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fractional area change, tricuspid annular plane systolic 
excursion, RV myocardial performance index, tissue Dop-
pler tricuspid annulus systolic velocity. Global, free wall 
(RVFreeWSt) and septal RV longitudinal systolic strain 
were obtained. RV ejection fraction by cardiac magnetic 
resonance (CMR-RVEF) was also assessed. All patients 
were followed up to 3.9 years (mean 3.3 years). Com-
bined endpoints were hospitalization for worsening PAH 
or cardiovascular death. Among all the 2DE indexes of 
RV systolic function, RVFreeWSt exhibited the best cor-
relation with CMR-RVEF (r = 0.83; p < 0.005). Com-
bined endpoints occurred in 15 (22.7 %) patients (6 hos-
pitalizations and 9 deaths). Multivariate analysis identi-
fied RVFreeWSt ≤−14 % as the only 2DE independent 

Abstract Right ventricular (RV) dysfunction harbin-
gers adverse prognosis in pulmonary arterial hypertension 
(PAH). Although conventional two-dimensional echocar-
diography (2DE) is limited for RV systolic function quan-
titation, RV strain can be a useful tool. The diagnostic 
and prognostic impact of 2DE speckle-tracking RV lon-
gitudinal strain was evaluated, including other 2DE sys-
tolic indexes, in a group of PAH patients without severe 
impairment of functional capacity, chronic pulmonary 
thromboembolism or left ventricular dysfunction. Sixty-
six group I PAH patients, 67 % NYHA functional class 
I or II (none in IV) were studied by 2DE to obtain: RV 
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outcome. In another study, patients were followed for a rela-
tive short period of time [15].

Due to the clinical relevance of RV dysfunction in PAH 
patients, further information is necessary regarding the rela-
tionship between echocardiographic indexes, functional 
capacity and the late prognosis of less impaired patients, 
without associated pulmonary thromboembolism or LV dys-
function. Therefore, the purpose hereof was to compare RV 
strain and others 2DE indexes of RV systolic function with 
RVEF derived from CMR and to evaluate the long-term 
prognostic role of RV systolic strain in a more homogenous 
group I PAH patients [17] with normal LV ejection fraction 
and relatively preserved functional capacity.

Materials and methods

Patients

Sixty-six patients of group I PAH (defined as mean pulmo-
nary arterial pressure ≥25 mmHg and pulmonary capillary 
wedge pressure ≤15 mmHg during right heart catheteriza-
tion) were selected, recruited from a tertiary center. The 
PAH diagnosis was made according to the current evidence-
based guidelines [17]. Only patients ≥18 years old in the 
stable course of the disease were included, defined as func-
tional class ≤III (NYHA), no physical signs or symptoms 
of overt RV failure, and ability to perform 6-min walk test. 
The following patients were excluded patients with cardiac 
rhythm other than sinus rhythm; previous pacemaker lead 
implant; pregnancy; LV systolic dysfunction (2DE LV ejec-
tion fraction ≤0.50); LV diastolic dysfunction ≥grade II; 
coronary heart disease; significant mitral or aortic valve dis-
ease; congenital heart disease; functional class IV (NYHA) 
at clinical selection; and patients with poor 2DE imaging.

Twenty-five healthy volunteers were studied, paired by 
gender, age and body surface area as control. The PAH and 
control groups underwent a comprehensive 2DE study with 
speckle tracking derived RV longitudinal systolic strain; 44 
of such 66 patients were also evaluated by CMR. The PAH 
group performed a standard 6 min walk test.

All patients provided informed consent and the protocol 
study was approved by the institutional review board.

Echocardiography

All individuals were submitted to a comprehensive 2DE 
with a GE Vivid 7 echocardiography system with a 1.5–
4.3 MHz phase array transducer under continuous electro-
cardiographic monitoring. Individuals were studied in the 
left lateral decubitus position and always by the same level 
3 echocardiographer. Sector width, gain and gray scale were 
adjusted to ensure adequate imaging of cardiac chambers 

variable associated with combined endpoints [HR 4.66 
(1.25–17.37); p < 0.05]. We conclude that RVFreeWSt 
may be a suitable non-geometric 2DE surrogate of CMR-
RVEF in PAH patients, constituting a powerful indepen-
dent predictor of long-term outcome in this cohort with 
relatively preserved functional capacity.

Keywords Pulmonary arterial hypertension ·  
Right ventricular dysfunction · Speckle-tracking 
echocardiography · Right ventricular longitudinal strain

Introduction

Pulmonary arterial hypertension (PAH) comprises a spe-
cial subset of patients with higher prevalence and degree 
of right ventricular (RV) dysfunction, resulting in more 
adverse prognosis with increased morbidity and mortality 
[1, 2]. Accurate non-invasive assessment of RV function is 
essential to proper clinical management of these patients.

The peculiar geometry and anatomic features of the RV 
systolic function jeopardizes its quantitative non-invasive 
evaluation. Its semilunar crescent shape does not allow 
the use of established formulas and algorithms by means 
of conventional two-dimensional Doppler echocardiogra-
phy (2DE), requiring customized approaches to volumetric 
evaluation by several modalities of cardiac imaging [3].

Many 2DE indexes have been proposed to quantitatively 
evaluate RV systolic function, including RV fractional area 
change (RV-FAC), tricuspid annular plane systolic excur-
sion (TAPSE), RV myocardial performance index (RV-MPI) 
and tissue Doppler-derived tricuspid lateral annular systolic 
velocity (RV-s’) [4, 5]. Lately, the RV longitudinal systolic 
strain, a novel approach to RV regional and global systolic 
function assessment based on RV deformation analysis uti-
lizing 2DE speckle-tracking, has emerged with consistent 
results in characterizing RV dysfunction [6, 7].

Studies concerning the evaluation of echocardiographic 
indexes in PAH patients to assess RV dysfunction, includ-
ing RV strain, have been previously published. Certain 
studies described significant correlation of RV longitudinal 
systolic strain with RV ejection fraction (RVEF) derived 
from cardiac magnetic resonance (CMR), including patients 
with chronic pulmonary thromboembolism [8–10]. Others 
pointed the relationship between RV dysfunction assessed 
by strain and functional capacity in predominantly class III–
IV NYHA patients [11].

Several other studies reported the prognostic role of RV 
longitudinal systolic strain in patients with PAH, including 
significant proportion of advanced NYHA functional class 
(III/IV) individuals [11, 12], group IV PAH patients (chronic 
thromboembolism) [13–16] and low left ventricular (LV) 
ejection fraction [14], conditions that may affect long-term 
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evaluate morphology as well as global and segmental biven-
tricular function. Post-processing and global biventricular 
function analysis was achieved by volumetric Simpson 
method utilizing the software Cvi42, to obtain RV ejection 
fraction (CMR-RVEF).

Six-minute walk test all patients from the PAH group 
were submitted to a 6-min walk test in a 30-m long corridor, 
according to the American Thoracic Society Guidelines [21].

Clinical follow-up and endpoints the PAH Group patients 
were followed up to 3.9 years. The combined endpoint was 
hospitalization for worsening of PAH or cardiovascular death.

Statistical analysis

Statistical analysis was performed with SPSS 13.0 software 
(SPSS Inc.,Chicago, IL). Continuous data are presented as 
mean ± SD values and categorical data are reported as percent-
age. Chi square test was used to compare categorical variables. 
Non-paired “t” test was used to compare PAH and control 
groups. Pearson’s correlation coefficient was used to assess 
the level of association between 2DE variables and CMR-
RVEF. Receiver operating characteristic curve analysis was 
used to establish cut-offs to indicate higher risk of morbidity-
mortality. Clinical and 2DE RV systolic function variables 
which have been related to prognosis in PAH were included 
in a uni and multivariate model and the forward conditional 
method was used to define independent predictors of clinical 
endpoints (univariate and multivariate Cox proportional risk 
analysis). Survival curves were derived by the Kaplan–Meier 
method and groups were compared by log-rank test. A statisti-
cal significance of 0.05 was used for all tests.

Results

Clinical and hemodynamic data

The baseline clinical characteristics of PAH group and con-
trol are listed in Table 1. There were no significant differ-
ences between PAH and control groups in gender, age and 
body surface area. The patients of the PAH group were tak-
ing medications to manage PAH at the time of selection for 
the study on advise of the referring physician. Two-thirds 
(67 %) of the patients were in NYHA functional class I or 
II. None of the patients was in NYHA functional class IV.

Hemodynamic data as well as 6-min walk test results are 
displayed in Table 1.

Echocardiographic findings

All 2DE data from PAH and control groups are demon-
strated in Table 2. The LV ejection fraction was normal in all 
individuals. The SPAP and pulmonary vascular resistance in 

and endocardial borders, as well as appropriate frame rate to 
allow analysis of RV strain by speckle tracking. The quan-
tification of the cardiac chambers was performed according 
to the American Society of Echocardiography guidelines [4, 
5]. LV biplane ejection fraction was calculated according to 
a modified Simpson’s rule. RV systolic function was esti-
mated by: RV-FAC calculated as (RV diastolic area − RV 
systolic area)/(RV diastolic area) × 100 %, from apical 
views; TAPSE obtained by M-mode sweep of the lateral tri-
cuspid annulus; RV-s’ and RV-MPI were obtained from the 
lateral tricuspid annulus tissue Doppler spectral tracings [5].

Systolic pulmonary artery pressure (SPAP) was estimated 
by continuous Doppler assessment of maximal tricuspid 
regurgitant jet velocity and adding the estimated RA pres-
sure inferred by inferior vena cava diameter and respiratory 
changes [18]. Pulmonary vascular resistance (PVR-echo) was 
estimated by the relationship of maximal tricuspid regurgitant 
jet velocity and pulmonary flow integral [19]. RV diastolic 
function was evaluated by pulsed Doppler analysis of early 
(E) and late (A) diastolic tricuspid flow velocities and by tis-
sue Doppler recording of peak early (e′) tricuspid lateral annu-
lar velocity. Such data were used to calculate the tricuspid E/e′ 
ratio (Tr E/e′) as an estimation of RV filling pressures [20].

The RV strain was determined by 2DE speckle–tracking: 
four cycles RV oriented apical views were transferred to 
offline analysis (GE EchoPAC GE Healthcare); the neces-
sary RV points of reference were signaled using a point and 
click technique with manual adjustments when deemed nec-
essary to ensure proper software tracking and recognition of 
RV wall boundaries. The RV was divided in six segments 
(basal, mid and apical RV free wall and septal segments). 
Six curves of strain × time were obtained and the maxi-
mal RV free wall longitudinal systolic strain (RVFreeWSt), 
RV septum longitudinal systolic strain (RVSepSt) and RV 
global longitudinal systolic strain (RVGlSt) were obtained. 
A reference point was set at the onset of the QRS complex 
of the superimposed ECG [12] for all measurements.

Cardiac magnetic resonance imaging

Forty-four patients of the PAH group (PAH-CMR group) 
and 19 patients of the control group underwent CMR in a 
Magnetom Avanto 1.5 T equipment (Siemens Health Care, 
Erlangen Germany) within a period of 3 days to obtain an 
independent assessment of the RV systolic function. The 
imaging acquisition protocol consisted of thoracic orthogo-
nal three-plane location followed by HASTE sequencing 
(Half Fourier Acquisition Single Shot Turbo Spin Echo) to 
obtain thoracic axial views and pulmonary artery diameter 
evaluation. Cine CMR with oblique views of the heart were 
obtained to evaluate LV long axis (4-chamber, 2-cham-
ber and 3-chamber views) and RV long axis (4-chambers, 
2-chambers and RV outflow views); short axis stacks to 
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Long-term follow-up results

The average follow-up period was 3.3 years with maxi-
mum duration of 3.9 years. The combined endpoint 
occurred in 15 patients (22.7 %): hospitalization for wors-
ening PAH in 6 (9.1 %) and cardiovascular death in 9 
(13.6 %) patients.

Univariate analysis showed significant relation of NYHA 
functional class, RVFreeWSt, RVGlSt, and RV-FAC with 
the combined endpoints, particularly with RVGlSt and 
RVFreeWSt (Table 4). A tendency was observed with the 
6-min walk test. There was no relation between endpoints 
and the variables RV-MPI, RV-s’, SPAP and PVR-echo.

The multivariate analysis demonstrated that RVFreeWSt 
emerged as the only echocardiographic variable indepen-
dently associated with the combined endpoint (Table 5). The 
NYHA class III was also independently related to the com-
bined outcomes. The relatively small number of patients did 
not allow assessing the combined effect of both variables. 
The 6-min walk test was not independently related to the 
endpoints.

the PAH group were significantly higher. Right chambers 
and inferior vena cava diameter were significantly larger 
in PAH group as compared to control. All the conventional 
2DE RV systolic function variables (RV-FAC, TAPSE, RV-
MPI, RV-s’) were significantly worse in the PAH group. The 
Tr E/e’ ratio was significantly higher in PAH patients.

The three RV longitudinal systolic strain values (global, 
free wall and septal) of the PAH group were also signifi-
cantly lower than controls.

CMR findings

In the 44 patients of the PAH-CMR group, the CMR-RVEF 
was 39 ± 12 %, significantly lower than the CMR-RVEF in 
19 individuals of the control group (63 ± 9 %; p < 0.005). 
Except for RV-s’, all echocardiographic variables of RV 
systolic function significantly correlated with RVEF 
assessed by CMR in the PAH-CMR group (Table 3). The 
best correlation was observed with RVFreeWst (Fig. 1). 
RVFreeWSt less negative than −18 % was associated with 
CMR-RVEF ≥ 0.45 (p < 0.05).

PAH (n = 66) Controls (n = 25) p

Demographic and anthropometric data
Gender [M/F; (% of female gender)] 11/55 (83 %) 4/22 (84 %) 0.531
Age (years) 45 ± 14 42 ± 12 0.422
Weight (Kg) 65.5 ± 13.8 65.9 ± 8.8 0.630
Height (m) 1.60 ± 0.08 1.63 ± 0.06 0.132

PAH etiology
Idiopathic [n (%)] 34 (51,5 %) –
Connective tissue diseases [n (%)] 19 (28.8 %) –
Schistosomiasis mansoni [n (%)] 6 (9.1 %) –
Portal hypertension [n (%)] 5 (7.6 %) –
HIV virus infection [n (%)] 2 (3 %) –

Treatment
Bosentan and ambrisentan [n (%)] 16 (24.2 %) –
Sildenafil [n (%)] 31 (47.0 %) –
Calcium channel blockers [n (%)] 2 (3.0 %) –
Combined therapy [n (%)] 17 (25.8 %) –

NYHA functional class
I, II [n (%)] 44 (67 %) –
III [n (%)] 22 (33 %) –

Right heart catheterization
RAPm (mmHg) 11 ± 5 –
PAPm (mmHg) 59 ± 14 –
Cardiac index (L/min/m2) 2.3 ± 0.7 –
PVR (dinas.s.cm−3) 1164 ± 621 –

Six-minute walk distance (m) 431 ± 92 –

Data are expressed in mean ± standard deviation or in percentage
M male, F female, HIV human immunodeficiency virus, NYHA New York heart association, RAPm mean 
right atrial pressure, PAPm mean pulmonary artery pressure, PVR pulmonary vascular resistance

Table 1 Baseline clinical and 
hemodynamic characteristics 
of PAH patients and healthy 
controls
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medical evolution of PAH patients with relatively preserved 
functional capacity. Values of RVFreeWSt ≤−14 % were 
significantly associated with poor outcome.

Discussion

This study reports the long-term prognostic value of RVFree-
WSt in predominantly oligo or asymptomatic patients (2/3 
in NYHA functional class I or II), with significant PAH and 
variable degrees of RV function impairment as assessed by 
2DE and CMR-RVEF. Additionally, our results also confirm 
previous data about the high correlation between RVFree-
WSt and RVEF derived from CMR and reinforce the diag-
nostic value of this non-geometric index for RV systolic 
function.

Only patients with PAH characterized by elevated pul-
monary vascular resistance secondary to precapillary 
forms of PAH (group I) were studied; patients with pulmo-
nary venous hypertension, chronic respiratory disease and 
chronic thromboembolic disease were excluded, which may 
have different prognostic implications.

The RV dysfunction associated with heart failure in 
patients with PAH is the single most important factor lead-
ing to increased morbidity, mortality and adverse prognosis 
[22]. For those with relatively preserved functional capacity 
and less severe impairment of RV systolic function, it would 
be useful and clinically relevant to have a RV systolic echo-
cardiographic index with prognostic capabilities, in order to 
improve early therapeutic procedures.

Comparison between CMR-RVEF and 
echocardiographic indexes of RV systolic function

The study revealed significant correlation between conven-
tional (RV-FAC, TAPSE, RV-MPI), as well new indexes 
(RV strain) of RV systolic function and RVEF determined 
by CMR. Notwithstanding, RVGlSt and RVFreeWSt had 
the higher correlation indexes with the CMR-RVEF.

Conventional 2DE, despite its wide availability, still has 
limitations concerning RV systolic function evaluation, 
remaining uncertainties about the choice of the best 2DE 
parameter to be used on a daily practice. The American Soci-
ety of Echocardiography guidelines recommend the use of 
multiple indexes to avoid misevaluation and improper over-
looking of serious risk-prone patients [5]. The peculiar RV 
shape may limit accurate volumetric measurement and RVEF 
calculation. The LV twisting motion can compromise accu-
racy of the RV-FAC estimation due to possible differences in 
tomographic plane between systolic and diastolic RV frames 
[23]. Related problems are also encountered when TAPSE is 
measured, affected by transducer position and cardiac trans-
lation; also, TAPSE evaluates only the basal RV systolic 

The RVFreeWSt cut-off value was −14 %. Only patients 
with RVFreeWst values less negative than −14 % had dete-
rioration of clinical status, resulting in hospital admission or 
cardiovascular related death. Those with RVFreeWSt less 
negative than −14 % had a chance of 4.6 times more events 
than patients with more negative values of this index.

Kaplan-Meyer curve displayed in the Fig. 2 shows the 
effect of lower values of RVFreeWSt in the event-free 

Table 2 Echocardiographic variables of PAH patients and healthy 
controls

PAH 
(n = 66)

Controls 
(n = 25)

p

LVEF 0.67 ± 0.06 0.64 ± 0.03 0.013
RA area (cm2) 20.7 ± 9.1 11.4 ± 2.7 <0.005
RV diastolic area (cm2) 25.3 ± 9.3 13.9 ± 3.2 <0.005
RV systolic area (cm2) 18.5 ± 7.7 6.9 ± 1.6 <0.005
RV-MPI 0.29 ± 0.11 0.51 ± 0.24 <0.005
RV-FAC (%) 29.0 ± 11.3 49.3 ± 6.1 <0.005
TAPSE (cm) 1.6 ± 0.4 2.2 ± 0.3 <0.005
SPAP (mmHg) 84.8 ± 27.6 26.3 ± 3.1 <0.005
RV-s’ (M/s) 0.10 ± 0.02 0.14 ± 0.01 <0.005
RVGlSt (%) 15.6 ± 5.2 23.9 ± 3.0 <0.005
RVFreeWSt (%) 16.1 ± 6.8 27.5 ± 2.4 <0.005
RVSepSt (%) 15.3 ± 3.8 19.9 ± 4.7 <0.005

Data expressed as mean ± standard deviation
LVEF left ventricle ejection fraction, RA right atrium, RV right ven-
tricle, RV FAC right ventricle fractional area change, TAPSE tricus-
pid annular plane systolic excursion, SPAP systolic pulmonary artery 
pressure, RV-s’ tissue Doppler lateral tricuspid annulus velocity, 
RVGlSt right ventricle global longitudinal strain, RVFreeWSt right 
ventricle lateral wall longitudinal strain, RVSepSt right ventricle sep-
tal longitudinal strain

Table 3 Correlation between right ventricular ejection fraction 
derived from cardiac magnetic resonance and echocardiographic vari-
ables of right ventricle function in 44 patients with pulmonary arterial 
hypertension

2DE variable r p

RVFreeWSt 0.83 <0.005
RVGlSt 0.81 <0.005
RVSepSt 0.61 <0.005
RV-FAC 0.61 0.005
TAPSE 0.59 <0.005
RV-MPI −0.42 0.005
RV-s’ 0.27 0.082

RVFreeWSt right ventricular lateral wall longitudinal strain, RVGlSt 
right ventricular global longitudinal strain, RVSepSt right ventricle 
septal longitudinal strain, RV-FAC percentage of diastolic area reduc-
tion, RV-s’ tissue Doppler lateral tricuspid annulus velocity, TAPSE 
tricuspid annular plane systolic excursion, RV-MPI right ventricle 
myocardial performance index, r Pearson correlation coefficient
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Non-volumetric assessment of RV systolic by 2DE 
speckle-tracking emerged as a useful tool with relatively 
low intra and interobserver variability [25], with high 
correlation with CMR-RVEF [10], as observed by us in 
PAH patients. The diagnostic superiority of longitudinal 
RV strain in RV function evaluation may be explained by 
the RV muscle fibers running in a longitudinal fashion, 
unlike in the LV, providing contraction in the longitudi-
nal plane with the base of the RV moving toward the apex 
in systole [26]. The amount of RV free wall longitudinal 
deformation (strain) is an angle-independent sensitive 
measure of global and regional myocardial contractility, 
distinguishing true contractility of the wall from transla-
tional motion, a potential concern regarding M-mode and 
2DE measurements of the longitudinal contraction [16]. 
Moreover, for PAH patients, the RV strain can potentially 
detect RV fibrosis confirmed by computed tomography 
[27] that may contribute to overt or silent impairment of 
RV systolic function with possible clinical and prognostic 
implications.

Prognostic value of RV longitudinal systolic strain 
in PAH patients with relatively preserved functional 
capacity

RVFreeWSt was the most powerful independent 2DE RV 
systolic function variable that identified high-risk PAH 
patients prone to unfavorable outcomes resulting in hospi-
tal admission or death in the PAH group of the study, with 
predominant mild to moderate impairment of functional 
capacity. Considering that the RV dysfunction has a great 
prognostic impact in PAH patients and that RVFreeWSt 
reflects the RVEF-CMR, it is not surprising that this index 
was shown to be the best independent predictor of adverse 
endpoints in the study.

The cut-off point of unfavorable clinical course was 
RVFreeWSt values less negatives than −14 %. There was 
no event of either PAH-related hospitalization or death in 
the group of patients with RVFreeWSt values more negative 
than −14 % during the follow-up.

Other authors studying larger series of PAH patients 
described similar results concerning the RV strain and 
prognosis, but with different cut-off value of RVFreeWSt 
(−19 %) to identify those with poor outcome, partially 
related to differences in patient selection [14]. The role of 
RVFreeWSt in predicting events in PAH patients was also 
noticed by other authors in heterogeneous groups, includ-
ing pulmonary thromboembolism [13], or more severely 
impaired patients including functional class IV [11, 13, 14, 
28], or shorter follow-up [15]. In turn, this study was able to 
demonstrate the long-term prognostic strength of RVFree-
WSt in a more uniform cohort of group I PAH patients with 
relatively preserved functional capacity.

function [23]. Tissue Doppler derived RV-s’ is also affected 
by Doppler transducer position (cursor alignment) and over-
all heart motion; as TAPSE, it only evaluates the basal RV 
function. RV-MPI is affected by elevated RA pressure, com-
mon place in PAH patients, that shortens right ventricular iso-
volumetric relaxation time producing falsely low values [24].

Table 4 Univariate analysis of Cox proportional risks related to com-
bined outcomes of 66 patients with pulmonary arterial hypertension

Variables HR (IC 95 %) p

Functional and clinical features
NYHA FC ≥III 4.72 (1.57–14.23) 0.006
6MWD ≤430 m 3.14 (0.87–11.29) 0.080

Echocardiography
RVFreeWSt ≤−14 % 7.69 (2.14–27.63) 0.002
RVGlobalSt ≤−17 % 5.12 (1.14–22.92) 0.033
SPAP ≥80 mmHg 3.81 (0.85–16.9) 0.079
RV-FAC ≤30 % 10.19 (1.33–77.98) 0.025
RV-MPI ≥0.85 2.49 (0.79–7.86) 0.150
RV-s’ ≤0.12 M/s 27.7 (0.10–7430) 0.244
TAPSE ≤1.8 cm 28.6 (0.12–6570) 0.226

Table 5 Cox proportional multiple risk analysis of echocardiographic 
variables related to combined outcomes of 66 PAH patients

Variables HR (IC 95 %) p

NYHA FC III 4.13 (1.29–13.24) 0.017
RVFreeWSt ≤−14 % 4.66 (1.25–17.37) 0.022
RVFAC ≤30 % 5.82 (0.71–47.63) 0.100

Fig. 1 Dispersion graph of right ventricle ejection fraction obtained 
by cardiac magnetic resonance (RVEFCMR) and right ventricle longitu-
dinal free wall strain obtained by echocardiography (RVFreeWStECHO) 
in 44 patients of the pulmonary arterial hypertension
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patients, the RVFreeWSt could be used as a non-geometric 
echocardiographic surrogate of CMR-RVEF particularly 
when CMR is not available. Considering PAH patients with 
relatively preserved functional status and stable clinical 
course, in this clinical setting, the RVFreeWSt could help 
to select those with high risk of poor outcomes that should 
benefit from closer follow-up and monitoring of therapy.

Limitations

A relatively small number of patients referred from a single 
institution were included in the study. All tests were run 
in a single echocardiographic machine (Vivid 7 GE). This 
still remains a limitation despite the fact that it was previ-
ously demonstrated reasonable correlation of strain values 
obtained offline from different vendor software [31]. As 
CMR-RVEF was not obtained in all 66 patients, this vari-
able could not be included in the multivariate analysis. As 
a result, it is not possible to evaluate the role effectively 
played by this important index of RV systolic function in 
this clinical setting.

Conclusion

Right ventricular free wall strain analysis by 2DE speckle-
tracking was the best non-geometric echocardiographic 
index reflecting CMR-derived RVEF in patients with group 
I PAH with variable degrees of RV impairment. Moreover, 
it has prognostic value in this patient population with rela-
tively preserved functional capacity, and has emerged as the 
most powerful echocardiographic independent predictor of 
long-term outcome related to RV systolic function.
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The prognostic value of RV strain in the study was high-
lighted by the fact that a quite large proportion of patients 
studied was in mild degrees of functional status impairment 
(67 % in NYHA class I or II, none in class IV) and scored 
reasonably well in the 6-min walk test (431 ± 92 m). This 
is remarkable because previous studies with more function-
ally compromised patients (most of them in NYHA class 
III and IV) revealed the need to investigate RV longitudinal 
strain in patients with more preserved functional capacity to 
assess its usefulness as an outcome predictor [11, 28]. This 
study has adequately evaluated such features.

Functional class III NYHA was independently related to 
the combined endpoints in the group of patients. However, 
the performance in the 6-min walk test distance of 330 m 
did not unmask a subgroup of poor prognosis, unlike previ-
ous reports [29]. This fact might be related to the relatively 
preserved functional capacity, small number of patients and 
to fewer occurrences of events observed.

Establishing prognosis based on sporadic functional 
capacity evaluation scores, such as the 6-min walk test, 
remains controversial. While previous studies reported 
prognostic value for a lower baseline cut-off of 332 m in 
PAH patients [29], other authors were unable to identify a 
specific threshold for prognosis [30]. They also noticed that 
improvement in the 6-min walk test did not affect survival, 
although worsening of the 6-min distance over time was 
strongly associated with poor prognosis [30].

Clinical implications

The use of RVFreeWSt by 2DE speckle-tracking in the rou-
tine echocardiographic study is feasible, cost-effective and 
available in most diagnostic centers and hospitals, with good 
correlation with CMR-RVEF. For clinical purposes in PAH 

Fig. 2 Kaplan–Meier estimates of event-free survival of combined 
endpoints (hospitalization or cardiovascular death) in patients with 
pulmonary arterial hypertension, according to right ventricle free wall 
longitudinal systolic strain (RVFreeWSt)
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