EXPERIMENTAL AND THERAPEUTIC MEDICINE 14: 1248-1252, 2017

Evaluation of two-dimensional strain echocardiography
for quantifying right ventricular function in patients
with pulmonary arterial hypertension
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Abstract. The aim of the current study was to evaluate the
use of two-dimensional strain echocardiography (2DS) in
quantifying right ventricular (RV) function in patients with
pulmonary arterial hypertension (PAH). A total of 41 patients
with PAH and 40 healthy control patients were recruited to the
study. 2DS was used to determine the strain () and strain rate
(SR) of basal, middle and apical segments of the RV free wall.
The aforementioned indicators were compared with measure-
ments of RV function taken by conventional ultrasound and
right heart catheterization. The € and SR of all segments of the
right ventricular free wall were significantly lower in the PAH
group, as compared with the control group (P<0.05). In the
PAH group, the € and SR of the middle and apical segments
were significantly lower compared with basal segments
(P<0.01). The SR of the apical segments were positively corre-
lated with the area and diameter of the right ventricular. The
e of the apical segments were positively correlated with RV
area, diameter and systolic function. The € and SR of apical
segments were positively correlated with pulmonary artery
pressure and pulmonary vascular resistance measured by right
heart catheterization. These findings indicated that 2DS can
accurately evaluate RV longitudinal systolic function.

Introduction

Pulmonary arterial hypertension (PAH) is an increase of
blood pressure in the pulmonary artery, with resting mean
pulmonary arterial pressure (mPAP) =25 mmHg. This can
lead to increased lung vascular resistance, decreased right
ventricular function, right heart failure and fatality (1). PAH
has high disability and mortality rates, which pose a threat
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to patient health and have a notable impact on a country's
economy (2,3).

The complex shape and volume dependency of the right
ventricle (RV) make it difficult to accurately quantify RV
morphology and function using standard echocardiog-
raphy (4,5). Two-dimensional strain echocardiography (2DS)
is based on strain (¢) and strain rate (SR) imaging (6), and
measures motion by tracking speckles. These speckles are
natural acoustic markers, which are evenly and stably distrib-
uted in myocardial tissue, and move synchronously with the
tissue. The speckles can be tracked in successive time frames
of ultrasound imaging, and their movement can then be used to
calculate the tissue's velocity, € and SR (7-9). The muscle fibers
of the RV predominantly run in a longitudinal direction and
the major contractility of RV occurs in the longitudinal plane,
which indicates that global longitudinal strain can represent
RV function accurately (10). The 2DS method has been
frequently used to assess left ventricle function (7). However,
it has rarely been used to examine RV function.

The current study aimed to compare the systolic strain
capacity of the RV free wall in PAH patients and healthy
control patients using 2DS, and to investigate the effect of
mPAP on right ventricular systolic strain.

Subjects and methods

Subjects. A total of 41 PAH patients were recruited from
Beijing Shijitan Hospital (Beijing, China) from April 2007 to
February 2009. The inclusion criteria for PAH patients were as
follows: i) No previous history of respiratory disease, cardio-
vascular disease or pulmonary embolism, ii) PAH diagnosis,
based on right heart catheterization (RHC) results showing that
resting mPAP >25 mmHg (1 mmHg=0.133 kPa) and pulmo-
nary capillary wedge pressure <15 mmHg. The exclusion
criterion was diagnosis with pulmonary-related hypertension
other than PAH, such as left heart-associated PAH, respira-
tory-associated PAH, chronic thromboembolic PAH or mixed
PAH, as defined by the 2003 World Health Organization PAH
diagnostic criteria (7). All patients underwent routine chest
X-rays and high-resolution computed tomography scans.
Patients with severe interstitial lung disease were excluded. A
total of 40 healthy control patients, with no previous history of
smoking, cardiovascular disease or respiratory disease, were
also recruited. All PAH patients received RHC 72 h before
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and after echocardiography. Written and informed consent
was obtained from every patient prior to the study. The study
was approved by the ethics review board of Beijing Shijitan
Hospital.

Procedures. All patients underwent RHC in a resting state,
according to standard protocol (11). The cardiac output (CO)
of patients with idiopathic PAH (IPAH) was measured by
thermodilution, and the CO of patients with congenital heart
disease (CHD)/PAH was measured using the Fick method (11).

2DS was conducted using a cardiac ultrasound imaging
device (Philips iE33), QLAB 7.1 cardiovascular ultrasound
quantification software (both Philips Medical Systems, Inc.,
Bothell, WA, USA) and DVD storage. Patients were in the
left lateral position and in a resting state. The chest-lead elec-
trocardiogram recorded the 2DS in the apical four-chamber
view (frame rate, 70-90 per sec) for three cardiac cycles.
QLAB software was used to analyze the 2DS and manually
outline the right ventricular endocardial surface. Then QLAB
generated the area of interest, adjusting its width to match the
thickness of the ventricular wall. QLAB tracked myocardial
motion in the area of interest and measured the systolic € and
SR of basal, middle and apical segments. The endocardial
border of RV was manually traced at systole and diastole. This
was used to calculate the RV area. The change rate was also
calculated.

Statistical analysis. SPSS 15.0 (SPSS, Inc., Chicago, IL, USA)
was used for statistical analysis. Data are expressed as the
mean * standard deviation. Comparisons between echocar-
diography results were performed using a t-test. Correlations
between measurements of RV function by 2DS, RHC and
conventional ultrasound were evaluated using Pearson correla-
tion analysis. P<0.05 was considered to indicate a statistically
significant result.

Results

Baseline characteristics and echocardiography. There were
41 patients in the PAH group (32 cases of IPAH and 9 cases
of CHD-PAH) and 40 healthy patients in the control group.
There were no significant differences in age, gender, height,
body mass or left ventricular ejection fraction between the two
groups (Table I). The RV area change rate and blood pressure
were significantly lower in the PAH group as compared with
the control group (P<0.01 and P<0.05, respectively; Table I).
The diastolic and systolic area of RV and the tricuspid regur-
gitation velocity were significantly higher in the PAH group
compared with the control group (all P<0.01; Table I).

e and SR of RV free wall segments. In order to evaluate differ-
ences in RV parameters between the two groups, € and SR
were detected and compared (Figs. 1 and 2). The € and SR
of the basal, middle and apical segments of RV free wall
were significantly lower in the PAH group compared with the
control group (P<0.05; Table II). In the control group, there
were no significant differences in € and SR between each
segment of RV free wall (Table II). In the PAH group, the €
and SR of the middle and apical segments were significantly
lower compared with the basal segments (P<0.05; Table II).
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These results indicated that patients with PAH had impaired
RV systolic strain and strain rates, compared with controls.

Correlation between 2DS and conventional ultrasound
measurements of RV function. The correlations between RV
function parameters measured by 2DS and conventional ultra-
sound are shown in Table III. The SRs of middle segments were
negatively correlated with RV diameter and area (P<0.05), and
the SRs of apical segments were positively correlated with RV
area (P<0.05). No correlation was found between the SR of
basal segments and conventional ultrasound measurements.
The € of apical segments was positively correlated with
tricuspid regurgitation flow rate, RV diameter and area and RV
area change rate (all P<0.01), as well as with left ventricular
stroke volume (P<0.05). The & of middle and basal segments
were negatively correlated with RV area change rate and left
ventricular stroke volume (both P<0.05), but no correlations
were found with other conventional ultrasound measurements.

Correlation between 2DS and RHC measurements of RV
function. The correlations between RV function parameters
measured by 2DS and RHC are shown in Table IV. The SRs
of apical segments were positively correlated with pulmonary
artery pressure (diastolic, systolic and mean pressure; P<0.05,
P<0.01, P<0.01, respectively) and total pulmonary resistance
(P<0.01), and negatively correlated with stroke volume
(P<0.05). The ¢ of apical segments were positively correlated
with pulmonary artery pressure (diastolic, systolic and mean
pressure) and total pulmonary resistance and negatively
correlated with stroke volume (all P<0.01). The € of middle
segments were positively correlated with total pulmonary
resistance (P<0.01), but no correlation was detected between
other measured parameters.

Discussion

The anatomy of the RV results in it having low resistance
and a high load capacity (12). In pulmonary hypertension,
pulmonary vascular resistance increases, resulting in
increased RV afterload, RV hypertrophy and myocardial
oxygen demand. It can also result in an insufficient blood
supply, decreased RV compliance and increased RV
diastolic pressure, leading to cavity dilation and potentially
right heart failure (13-16).

The RV is principally composed of longitudinal
muscle (17). Ejection is performed by longitudinal muscle, so
the majority of RV function research has focused on longi-
tudinal muscle (18-20). € and SR are indicators of cardiac
function based on myocardial deformation. In the current
study, 2DS was used to track speckles that were evenly
distributed in myocardium in two-dimensional gray-scale
images over multiple time frames. Movement of the speckles
was tracked and their relative movement compared between
time frames. This method overcomes angle dependence, so
that RV longitudinal motion can be quantitatively recorded (8).

The current study demonstrated that SR and & were lower
in each segment of RV in PAH patients compared with the
control group, which is consistent with previous MRI find-
ings (21). Results of the current study also demonstrated that
SR and ¢ in the apical and middle segments in PAH patients
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Table I. Baseline characteristics and echocardiography results of PAH and control groups.

Parameter Control (n=40) PAH (n=41)
Gender (male/female) 36/4 36/5
Age (years) 31.8+17.2 30.8+16.2
Brachial artery systolic pressure (mmHg) 119+13 105+16*
Brachial artery diastolic pressure (mmHg) 75+16 55+9°
Tricuspid regurgitation velocity (m/sec) 1.9+0.6 4.5+2.3°
RV diastolic area (cm?) 15.1%6.0 33.1+13.9°
RV systolic area (cm?) 6.9+4.0 23.3+10.9°
Area change rate of RV (%) 50.9+10.8 20.9+10.8°
Left ventricular ejection fraction (%) 65.3+12.8 70.3+15.8

“P<0.05 vs. control, "P<0.01 vs. control. PAH, pulmonary arterial hypertension; RV, right ventricle.

Table II. Comparison of € and SR between the PAH and control groups.

SR (sec-1)
Segment PAH (n=41) Control (n=40) PAH (n=41) Control (n=40)
Basal -1.61+0.90* -2.03+1.19 -23.2+10.6* -43.2+12.6
Middle -1.41+0.64*° -1.79+0.69 -17.2+5.0%° -32.2+8.3
Apical -1.22+0.56*° -1.69+0.59 -18.7+6.9%* -342+94

1P<0.05 vs. control, "P<0.05 vs. basal segment. PAH, pulmonary arterial hypertension; SR, strain rate; ¢, strain.

Control

Figure 1. RV longitudinal & determined by 2D speckle tracking echocar-
diography in control and PAH groups. The RV wall was divided into six
segments automatically. Peak longitudinal € was measured in each segment
at the mid-RV free wall and interventricular septum. RV, right ventricular;
PAH, pulmonary arterial hypertension; &, strain.

were significantly lower compared with basal segments. Apical
segment deformation was correlated with RV contraction
measured by RHC and conventional ultrasound, suggesting
that under long-term pressure, the level of damage in the RV
apical segment was higher than in the RV basal segment. This
is likely to be due to the anatomy of the basal segment, which
is composed of smooth myocardial and more longitudinal
muscle, while the apical segment is composed of trabecular
and less longitudinal muscle (22,23). This means that the
apical segment is more easily damaged than the basal segment
under the same pressure (24,25). Therefore, this suggests that

Control

Figure 2. RV longitudinal strain rate determined by 2D speckle tracking
echocardiography in control and PAH groups. The RV wall was divided
into six segments automatically. Peak longitudinal strain was measured in
each segment at the mid-RV free wall and interventricular septum. RV, right
ventricular; PAH, pulmonary arterial hypertension.

€ and SR of the apical segment are important in determining
the extent of PAH.

It has previously been reported that the basal segment
is more severely damaged than the apical segment in PAH
patients, which is inconsistent with the results of the current
study (22,23). This is likely to be due to the patients included in
the studies. Only IPAH and CHD-PAH patients were included
in the current study, while respiratory disease-associated PAH
and thromboembolic PAH were also included in previous
studies. It has also previously been suggested that the reverse
McConnell sign in thromboembolic PAH patients can affect
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Table III. Correlation between two-dimensional strain echocardiography and conventional ultrasound measurements of RV
deformation in pulmonary arterial hypertension patients (n=41).

Basal Middle Apical

Parameter SRr €T SRr €r SRr €T

Tricuspid regurgitation peak velocity -0.22 0.25 -0.32 0.25 0.36 0.62°
RV diameter -0.17 0.18 -0.47* 0.18 0.31 0.52°
RV diastolic area -0.23 0.35 -0.43¢ 0.35 0412 0.68"
RV systolic area -0.20 0.26 -0.52¢ 0.26 041° 0.64°
RV area change rate -0.18 -0.58* -0.38 -0.58* -0.34 0.70°
Left ventricular stroke volume 0.08 -0.42° 0.08 -0.52¢ -0.25 0.40°

1P<0.05,°P<0.01. RV, right ventricle; r, correlation coefficient; SR, strain rate; €, strain.

Table IV. Correlation between two-dimensional strain echocardiography and right heart catheterization measurements of RV
deformation in pulmonary arterial hypertension patients (n=41).

Basal Middle Apical
Parameter Value SRr er SRr er SRr er
Pulmonary artery systolic pressure (mmHg) 73+39 0.08 0.40 0.19 041 0.59° 0.77°
Pulmonary artery diastolic pressure (mmHg) 29+12 -0.16 0.38 0.21 0.42 0.68° 0.82°
Mean pulmonary artery pressure (mmHg) 49+16 -0.09 0.44 0.19 0.40 0.69° 0.79°
Stroke volume (ml) 55+16 0.12 -041 0.02 0.38 -0.54* -0.59°
Total pulmonary resistance (Wood units) 95+50 0.02 0438 0.26 0.60° 0.65° 0.77°

P<0.05, "P<0.01. r, correlation coefficient; SR, strain rate; €, strain.

study results (16). Moreover, the aforementioned studies used
ultrasound estimation to evaluate RV function and hemody-
namics, while RHC was used for evaluation in the current
study. It has been reported in a meta-analysis that conventional
ultrasound cannot accurately evaluate the extent of PAH or
systolic function (13-15), due to the irregular shape of the
RV and technical limitations of ultrasound in measuring area
change rate and ejection fraction.

A limitation of the current study is that only IPAH and
CHD-PAH were included, thus no information on the impact
and differentiation of other types of PAH on the RV has been
provided. Further studies involving additional PAH types are
required.

In conclusion, the longitudinal function of RV in PAH
patients was demonstrated to be significantly lower compared
with the control group, according to SR and & measurements
made using 2DS. The longitudinal function was found to
be most significantly reduced in the apical segment. Thus,
2DS is able to accurately evaluate RV longitudinal systolic function.
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