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Abstract
Pulmonary hypertension is a serious multifactorial and 

multidisciplinary clinical syndrome with great damage to the 
quality of life of patients and high morbidity and mortality. 
Echocardiography is the main test used for screening pulmonary 
hypertension due to its easy access and for being non-invasive. 
This work aims to analyze the application of echocardiography 
in the morphological and functional evaluation of the heart 
of patients with pulmonary hypertension.

Introduction
Pulmonary hypertension (PH) is the increase in mean 

pulmonary arterial pressure (MPAP) ≥ 25 mmHg at 
rest, measured by right heart catheterization (RHC). 
Normal MPAP was estimated at 14 ± 3 mmHg, 20 mmHg1 
being its maximum value. 

PH is characterized by hemodynamic and pathophysiological 
abnormalities, becoming a complex syndrome of difficult 
diagnosis and treatment and often poor prognosis2-5.

Patients with MPAP ≥ 25 mmHg are diagnosed with PH 
and, after that determination, it must be defined whether 
PH is pre-capillary or post-capillary.

If the pulmonary capillary wedge pressure (PCWP) is 
≤ 15 mmHg, PH is said to be pre-capillary, including 
pulmonary arterial hypertension in the absence of other 
causes (group 1), PH of pulmonary origin (group 3), chronic 
pulmonary thromboembolism (group 4) and PH of unclear 
cause or due to multifactorial factors (group 5).

If the PCWP is > 15 mmHg, PH is the post-capillary 
type, originating from left heart diseases (group 2), where the 
Transpulmonary Pressure Gradient (TPG) must be determined 
by the following formula6:

TPG = MPAP – average PCWP

When this difference is ≤12 mm Hg, the increased 
pulmonary artery pressure (PAP) is said to be passive, that is, 
it is caused exclusively by cardiac involvement. If the TPG 
is > 12 mmHg, increase in PAP is disproportionate to the 
increase of pressure in the left ventricle (LV), therefore, there 
is pulmonary vascular remodeling or other causes related to 
increased PAP.

The definition of HP in exercise as MPAP > 30 mmHg, 
measured by RHC, has not been validated by data published2.

In patients with congenital heart diseases, several 
factors should be evaluated: defect type, size, magnitude 
of flow, risk factors, previous surgeries and extracardiac 
abnormalities associated7.

All of these factors significantly influence the development 
of PH and the evolution to an extreme condition called the 
Eisenmenger’s syndrome, in which the pulmonary vascular 
resistance becomes greater than the systemic resistance and 
the flow through defect is inverted irreversibly. This condition 
has a high morbidity due to hypoxemia and various secondary 
hematological alterations4,5.

Diagnosis
Patients with dyspnea on exertion, chest pain, dizziness 

and/or syncope and signs of right heart failure without an 
evident cause should be evaluated for PH investigation8. 
Symptoms at rest only occur in advanced cases. 

Several additional tests (with high sensitivity and specificity 
spectrum) can be used for the initial evaluation of these 
patients, including electrocardiogram (ECG), echocardiogram 
(ECHO), pulmonary function testing, high resolution computed 
tomography (HRCT) and pulmonary angiography. If the result 
of the tests is not compatible with PH, other causes should 
be looked for. If this data is compatible with PH, it should be 
determined whether the origin is cardiac or pulmonary and if 
the HP is proportional to the severity of the disease.

The ECG shows signs of right ventricular hypertrophy 
in 87% of cases, but the absence of these signs does not 
exclude PH. Its sensitivity (55%) and specificity (70%) are 
considered low for the evaluation of patients suspected 
of having HP2.

Chest radiology is abnormal in 90% of patients with PH, 
showing dilatation of the pulmonary artery and decreased 
peripheral pulmonary vasculature, but in general, this data 
does not correlate with the degree of PH8.

Pulmonary function tests and arterial blood gas analysis 
can identify parenchymal lung diseases that cause PH, 
such as chronic obstructive pulmonary disease.
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Pulmonary scintigraphy of ventilation/perfusion can 
be performed with patients with PH suspected of having 
chronic pulmonary thromboembolism, detecting this 
disease with high sensitivity and specificity9.

HRCT provides detailed images of the lung parenchyma 
and helps diagnosing interstitial pulmonary disease and 
emphysema and is very useful when venous occlusive 
disease is suspected10. Computed tomography with 
contrast is recommended to investigate PH by chronic 
pulmonary thromboembolism.

Traditional lung angiography with contrast can be used 
to diagnose patients with pulmonary embolism susceptible 
to pulmonary endarterectomy11. RHC is important to 
determine the pulmonary artery pressures and pulmonary 
wedge pressure, allowing differentiating precapillary from 
post-capillary PH. Pulmonary vasoreactivity can be tested 
with inhalation of nitric oxide or infusion of adenosine 
or epoprostenol12.

Echocardiography in the morphological and functional 
assessment of the heart of patients with pulmonary 
hypertension

Echocardiography is the main test used for screening PH 
because it is easily accessible, noninvasive, and allows the 
diagnosis of heart defects and diseases.

The main limitations are the fact that this method is 
dependent and technically inadequate in some patients.

Methodology of echocardiographic study
The echocardiographic study can be systematized in three 

sequential steps5:

A) Study of the right heart

Evaluation of the size of the right cavities, determination 
of right ventricular function (RVF), calculation of pulmonary 
artery systolic pressure (PASP) and MPAP.

For a full view of the right ventricle (RV) it is necessary 
to run multiple scans: parasternal (long axis, short), apical 
four-chamber and subcostal view (Figure 1). 

The dimensions of the right chambers may be estimated 
qualitatively: there is RV dilation when in the parasternal long 
axis view its diameter is greater than 2/3 of the LV, and in 
apical four-chamber view when the left cavities are equal to 
or greater than the left ones (valid only when the left cavities 
are of normal dimensions)5.

The RV outflow chamber, the trunk and the main branches 
of the pulmonary artery are evaluated in the parasternal 
window (short axis). In severe PH, the pulmonary artery and 
its branches are dilated (diameter bigger than 2.8 cm).

The determination of ejection fraction (EF) by Simpson’s 
modified rule is not adequate for assessing the RVF due to 
the complex characteristics of the geometry of this chamber. 
The first step in evaluating the RVF is the qualitative analysis 
in normal, mild, moderate, or severely involved5.

Figure 1 – RV dimensions. Left: four-chamber view inflow tract, with smaller diameters at the tricuspid annulus (RV1) and moderator band (RV2) level and the 
longitudinal length of the cavity (RV3). Right: RV outflow tract with dimensions above the aorta (1) at the outflow level (2) and pulmonary trunk (3).
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Pulmonary circulation with chronically high pressures leads 
to dilation of the right cavities followed by right ventricular 
hypertrophy and, subsequently, chamber dysfunction.

The interventr icular septum may be f lattened, 
with abnormal movement or hypertrophied, with an 
interventricular septum/posterior wall ratio > 1.

The estimated PASP depends on the tricuspid regurgitation 
jet and right atrial pressure (RAP). In up to 10% of the cases, 
it is not possible to measure the tricuspid insufficiency jet, 
therefore preventing the estimate of PASP3.

PASP is estimated by the tricuspid insufficiency (TI) jet, 
present in about 80% of patients with PH (Figure 2).

In the absence of pulmonary stenosis or obstruction in 
the RV outflow chamber, the PASP can be calculated by the 
Bernoulli equation:

PASP = 4 . V² + RAP
where V is the maximum speed of the TI jet obtained 

by continuous Doppler and RAP is determined indirectly 
considering the diameter and respiratory variability of the 
inferior vena cava (IVC)13. The normal upper limit of PASP 
is 37.2 mmHg5.

There is a strong correlation between the PASP estimated 
by echocardiography and by right heart catheterization.

However, the significant number of false positives requires 
confirmation of diagnosis by right heart catheterization1-5.

The measurement of pulmonary pressure during exercise 
has not been validated by clinical observations2, although 
it may be used in asymptomatic patients with functional 
mitral regurgitation for the purposes of taking a therapeutic 
decision. PH is unusual in asymptomatic patients (9%), 
but was observed in 58% of patients during exercise and 

is a major determinant of events after mitral regurgitation 
surgery. Sixty percent of patients who experienced PH 
during exercise were event-free in five years compared to 
88% of patients who did not have PH14.

As the RV function has a significant role in the prognosis of 
patients with PH, proper evaluation is necessary.

Unlike the LV that has thick walls and conical shape, 
the RV has thin walls and semilunar shape (or crescent 
moon shape). Its myocardial mass is significantly smaller 
and more trabecular than the LV myocardial mass. 
The contraction pattern is also different: in the RV, there 
is a predominance of longitudinal contraction of the 
myocardial fibers, while in the LV, there is a predominance 
of a spiraling movement15 (Figure 3).

These characteristics can be evaluated by the methods 
that measure myocardial strain, including cardiac strain16. 
For the purposes of measurement, the RV free wall strain is 
used, since the septal wall presents strain values   influenced 
by the LV strain (Figure 4).

The reference values   for LV free wall longitudinal strain are 
-32.5% ± 5.1% for males and -34.6% ± 5.3% for females17.

The tricuspid annular plane systolic excursion (TAPSE) 
towards the apex has proved to be a good technique to assess 
the RV. TAPSE is the measure of the ring excursion from the 
RV apex during systole (Figure 5). An excursion smaller less 
than 1.5 cm indicates RVF involvement5.

A study comparing the assessment of RVF by TAPSE 
with measurements taken on the RHC showed an excellent 
correlation of the values   found.

TAPSE values   < 1.8 cm showed good accuracy for the 
detection of RV dysfunction and were considered as a 

Tricuspid valve regurgitation
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Figure 2 – Determination of Pulmonary Artery Systolic Pressure (PASP) by the tricuspid regurgitation jet velocity.
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prognostic marker, since patients with TAPSE values   < 1.8 cm 
had lower survival than those with TAPSE values > 1.8 cm18.

Assessment by tissue Doppler echocardiography (TDE) 
allows calculating the lateral speed of the tricuspid annulus, 
and if it is smaller than 10 cm/s, it indicates compromised 
RVF (Figure 6).

The right ventricular Tei index is another useful 
parameter in the evaluation of RVF and is calculated by 
the following formula: 

IVCT + IVRT/ET
where TCIV: isovolumetric contraction time; IVRT: 

isovolumetric relaxation time; TE: ejection time.
When there is deterioration of RVF, the ejection time is 

shortened and the isovolumetric relaxation time increases. 
A Tei index higher than 0.40 indicates abnormal RVF5,19.

Comparison of the RV area between systole and diastole, 
called right ventricular fractional area change has been studied 
for evaluation of RVF and may be useful in patients with PH3. 
It is the measure that best correlates with RVEF by cardiac 
magnetic resonance imaging (CMRI)19, currently the reference 
standard for noninvasive evaluation of the RV.

The estimate of pulmonary vascular resistance (PVR) is 
important in the evaluation and management of patients with 
cardiovascular disease20. To noninvasively determine PVR by 
echocardiography, the TI peak velocity and the velocity-time 
integral (VTI) of the RV outflow tract (RVOT) are measured:

PVR (in Wood Units) = TI peak velocity (m/s) /VTI 
RVOT (cm) x 10 + 0.16

To convert Wood units (mmHg/L/min) in dyn/sec/cm-5, just 
multiply by 8021.

Three-dimensional echocardiography has been 
validated for the measurement of RVEF volumes favorably 

comparing to RMC and recent publications report its 
use in diseases affecting the RV19 (Figure 7). Studies with 
three-dimensional mode in patients with PH have shown 
increased RV eccentricity, with increased section areas 
in the basal and medial regions and bulging in the region 
adjacent to the tricuspid valve. In more advanced cases, 
with TAPSE < 1.8 cm, there is an increase in RV volumes 
with reduced EF estimated by three-dimensional echo. 
The function parameters are the ones that mostly correlate 
with the symptoms in patients22. Another study in patients 
with PH indicates that remodeling of RV and right atrium 
observed with three-dimensional echocardiography was 
associated with a poor clinical outcome. The increase in 
the right atrial sphericity index (ratio between the smallest 
right atrial axis in the middle of the cavity, parallel to 
the tricuspid annulus and long axis in the end of systole) 
> 0.24 predicts poor clinical outcome with a sensitivity 
of 96% and specificity of 90%23.

B) Study of the left heart
Study of the left heart allows characterizing valve structures, 

evaluating ventricular wall thickness, size and morphology of 
the cavities and evaluation of ventricular function (systolic and 
diastolic, if possible). 

The LV acquires a D-shape, with reduction of 
diastolic and systolic volumes, but with preserved global 
systolic function3,5.

The leaflets of the mitral valve may exhibit morphological 
changes (thickening, calcification or prolapse) associated with 
connective tissue disease5.

When present, pericardial effusion is consequent to the 
deficiency of lymphatic drainage caused by increased pressure 
in the right cavities5. 

Figure 3 – Layout of myocardial fibers. On the right, LV spiral shape with oblique and circular fibers that are reflected at the apex forming a double helix. To the left, the 
longitudinal arrangement of the fibers forming the RV wall, anchored to the outflow tract in the pulmonary artery (pulmonary ring). Reprint authorized by Del Castillo JM. 
Strain Cardíaco, Revinter, Rio de Janeiro, 2013.
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Figure 4 – Longitudinal RV free-wall strain determined by the speckle tracking method in patient with HP, where a decrease in global longitudinal strain is observed (G.L. Strain), 
whose normal value is greater than 32%. The mechanical dispersion (SD Time) represents the standard deviation of maximum strain times.
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The LV degree of distortion caused by RV dilatation can 
be quantified through the LV eccentricity index: In the short 
axis, normal LV is round with equal transverse and longitudinal 
diameters. In the presence of RV dilation, the LV diameter (D1) 
perpendicular to the interventricular septum (IVS) is smaller 
than the parallel diameter (D2).

The LV eccentricity index represents the ratio D2/D1 = 1 
and is considered abnormal when > 1.223 (Figure 8).

C) Exclusion of congenital defects
The systemic-pulmonary shunts should be systematically 

excluded24 and it may be useful to supplement the 
examination with the administration of intravenous contrast 
(agitated saline) and transesophageal echocardiography.

In patients with congenital heart disease, the diagnosis 
of PH is usually delayed and occurs upon symptoms of 
exercise intolerance, dyspnea and fatigue, and low output 
signals, syncope and pre-syncope, caused by progressive 
deterioration of the RV25. There may be palpitations due to 
ventricular or supraventricular arrhythmias, chest pain by low 

cardiac debit or even hemoptysis or hemoptysis sputum due 
to thromboembolic events4.

It is important to determine the location, defect size 
and magnitude of the pulmonary flow. Other factors, when 
associated with congenital heart diseases, increase the risk of 
PH: chromosome 21 trisomy, hemorrhagic telangiectasia26, 
scleroderma, lupus, altitude and sickle cell anemia.

Among the congenital heart diseases with shunt, 
ventricular septal defect has a risk of 10% to progress 
to PH. Atrioventricular canal defects present a high risk of 
progressing to HP. Untreated atrial septal defect progresses 
to PH in 4%-6% and in complex congenital heart diseases 
with increased pulmonary blood flow, such as a common 
truncus arteriosus and univentricular heart, the probability 
reaches 100%27.

In recent years, the evolution and survival of patients 
with congenital heart diseases have improved significantly, 
creating a new generation of young patients who require 
prolonged follow-up and assessment of RV adaptation 
to hemodynamic changes produced by surgical or 
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Figure 5 – Determination of the tricuspid annular plane systolic excursion (TAPSE) using M-mode echocardiography.

M-mode line

TAPSE

Figure 6 – Tissue Doppler (TD) showing the lateral velocity of the tricuspid ring. S’: systolic velocity; E’: initial diastolic velocity; A’: end-diastolic velocity.
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Figure 8 – LV eccentricity in patients with severe PH, more pronounced during systole, with reduction of longitudinal diameter (D1), presenting a D2/D1 ratio > 1.2.
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Figure 7 – Three-dimensional reconstruction of the RV obtained by echocardiography with determination of the ventricular volumes and EF.
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interventional procedures24. Operated patients with 
congenital heart diseases have reduced the risk of severe 
PH and Eisenmenger syndrome, but some cases, especially 
when the heart disease presented a large pulmonary blood 
flow, should be carefully evaluated as they may evolve to 
obstructive pulmonary vascular disease. 

Conclusion
Pulmonary hypertension is a severe progressive clinical 

syndrome that may complicate many systemic, valvular 
or congenital diseases, or can be idiopathic, causing 
high morbidity and mortality. Diagnosis of PH must 
be done through a number of tests and examinations, 
invasive or not, among which echocardiography plays 
an important role, being the main method used for 
screening. Its confirmation diagnosis requires, however, 
right heart catheterization.

Recently, with the introduction of tissue Doppler, cardiac 
strain and three-dimensional echocardiography, there have 
been significant advances in morphological and functional 

assessment of the RV, making echocardiography an important 
tool for the exclusion of pulmonary hypertension.
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