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Abstract

OBJECTIVES: Pulmonary arterial hypertension (PAH) is a progressive and often fatal disease characterized by increased pulmonary vascu-
lar resistance (PVR) and right ventricular (RV) failure. End-stage PAH is often an indication for a lung transplant (LTX). Our goal was to study
ventricular recovery using cardiac magnetic resonance imaging late after LTX.

METHODS: We studied 10 patients with PAH who underwent isolated bilateral LTX. RV and left ventricular (LV) volumes, function and
mass were measured. In addition, the RV stroke volume/end-systolic ratio (SV/ESV), the LV eccentricity index, the RV/LV volume ratio, the
area of the tricuspid valve annulus and the severity of tricuspid regurgitation (TR) were calculated.

RESULTS: The median age was 44 [30–54] years and the mean PVR was 1020 ± 435 dynes�s�cm-5. Six patients had >_ moderate TR. After
LTX, the RV ejection fraction increased from 32 to 64% (P < 0.001) and both RV volume (from 118 to 51 ml/m2, P < 0.001) and RV mass
(from 69 to 33 g/m2, P < 0.001) decreased. The mean SV/ESV ratio increased from 0.5 to 1.9 (P < 0.001) and the LV mass increased from 55
to 61 g/m2 (P = 0.005). There was a decrease in both the LV eccentricity index (from 2.8 to 1.1, P < 0.001) and the RV/LV volume ratio (from
2.3 to 0.8, P < 0.001). The area of the tricuspid valve annulus also decreased (from 9.8 to 4.6 cm2/m2, P < 0.001); no patient had >_ mild TR
post-LTX.

CONCLUSIONS: Cardiac magnetic resonance imaging confirms ventricular recovery after isolated bilateral LTX for end-stage PAH.

Keywords: Pulmonary arterial hypertension • Right ventricular failure • Lung transplantation • Cardiac magnetic resonance imaging

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a progressive and often
fatal disease characterized by increased pulmonary vascular
resistance, which leads to right ventricular (RV) dysfunction and
failure [1]. Although emerging treatment strategies have
improved prognosis in these patients, the number of deaths
remains unacceptably high [2].

Specific pharmacological therapies that target PAH aim to
reduce pulmonary vascular resistance and improve RV cardiac
output, yet they do not always succeed, and RV function may fur-
ther deteriorate despite advanced treatment [3]. For patients with
such an inadequate response to drug therapy, a lung transplant

(LTX) may be indicated as a destination therapy [4]. However, the
timing of LTX is still a matter of debate, and a significant number
of patients die while they are on the waiting list [5]. Furthermore,
the type of transplant procedure, i.e. LTX versus a heart-lung
transplant (H-LTX), is still subject to debate. Survival rates were
previously reported to be similar between bilateral LTX and H-
LTX. However, patients with the most severe disease tend to
receive H-LTX more often [6, 7]. Given the shortage of organs for
transplant, it is important to elucidate whether it is safe to per-
form isolated LTX instead of H-LTX in patients with PAH and
severe RV failure.

Previous studies that investigated the effects of LTX demon-
strated improvement in pulmonary haemodynamics and RV sys-
tolic function [8–15]. However, these studies were either outdated
or based primarily on echocardiographic results. Due to the
known limitations for a reliable assessment of RV morphology and
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function with echocardiographic examinations, cardiac magnetic
resonance imaging (CMRI) is currently the preferred modality for
this purpose. Furthermore, these studies were performed at a time
when treatment options were limited, and patients often received
transplants early in the development of the disease. During
chronic PAH, the initial RV remodelling is adaptive to the
increased afterload. Yet over time, RV remodelling becomes mal-
adaptive and progressive RV failure develops [16]. Whether this
advanced RV remodelling process is reversible after LTX remains
unknown. Therefore, our goal was to study ventricular recovery
after isolated bilateral LTX for long-standing PAH using CMRI.

MATERIALS AND METHODS

All patients referred to the University Medical Center Groningen
(UMCG, Groningen, Netherlands) between 2000 and 2015 with
(i) World Health Organization (WHO) Group 1 PAH [4] and (ii)
who were considered eligible for bilateral LTX were screened.
Patients were included if pre- and postoperative CMRI data were
available. Exclusion criteria were simultaneous heart or liver
transplant or insufficient image quality for the assessment of ven-
tricular volume and function. Baseline demographics, primary
diagnosis, clinical characteristics (i.e. World Health Organization
functional class and 6-min walk distance) and type of PAH-
targeted therapy were documented. In addition, preoperative
right heart catheterization measurements and the N-terminal of
the prohormone brain natriuretic peptide were collected.
Disease duration was determined as the period between the first
diagnostic right heart catheterization and the LTX.

Examinations and assessments used for the present study were
performed according to standard protocols and within the con-
text of regular care. All patients accepted for the LTX provided
written informed consent for their data being used for research
purposes. Ethical approval for the use of these data was obtained
by the local ethical committee.

Surgical procedures at the UMCG were performed with a bilat-
eral anterior thoracotomy. Both donor lungs were consecutively
placed using bronchial, pulmonary artery and vein anastomoses.

Cardiac magnetic resonance imaging protocol

CMRI studies at the UMCG and VU University Medical Center
(Amsterdam, Netherlands) were performed on a Siemens 1.5-T
scanner (Erlangen, Germany) and studies at the Erasmus Medical
Center (Rotterdam, Netherlands) were performed on a GE
Healthcare 1.5-T scanner (Milwaukee, WI, USA). ECG-gated cine
loop images with breath holding were obtained using retrospec-
tively gated, steady-state, free-precession sequences. Long-axis
slices were acquired in the 4-chamber view. Additional short-axis
slices were acquired fully covering both ventricles.

Ventricular measurements were performed by contouring the
short-axis endo- and epicardial boarders of both ventricles with
semiautomatic, threshold-based segmentation using QMass 7.6
(Medis, Leiden, Netherlands), as previously described [17]. End-
diastolic volume, end-systolic volume, stroke volume, ejection
fraction (EF) and mass were calculated using summation of slices
multiplied by slice thickness. Absolute measurements were
indexed for body surface area using the simplified calculation of
Mosteller and were compared with previously proposed cut-off
values for the development of end-stage RV failure and death

[18]. RV trabecular and papillary masses were quantified as mass
within the endocardial border of the RV. RV wall mass was quan-
tified as total mass minus trabecular mass. The trabecular ratio
was calculated as trabecular mass divided by wall mass.

Right atrial volume indexed for body surface area (RAVi) and left
atrial volume index were measured with CMRI on the apical
2-chamber view for RAVi and on the apical 2- and 4-chamber
views for left atrial volume index using the area-length method [19].

RV-arterial coupling was estimated using the volume method
(i.e. stroke volume/end-systolic volume), with a previously sug-
gested optimal ratio between 1.5 and 2.0 [20]. Interventricular
septal bowing towards the LV is an indication for increased RV
afterload. The degree of septal bowing was assessed using the LV
eccentricity index, which was obtained in end-systole by measur-
ing the short-axis LV mid diameter parallel to the septum divided
by the LV mid diameter perpendicular to the septum [21]. Under
normal circumstances, the LV is O-shaped throughout the car-
diac cycle and the LV eccentricity index remains approximately
1; however, it increases with a leftward septal shift. Subsequently,
RV/LV volume and mass ratios were calculated.

The diameter of the tricuspid valve annulus was obtained on the
long-axis view by measuring the distance between the lateral and
septal tricuspid valve annuli in end-systole. Furthermore, the surface
area of the tricuspid valve annulus was measured on the basal
short-axis images by tracing the annular surface in end-systole.

Echocardiographic analysis

Echocardiographic images acquired on Vivid systems (GE, Horton,
Norway) with a 2.5–3.5-mHz probe were analysed using GE
EchoPAC version BT12. Tricuspid annular plane systolic excursion
was obtained with M-mode parallel to the RV free wall and across
the tricuspid annular plane. RV peak pressure was estimated by cal-
culating the systolic trans-tricuspid gradient [22]. For determining
the severity of tricuspid regurgitation (TR), colour flow Doppler,
pulsed wave Doppler, continuous wave Doppler, the width of the
vena contracta, peak tricuspid systolic inflow and hepatic flow were
used. TR was subsequently graded into absent/trivial (Grade 0),
mild (Grade 1), moderate (Grade 2) and severe (Grade 3) [22].

Statistical analysis

Data were presented as n (%), mean ± standard deviation or median
(interquartile range [IQR]). Differences in continuous variables and
categorical variables between groups were tested using the Mann–
Whitney U-test and the Fisher exact test. Differences between con-
tinuous variables within groups were tested using paired samples t-
tests. Correlations were performed using the Pearson r. Values with
P < 0.05 were considered statistically significant. Statistical analyses
were performed using SPSS (Version 22, 2013).

RESULTS

A total of 26 patients with World Health Organization Group 1
PAH underwent isolated bilateral LTX; 10 of these patients were
included in the present study (Fig. 1). Eight patients died after LTX
before postoperative CMR was performed and only 1 of these
patients had undergone preoperative CMRI. None of these
patients died of acute RV failure, as seen in Fig. 1. Baseline charac-
teristics of included (n = 10) and excluded (n = 16) patients are
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shown in Table 1. The interval between right heart catheterization
and LTX was 3.7 [1.7–4.9] years and the interval between preoper-
ative echocardiographic assessment and LTX was 4.7 [1.9–13.5]
months. There were no differences between the 2 groups. Baseline
N-terminal of the prohormone brain natriuretic peptide was 1277
[IQR 707–2112] ng/l. After LTX, N-terminal of the prohormone
brain natriuretic peptide decreased to a median value of 488
[274–834] ng/l, although it was not statistically significant (P = 0.21).

Surgical procedure

In 1 patient, an atrial septal defect was closed during the proce-
dure. In 2 patients who had undergone previous atrial septos-
tomy, the septum was also closed.

In 8 patients, the operation was performed with cardiopulmo-
nary bypass. Of these, 3 patients were postoperatively transferred
to the intensive care unit with venoarterial extracorporeal
membrane oxygenation (VA-ECMO) due to pulmonary oedema.
VA-ECMO was removed after 4, 6 and 7 days, respectively. In
1 patient, the operation was performed without cardiopulmonary
bypass or postoperative VA-ECMO. In another patient, femoral
VA-ECMO was placed with the patient under local anaesthesia
before the general anaesthesia was introduced. In this patient,
the operation was performed with the patient under VA-ECMO,
which continued 1 day postoperatively. Details of the preopera-
tive and early and late postoperative treatment per patient are
presented in the Supplementary File.

Ventricular recovery after lung transplantation

The median interval between LTX and postoperative CMRI was
3.1 [1.4–4.8] years. A significant change was shown for all

parameters, except for left ventricular end-diastolic volume index
and LVEF (Table 2). RV trabecular mass decreased from 29 to
13 g/m2 (P < 0.001) and the RV trabecular mass ratio from 0.42 to
0.38 (P = 0.048).

Improvement in RV volume and mass was robust in all patients
(Fig. 2). None of the patients remained above the prognostic cut-
off for right ventricular end-diastolic volume index (RVEDVi) and
RV mass index or below the cut-off for RVEF after LTX, as illus-
trated by the horizontal dotted lines in Fig. 2A–C. The stroke
volume/end-systolic volume ratio increased in all patients from
0.5 to 1.9, as seen in Fig. 2D. LTX resulted in normalization of RV/
LV volume (P < 0.001) and mass ratio (P < 0.001) in all patients
(Fig. 2E and F).

Change in LV measurements is demonstrated in Fig. 3. Three
patients had an important reduction in LVEF after LTX. One
patient had a mild myocardial infarction between LTX and post-
operative CMRI. The second patient had renal failure and was
listed for a renal transplant. The third patient had reduced LVEF
and RVEF for which no apparent cause could be identified.

The median preoperative RAVi was 102 [IQR 37–195] ml/m2

and the RAVi decreased after LTX to 43 [IQR 26-76] ml/m2

(P = 0.007). The median left atrial volume index slightly increased
from 20 [IQR 16–32] to 36 [IQR 25–50] ml/m2, although it was
not statistically significant (P = 0.08).

Figure 4 shows a patient with PAH and CMRI before and
almost 10 months after LTX. In this patient, RVEF normalized
from 25 to 60%, RVEDVi from 83 to 41 ml/m2 and RV mass from
58 to 29 g/m2.

The changes in RVEDVi, RVEF and RV mass after LTX were not
correlated with the interval between LTX and the postoperative
CMRI (P = 0.66, 0.27 and 0.37, respectively). In addition, changes
in the left ventricular end-diastolic volume index, LVEF and LV
mass index showed no correlation with the postoperative interval
(P = 0.13, 0.83 and 0.93, respectively). There was no relationship
between this interval and the change in LV eccentricity index
(P = 0.38) nor in the change in RV/LV volume and mass ratio after
LTX (P = 0.84 and 0.87, respectively).

Tricuspid valve regurgitation

At baseline, 4 patients had Grade 0 or 1 TR and 6 patients had
Grade 2 or 3 (Table 1). Figure 5A shows that the area of the tri-
cuspid valve annulus was significantly larger in patients with
Grade 2 and 3 TR than in patients with Grade 0 and 1 TR
(P = 0.025). The area of the tricuspid valve annulus correlated
strongly with the RVEDVi (r = 0.83, P = 0.003).

LTX reduced the diameter and area of the tricuspid valve
annulus, as illustrated in Fig. 5B and C. The median interval
between the postoperative echocardiographic study and trans-
plantation was 3.5 [IQR 1.3–4.7] years. After LTX, 1 patient had
Grade 1 TR and no patient had Grade 2 and 3 TR. The reduction
in the tricuspid area also correlated with the reduction in RVEDVi
after LTX (r = 0.70, P = 0.025).

DISCUSSION

The results of the present study demonstrated marked improve-
ments in RV function, morphology and arterial coupling after
LTX. In all patients, normalization of biventricular morphology
and function was observed. Finally, none of the patients

Figure 1: Flow of Group 1 pulmonary arterial hypertension patients listed for
bilateral LTX. CMRI: cardiac magnetic resonance imaging; LTX: lung transplant;
PAH: pulmonary arterial hypertension; PTLD: post-transplant lymphoprolifera-
tive disorder; PVOD pulmonary veno-occlusive disease.

892 T.M. Gorter et al. / Interactive CardioVascular and Thoracic Surgery

Downloaded from https://academic.oup.com/icvts/article-abstract/24/6/890/3061410/Right-ventricular-recovery-after-bilateral-lung
by University Library user
on 07 September 2017

http://icvts.oxfordjournals.org/lookup/suppl/doi:10.1093/icvts/ivx025/-/DC1


maintained clinically relevant TR mainly due to a reduction in RV
dilatation and subsequent tricuspid valve annular size.

CMRI thus confirms the reversibility of severe RV dysfunction,
even within several months post-LTX. This finding is in line with
previous studies investigating the effects of isolated LTX for PAH
[8–15] and of those of pulmonary endarterectomy for chronic
thromboembolic pulmonary hypertension [23, 24]. However, in
PAH-LTX, the RV is usually exposed to increased pressure for a
much longer time compared to chronic thromboembolic pulmo-
nary hypertension pulmonary endarterectomy with respect to
the time on the waiting list. In addition, previous studies in
patients with isolated LTX were performed primarily in the early
1990s using echocardiography and the treatment options for
PAH have greatly improved since then [4]. Although survival of
patients with PAH has improved markedly with the advent of
advanced treatment options, adverse RV remodelling may prog-
ress, even in patients who seem to respond to treatment [25].

Even in the present cohort with severe RV failure, the RV was
able to recover consistently.

RV systolic function and dilatation are hallmark determinants
of outcome in PAH, yet chronic RV pressure load results in RV
myocardial stiffening and fibrosis [26–28]. Stiffening and fibrosis
may be potential contributors to disease severity and outcome in
PAH. Unfortunately, we had no data on myocardial fibrosis with
CMRI (e.g. T1-mapping). The morphological normalization in
terms of decreased RV mass and trabecular mass ratio observed
in the present study may facilitate improvement in myocardial
stiffening, yet remodelling patterns at the cellular level remain
unknown. Several patients still had right and left atrial dilatation
late after LTX, which may be a sign of residual diastolic dysfunc-
tion and/or irreversible atrial fibrosis and stiffening.

The present study demonstrated improvement in TR in all patients
due to an important reduction in tricuspid annular size. Such reduc-
tion was previously demonstrated with echocardiography [13]. In our

Table 1: Characteristics of patients who underwent LTX for PAH (n = 26)

Characteristics Included patients (n = 10) Excluded patients (n = 16) P-value

Age, years 44.0 [30.1–53.5] 46.6 [29.5–53.4] 0.70
Men/women 3/7 7/9 0.68
Diagnosis 0.64

IPAH, n (%) 6 (60) 11 (69)
HPAH, n (%) 1 (10) 0
Drugs and toxins induced, n (%) 1 (10) 0
PAH-CTD, n (%) 0 2 (13)
PAH-CHD, n (%) 1 (10) 1 (6)
PVOD, n (%) 1 (10) 2 (13)

Disease duration, years 7.4 [6.5–10.1] 4.7 [2.0–9.4] 0.08
Time on waiting list, months 7.9 [2.2–12.5] 11.4 [6.8–23.1] 0.18
PAH therapya 0.55

None, n (%) 0 1 (6)
Mono, n (%) 0 3 (19)
Dual, n (%) 6 (60) 8 (50)
Triple, n (%) 4 (40) 4 (25)

WHO-FC (n = 26) 0.68
III, n (%) 7 (70) 9 (56)
IV, n (%) 3 (30) 7 (44)

6-MWD, m (n = 26) 335 ± 154 361 ± 113 0.62
Right heart catheterization (n = 26)

SPAP, mmHg 89 ± 26 81 ± 24 0.46
DPAP, mmHg 38 ± 12 34 ± 15 0.50
MPAP, mmHg 58 ± 17 53 ± 17 0.42
PCWP, mmHg 5 5 0.15
PVR, dynes�s�cm-5 1020 ± 435 858 ± 491 0.40
CI, l/min/m2 2.3 [1.9–3.3] 3.2 [2.8–3.9]

Echocardiography (n = 26)
TAPSE, mm 16.2 ± 7.1 17.7 ± 4.8 0.53
RV pressure, mmHg 79 ± 23 80 ± 22 0.95
TR grade 0.83

0, n (%) 1 (10) 2 (13)
1, n (%) 3 (30) 5 (31)
2, n (%) 1 (10) 0
3, n (%) 5 (50) 9 (56)

Laboratory test (n = 22)
NT-proBNP, ng/l 1277 [707–2112] 1538 [313–3257] 0.74

Data are presented as n (%), mean ± standard deviation or median [interquartile range].
aRefers to no therapy or mono, dual or triple combination of prostacyclin, endothelin receptor antagonist and a phosphodiesterase type-5 inhibitor.
CI: cardiac index; DPAP: diastolic pulmonary arterial pressure; HPAH: heritable PAH; IPAH: idiopathic PAH; MPAP: mean pulmonary arterial pressure; NT-
proBNP: N-terminal of the prohormone brain natriuretic peptide; PAH: pulmonary arterial hypertension; PAH-CHD: PAH associated with congenital heart dis-
ease; PAH-CTD: PAH associated with connective tissue disease; PASP: pulmonary artery systolic pressure; PCWP: pulmonary capillary wedge pressure; PVOD:
pulmonary veno-occlusive disease; PVR: pulmonary vascular resistance; RV: right ventricle; TAPSE: tricuspid annular plane systolic excursion; TR: tricuspid
regurgitation; WHO-FC: World Health Organization functional class; 6-MWD: 6-min walk distance.
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study, none of the patients had undergone additional tricuspid valve
repair. Tricuspid valve repair secondary to LTX may result in longer
ischaemic time and additional perioperative risk. Because the tricus-
pid annular size normalizes due to a reduction in RV volume, we do
not recommended the performance of such repair in patients who
undergo isolated LTX and who have RV dilatation and severe func-
tional TR, as previously suggested [29].

For decades, controversy has existed as to whether patients with
end-stage PAH benefit more from isolated LTX than from H-LTX.
Recently, comparable survival rates between patients receiving H-
LTX and LTX were demonstrated [7]. However, patients requiring

intensive care prior to transplant would benefit more from H-LTX
than from LTX [7]. It has previously been demonstrated that VA-
ECMO reduces perioperative mortality rates in patients with end-
stage PAH listed for LTX [30]. In our study, 4 patients were tempora-
rily treated with VA-ECMO postoperatively to reduce the risk of
acute cardiac failure. Given the remarkable reversibility of severe RV
dysfunction observed in our study, we believe that, with these
improvements in perioperative care, many patients with end-stage
PAH and severe RV dysfunction would still benefit from isolated LTX.

This retrospective study has several limitations. First, 8 patients
who died after LTX were not included. Although these patients

Table 2: Cardiac magnetic resonance measurements

Measurement Baseline (n = 10) Post-LTX (n = 10) Delta P-value

RVEDVi, ml/m2 118 ± 37 51 ± 13 -67 ± 30 <0.001
RVEF, % 32 ± 9 64 ± 9 32 ± 8 <0.001
RV mass index, g/m2 69 ± 16 33 ± 9 36 ± 14 <0.001
RV SV/ESV 0.5 ± 0.2 1.9 ± 0.6 1.4 ± 0.5 <0.001
LVEDVi, ml/m2 53 ± 19 61 ± 11 8 ± 15 0.11
LVEF, % 58 ± 8 62 ± 11 4 ± 12 0.28
LV mass index, g/m2 55 ± 12 61 ± 13 6 ± 5 0.005
LV eccentricity index 2.8 ± 1.0 1.1 ± 0.1 -1.7 ± 1.0 <0.001
RV/LV volume ratio 2.3 ± 0.7 0.8 ± 0.1 -1.5 ± 0.8 <0.001
RV/LV mass ratio 1.3 ± 0.2 0.5 ± 0.1 -0.7 ± 0.2 <0.001
TV annulus diameter, mm/m2 20.4 ± 3.5 13.3 ± 3.6 -7.0 ± 4.0 <0.001
TV annulus area, cm2/m2 9.8 ± 2.7 4.6 ± 1.6 -5.2 ± 2.3 <0.001

Data are presented as mean ± standard deviation.
ESV: end-systolic volume; LTX: lung transplant; LV: left ventricle; LVEF: left ventricular ejection fraction; LVEDVi: left ventricular end-diastolic volume index; RV:
right ventricle; RVEDVi: right ventricular end-diastolic volume index; RVEF: right ventricular ejection fraction; SV: stroke volume; TV: tricuspid valve; SV/ESV:
stroke volume/end-systolic ratio.

Figure 2: Right ventricular recovery. Change in CMRI measurements after LTX in patients with WHO-FC III (straight lines) and IV (dashed lines). CMRI: cardiac mag-
netic resonance imaging; ESV: end-systolic volume; LV: left ventricle; LXT: lung transplant; RV: right ventricle; RVEDVi: right ventricular end-diastolic volume index;
RVEF: right ventricular ejection fraction; SV: stroke volume. Horizontal dotted lines represent the prognostic cut-off values in PAH for RVEDVi (i.e. 84 ml/m2), RV mass
index (i.e. 59 g/m2) and RVEF (i.e. 40%) as previously described by Van Wolferen et al. [18].
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died of reasons other than RV failure, it is an important selection
bias. The results of this study therefore apply only to patients
with PAH who survive the perioperative period. Furthermore, the
sample size is small. Nevertheless, results regarding RV recovery
are consistent among all patients. In addition, 3 patients had an
atrial septal defect closure during the transplant and 4 patients
were treated temporarily with VA-ECMO postoperatively.
Because of the low number of patients in subgroups, no subanal-
yses could be performed to compare CMRI values between these

patients. CMRI studies were performed on multiple scanners.
However, inter-vendor differences for quantification of ventricu-
lar function and volume using standard steady-state free-
precession imaging are limited. Finally, there was a variation in
interval between LTX and the postoperative CMRI. However,
change in CMRI variables was not related to the duration of this
interval.

In conclusion, CMRI demonstrates marked recovery of RV
function and morphology after isolated bilateral LTX in a cohort

Figure 3: Left ventricular recovery. Change in cardiac magnetic resonance imaging measurements after LTX in patients with WHO-FC III (straight lines) and IV (dashed
lines). LV: left ventricle; LVEDVi: left ventricular end-diastolic volume index; LVEF: left ventricular ejection fraction. Horizontal dotted line represents the prognostic
cut-off for LVEDVi in patients with PAH (40 ml/m2) [18].

Figure 4: CMRI scans of a patient with PAH. (A) A typical CMRI scan from a patient with PAH. The RV and RA are severely dilated and there is septal bowing (arrow)
towards the LV. (B) The 4-chamber CMRI scan of the same patient post-LTX. Both the RV and RA are decreased in size and interventricular septum deviation is
restored. In particular, RV apical dilatation (*) is reduced post-LTX.
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of patients with long-standing PAH, severe RV dysfunction and
inadequate ventricular-vascular coupling. In addition, left-sided
parameters returned towards normal and none of the patients
maintained clinically relevant TR after LTX.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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