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Chapter

Echocardiographic Prognostic
Factors in Pulmonary Hypertension

Gabriela Silvia Gheorghe, Andrei Cristian Dan Gheorghe,
Ana Ciobanu and Andreea Simona Hodorogea

Abstract

Pulmonary hypertension (PH) is defined as an increase in mean pulmonary arterial
pressure of >25 mmHg at rest by right heart catheterization. Echocardiography estimates
systolic pulmonary arterial pressure on the tricuspid regurgitation jet velocity, mean and
diastolic pressure based on the pulmonary regurgitation jet, and data regarding the
function of the right ventricle. ESC guidelines propose an echocardiographic risk assess-
ment in PH according to right atrial area > 26 cm” and pericardial effusion. Other risk
factors correlated with the severity of the PH include right atrial pressure > 15 mmHg,
tricuspid regurgitation more than moderate, TAPSE <18 mm, tricuspid S’ < 11.5 cm/s
assessed by TDI, right ventricle ejection fraction <45% using 3D imaging, fractional area
change of the right ventricle <35%, dP/dt < 400 mmHg/s on the tricuspid regurgitation
flow, reduced strain of the right ventricle, diastolic dysfunction. Left ventricular eccen-
tricity index (EI) >1.7 combined with TAPSE <15 mm was associated with a higher
death rate compared to patients with normal values. However, each of these parameters
used in the assessment of the right ventricle has technical limitations, and it is necessary
to use multiple tests for a correct evaluation of the prognosis of PH.

Keywords: pulmonary hypertension, tricuspid regurgitation, right ventricle,
right atrium, global strain

1. Introduction

Pulmonary hypertension (PH) is defined as an increase in mean pulmonary arterial
pressure (mPAP) of >25 mmHg at rest as assessed by right heart catheterization.
Current data have shown that the normal mPAP at rest is 14 £+ 3 mmHg with the
upper limit of normal of approximately 20 mmHg. The clinical significance of mPAP
between 21 and 24 mmHg is unclear [1]. There are also unclear data regarding the
normal versus exaggerated elevation of mPAP at physical effort, making it difficult to
put the diagnosis of exercise-induced PH. Pulmonary vascular resistance (PVR) with a
cut-off of >3 Wood units has been included in the hemodynamic diagnosis of PH, and
pulmonary artery wedge pressure (PAWP) with a cut-off of >15 mmHg is used for the
classification of PH in pre-capillary, post-capillary, or combined pre- and post-
capillary PH [1]. PH is classified into five groups, depending on the underlying
disease [1].

1 IntechOpen



Echocardiography - Recent Advances

Not all patients with PH perform right heart catheterization, and, in practice, the
diagnosis of PH is based on the echocardiographic evaluation of the pulmonary artery
pressure. Also, echocardiography can detect the underlying disease and the conse-
quences of the PH on the right and left ventricles (Table 1), [2-8]. Nevertheless, the
echocardiographic evaluation of the right heart is more difficult than that of the left
heart because of the complex shape of the right ventricle (RV) and its load-dependent
physiology. Its shape in apical 4-chamber view is more triangular, in contrast to the left
ventricle more conical. In the parasternal short axis view, it is like a crescent. The cavity
of the RV has three parts: inlet, apical trabeculae, and outlet segments. The outlet
segment is not trabeculated and is separated from the inlet segment by the supraven-
tricular crest. The subepicardial myofibrils have a circumferential orientation, and the
subendocardial myofibrils have predominantly a longitudinal orientation [9, 10]. The
interventricular septum separates the right and left ventricles and bulges into RV during
the ventricular systole. From the three leaflets of the tricuspid valve, the septal leaflet is
usually visible by echocardiography. The 2D echography has a low sensitivity for defin-
ing the RV endocardial border contour of the free wall and of the apex. The complex
morphology of the RV makes the correct echocardiographic evaluation difficult and
implies great variation in the 2D measurement results of the RV diameters and area. In a
study that included 900 patients, Tamborini G. et al. [11] demonstrated high inter- and
intraobserver variabilities in the measurements of RV fractional area change (FAC), a
parameter of RV systolic function. There are also difficulties in the echocardiographic
examination of the right atria (RA). RA has an ellipsoid shape and includes crista
terminalis, RA appendage, cavotricuspid isthmus, Eustachian valve, the orifice of the
coronary sinus, and Thebesian valve. Echographic data include RA indexed major and
minor axis length and systolic RA volume. The values are different in men and women,
and the indexed RA volume using the single-plane method of disks has lower values
than those obtained by the area-length method [12]. RA becomes dilated, and a process
of RA remodeling occurs in longstanding PH. The RA pressure (RAP) increases, and its
evaluation according to the diameter and inspiratory changes of the inferior vena cava
(IVC) is an important parameter for the evaluation of RV systolic pressure in the
absence of significant RV outflow tract obstruction. The RAP estimated non-invasively
is the main source of errors in the assessment of both sPAP and mPAP. sPAP is
calculated using the maximal velocity of tricuspid regurgitation flow (Figure 1) and
mPAP by formulas that use pulmonary regurgitation flow velocity at the beginning of
the diastole or pulmonary velocity acceleration time. Both can underestimate the PH in
case of RV failure. RV failure can impede the left ventricle (LV) function by many
mechanisms. So assessing the RV and LV morphology and function is essential for the
correct diagnosis and prognostic of PH. The echocardiographic evaluation of the right
heart can be improved through other methods, such as agitated saline study, echocar-
diographic contrast agents, speckle tracking, and 3D echocardiography [13]. 2D RV
longitudinal strain of the free wall (RV-FWS) and 2D RV global longitudinal strain (RV-
GLS), which includes in the analysis of the interventricular septum, can demonstrate
subclinical impairment of the longitudinal contraction in patients with PH. The method
is less angle and load-dependent and less influenced by the complex geometry of RV,
but it depends on image quality that can be poor because of many artifacts [14, 15]. The
analysis of segmental contractility of the RV walls by strain technique offers informa-
tion about the pattern of RV remodeling in PH. The cut-off value proposed for RV-FWS
is —23% and —20% for RV-GLS. For now, there is no consensus on which method to
use, but it seems that RV-FWS is more useful. The 3D technique is more accurate than
the 2D technique in the evaluation of RV strain.
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Parameter

Method

Formula

Normal range

Abnormal values

Pulmonary artery flow evaluation

Pulmonary Time to peak >130 ms <105 ms and/or
velocity velocity of the midsystolic notching
acceleration time ~ pulmonary artery
(PAT) flow in parasternal

short axis view

(PW)
Systolic pulmonary Maximum velocity 4V? maxTRjet + RAP 18-25 mmHg; <35mm Hg
arterial pressure of tricuspid values of

regurgitation jet 40 mmHg can

(CW) be normal after

60 years

Diastolic End diastolic 4V? pRenddiastolic + RAP 1.mm Hg > 15 mm Hg
pulmonary arterial pulmonary
pressure regurgitant flow
(Figure 2) velocity (CW)
Mean pulmonary ~ Pulmonary 4V? pr carly diastolic + RAP 10-20 mm Hg ~ >25 mmHg

arterial pressure

regurgitant flow
velocity at the
beginning of the
diastole (CW)

Pulmonary velocity
acceleration time
(PW)

79 — 0.45xPAT

Pulmonary
vascular resistance

Maximum velocity
of tricuspid
regurgitation (CW)

0.16 + Vrax of TRiet 103

VTIRVOT

<3 Wood units

>3 Wood units

Pulmonary Time to peak the >130 ms <100 ms
velocity pulmonary flow
acceleration time
(PW)
Right ventricle and RA evaluation
RV and RA diameters
RV diameters 2D Basal, mid RV, RV basal RV basal
longitudinal diameter, at diameter 25~ diameter > 41 mm
the end-diastole 41 mm RV mid
RV/LV ratio, focused RV mid diameter > 35 mm
apical 4-chamber view  diameter 19— RV longitudinal
35 mm diameter > 86 mm
RV
longitudinal
diameter 59—
83 mm
RVOT dimensions 2D Supra aortic valve RVOT RVOT proximal
diameter in end-systole  proximal diameter > 35 mm
(RVOT proximal diameter 21— RVOT distal
diameter); basal short 35 mm diameter > 27 mm
axis view, Supra RVOT distal
pulmonary valve diameter 17—
diameter, in end-systole 27 mm

(RVOT distal diameter);
basal short axis view
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Parameter Method Formula Normal range Abnormal values
RA dimensions 2D Minor and major axis, RA minor axis RA minor
area, volume, apical 4- 1.9 £03cm/ axis>4.4cm
chamber view, at end- ~m’ RA major
systole RA major axis  axis > 5.3 cm
254+ 0.3cm/ RA area > 18 cm?
m? RA
RA volume volume > 34 mL/
214+ 6 mL/m*> m?
in women,
25 + 7 mL/m?
in men
RV free wall 2D Subcostal 4-chamber 1-5 mm >5 mm
thickness view, at end-diastole
Interventricular 2D Flattening, paradoxical In the case of RV
septum movement pressure overload,

“the flattening” of
IVS happens in
both systole and
diastole, in
contrast to RV
volume overload,
with septal
flattening
predominantly
during diastole.

LV maximaland 2D parasternal The ratio of the > 1.1
end-systolic of short-axis view at ~ diameters (from
eccentricity index  the mid-papillary =~ compact myocardium)
level parallel (D2) and
perpendicular (D1) to
the ventricular septum,
as measured at end-
diastole, end-systole,
and maximum septal
displacement
RV systolic function
RV fractional area 2D, 3D End dgleli; Fffﬂlle”d f()’m’i’; area 49% + 7% < 35%
change (RVFAC) X100
RV ejection 2D or 3D; only 3D Must be a good image 58% =+ 6.5% < 45%
fraction (Figure 4) method has been quality
validated
Tricuspid annular M mode Apical 4-chamber view 24 £ 3.5 mm <16 mm
plane systolic
excursion
(TAPSE)
Tricuspid annular ~ Pulsed TDI Apical 4-chamber view 14.1 £ 123 cm/ <9.5cm/s
systolic s
longitudinal

velocity by tissue

Doppler (S')
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Parameter Method Formula Normal range Abnormal values

RV myocardial Measurement of (IVCTgy + IVRT gy)/ET >0.4 for pulsed

performance index isovolumic Doppler RVMPI

(RVMPI) contraction time > 0.55 for TDI
(IVCT gy), RVMPI
isovolumic

relaxation time
(IVRT RV)> and

ejection time (ET)

from the same
heartbeat using

pulsed Doppler or
TDI of tricuspid
annulus
Free-wall RV Speckle tracking RV-focused apical 4- RV - FWS RV - FWS < 20%
longitudinal strain  imaging chamber view; because  29% + 4.5% RV-GLS <17%
(RV-FWS) and the interventricular RV-GLS
global RV septum is an integral 22.3% =+ 2.4%
longitudinal strain part of the LV also, RV-
(RV - GLS) GLS might be
influenced by LV
dysfunction.
Rate of RV TR jet The value is calculated <400 mmHg/s
pressure rise from the slope of the
during early line between 1 and 2 m/s

systole (dP/dt)

(4 to 16 mmHg) of the
TR spectral envelope

RV diastolic evaluation

Tricuspid inflow ~ PW Doppler Apical 4-chamber view E/A1.4+03 E/A <08or>2

E/A, TDE TDE TDE <119 ms
180 = 31 ms or > 242 ms

RV lateral wall TDI TDI Apical 4-chamber view E/e” 4 £1 E/e’>6

Inferior vena cava
(IVC) diameter
and inspiratory
collapse are used
for the estimation
of RA pressure
(RAP)

IVC < 2.1 cm, collapses
>50% during sniff—
RAP 0-5 mm Hg

IVC > 2.1 cm, collapses
>50% during sniff—
RAP 5-10 mm Hg

IVC > 2.1 cm, collapses
<50% during sniff—
RAP 10-20 mm Hg

RVOT = right ventricle outflow tract; VTIRVOT = velocity time integral in the right ventricle outflow tract;

PR = pulmonary regurgitation; TDE = E wave deceleration time; V = velocity; TDI = tissue Doppler imaging; LV = left

ventricle; PW = pulse wave; CW = continuous wave; and IVC = inferior vena cava.

Table 1.

Echocardiographic pavameters used for the diagnosis of pulmonary hypertension.

Also, right ventricular ejection fraction (RVEF) calculated by the 3D technique
(3D-RVEF) is far more accurate than that calculated by the 2D technique (2D-RVEF)
because it is independent of geometric assumptions. 3D-RVEF but not 2D-RVEF is
validated in relation to cardiac magnetic resonance (CMR) imaging, the “gold stan-
dard” for assessing RVEF.
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Also, 3D speckle-tracking technique provides a more accurate assessment of ven-
tricular myocardial dynamics than 2D speckle-tracking, which is limited by the out-
of-plane motion of different frames. At the same time, measurement of RVEF by 3D
echocardiography is not possible in all patients because it requires good image quality
[15]. Evaluation of RV shape by 3D technique is not currently used in clinical practice.
In patients with a good image of tricuspid regurgitation Doppler signal, one can
calculate other parameters with prognostic values, such as right ventricle-pulmonary
artery coupling (RV-PA) and myocardial work.

Each technique has its limits, and one must use a multimodal evaluation of the
anatomy and function of RV. Furthermore, these new echographic techniques are not
standardized between different vendors. Indeed, the gold standard for RVEF evalua-
tion remains for now cardiac magnetic resonance imaging. Table 1 includes the
echocardiographic parameters used in the evaluation of PH and RV.

Table 1 includes the echocardiographic parameters used in the evaluation of PH
and RV (Figures 1-4).

50.0mmHn
mmHg

2.1 R1? G?5 C9 A3
» rﬂjnc DP

Figure 1.
Payasternal four chamber view. Tricuspid regurgitation (continuous Doppler examination). Right atrial dilation.

Figure 2.

Example of measurement of mPAP and dPAP in a case with pulmonary hypertension (left) versus a case without
pulmonary hypertension (vight). Left image: In this case, there was a dilated inferior vena cava with a diameter of
36 mm without respiratory variations. mPAP = 4 V? pp carly diastolic + RAP = 4x3.14% + 20 = 54.43 mm Hg;
APAP = 4 V? prenddiastotic + RAP = 4x1.88% + 20 = 34.13 mm Hg. Right image: In this case, there was an infevior
vena cava with a diameter of 16 mm with inspivatory collapse. mPAP = 4 V* pg carly

diastolic + RAP = 4x1.66° + 3 = 14 mm Hg; dPAP = 4 V? prenadiasotic + RAP = 4x1.06% + 3 = 7.5 mm Hg.
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Figure 3.
Apical 4-chamber view. Dilation of the right ventricle (RV) and right atrium (RA). Displacement of the
interventricular septum toward the left ventricle (LV) and interatrial septum toward the left atrium (LA).

Figure 4.
3D quantification of the right ventricular ejection fraction.

2. Prognostic value of the echocardiographic data in PH

According to the clinical, biochemical, echocardiographic, or other imaging data,
patients with PH can be classified as low, intermediate, and high risk of clinical
worsening or death [1]. Patients categorized as low risk have estimated 1-year mor-
tality of <5%, those categorized as intermediate risk have estimated 1-year mortality
of 5-10%, and those in the high-risk category >10% [1].

The ESC guidelines on pulmonary hypertension propose an echocardiographic risk
assessment in PH according to the right atrial area (area over 26 cm?) (Figure 1) and
the presence of pericardial effusion (Figure 2) [1]. However, many studies demon-
strated the usefulness of other echocardiographic parameters as prognostic factors in
PH. Patients, with PH and EI above 1.7 (Figure 2) combined with TAPSE below
15 mm, have a higher death rate than patients with normal values. The diastolic
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dysfunction of the RV, expressed by the changes in tricuspid flow E/A ratio and RV
relaxation abnormalities by TDI, is associated with a poor prognosis. The systolic
dysfunction of the RV is related to a poor prognosis of the PH: TAPSE less than
18 mm, tricuspid " < 9.5 cm/s assessed by TDI, 3D - RVEF below 45%, RVFAC less
than 35%, dP/dt below 400 mmHg/s on the TR flow, reduced strain of the RV using
speckle tracking echocardiography (Figure 5).

Many studies support the prognostic role of classical echocardiographic data in PH.

* Raynold RM et al. [16] evaluated the relationships between echocardiographic
findings and clinical outcomes in 81 patients with severe primary PH during a
mean follow-up period of 36.9-15.4 months. Pericardial effusion and enlarged
indexed RA area were independent predictors of a composite end point of death
or pulmonary transplantation. They found that septal shift in diastole toward LV
is also a predictor of death or pulmonary transplantation. A dilated RA can be a
sign of volume and/or pressure overload, and elevated RA pressure is a sign of
poor RV ejection fraction [17].

* Austin C et al. [18] performed a retrospective analysis of 121 consecutive patients
with pulmonary arterial hypertension during 3 years of follow-up. They
demonstrated in a univariate analysis that RA pressure > 15 mmHg, calculated by
inferior vena cava diameter and collapsibility, RA area > 18 cm?, the presence of
pericardial effusion, RVFAC < 35% and at least moderate TR were predictive of
poor survival. However, in the multivariate analysis, RA pressure > 15 mm Hg
was the only echocardiographic risk factor predictive of mortality.

e Liu Ketal. [19] performed a meta-analysis that included 12 studies totalizing
1085 patients with pulmonary arterial hypertension followed up 9.2 months to
5.0 years. The risk of all-cause mortality and the composite endpoint of death and
other PH events was increased in patients with enlarged RA area and RA area
index.

e TAPSE less than 1.8 cm was associated with lower RVFAC, lower cardiac index,
and reduced survival in 63 patients with PH [20]. The 2 years survival rate was
50% in patients with TAPSE less than 1.8 cm and 88% in those with greater
TAPSE. However, TAPSE assessed by M mode cannot discriminate an active
contraction from passive entrainment. On the other side, the assessment of
TAPSE by RV strain can obtain greater values because TAPSE measures the
maximum displacement, and strain measures the peak systolic contraction.

Figure 5.
Example of measurement of free wall right ventricular strain (FWS). Strain-based TAPSE is an approximated
M-mode TAPSE, by calculation of the excursion velative to the image apex.
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* In a prospective cohort study that included 777 patients with precapillary
PH with a follow-up period of 7 years, the multivariable analysis
demonstrated that moderate or severe tricuspid regurgitation, RVMPI,
presence of pericardial effusion, but not TAPSE were independent
predictors of mortality. The authors explained this fact by the presence of severe
tricuspid regurgitation in most patients, which can induce a pseudo-normal
TAPSE [21].

* Ghio S. et al. [22] examined data from 517 patients, mean age 52 + 15 years,
64.8% females, included in seven observational studies. They divided patients
into three groups according to TAPSE, tricuspid regurgitation, the diameter of
inferior vena cava, and noted the 5 years cumulative survival. High-risk patients
had impaired TAPSE and dilated inferior vena cava, and their 5 years cumulative
survival rate was 43%, versus 82% in low-risk patients, with normal TAPSE and
no tricuspid regurgitation. The intermediate-risk group had normal TAPSE and
significant tricuspid regurgitation or impaired TAPSE and non-dilated inferior
vena cava. Their 5 years cumulative survival rate was 63%. Data from this analysis
suggested that the inclusion of the RA area and pericardial effusion did not
provide added prognostic value.

* Barket D et al. [23] demonstrated in 78 pediatric patients with PH that an end-
systolic EI > 1. 16 identifies the presence of PH, and an end-systolic EI > 1.27
correlates with a higher number of hospitalization and escalation of the therapy.

* RVMPI and the rate of RV pressure rise during early systole (dP/dt) proved to
correlate with pulmonary vascular resistance and to predict a reduced RVEF [17].

* Elevated RAP is a sign of poor right ventricular failure [17].

* Blanchard D. et al. [24] demonstrated in 93 patients with chronic
thromboembolic pulmonary hypertension that elevated RVMPI measured by TDI
correlated with pulmonary vascular resistance but not with mPAP and cardiac
output.

* Habbad et al. [25] elaborated a right heart score for the outcome of patients with
familial, idiopathic, drug-induced, and toxic PH based on the examination of 95
patients, 43 + 11 years old, with mean pulmonary arterial pressure of 54 + 14 mm
Hg, and pulmonary vascular resistance index 25 + 12 Wood units, followed for
5 years. The severity of RV systolic dysfunction, RA enlargement, and systolic
blood pressure < 110 mmHg were independently associated with death and lung
transplantation.

* Kamimura Y. et al. [26] proposed a prognostic score in chronic thromboembolic
pulmonary hypertension calculated as the summation of each point awarded for
the presence of four parameters: TAPSE < 16 mm, 1 point, TDI-derived tricuspid
lateral annular systolic velocity (S') < 10 cm/sec, 1 point, RVFAC < 35% 1 point
and RVMPI > 0.4, 1 point. An elevated RV dysfunction prognostic score was
associated with an advanced functional class of heart failure, elevated mPAP, low
cardiac index, high pulmonary vascular resistance, reduced mixed venous
oxygen saturation, reduced 6-min walk distance, low maximal O, consumption,
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prolonged slope of minute ventilation/CO, production, and elevated plasma
brain natriuretic peptide level.

* REVEAL study (US Registry to Evaluate Early and Long-Term PAH Disease
Management) [16] enrolled 2716 patients with PAH and assessed predictors of 1-
year survival. In the multivariable analysis, variables independently associated
with increased mortality included PVR > 32 Wood units, PAH associated with
portal hypertension, New York Heart Association functional class IV,
men > 60 years of age, and family history of PAH.

* Badagliacca R et al. [27] investigated during 528 + 304 days 130 patients with
idiopathic pulmonary hypertension. They demonstrated that clinical, functional
class of heart failure, cardiac index, and RVFAC were the independent predictors
of the clinical worsening of the patients.

* The most frequently used parameters for the assessment of prognostic in PH in
real-world practice are presented in Table 2 [28, 29].

Speckle tracking echocardiography applied to the RV has demonstrated its utility
in the prognostic stratification of patients with PH:

 Park JH et al. [30] determined RV-GLS in 81 patients with PAH with a follow-up
period of 45 £ 15 months. They showed a significant correlation between RV-GLS
and RVFAC, TAPSE, RVMPI, pulmonary vascular resistance, and B-natriuretic
peptide concentration. In the multivariate analysis, RV-GLS > —15.5% and age
were the independent predictor factors for death, lung transplantation, and heart
failure hospitalization. Accepted normal values for RV-GLS were — 28%.

* Badagliacca R et al. [31] analyzed RV strain patterns using the speckle tracking
technique and identified three post-systolic strain patterns derived from the mid-

Echocardiographic parameters Abnormal values predicting a poor prognosis of PH
TAPSE <16 mm

S’ <10 cm/s

RV FAC <35%

Peak longitudinal RV strain >—19%
Isovolumetric contraction velocity (IVCv) by <9 cm/s

TDI

Main PA diameter >29 mm

LV eccentricity index >1.4

Pericardial effusion presence

IvC >21 mm, inspiratory collapse <50%

TAPSE = tricuspid annular plane systolic excursion; S” = vight ventricle free wall tissue Doppler systolic velocity during
ejection period (Lateral tricuspid annulus peak systolic velocity); RVFAC = right ventricle fractional area changes
PA = pulmonary artery; LV = left ventricle; and TDI = tissue Doppler imaging.

Table 2.
Echocardiographic parameters recommended in clinical practice for the assessment of PH prognosis.
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basal RV free wall segments. Pattern 1 was characterized by a prompt return of
strain-time curves to baseline after peak systolic negativity, like in normal control
subjects, and corresponded to mild PH. Pattern 2 was characterized by persisting
negativity of strain-time curves well into diastole before an end-diastolic
returning to baseline and corresponded to more advanced PH with preserved RV
function. Pattern 3 was characterized by a slow return of strain-time curves to
baseline during diastole corresponded to PH with end-stage RV failure. 60% and
respectively 33% of patients with Pattern 3 had a faster-worsening disease
assessed at 1 and 2 years

RV longitudinal strain is superior to TAPSE as a prognostic factor in PH [32]

RV-arterial coupling reflects both RV after-load and contractility and has
prognostic value in PH. It can be assessed using various parameters, such as
TAPSE, FAC, 3D-RVEF, which are divided to sPAP. [15]. Serkan Unlu et al. [33]
determined RA-arterial coupling by the ratio between RV-FWS and sPAP in 65
patients with precapillary PH and found a predictive value for death or heart/
lung transplantation with a cut-off of 0.19.

RV myocardial work enables the evaluation of the contractility of RV
independent of the load and a more precise estimate of RV systolic function. It is
a promised parameter but not in clinical practice.

3. 3D echocardiography has become increasingly important in the

11

evaluation of RV

* Murata M et al. [34] highlighted the importance of evaluating RV ejection

fraction by 3D technique in 85 patients with PH. They showed that patients with
3DRVEEF of less than 38% had significantly shorter event-free survival than those
with 3DRVEF greater than 38%. A total of 36 patients had mPAP >35 mmHg and
a theoretical event-free survival in 2.5 years. Those with greater 3DRVEF had an
event-free survival rate of 70% at 2.5 years. This suggests that 3DRVEF is an
independent prognosis factor in patients with PH.

Vitarelli A. et al. [35] studied 73 patients, mean age 53 £ 13 years with chronic PH
of different etiologies, and 30 healthy subjects as a control group. They determined
RVFAC, TAPSE, mitral and tricuspid TDI annular velocities, 3D RV volumes, 3D
RV EF, and RV strains by 2D RV and 3D RV-speckle-tracking echocardiography.
RV 3D global-free-wall longitudinal strain (3DGFW-RVLS), 2D global-free-wall
longitudinal strain (2DGFW-RVLS), apical-free-wall longitudinal strain, basal-
free-wall longitudinal strain, and 3D-RVEF were lower in patients with PH. Also,
patients with precapillary PH had lower global and regional peak systolic RV free-
wall strain than those with postcapillary PH. 3D-GFW-RVLS and 3D-RVEF were
the independent predictors of mortality. 3D RVEF, 2D-STE, and 3D-STE
parameters indicate global and regional RV dysfunction associated with RV failure
hemodynamics better than conventional echo indices.

The validity and prognostic importance of 3D-RVEF were recently demonstrated
in 446 unselected patients with various cardiac diseases with a follow-up period
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of 4.1 £+ 1.2 years. Patients with 3DRVEF > 45% had the best prognosis, and those
with 3DRVEF under 30% had the worst prognosis [36].

4. RV dysfunction as a prognostic factor in patients with cardiac
resynchronization therapy (CRT) and cardiac surgery

The evaluation of the RV dysfunction has a prognostic role in the short and long-
term outcomes of patients after cardiac resynchronization therapy (CRT). Nagy VC.
et al. [37] studied 93 patients with heart failure and low basal value of RV global
longitudinal strain and RV free wall strain.

* RV global longitudinal strain below 10.04% before CRT was associated with high
24-month mortality.

* Preoperative RV dysfunction is a prognostic factor for perioperative
complications in cardiac surgery [38]. There are studies that demonstrate
preoperatory RVFAC <32% and RVMPI >0.5 are prognostic factors for
postoperative circulatory failure, higher incidence of postoperative inotropic
support, and longer stay in the intensive care unit. Preoperative RVFAC <20% is
associated with late postoperative death [39]. The prognostic role of preoperative
RV dysfunction is important in both coronary bypass and valvular surgery.
Echocardiographic parameters of RV function proposed as preoperative poor
prognostic factors included RVFAC <25%, bowing end-systole or end-diastole
interventricular septum into left ventricle (flattening or paradoxical movement),
TAPSE<1.4 cm, RV longitudinal strain < — 15%, TAPSE/sPAP [40].

5. Conclusions

The evaluation of the function of RV in PH is essential in establishing the prognosis
of PH. In addition to the size of the RA and the presence of pericardial effusion
proposed by the guidelines, there are many echocardiographic parameters with prog-
nostic value in PH. They are related to the systolic and diastolic dysfunction of the
right ventricle explored by new echocardiographical techniques such as speckle
tracking and 3D imaging. These promising techniques investigate in depth the func-
tion of the RV and the correlation between RV and pulmonary artery and allow an
early diagnosis of the impairment of the RV in PH. Also, the new echographic tech-
niques are useful in the prognostic evaluation of CRT and cardiac surgery. However,
each of the echocardiographic parameters used in the assessment of the right ventricle
has technical limitations, and it is necessary to use multiple clinical, biological, and
echocardiographic tests for a correct evaluation of the prognosis of PH. The complex-
ity of the RV makes useful a multiparametric examination, and modern techniques are
increasingly useful. The modern multimodal evaluation of the RV includes not only
echocardiography but also cardiac magnetic resonance, nuclear imaging techniques,
metabolic imaging techniques, and cardiac scanners. Last but not the least, the influ-
ence of RV dysfunction on the LV can be systematically assessed.
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