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ABSTRACT

Purpose: Right Ventricular (RV) function and Pulmonary Artery Pressure (PAP) play a role in the morbility and mortality of
cardiopulmonary diseases and they are commonly considered strictly related parameters. Not enough attention is given to Pulmonary
Vascular Resistances (PVR) even though they play a pivotal role in RV afterload. This cohort study consisted of clinically stable patients
and was designed to improve knowledge between echocardiographic indices of RV function, PAP, and PVR.

Methods: 529 consecutive patients underwent a complete echocardiographic examination with the evaluation of Tricuspid Annular
Plane Systolic Excursion (TAPSE), RV Systolic Peak (RVSyP) and RV Presystolic Peak (RVPrP). Pulmonary Artery Systolic Pressure
(PAPs) and Mean Pulmonary Artery Pressure (mPAP) were measured, thus PVR and RV diastolic function were assessed.

Results: Only TAPSE showed a correlation with PAPs (p < 0.001, correlation coefficient -3.131, r2 0.025), mPAP (p < 0.001,
correlation coefficient -1.91, r2 0.025), and PVR (p < 0.001, correlation coefficient -0.21, r2 0.064). In the stepwise multiple linear
regressions only PVR entered. RVSyP and RVPrP were not related to PAPs, mPAP, and PVR. RV diastolic function was related to PVR
(p <0.001), PAPs (p 0.001), mPAP (p 0.001), and to TAPSE (p 0.001).

Conclusions: The study showed the capacity only of TAPSE, among the considered indexes of tricuspid annular motion, to reflect
PAP and PVR in stable patients. RV function indexes and PAP are not closely related in stable patients.

Keywords: Pulmonary Pressure; Pulmonary Hypertension; Pulmonary Vascular Resistances; Right Ventricular Function, TAPSE

INTRODUCTION

Right Ventricular (RV) function and Pulmonary Artery Pressure
(PAP) have a clinical and prognostic role in heart failure [1-3],
valvulopathies [4,5], ischemic cardiopathy [6], in congenital heart
diseases [7,8], and stable cardiovascular diseases [9], as well as in
pulmonary diseases, such as pulmonary hypertension, pulmonary
embolism, and chronic obstructive pulmonary disease [10-12]. Not
enough attention is given to Pulmonary Vascular Resistances (PVR)
even though they represent a crucial component of RV afterload [13-
15].

Cardiac magnetic resonance imaging and cardiac catheterization
are the gold standards for the assessment of RV function, PAP, and
PVR, however echocardiographic parameters of RV function are
available and a reliable estimation of PAP and PVR can be obtained
by measuring pulmonary and tricuspid flows.

It is commonly believed that RV function and PAP are closely
related [12-16] but it is possible that low RV afterload cannot
influence RV systolic function [17]. The interactions afterload
echocardiograhpy indices of RV function and PAP have been
previously studied in healthy subjects and in overt cardiac and lung
diseases [17-19], but in stable patients are not completely understood.
To address such issue, we conducted a cohort study in stable patients
with cardiovascular risk factors studying the correlations between
three RV function indices derived from tricuspid annular motion,
PAP, PVR, and RV diastolic function.

METHODS
Patients

All patients referred to the “Echocardiography Lab - Division
of Cardiovascular Medicine”, in Modena, Italy, from October 2011
through August 2014 were eligible.

The study was performed in accordance with the Ethical Standards
of the 1964 Helsinki Declaration and its later amendments. The study
had been approved by the local Ethic Committee (approval number
238/2010); and informed consent was obtained.

Patients” data pertaining to medical history and cardiovascular
risk factors were collected.
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The study did not include patients suffering from pulmonary
embolism, severe pulmonary hypertension (from all causes),
congenital heart disease, heart failure decompensation, acute
myocardial infarction and chronic ischemic cardiopathy, severe
valvular stenosis or regurgitation, and atrial fibrillation in whom
heart rhythm, global and regional contractility and filling pressure
can’t be accurately estimated.

Patients suffering from chronic obstructive pulmonary disease
and chronic lung diseases, prior heart failure decompensation, prior
stroke, and stable peripheral atherosclerosis could be enrolled if
stable at least12 months, but only in the absence of severe pulmonary
hypertension, atrial fibrillation, or severe valvular diseases.

Diabetes was considered as a group of metabolic disorders
characterized by hyperglycemia resulting from defect in insulin
secretion, insulin action, or both. Systemic arterial hypertension was
considered as the increase of systolic blood pressure equal to or above
140 mmHg and/or a diastolic blood pressure equal to or above 90
mmHg. Dyslipidemia was considered as a disorder in lipoprotein
metabolism resulting in elevation of the blood concentration of
cholesterol and/or triglycerides. Tobacco smoke refers to active
exposure to tobacco smoke products.

Subjects with bad acoustic window were also excluded.
Echocardiography

Images were obtained by two operators using two commercially
available echocardiographic systems (Sequoia 512 — Acuson Siemens,
Mountain View, USA; Vivid E9 - GE Healthcare, Norvalk, USA)
both equipped with Doppler Tissue Imaging (DTI) technology and
with contemporary electrocardiogram recording.

According to the recommendation of the American Society of
Echocardiography/European Association of Cardiovascular Imaging
(ASE/EACVI), a complete echocardiographic study was performed
in the left lateral decubitus and included M-mode, two-dimensional,
pulsed and continuous Doppler spectral recording, and DTI
evaluation of mitral and tricuspid annulus [20-22]. Two-dimensional
images were obtained in parasternal long and short axis views, in
apical 4- and 2-chambers view and in subcostal view.

RV systolic function was assessed utilizing three indices derived
from tricuspid free wall annular motion: Tricuspid Annular Plane
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Systolic Excursion (TAPSE), Right Ventricular Systolic Peak velocity
(RVSyP), and Right Ventricular Presystolic Peak velocity (RVPrP).

TAPSE was measured in the apical 4-chambers view determining
with M-mode guide the maximal excursion of the RV free wall at the
junction of the tricuspid valve plane with the tricuspid free wall from
the lowest position to the systolic peak. In compliance with ASE/
EACVI recommendations, TAPSE was considered normal if higher
than 1.7 cm [23].

RVSyP and RVPrP velocities were measured by DTI of tricuspid
free wall annulus with the sample volume placed in the basal segment;
according to ASE/EACVI recommendations RVSyP was considered
normal if higher than 10 cm/sec [11,21,24,26].

PAP was assessed by determining Pulmonary Artery Systolic
Pressure (PAPs) and Mean Pulmonary Artery Systolic Pressure
(mPAP).

PAPs was obtained in the absence of pulmonary outflow tract
obstruction and/or pulmonary valve stenosis through the application
of the simplified Bernoulli equation by measuring the systolic
tricuspid regurgitant flow peak and then adding right atrial pressure
approximated by inferior cava diameter and collapsibility [27]. PAPs
was divided into four classes: normal (PAPs < 35 mmHg), mildly
(PAPs 35-44 mmHg), moderately (PAPs 45-55 mmHg), and severely
increased (PAPs > 55 mmHg) [28].

mPAP was derived, when pulmonary regurgitation was detected,
by applying the simplified Bernoulli equation from the early diastolic
peak of pulmonary valve regurgitation [29], or from PAPs [30].
mPAP was defined normal when lower than 25 mmHg.

PVR were calculated from the peak tricuspid regurgitation
velocity and right ventricular outflow time-velocity integral placing
a pulsed wave sample volume in the right ventricular outflow tract
at the level of the pulmonic valve in the parasternal short-axis view
[31]; PVR were considered normal when lower than 3 Woods Units.

The evaluation of RV diastolic function was assessed studying
transtricuspidal flow and DTTI of the lateral tricuspidal annulus. E
and A peaks, their ratio, E* and A’ peaks, their ratio, and E/E’ ratio
were calculated. RV diastolic function was then classified, according
to these parameters, into three classes: normal, impaired relaxation,
and restrictive [32].

The echocardiographic parameters were measured at end-
expiration during quiet breathing, and three measurements on
consecutive heart cycles were averaged. Special care was taken to
obtain an ultrasound beam parallel to the direction of tricuspid
annular motion and to tricuspid and pulmonary flow, to optimize
focus, gain and compression setting, in order to obtain the most
accurate endocardium visualization. If necessary echocardiographic
parameters were calculated from multiple views.

Intraobserver and interobserver variability were calculated.
Statistical analysis

Continuous variables are displayed as means + standard
deviation, while categorical data are displayed as frequencies. A two-
tailed p value < 0.05 was considered statistically significant.

Pearson’s method was used to assess the correlations between
the continuous variables. One-way ANOVA was used to estimate the
differences of means between RV diastolic function groups. Simple
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and multivariable linear regression analyses were constructed to assess
the association of PAPs, mPAP, and PVR with TAPSE. Colinearity
diagnostics was performed. Intra- and inter-observer variability were
tested re-measuring with the two echocardiographer TAPSE, RVSyP,
RVPrP, PVR, PAPs, mPAP, and RV diastolic function in 29 enrolled
patients. Statistical analyses were performed using SPSS/PC release
2013 (IBM Corp., Armonk, NY, USA).

RESULTS

1667 patients were assessed for study eligibility; 529 were enrolled.
Of these, 282 (53.3%) were men and 247 (46.7%) were women,
with a mean age of 70.52 +/- 5.27 years. Table 1 shows the clinical
characteristics of the patients enrolled and exclusion criteria; Table 2

Table 1: Clinical characteristics of studied patients.

Number of enrolled patients 529 §
Caucasian 502 § (94.9%)
Body mass index (BMI) 24.6 +/-4.3*
Mean systolic blood pressure (mmHg) 130 +/- 7.3*
Mean diastolic blood pressure (mmHg) 85 +/- 4.9*
Mean heart rate (beats per minute) 70 +/- 10.6*

Cardiovascular diseases for enrolled patients [Number (percent of patients)]:

Chronic obstructive pulmonary disease and

0,
lung diseases 119§ (22.5%)

Prior stroke / transient ischemic attack 99 § (18.7%)
Peripheral atherosclerosis 53 § (10%)
Prior heart failure 97 § (18.3%)
Prevalence of cardiovascular risk factors for enrolled patients [number (percent

of patients)]

Diabetes 112 § (21.2%)
407 § (76.9%)

350 § (66.2%)

Arterial hypertension
Dyslipidemia
Current tobacco use 151 § (28.5%)

Medications for cardiovascular conditions for enrolled patients [Number

(percent of patients)]:
Anti platelet agents 236 § (44.6%)

Ace-inhibitors or angiotensin Il receptors

0,
antagonists 422 § (79.8%)

Beta blockers 161 § (30.4%)
216 § (40.8%)

303 § (57.3%)

Calcium channel blockers
Lipid lowering drugs
Hypoglycaemic agents 92 § (17.4%)

Exclusion criteria [Number of patients]:

Recent heart failure decomposition 281§
Unstable chronic obstructive pulmonary
) . 263 §
disease and lung diseases
Atrial fibrillation 139§
Acute myocardial infarction and chronic
. ) : 135§
ischemic cardiopathy
Severe pulmonary hypertension 778§
Pulmonary embolism 70 §
Severe valvular diseases 44 §
Congenital heart diseases 39§
Bad acoustic window 90§

§Number of patients, %percent of patients, *Mean +/- standard deviation
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shows the cardiovascular structure and function in the studied cohort
revealing the almost complete normality of the echocardiographic
parameters.

No differences were found between the two echocardiographic
systems used in M-mode, pulsed and continuous Doppler, and DTI
measures. Intra- and inter-observer variability resulted < 1% for RV
diastolic function, < 5% for TAPSE, RVSyP, RVPrP, and PVR, and <
7 % for PAPs and mPAP.

Table 2: Main echocardiographic parameters of studied patients.

Left ventricular ejection fraction (%) 52.11 +/-7.21*
MAPSE#(cm) 1.43 +/- 0.74*
Left ventricular systolic peak (cm/sec) 12.06 +/- 4.51*

Functional mitral regurgitation [Number (percent of

patients)]:
absent 142 § (26.9%)
mild 297 § (56.1%)
moderate 90 § (17%)
Left ventricular diastolic function [Number (percent of
patients)]:
normal 73 § (13.8%)

impaired relaxation 392 § (74.1%)

pseudonormal 51§ (9.6%)
restrictive 13 § (2.5%)
TAPSE” (cm) 2.42 +/- 0.48*

RVSyPA* (cmisec) 17.27 +- 5.27*

RVPrPAA (cm/sec) 19.9 +/- 8.34*
PAPs+ (mmHg) 31.42 +/- 9.62*
mPAP++ (mmHg) 21.16 +/- 5.87*

PVR® (Wood Unit)

Right ventricular diastolic function [Number (percent of
patients)]:

1.34 +/- 0.39*

normal 107 § (20.2%)

impaired relaxation 411 § (77.7%)

restrictive 11§ (2.1%)

*Mean +/- standard deviation, # Mitral Annular Plane systolic excursion, §
Number of patients, %Percent of patients, » Tricuspid Annular Plane Systolic
Excursion,  Right Ventricular Systolic Peak, " Right Ventricular Presystolic
Peak Peak, + Pulmonary Artery Systolic Pressure, ++ Mean Pulmonary Artery
Pressure, ° Pulmonary Vascular Resistances.

PAPs and mPAP were strictly related to PVR (p < 0.001, r 0.675
for both) (Table 3). among the three RV function indices derived
from tricuspid annular motion, Pearson’s analysis showed that only
TAPSE had a correlation with PAPs (p < 0.001, r 0.166), mPAP (p <
0.001, r 0.166), and PVR (p < 0.001, r 0.256) (Table 3). RVSyP and
RVPrP were not related to PAPs (p = 0.326, r 0.043 and p= 0.329, r
0.043 respectively), mPAP (p = 0.326, r 0.043 and p = 0.329, r 0.043
respectively), and PVR (p = 0.481, r 0.032 and p = 0.445, r 0.034
respectively) (Table 3).

Simple regression analysis revealed a linear correlation between
TAPSE and PAPs (p < 0.001, correlation coefficient -3.131, r2 0.025)
(Figure 1), mPAP (p < 0.001, correlation coeflicient -1.91, r2 0.025)
(Figure 2), and PVR (p < 0.001, correlation coefficient -0.21, r2 0.064)
(Figure 3). In the stepwise multiple linear regressions only PVR
entered (p < 0.001, correlation coeflicient -0.312).

The One way ANOVA revealed that RV diastolic function was
related to TAPSE (p = 0.001), PVR (p < 0.001), PAPs (p = 0.001), and
mPAP (p = 0.001). No association was found between RV diastolic
function, RVSyP, and RVPrP (p = 0.276 and p = 0.062 respectively).

The colinearity statistic showed tolerance 1.0 and VIF 1.0
excluding multi colinearity.

DISCUSSION

RV has a complex geometry, with a larger volume and a reduced
mass with respect to the Left Ventricle (LV) [33]. RV free wall is made
up of two muscle layers: a thin circumferential layer and a deeper
longitudinal layer. RV contraction in mainly longitudinal reaching
80% of total RV function (as opposed to LV where radial contraction
is predominant) and RV indexes derived from tricuspid annular
motion well reflect RV global systolic function [34]. RV has a smaller
mass, but pumps the same stroke volume as the LV facilitated by the
low resistance and the high capacitance of the pulmonary circulation
which is capable of accommodating significant increases in RV stroke
volume [35].

RV systolic function depends on RV preload (determined by RV
stroke volume, tricuspid and pulmonary regurgitation), RV afterload
(determined by the forces that oppose RV output and a reflection of
PAP and PVR), and ventricular interdependence (mediated through
septum, circumferential muscle fibers, and pericardium) [16-19].
Conversely PAP is determined by cardiac output, properties of the
vasculature (resistance, capacitance, and impedance), and left atrial
filling pressure [34-36].

Table 3: Pearson’s correlation between the continuous echocardiography parameters.

RVSyP A TAPSE M RVPrP A PVR* PAPs+ MPAP++
RVSyP r0.119% r0.741 r0.032 r0.043 r0.043
p 0.007§ p <0.001 p 0.481 p 0.326 p0.323
TAPSE ro.119 r0.02 r0.256 r0.166 r0.166
p 0.007 p 0.659 p <0.001 p <0.001 p <0.001
RVPrP r0.741 r0.02 10.034 r0.043 r0.043
p <0.001 p 0.659 p 0.445 p 0.329 p0.33
PVR r0.032 r0.256 r0.034 r0.675 r0.675
p 0.481 p <0.001 p 0.445 p <0.001 p <0.001
PAPS r0.043 r0.166 r0.043 r0.675 r0.96
p 0.326 p <0.001 p0.329 p <0.001 p < 0.001
PAP r0.043 r0.166 r0.043 r0.675 r0.96
p0.326 p <0.001 p0.329 p <0.001 p <0.001

ARight Ventricular Systolic Peak, *Tricuspid Annulus Plane Systolic Excursion, **Right Ventricular Presystolic Peak, *Pulmonary Vascular Resistances,
+Pulmonary Artery Systolic Pressure, ++Mean Pulmonary Artery Pressure, #r =Pearson’s correlation value, § p= p value, correlation is significant at the 0.05 level

(2-tailed).
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PAPs

Figure 1: Plot of simple regression analysis between Tricuspid Annular Plane
Systolic Excursion (TAPSE) and Pulmonary Artery Systolic Pressure (PAPSs)

(p < 0.001, correlation coefficient -3.131, r2 0.025).
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Figure 2: Plot of simple regression analysis between Tricuspid Annular Plane
Systolic Excursion (TAPSE) and Mean Pulmonary Artery Pressure (mPAP) (p

< 0.001, correlation coefficient -1.91, r2 0.025).
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Figure 3: Plot of simple regression analysis between Tricuspid Annular Plane
Systolic Excursion (TAPSE) and Pulmonary Vascular Resistances (PVR) (p <

0.001, correlation coefficient -0.21, r2 0.064).
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RV function and PAP are related, since most of the clinical
manifestations of pulmonary hypertension are determined by
ventricular adaptation however, the mechanism underlying these
relationships are complex and not fully understood [16]. It is
well known that PAP elevation lead rapidly to an increase in RV
contractility and to RV hypertrophy, but chronically increased after
load cause RV dilation and failure [36].

The assessment of RV afterload highlights the fascinating
role played by PVR: with respect to systemic circulation, PVR are
comparatively lower (one-tenth of systemic vascular resistances) and
closely related to pressure changes [37].

Echocardiography is the most simple procedure to evaluate the
above mentioned parameters in spite of the fact that previous studies
showed limitations pertaining to patients suffering from severe
pulmonary diseases and severe pulmonary hypertension (excluded
from this study) [38,39]. Furthermore PAP is influenced by age,
diabetes, and body mass index [40,41] while RV function indices and
PAP are more closely related to clinical state when measured during
exercise testing [14].

The interest in these parameters is not merely academic. In fact,
the clinical and prognostic importance of RV function and PAP
has increasingly gained attention [42]. Today, RV function and
PAP are considered predictors of outcome in most cardiovascular
diseases, in lung diseases, in pulmonary embolism, and are therefore
recommended as part of the standard echocardiographic evaluation
[1-12]. Also PVR gained attention and are now considered one of the
most important variables to decide the surgical time in congenital
heart disease, to evaluate critically ill patients, and represent one of
the therapeutic targets in pulmonary hypertension [13-15].

This study was designed to evaluate the relationships among
three RV indices derived from tricuspid annular motion (TAPSE,
RVSyP, RVPrP), PAPs, mPAP, PVR, and RV diastolic function in
stable patients with cardiovascular risk factors and without severe
pulmonary hypertension. These patients have not been enclosed in
previous studies mostly conducted on healthy or unstable patients.

As expected a close relationship between PAP and PVR was
observed but unexpectedly only one of the three considered
indices of RV function had a correlation with PAP, PVR, and RV
diastolic function with a low p value and a low Pearson’s correlation
coeflicient = (r2). Moreover only TAPSE was found to have, in the
simple regression analysis, a linear correlation with PAPs (p < 0.001,
correlation coefficient -3.131, r2 0.025) (Figure 1), mPAP (p < 0.001,
correlation coefficient -1.91, 72 0.025) (Figure 2), and PVR (p < 0.001,
correlation coefficient -0.21, r2 0.064) (Figure 3) and displayed an
association with PVR in the stepwise multiple linear regression (p <
0.001, correlation coefficient -0.312).

Previous studies evaluated pulmonary hemodynamic in healthy
subjects showing that PAPs was associated with LV echocardiographic
parameters (posterior wall thickness, ejection fraction, E/E’ ratio) and
with systemic vascular stiffness [39,40].

Recently Ferrara, et al. [17] in a large cohort of normal subjects
explored the physiologic correlates of TAPSE showing in the
univariate analysis a correlation with LV stroke volume, RV basal
and longitudinal dimensions, and PVR, and in the multivariable
analysis a correlation with cardiac output and RV size. These results
are consistent with other reports in which TAPSE seemed more
influenced by RV preload [43], but as Ferrara argued it is possible that
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the low afterload of healthy subjects without pulmonary hypertension
is not crucial enough to influence TAPSE [17].

Our study seems halfway between studies performed on healthy
subjects and on advanced diseases showing the growing impact of
PAP increase on TAPSE [10,11,17].

PAP and PVR were not related to DTI derived indices RVSyP and
RVPrP even if Lopez-Candales, et al. [44] observed that pulmonary
hypertension caused a decreased systolic time interval between RVSyP
and RVPrP and between the LV mitral presystolic and systolic peaks.
The distinctive features between RV function indices are reinforced
by evidence that RV diastolic function was correlated with PAP, PVR,
and only to TAPSE.

TAPSE represents RV longitudinal and global function and
it is a simple test that has been used for a long period time due to
its unique characteristics [45]. TAPSE has shown to be influenced
also by LV systolic and diastolic function [46] and by ventricular
interdependence since it has a pivotal position among LV and RV
function indices [47]. TAPSE has a prognostic role in early and
advanced cardiovascular diseases [1-12] and in this cohort of stable
patients reflects RV afterload more than DTI-derived indices. All
RV function indices have distinctive features and we believe that the
multi parameter evaluation is required to improve the clinical and
prognostic value of RV function.

CONCLUSIONS

The study showed, in stable patients, the capacity only of TAPSE
to reflect PAP among the considered echocardiographic indexes of
tricuspid annular motion. In stable patients RV function indexes of
tricuspid motion, PAP, and PVR are not closely related.

LIMITATIONS

Echocardiographic parameters of RV function, PAP, PVR, and
RV diastolic function were calculated at rest. The cohort was not
divided in subgroups based on age and body mass index. The study
comprised only stable patients without unstable cardiovascular and
pulmonary diseases and without severe pulmonary hypertension,
specially for the well known limits of echocardiography in these
subjects.
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