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Abstract

Background The right ventricular ejection fraction (RVEF) is a surrogate marker of right ventricular function in pulmonary
hypertension (PH), but its measurement is complicated and time consuming. The tricuspid annular plane systolic excursion
(TAPSE) measures only the longitudinal component of RV contraction while the right ventricular fractional area change
(RVFAC) takes into account both the longitudinal and the transversal components. The aim of our study was to evaluate the
relationship between RVEF, RVFAC, and TAPSE according to hemodynamic severity in two groups of patients with PH:
pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary hypertension (CTEPH).

Methods and Results Fifty-four patients with PAH (n=15) and CTEPH (n=39) underwent right heart catheterization and
cardiac magnetic resonance (CMR). The ventricular volumes and areas, TAPSE, and eccentricity index were measured.
The RVFAC was more strongly correlated with the RVEF (r=0.81, p <0.0001) than the TAPSE (r=0.63, p <0.0001).
RVEF < 35% was better predicted by the RVFAC than the TAPSE (TAPSE: AUC=0.77 and RVFAC: AUC=0.91; p=0.042).
In the group with the worse hemodynamic status, the RVFAC correlated much better with the RVEF than the TAPSE. There
were no significant differences in the CMR data analyzed between the groups of PAH and CETPH patients.

Conclusions The RVFAC is a good index to estimate RVEF in PH patients; even better than the TAPSE in patients with more
severe hemodynamic profile, possibly for including the transversal component of right ventricular function in its measure-
ment. Furthermore, RVFAC performance was similar in the two PH groups (PAH and CTEPH).

Keywords Right ventricular dysfunction - Pulmonary hypertension - Cardiac ventricles - Hemodynamics - RVFAC -
TAPSE

Introduction

Pulmonary hypertension (PH) is an important cause of right
ventricular (RV) overload, which ultimately leads to RV fail-
ure and death [1, 2]. In this sense, right ventricular function

P< Rogerio Souza
souza.rogerio@me.com

Pulmonary Department, Heart Institute, University of Sao
Paulo Medical School, Av. Dr. Eneas de Carvalho Aguiar,
44, Sao Paulo 05403-000, Brazil

2 Physiology and Radiology-EA4533, Faculté de Médecine
Paris 11-APHP, Le Kremlin Bicétre, France

3 Pneumology-APHP-Paris11 University-Inserm UMR_S999,
Le Kremlin Bicétre, France

Cardiovascular Imaging, Heart Institute, University of Sao
Paulo Medical School, Sao Paulo, Brazil

is critical for the prognosis in PH [3, 4] van de Veerdonk
et al. [5] demonstrated that patients with PH and severe
RV dysfunction (right ventricular ejection fraction <35%)
had worse prognosis despite the initial pulmonary vascular
resistance (PVR); furthermore, a decreased right ventricular
ejection fraction (RVEF) during follow-up was a stronger
prognostic marker than an increased PVR, evidencing that
beyond the hemodynamic impairment, the most important
factor to determine the prognosis is the RV response.

Measuring the RVEF is the gold standard method to
non-invasively determine RV function, but its measurement
is laborious and time consuming due to the complex RV
anatomy [4, 6, 7]. Taking into account the technical difficul-
ties of non-invasively assessing RV function by measuring
the RVEF, identifying other indices of RV function became
necessary.
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One of these indices is the tricuspid annular plane systolic
excursion (TAPSE), which measures the longitudinal move-
ment of the base of the heart toward the apex; the TAPSE is
simple to obtain and highly reproductible [8]. Measurement
of the TAPSE was strongly correlated with the RVEF [9] and
was demonstrated to have prognostic utility in cardiopathies
[10]. In PH, an initial TAPSE < 1.8 cm was associated with a
worse prognosis [11]. Despite these results, only weak [12,
13] or moderate [14] correlations between the TAPSE and
the RVEF were demonstrated in PH patients. The measure-
ment of the longitudinal component seems to have limita-
tions if there is more pronounced increases in RV afterload.
Kind T et al. [13] analyzed the longitudinal and transversal
components of RV contraction in patients with PH and dem-
onstrated that the reduction in the transversal component
correlated better to the RVEF than the reduction in the lon-
gitudinal axis. The transversal component better reflected
the global contraction of the RV, possibly for including in
its measurements the septal bulging into the LV.

In view of these findings, analysis of the right ventricular
fractional area change (RVFAC) has been proposed. The
RVFAC is a bidimensional measurement that includes both
the longitudinal and transversal components of RV contrac-
tion (septal movement is included in the transversal com-
ponent) with a strong correlation with the RVEF and good
prognostic value in PH [15]. However, it is unclear if the
RVFAC maintains its performance at different levels of dis-
ease severity, as well as in different forms of PH. The objec-
tive of this study was to evaluate the performance of the
RVFAC, determined by cardiac magnetic resonance, in two
groups of patients with PH (PAH and CTEPH) and accord-
ing to different levels of hemodynamic impairment.

Methods
Study Population

This prospective study was conducted from January to
December 2010 at the French referral center for severe pul-
monary hypertension. The study complies with the Decla-
ration of Helsinki. The data collection was part of a stand-
ardized diagnostic approach registry set up in agreement
with the Commission Nationale de I’ Informatique et des
Libertés, the organization dedicated to information technol-
ogy and civil rights in France (Approval Number 842,063).
The population of the study consisted of patients evaluated
for the first time at the Center. Patients over 18 years old
presenting pre-capillary PH (mean pulmonary artery pres-
sure >25 mmHg and pulmonary artery occlusion pressure
<15 mmHg) at the time of right heart catheterization (RHC)
were assessed for enrollment [2]. Patients who agreed to par-
ticipate in the study had a CMR performed within 72 h of the

@ Springer

RHC. Exclusion criteria included pregnancy, contraindica-
tions to having a CMR (known claustrophobia, pacemaker or
implantable defibrillator, neurological metallic clip, ocular
or cochlear metallic prosthesis, morbid obesity), PH owing
to lung or left ventricular diseases, or PH with unclear mul-
tifactorial mechanisms.

Hemodynamic Evaluation

All right heart catheterizations were performed as described
elsewhere [16]. The right atrial pressure, right ventricle pres-
sures, mPAP pressure, PAoP, and heart rate were recorded
for all patients. A sample of central venous blood was col-
lected from 51 patients. Cardiac output was measured by
the thermodilution technique, and a mean of three meas-
urements was used as the final value. The PVR and stroke
volume (SV) were calculated according to the following
formulas:

PVR = (mPAP — PAoP)/CO
SV = CO/HR
Cardiac Magnetic Resonance Imaging

All CMRs were performed in a 1.5 T scanner (Magnetom
Avanto, Siemens Medical Solutions, Germany) with electro-
cardiographic gating and inspiratory breath holds. Images
were acquired in the short and long axes of the LV with
balanced steady-state free precession pulse (SSFP) imag-
ing. A stack of LV short-axis images was acquired to cover
the whole LV from the base to the apex, with a 5 mm gap.
Another stack of RV short-axis slices was acquired parallel
to the tricuspid valve, without a gap, to cover the whole RV
from the base to the apex, as well. Images in the four-cham-
ber view were acquired perpendicular to the short axis of the
LV. Cine images of the pulmonary artery were also acquired.

CMR Image Analysis

An experienced radiologist who was unaware of patients’
diagnoses and right heart catheterization results, analyzed all
images. The RV end-diastolic area (RVEDA) and RV end-
systolic area (RVESA) were measured by manually delineat-
ing the endocardial border of the RV in the four-chamber-
view image, in end-diastole and end-systole, respectively
(Fig. 1a, b). Papillary muscles were included in the volume.
The RVFAC was calculated according to the following for-
mula: RVFAC =(RVEDA — RVESA)/RVEDA.

The TAPSE was also measured in the four-chamber-view
image by measuring the distance traveled by the tricuspid
annulus (TA) from end-diastole to end-systole (Fig. Ic,
d) [17]. The LV end-diastolic area (LVEDA) was also
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Fig.1 RVFAC and TAPSE. Images in the four-chamber view. a,
b illustrate the systole and diastole, respectively. RVFAC was cal-
culated using the RV end-diastolic area (red shadow—a) and RV
end-systolic area (yellow shadow—b), according to the following
formula: RVFAC=(RVEDA —RVESA)/RVEDA. The TAPSE was
estimated by the distance between the tricuspid annulus during dias-
tole (point 1) and during systole (point 2)

delineated in the four-chamber view image for the determi-
nation of the RVEDA/LVEDA.

The diameter between the anterior and posterior walls of
the LV (Dw_pw) and the diameter between the septum and
the LV free wall (Dggp_gyw) were measured in the short-axis
view at end-diastole and end-systole. The LV eccentricity
index (EI) was calculated in end-diastole and end-systole as
a ratio of Dw_pw/Dsgp_pw-

For the measurement of the ejection fraction, the RV
and LV end-diastolic and end-systolic areas were manually
delineated in all slices acquired in the short-axis view for
each ventricle, allowing for the assessment of end-diastolic
and end-systolic volumes and the calculation of the RVEF by
ARGUS Software (version VA 50C, Siemens Medical Solu-
tions, Erlangen, Germany). In the pulmonary artery trunk
cine images, the pulmonary artery trunk diameter was meas-
ured, and the pulmonary artery areas were manually deline-
ated at maximal and minimal dilation (MaxPA and MinPA,
respectively) to calculate the pulmonary artery pulsatility,
where PA pulsatility = 100 x (MaxPA — MinPA)/MinPA.

Statistics

Values are presented as the mean + standard deviation. Stu-
dent’s ¢ test was used for between-groups comparison of con-
tinuous variables; Chi-square or Fisher exact tests were used
for categorical variables, as appropriate. Correlations were
tested by linear regression, using the minimal squared mean.
Receiver operating characteristic (ROC) curves were built
to test the ability of the RVFAC and TAPSE to detect severe

right ventricular dysfunction, defined by the presence of an
RVEF <35% [5, 13]. P values were considered significant
when <0.05. MedCalc® Software, version 12.2.1.0 (Mari-
akerke, Belgium) was used for the analysis.

Results

Fifty-four consecutive patients who had a CMR and were
diagnosed with PAH (n=15) or CTEPH (n=39) were
included in the study. Clinical and hemodynamic data are
presented in Table 1. The population had a mean age of
60 years old, with the majority being female and in New
York Heart Association (NYHA) functional class III. The
main diagnosis in the PAH group was idiopathic PAH (12
patients). The other diagnoses were PAH associated with:
anorexigen use (1 patient) and veno-occlusive disease (2
patients). When we compared the group with PAH with the
group with CTEPH, patients with CTEPH were older while
presenting similar mPAP and PVR.

CMR Data

There was no significant difference between the mean heart
rate measured during right heart catheterization and the
mean heart rate measured during CMR (80.4 +13.2 and
79.5+11.9, respectively, p=0.599).

In the CMR data, no differences were found between the
PAH and the CTEPH, (Table 2). Severe RV dysfunction
(RVEF <35%) was found in 37 patients. The RVEF was
moderately correlated with the hemodynamic variables asso-
ciated with RV afterload as mPAP (r=-0.62; p <0.0001)
and PVR (r=-0.60; p <0.0001) and weakly correlated to
right atrial pressure (r=—0.27; p=0.0542). The RVEF was
also correlated with the hemodynamic variables associated
with RV function: weakly with CO (r=0.36; p=0.006) and
moderately with stroke volume (r=0.51; p <0.0001). The
RVEF was more strongly correlated with the RV end-sys-
tolic volume (r=—0.77; p <0.0001) than to the end-diastolic
volume (r=—0.52; p <0.0001). Although the end-diastolic
and end-systolic areas are bidimensional measurements, they
were strongly correlated with the end-diastolic and end-sys-
tolic volumes (RVEDA vs. RVEDV, r=0.81; p <0.0001 and
RVESA vs. RVESV: r=0.88; p <0.0001).

Correlations Between the RVEF, RVFAC, and TAPSE

The RVEF was more strongly correlated with the RVFAC
(r=0.81, p<0.0001) than to the TAPSE (r=0.63,
p<0.0001) (Fig. 2).

We also analyzed the correlations between the RVEF,
RVFAC, and TAPSE in each group of PH patients (PAH and
CTEPH) separately. In the group with PAH, the correlation
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Table 1 Clinical and

hemodynamic characteristics of

the population

Table2 CMR data

between the RVFAC and RVEF (r=0.92, p <0.0001) was

Study population n =54 PAH CTEPH P value
n=15 n=39

Age (years) 60.6+16.5 50.1+19.1 64.6+13.5 0.03

BSA (m? 1.77+0.2 1.72+0.2 1.79+0.2 0.313
Weight (kg) 69.5+14.1 65.7+12.9 71.0+14.3 0.213
Height (cm) 166.9 +8.9 167.1+7.1 166.9+9.7 0.966
Gender 31F23 M 10F/5M 21 F/18 M 0.393
FC LIVIILIV 9/45 4/11 5/34 0.221
6MWD (m) 379.4+115.5 358.1+121.3 387.5+113.6 0412
SvO, (%) 61.8+8.7 63.6+9.0 61.2+8.6 0.382
Hg (mg/dL) 14.7+1.6 145+1.5 14.8+1.7 0.551
HR (bpm) 79.5+11.9 80.3+13.5 79.2+114 0.763
RAP (mmHg) 6.5+4.8 6.3+4.8 6.5+49 0.897
mPAP (mmHg) 46.4+12.5 46.8+17.5 46.2+10.3 0.883
PAoP (mmHg) 7.5+3.0 74+2.6 7.6+£32 0.861
CO (L/min) 48+14 49+1.7 4712 0.477
CI (L/min/m?) 2.7+£0.7 29+09 2.6+0.6 0.189
PVR (UW) 9.0+£4.3 89+4.9 9.1+£4.0 0.874
SV (mL) 61.1+19.7 62.7+20.7 60.5+19.5 0.714

BSA Body surface area, BMI body mass index, FC, functional class, 6 MWD 6-min walking distance, SvO,
central venous saturation, Hg hemoglobin, HR heart rate, RAP right atrial pressure, mPAP mean pulmonary
arterial pressure, PAoP pulmonary artery occluded pressure, CO cardiac output, CI cardiac index, PVR pul-
monary vascular resistance, SV stroke volume

Study population PAH CTEPH P value

n=>54 n=15 n=39
LVEF (%) 61.4+14.0 55.5+19.9 63.6+10.5 0.056
PA trunk (mm) 33.7+4.7 343+53 334445 0.535
PA pulsatility (%) 17.6+12.4 183+11.3 17.3+12.9 0.812
RVEF (%) 30.6+13.8 304+16.7 30.6+12.9 0.958
RVEF <35% n (%) 37 (68.5%) 11 (73.3%) 26 (66.7%) 0.637
RVEDV (mL) 107.3+37.2 111.2+41.3 105.8+36.0 0.643
RVESV (mL) 77.2+36.1 80.8+42.7 75.8+33.8 0.649
RVSV (mL/m?) 30.1+13.5 30.3+14.3 30.0+134 0.944
RVEDA, (cm?) 32.0+8.2 32.6+8.1 31.8+8.3 0.734
RVESA (cm? 242+8.3 24.5+89 24.1+82 0.877
LVEDA (cm?) 26.4+6.3 25.7+5.1 26.7+6.7 0.605
TAPSE (mm) 13.3+4.5 13.5+5.1 13.2+43 0.842
RVFAC (%) 25.6+11.6 26.5+14.1 25.3+10.6 0.741

LVEF left ventricular ejection fraction, PA trunk pulmonary artery trunk diameter, PA pulsatility pulmo-
nary artery pulsatility, RVEF right ventricular ejection fraction, RVEDV right ventricular end-diastolic vol-
ume, RVESV right ventricular end-systolic volume, RVSV right ventricular stroke volume, RVEDA right
ventricular end-diastolic area, RVESA right ventricular end-systolic area, LVEDA left ventricular end-dias-
tolic, TAPSE tricuspid annular plane systolic excursion, RVFAC right ventricular fractional area change

better than the correlation between the TAPSE and RVEF

(r=0.73, p=0.002). In the group with CTEPH, the results
were similar, with the RVEF correlating better with the
RVFAC than with the TAPSE (RVFAC r=0.74, p <0.0001;
TAPSE r=0.58, p=0.001).
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CMR Data According to Hemodynamic Severity

To study RV function in two groups with different hemo-
dynamic severities we divided the population by the
median of the pulmonary vascular resistance (Table 3).
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Fig.2 Correlations between
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Table3 CMR d.ata accqrding to Study population PVR<8.1 PVR>8.1 P value
the hemodynamic severity n=54 n="27 n=27
LVEF (%) 61.4+14.0 64.8+11.7 57.8+154 0.066
PA trunk (mm) 33.7x4.7 33.6+5.4 33.7+4.0 0.932
PA pulsatility (%) 17.6+124 249+12.2 104+74 < 0.001
RVEF (%) 30.6+134 38.4+13.5 22.7+9.1 <0.001
RVEDV (mL) 107.3+£37.3 102.2+45.9 112.5+£25.7 0.316
RVESV (mL) 77.2+36.1 66.5+41.2 87.8+26.9 0.029
RVSV (mL) 30.1£13.5 35.6+14.2 24.6+£10.5 0.002
RVFAC (%) 25.6+£11.6 31.1+114 20.2+89 <0.001
TAPSE (mm) 13.3+4.5 153+4.6 113434 0.001
RVEDA (mm?) 32.0+8.2 31.4+9.8 327+6.3 0.572
LVEDA (mm?) 26.4+6.3 29.8+5.5 23.1+5.2 <0.001
RVEDA/LVEDA 1.27+0.41 1.07+0.36 1.47+0.37 <0.001
Systolic EI (n=41) 1.37+£0.29 1.22+0.19 1.49+0.31 0.003
Diastolic EI (n=41) 1.36+0.24 1.21+£0.12 1.48+0.25 <0.001

LVEF left ventricular ejection fraction, PA trunk pulmonary artery trunk diameter, PA pulsatility pulmo-
nary artery pulsatility, RVEF right ventricular ejection fraction, RVEDV right ventricular end-diastolic
volume, RVESYV ventricular end-systolic volume, RVSV right ventricular stroke volume, RVFAC right ven-
tricular fractional area change, TAPSE tricuspid annular plane systolic excursion, RVEDA right ventricular
end-diastolic area, LVEDA left ventricular end-diastolic area, EI eccentricity index

The RVEF presented a stronger correlation to the
RVFAC than to the TAPSE in both groups (PVR <8.1 WU
and PVR > 8.1 WU) (Fig. 3).

The ability of the RVFAC and TAPSE to predict
severe right ventricular dysfunction (RVEF <35%) [5]
was tested by the comparison of the ROC curves. The
RVFAC demonstrated a better performance in predict-
ing severe right ventricular dysfunction than the TAPSE
[TAPSE: AUC 0.77 (0.633-0.872) and RVFAC: AUC
0.91 (0.797-0.969), p=0.042] (Fig. 4). For detecting
an RVEF <35% and a TAPSE < 15 mm, the sensitiv-
ity was 84% and the specificity was 71%, whereas an
RVFAC < 30% had a sensitivity of 90% and specificity
of 83%.

Ventricular Interaction Measurements According
to Hemodynamic Severity

To quantify septal bulging, ventricular interaction meas-
urements were analyzed. The relationship between the RV
end-diastolic area and LV end-diastolic area (RVEDA/
LVEDA) was significantly increased in the group with
worse hemodynamic severity. In a subgroup of 41 patients
(n=18 in the group with PVR < 8.1 WU and n=23 in
the group with PVR > 8.1 WU), measurements of the LV
eccentricity index measured at end-diastole and end-sys-
tole were also significantly increased in the group with
worse hemodynamic severity (Table 3).
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Fig.3 Correlations between the
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Fig.4 ROC curve comparison for the ability of the RVFAC and
TAPSE to predict severe right ventricular dysfunction (RVEF <35%)

Discussion

Our study is the first study to demonstrate that in patients
with more severe hemodynamic impairment, RVFAC is
a better marker of right ventricular dysfunction. RVFAC
performed better than TAPSE, possibly for including the
transversal component of right ventricular function in its
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measurement. Furthermore, RVFAC better performance
was similar in the two PH groups (PAH and CTEPH).

The TAPSE and RVFAC are classical indices of right
ventricular function used in echocardiography, both related
to survival in PH [11, 15, 18] The more regular a chamber
is, more intrinsically correlated are its areas and volumes;
also true for longitudinal measurements. This is the case for
RV of patients with pulmonary hypertension, since the RV
progressively looses its characteristic C-shape. Our study
demonstrated that RV area evaluation remains strongly cor-
related with RVEF at later phases of the disease, whilst the
longitudinal measurement progressively looses its value,
even considering that the shape of RV is more “regular.”
This finding suggests a change in the dynamics of the RV
contraction in more severe cases.

TAPSE has been demonstrated to have a strong correla-
tion with the RVEF, supporting that longitudinal shorten-
ing is the main component of RV function [19]. In patients
with increased RV afterload, there is significant RV dila-
tion; studies have demonstrated that, in this specific group of
patients, the transversal component of RV function increases
in importance; therefore, the RVFAC would be a better index
of the RVEF [15, 20]. Our study confirms the findings of
Mauritz et al. [15] and Kind et al. [13] by demonstrating a
stronger correlation of the RVEF with the RVFAC than with
the TAPSE in patients with PH, even more pronounced in
later phases of the disease.
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When the study groups were divided according to hemo-
dynamic severity, the RVFAC proved to be an even better
marker of the RVEF than the TAPSE in the most severe
group. The strong correlation between the RVFAC and
RVEF was documented regardless of the hemodynamic
severity (as reflected by the pulmonary vascular resistance
level), whereas the correlation between the TAPSE and
RVEF was weaker in the most severe group. This finding
emphasizes that in patients with pronounced increases in RV
afterload, isolated analysis of the longitudinal component
of the RV contraction might not be representative of RV
function; thus, it is necessary to also evaluate the transversal
component. The area correlation seems to remain strong,
even at later phases of the disease, whilst the longitudinal
measurement progressively looses its value. A low TAPSE
remains as a marker of worse prognosis, however it looses
sensitivity in reflecting the progressive loss of RV function,
while RVFAC remains closely correlated.

Septal bulging into the LV was demonstrated in patients
with PH, and this bulging is associated with reduced LV
diameter measurements [21-23]. Marcus et al. [24] also
demonstrated that septal bulging was correlated with sig-
nificantly decreased LV diastolic volumes and to LV dias-
tolic dysfunction. Accordingly, our study demonstrated that
in patients with worse hemodynamics, the RVFAC, which
also includes the transversal component of RV contraction,
performed better than the TAPSE, which measures only
the longitudinal component. We performed the measure-
ments of ventricular interaction indices (eccentricity index
and RVEDA/LVEDA) in a subgroup of patients. The worse
the hemodynamic profile, the greater was the RVEDA/
LVEDA ratio, reflecting RV dilation with LV compression.
We observed no difference in the RV end-diastolic areas
between both groups of different hemodynamic severity but
did observe a significant reduction in the LV end-diastolic
area in the group with worse hemodynamic severity. The
LV eccentricity index was also significantly increased in the
group with worse hemodynamic severity, reflecting more
septal bulging with increased LV compression in this group.

When we separately compared the correlations of the
RVFAC and the TAPSE with the RVEF in the two groups
(PAH and CTEPH), we observed that the correlations were
similar to those found in the total study population, suggest-
ing that the type of PH does not affect these correlations.
In the preliminary analysis of our data, we demonstrated
that in 23 patients with PAH and 23 patients with CTEPH
(paired by sex and age), there were no significant differences
in the CMR data [25]. The findings of the present study
reinforce the similarity of the CMR findings in PAH and
CTEPH patients.

To better understand the determinants of the RVEF, the
correlations of the RVEF with different hemodynamic vari-
ables were assessed. The RVEF was weakly correlated with

the hemodynamic variables associated with RV overload
(mPAP, PVR, and right atrial pressure) and RV function
(CO and stroke volume). Furthermore, the RVEF was better
correlated with the RV end-systolic volume than to the RV
end-diastolic volume. Studies demonstrating increased levels
of brain natriuretic peptide (BNP) in patients with PH also
support the presence of increased cardiac wall stress associ-
ated with RV overload [26]. These data support the concept
that RVEEF is a reflection of both: the RV overload and the
myocardial response to it.

The fact that the RVEF also reflects this myocardial
involvement in its measurements reinforces the concept that
the RVEF has prognostic importance beyond its associa-
tion with the hemodynamic profile [S]. The recognition of
the importance of RV function in PH might be relevant for
the treatment of PH because new drugs aiming to treat RV
might be used [27, 28]. It is important to emphasize that
even though surrogate markers of RV function maybe impor-
tant in clinical practice because they are less time consum-
ing, thus facilitating their use in the follow-up assessment
of PH patients, measurements of RV volumes and RVEF
remain important to better understand many of the aspects
associated with disease progression, particularly the RV
remodeling process.

Our study has limitations that must be acknowledged.
The study was conducted in a single center, with a potential
selection bias. Right heart catheterization was not performed
at the same time as CMR for technical reasons. Despite the
72 h delay, the heart rates measured during both exams were
similar, reflecting essentially the same basal conditions. The
CMRs were reviewed by a single expert radiologist, there-
fore reproducibility could not be evaluated; nevertheless,
high interobserver agreement in RV function measurements
through CMR has been previously demonstrated [6, 13, 29].
Furthermore, the inclusion of patients with PAH and CTEPH
limits the extrapolation of our findings to other forms of PH.

In conclusion, our study demonstrated that the RVFAC,
assessed by CMR, is a good index of RV function in PAH
and CTEPH patients, performing better than the TAPSE in
predicting severe RV dysfunction, independent of the hemo-
dynamic severity.
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