2, n = 20). In order to render the results independent of pre-OHT blood pressure
values in the pulmonary circulation we assessed the values of right ventricular systolic pressure (RVSP), mean pulmonary
artery pressure (PAP) and transpulmonary gradient (TPG) in all the patients before OHT. We assessed the following echocar-
diographic parameters: peak early filling velocity (E-wave), peak atrial filling velocity (A-wave), E-wave deceleration time,
early diastolic mitral valve ring motion velocity (E’), E/E’, isovolumetric relaxation time of the LV, duration of the A-wave, right
atrial area and left atrial area, LV mass, LV mass index, LV end-diastolic and end-systolic dimension, and the severity of
tricuspid regurgitation (TR).

Results: The values of RVSP, PAP and TPG in the study groups before OHT did not differ significantly. The values of E
(86.5 ± 12.5 vs. 67.3 ± 8.5; p < 0.001), E’ (11.9 ± 1.1 vs. 10.9 ± 0.9; p = 0.003) and E/E’ (7.4 ± 1.5 vs. 6.1 ± 0.85; p = 0.006)
differed between the groups and were significantly higher in the group undergoing surgery using the biatrial approach. The
duration of the A-wave was significantly longer in the group undergoing surgery using the bicaval approach (129.0 ± 5.1 vs.
136.7 ± 10.0; p = 0.001). There were no significant differences in the other parameters of LV filling. Right atrial area was
significantly lower in the group undergoing surgery using the bicaval approach (19.2 ± 3.0 vs. 14.0 ± 2.0; p < 0.001). LV
size, LV mass and LV mass index did not differ significantly between the groups. The lack of TR was more commonly observed
in the group undergoing surgery using the bicaval approach at the limit of p = 0.05. Pacemaker implantation was required in
12 (30%) patients from the group undergoing surgery using the classical method and 2 (10%) patients from the group under-
going OHT using the bicaval approach (p = 0.04).

Conclusions: Certain echocardiographic parameters suggest a better LV filling in patients undergoing OHT using the bicaval
approach. Preservation of the right atrial geometry in patients undergoing OHT using the bicaval approach plays an impor-
tant role in LV filling.
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INTRODUCTION
For over 40 years now orthotopic heart transplantation (OHT)
has been the treatment of choice in patients with advanced
heart failure. For many years patients undergoing OHT have
been treated with the classical (biatrial) approach described by
Richard Lower and Norman Schumway [1]. The biatrial appro-
ach involves anastomosis of the donor atria with the recipient
atria resulting in a heart in which the atria are enlarged [2].

The simplicity of the technique and the short duration of
ischaemia are two unquestionable advantages of this method.
An alternative method for OHT is the bicaval anastomosis
technique, which involves connecting both of the donor’s
venae cavae with the recipient’s venae cavae. In the recipient,
both venae cavae are cannulated and after the heart has been
removed from the chest, access to the recipient’s atria is ga-
ined. After the venae cavae are cut off, the remaining portion
of the left atrium (LA) is resected and only the posterior part
with the pulmonary vein ostia is left behind. The anastomosis
includes the LA, aorta, pulmonary artery and the venae ca-
vae. This way the function of the right atrium (RA), sinoatrial
node and the tricuspid valve is preserved [3, 4].

Impaired left ventricular (LV) filling may deteriorate exer-
cise capacity of patients who have undergone OHT, particu-
larly since this group of patients is characterised by accelera-
ted heart rate.

The aim of the study was to assess LV filling in patients
undergoing OHT using the classical versus bicaval approach.

METHODS
We analysed 60 patients who had undergone OHT between
1 and 36 months before. Myocardial biopsy at echocardio-
graphy revealed grade 0 or 1A rejection in all the patients. All
the patients were also in NYHA functional class I.

The patients were divided in two groups: patients who
had undergone biatrial anastomosis (Group 1, n = 40) and
patients who had undergone bicaval OHT (Group 2, n = 20).
Atrial sizes, LV size and LV mass were calculated in the para-
sternal transverse and four-chamber (4CH) views. LV filling
parameters were assessed during routine echocardiography in
the 4CH view and using pulsed-wave Doppler and tissue Dop-
pler imaging in accordance with the current standards [5, 6].

We assessed the following echocardiographic parame-
ters: peak early filling velocity (E-wave [cm/s]), peak atrial fil-
ling velocity (A-wave [cm/s]), E-wave deceleration time (DT

[ms]) (time from the peak of the E-wave until its disappearan-
ce), peak early diastolic mitral valve ring motion velocity (E’)
measured in the basolateral segment, E/E’, isovolumetric re-
laxation time of the LV, duration of the A-wave. We also as-
sessed RA area (RAA), LA area (LAA), LV mass and LV mass
per square meter of body surface area (LV mass index), LV
end-diastolic dimension and LV end-systolic dimension.

Tricuspid regurgitation (TR) was assessed during routine
echocardiography in the 4CH view; TR was rated as absent,
mild or moderate. We did not observe cases of severe TR in
our analysis. The only cases of mitral regurgitation we obse-
rved were mild.

In order to render the results independent of pre-OHT
blood pressure values in the pulmonary circulation we asses-
sed the values of right ventricular systolic pressure (RVSP),
mean pulmonary artery pressure (PAP) and transpulmonary
gradient (TPG) in all the patients before OHT.

Statistical analysis
Values calculated for measureable variables were expressed
as arithmetic means and standard deviations. For normally
distributed data, the comparative analysis of the means was
performed using the t-Student test. The c2 test was used to
compare the distribution of risk factors between the groups.

RESULTS
The values of RVSP, PAP and TPG in the study groups before
OHT did not differ significantly (Table 1). Based on that a fur-
ther echocardiographic analysis was performed, as the po-
tential differences in the values of the parameters defining
the pressures and resistances in the pulmonary circulation
before OHT, through their influence on preload, could con-
found the analysis of LV filling in individual patients.

The values of the echocardiographic parameters are sum-
marised in Tables 2 and 3.

The values of E, E’ and E/E’ differed between the groups
and were significantly higher in the group undergoing surgery
using the biatrial approach. The duration of the A-wave was
significantly longer in the group undergoing surgery using the
bicaval approach. There were no significant differences in the
other parameters of LV filling. RAA was significantly lower in
the group undergoing surgery using the bicaval approach. LV
size, LV mass and LV mass index did not differ significantly
between the groups.

Table 1.Table 1.Table 1.Table 1.Table 1. The values of echocardiographic and haemodynamic parameters before orthotopic heart transplantation (OHT)

Biatrial OHT Bicaval OHT P

Right ventricular systolic pressure [mm Hg] 41.9 ± 10.7 37 ± 6.0 NS

Mean pulmonary artery pressure [mm Hg] 28.0 ± 9.6 32.9 ± 9.0 NS

Transpulmonary gradient [mm Hg] 10.5 ± 5.0 8.5 ± 4.2 NS
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Table 4 compares TR severities between the groups. The-
re were no significant differences in the incidence of mild TR
between the groups, although the lack of TR was more com-
monly observed in the group undergoing surgery using the
bicaval approach at the statistical significance limit of p =
= 0.05. No cases of moderate TR were observed in the group
undergoing surgery using the bicaval approach. Pacemaker
implantation was required in 12 (30%) patients from the gro-
up undergoing surgery using the classical method and 2 (10%)
patients from the group undergoing OHT using the bicaval
approach (p = 0.04).

DISCUSSION
The bicaval approach to OHT was introduced, as an alterna-
tive to the classical OHT technique, on the assumption that
this method would preserve the function of the atria, tricu-
spid valve and the sinoatrial node.

Reports confirm a lower incidence of TR and a less fre-
quent necessity for pacemaker implantation in patients un-
dergoing OHT using the bicaval approach [1, 3, 4, 7–15].
Also in our analysis, pacemaker implantation was required
significantly more commonly in the group undergoing surge-
ry using the classical approach.

We also analysed tricuspid valve function. Generally,
mild TR does not lead to haemodynamic abnormalities, whi-
le significant TR may lead to right ventricular failure of the
heart graft and affects early and late mortality following OHT.
There are reports postulating the impact of graft rejection
on TR, while all the patients in the study population had
grade 0 or 1A rejection. The most likely theory explaining
the association of TR with the surgical technique in OHT
involves distorted geometry of the recipient’s RA through its
connection with the donor’s atrium. This is avoided by using
the bicaval method.

In our analysis, the lack of TR was more commonly ob-
served in the group undergoing surgery using the bicaval ap-
proach at the statistical significance limit of p = 0.05. There
were no significant differences in the incidence of mild TR
between the groups.

Due to the lower volume and the shape of the RA its
emptying and right ventricular filling are not impaired in pa-
tients undergoing surgery using the bicaval approach compa-
red to those undergoing surgery using the biatrial approach,
who have a tendency towards blood congestion in the RA.
There are few reports assessing LV filling in patients following
OHT performed using various methods [16].

In order to render the results independent of pre-OHT
blood pressure values in the pulmonary circulation we asses-
sed the values of RVSP, PAP and TPG in all the patients before
OHT and found no significant differences between the groups.

In addition, in order to avoid the impact of LV myocar-
dial thickness on LV filling we assessed LV mass in both gro-
ups, revealing no significant differences between the groups.
Also the diastolic and systolic LV dimensions were similar in
the study groups.

Table 2.Table 2.Table 2.Table 2.Table 2. Values of the echocardiographic parameters used to assess left ventricular filling

E [cm/s] E’ [cm/s] E/E’ DT [ms] A [cm/s] IVRT [ms] E/A A dur. [ms]

Biatrial OHT 86.5 ±12.5 11.9 ± 1.1 7.4 ± 1.5 156.0 ± 6.1 50.1 ± 8.5 71.9 ± 2.96 1.72 129.0 ± 5.1

Bicaval OHT 67.3 ± 8.5 10.9 ± 0.9 6.1 ± 0.85 155.3 ± 4.1 37.3 ± 4.0 72.6 ± 2.1 1.81 136.7 ± 10.0

P < 0.001 0.003 0.006 NS NS NS NS 0.001

OHT — orthotopic heart transplantation; E — peak early filling velocity; E’ — early diastolic mitral valve ring motion velocity; A — peak atrial filling
velocity; DT — E-wave deceleration time; IVRT — isovolumetric relaxation time of the left ventricle; A dur. — duration of the A-wave

Table 3.Table 3.Table 3.Table 3.Table 3. Values of the remaining echocardiographic parameters used to assess left ventricular diastolic function

LVM [g] LVMI [g/m²] LVEDD [mm] LVESD[mm] RAA [cm²] LAA [cm²]

Biatrial OHT 151.7 ± 16.4 84.3 ± 8.8 53.2 ± 3.5 34.0 ± 2.1 19.2 ± 3.0 22.0 ± 3.1

Bicaval OHT 145.2 ± 17.0 81.6 ± 6.0 52.1 ± 2.3 32.7 ± 2.5 14.0 ± 2.0 20.6 ± 2.3

P NS NS NS NS < 0.001 0.07

OHT — orthotopic heart transplantation; LVM — left ventricular mass; LVMI — LVM index; LVEDD — left ventricular end diastolic dimension;
LVESD — left ventricular end systolic dimension; RAA — right atrial area; LAA — left atrial area

Table 4.Table 4.Table 4.Table 4.Table 4. Severity of tricuspid regurgitation (TR)

No TR Mild TR Moderate TR

Biatrial OHT 29 (72%) 7 (18%) 5 (12.5%)

Bicaval OHT 18 (90%) 2 (10%) 0

P 0.05 NS

OHT — orthotopic heart transplantation
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We showed a significantly higher LV early filling veloci-
ties (E-waves) in patients undergoing surgery using the classi-
cal approach compared to those undergoing surgery using
the bicaval approach, which may suggest an increased LV
filling pressure in patients from the former group, given the
similar LA dimensions in both groups.

The duration of atrial systole during mitral inflow was si-
gnificantly longer in patients undergoing surgery using the bi-
caval approach than in patients undergoing surgery using the
classical approach, which — given the lower velocity of the
A-wave — indicates a higher LV compliance. The remaining
parameters of the diastolic function of the LV were normal
and similar in both groups.

Early diastolic mitral valve ring motion velocity (E’-wave)
was significantly lower in the group of patients undergoing
surgery using the bicaval approach. It is believed that the hi-
gher the E’ value, the better the systolic function of the myo-
cardium. In this case, E’ values in both groups were normal
and significantly higher in the group of patients undergoing
surgery using the classical approach. All the patients in the
study population had normal LV ejection fraction at the time
of echocardiography.

In the group of patients undergoing surgery using the bica-
val approach, the E/E’ value was significantly lower than that in
the group of patients undergoing surgery using the classical
approach. E/E’ is a simple, non-invasive test which allows us to
estimate LV filling pressure. Therefore, the above finding sug-
gests a lower LV filling pressure in patients undergoing surgery
using the bicaval approach. In line with the assumptions of the
method, RA dimension was significantly lower in patients un-
dergoing surgery using the bicaval approach than in patients
undergoing surgery using the classical approach, which is asso-
ciated with the method of anastomosis.

LA size was lower in the group of patients undergoing
surgery using the bicaval approach, although the difference
was statistically non-significant (p = 0.07).

In our opinion, the above finding is associated with the
fact that when using the classical method the new LA is cre-
ated by anastomosis of the donor’s LA and the recipient’s LA,
while in the bicaval method, the atrium is cut off at the pulmo-
nary vein ostia in contrast to total OHT, where the recipient’s
pulmonary veins are anastomosed with the donor’s LA.

In addition, some authors have shown a lower inciden-
ce of atrial flutter, which arises in the RA isthmus in patients
undergoing surgery using the bicaval approach [17].

At present, the bicaval approach is a commonly used
method of OHT. Although it often less advantageous than
the total OHT technique, it represents without a doubt con-
siderable progress in the surgical techniques used in patients
undergoing OHT.

CONCLUSIONS
Certain echocardiographic parameters suggest a better LV fil-
ling in patients undergoing OHT using the bicaval approach.

Preservation of the RA geometry in patients undergoing OHT
using the bicaval approach plays an important role in LV filling.
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Czy metoda transplantacji serca wpływa
na napełnianie lewej komory?
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S t r e s z c z e n i e

Wstęp: Od ponad 40 lat transplantacja serca (OHT) jest leczeniem z wyboru chorych z zaawansowaną niewydolnością
serca. Przez wiele lat pacjenci poddani OHT byli operowani metodą klasyczną, która polega na zespoleniu obu przedsion-
ków dawcy z przedsionkami biorcy, w związku z czym u biorcy funkcjonuje serce, którego przedsionki są powiększone.
Alternatywną metodą OHT jest zespolenie bikawalne, czyli łączenie obu żył głównych dawcy z żyłami głównym biorcy.

Cel: Celem pracy była ocena napełniania lewej komory (LV) chorych po OHT operowanych metodą klasyczną (biatrialną)
i bikawalną.

Metody: Analizą objęto 60 pacjentów przez 1–36 miesięcy po OHT. Wszyscy chorzy charakteryzowali się 0 lub 1A stopniem
odrzutu w biopsji miokardialnej w momencie badania echokardiograficznego i byli w I klasie wg NYHA. Pacjentów podzie-
lono na 2 grupy: 40 chorych po zespoleniu biatrialnym (grupa I) i 20 chorych po bikawalnym OHT (grupa II). Aby uniezależ-
nić wyniki od wartości ciśnienia w krążeniu płucnym przed OHT, zbadano wartości skurczowego ciśnienia w prawej komo-
rze (RVSP), średniego ciśnienia w tętnicy płucnej (PAP) i gradientu przezpłucnego (TPG) u wszystkich badanych przed OHT.
Ocenie poddano parametry echokardiograficzne: maksymalną prędkość fali wczesnego napływu — fala E, maksymalną
prędkość napływu przedsionkowego — fala A, czas deceleracji fali E, maksymalną prędkość wczesnorozkurczowego ruchu
pierścienia mitralnego (E’), E/E’, czas izowolumetrycznego rozkurczu LV, czas trwania fali A, pole powierzchni prawego
i lewego przedsionka, masę LV (LVM), wskaźnik LVM, wymiar końcoworozkurczowy i końcowoskurczowy LV oraz wielkość
niedomykalności trójdzielnej (TR).

Wyniki: Wartości RVSP, PAP i TPG w badanych grupach przed OHT nie różniły się istotnie. Wartości E (86,5 ± 12,5 v. 67,3 ±
± 8,5; p < 0,001), E’ (11,9 ± 1,1 v. 10,9 ± 0,9; p = 0,003) i E/E’ (7,4 ± 1,5 v. 6,1 ± 0,85; p = 0,006) różniły się między
obiema grupami i były istotnie większe w grupie operowanej metodą biatrialną. Czas trwania fali A był istotnie dłuższy
w grupie operowanej metodą bikawalną (129,0 ± 5,1 v. 136,7 ± 10,0; p = 0,001). Nie zaobserwowano istotnych różnic dla
innych parametrów obrazujących napełnianie LV. Pole powierzchni prawego przedsionka było istotnie mniejsze w grupie
operowanej metodą bikawalną (19,2 ± 3,0 v. 14,0 ± 2,0; p < 0,001). Wielkość LV, LVM i LVMI nie różniły się istotnie
między obiema grupami. Brak TR obserwowano częściej w grupie operowanej metodą bikawalną, przy granicznym pozio-
mie p = 0,05. Konieczność implantacji rozrusznika serca wystąpiła u 12 (30%) chorych z grupy operowanej klasycznie
i u 2 (10%) pacjentów z grupy poddanej bikawalnej OHT (p = 0,04).

Wnioski: Niektóre parametry echokardiograficzne wskazują na lepsze napełnianie LV u chorych poddanych bikawalnej
metodzie OHT. Zachowanie geometrii prawego przedsionka u chorych poddanych bikawalnej metodzie OHT odgrywa
ważną rolę w napełnianiu LV.

Słowa kluczowe: lewa komora, napełnianie, transplantacja serca, bikawalna
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