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Abstract

Background: Although right ventricular (RV) dysfunction in pulmonary diseases has been associated with increased
morbidity, tools for RV dysfunction identification are not well defined.

Objective: The aim of this study was to evaluate the magnitude of RV dysfunction by means of speckle tracking
echocardiography (STE) in patients with chronic obstructive pulmonary disease (COPD) and to investigate whether STE
could be used as an index of RV improvement after a pulmonary rehabilitation (PR) program.

Methods: Forty-six patients with COPD undergoing PR program and 32 age-sex matched healthy subjects were enrolled.
RV function was evaluated at admission and after PR program by conventional two-dimensional echocardiography (2DE)
and STE. In addition, exercise tolerance of subjects was evaluated using the six-minute walk test (6MWT).

Results: COPD patients had worse RV function according to STE and 2DE as well. STE was more sensitive than conventional
2DE in determining RV improvement after PR program — RV global longitudinal strain (LS): 20.4 + 2.4% vs. 21.9 * 2.9%
p < 0.001 and RV free wall LS: 18.1 * 3.4% vs. 22.9 * 3.7%, p < 0.001). RV free wall LS was directly related to distance
walked at baseline 6MWT (r = 0.58, p < 0.001) and to the change in the 6MWT distance (6MWTD A) (r = 0.41, p = 0.04).

Conclusions: We conclude that STE might be as effective as 2DE for evaluation of global and regional RV functions.
STE may become an important tool for assessment and follow-up of COPD patients undergoing PR program to determine
the relationship between RV function and exercise tolerance. (Arq Bras Cardiol. 2018; 111(3):375-381)

Keywords: Ventricular Dysfunction, Right / rehabilitation; Pulmonary Disease, Chronic Obstructive / rehabilitation;
Echocardiography / methods; Strain, Speckle Tracking.

Introduction Patients with advanced chronic respiratory disease
regularly experience distressing symptoms despite optimal
pharmacological treatment. Pulmonary rehabilitation (PR)
complements conventional medical therapy, and has been
clearly demonstrated to reduce dyspnea, increase exercise
performance, and improve RV functions.® Today, is well
known that chronic obstructive pulmonary disease (COPD)
patients experience substantial mortality and morbidity from
RV function impairment.®”

The right ventricle plays an important role in the
morbidity and mortality of patients with signs and symptoms
of cardiopulmonary disease.” Although transthoracic
two-dimensional echocardiography (2DE) provides important
information about the right ventricular (RV) anatomy and
function, the RV complex geometry and crescent-shaped
structure wrapped around the left ventricle (LV) make
accurate assessment difficult.? Moreover, conventional 2DE
measures, including velocity and displacement-based analyses,
can be affected by translational motion of the heart and
respiratory variation. The new echocardiographic method of
speckle tracking echocardiography (STE) assesses myocardial
deformation on grayscale (B-mode) images and can be used
to evaluate both global and regional myocardial strain without
being limited by the Doppler beam angle.**

A number of studies have used conventional 2DE to
evaluate the RV in patients with cardiopulmonary diseases,
but there is relatively limited information concerning
the assessment of RV performance by means of speckle
tracking-derived strain.®® Therefore, we sought to analyze
the use of STE in the assessment of global and regional RV
function and impact of PR program on it.

Methods
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were excluded from the analyses due to the poor quality of
their echocardiographic records. In the remaining patients,
the apical segment of the RV free wall and the apical septum
could not be analyzed in 3 and in 2 patients, respectively.

All patients had a previous diagnosis of symptomatic COPD.
The control group included 32 healthy volunteers. Patients with
impairment of LV systolic function (ejection fraction < 55%),
significant valvular heart disease, cardiomyopathy, history
of coronary artery disease, and malignancy were excluded.
The investigation complies with the principles outlined in the
Declaration of Helsinki. The study was approved by the local
Ethics Committee and written informed consent was obtained
from all participants.

Adult patients with COPD with medically optimized
symptomatic lung disease, admitted to the outpatient PR
program, were referred by respiratory physicians after an
initial multidisciplinary assessment clinic with a respiratory
or rehabilitation physician, cardiology physician, nurse, and
physiotherapist. Before starting the PR program, we obtained
medical histories and performed physical examination of all
patients. Specific measurements recorded at the beginning
and end of PR program included 6-minute walk test (6MWT),
mMRC (modified Medical Research Council) dyspnea
scale, the BODE index — body mass index (BMI), degree of
obstruction (FEV1), dyspnea (nMRC scale), exercise capacity.
The PR program consisted of 2 sessions each day for 6 days per
week for a total of 4 weeks. Each session lasted 30 minutes and
included symptom-limited exercise training (walking or cycling).

All 6MWTs were performed on a flat surface, enclosed,
temperature-controlled corridor using standardized
instructions.'®"" Two 6MWTs and echocardiographic examinations
were performed at the beginning of the pre-rehabilitation and
post-rehabilitation assessments at the end of PR program due
to possible learning effect. The best GMWT was recorded and
used for analysis. The BMWTDA (delta) was determined by the
difference between pre- and post-rehabilitation of 6MWTs. The
effect of the 6GMWT after the PR program was evaluated by BODE
index and the mMRC score.

Conventional and speckle-tracking echocardiography

All echocardiographic examinations of patients and healthy
controls were performed in accordance with the American
Society of Echocardiography guidelines using an ultrasound
system (IE33, Philips Medical Systems, Andover, MA, US)."
Estimation of systolic pulmonary artery pressure (sPAB) was
based on tricuspid regurgitation peak velocity using the
simplified Bernoulli equation: 4x(tricuspid regurgitation peak
velocity)?+ right atrial pressure (RAP). Estimation of RAP was
done on the basis of the inferior vena cava diameter and
collapse index.? Tricuspid annular plane systolic excursion
(TAPSE) is defined as the total excursion of the tricuspid annulus
from end-diastole to end-systole, and it is measured typically
at the lateral annulus using M-mode Isovolumic relaxation
time (IVRT), isovolumic contraction time (IVCT), myocardial
performance index (MPI) (calculated as [IVRT + IVCT]/ejection
time), and ejection time intervals were measured using either
pulsed-wave Doppler (PWD) or Doppler tissue imaging (DTI)
at the lateral tricuspid annulus. RV and LV ejection fractions

from 2D methods were calculated as (end-diastolic volume -
end-systolic volume)/end-diastolic volume.

The general principles that underlie 2D speckle-tracking
modalities have been previously described.''*
2D echocardiographic grayscale apical 4-chamber images and
a frame rate of 70 to 80 frames/s were obtained, which seems
to be the best compromise between appropriate temporal
resolution and acceptable spatial definition of the LV lateral
wall and RV free wall. In postprocessing analysis, the region of
interest was obtained by tracing the RV endocardial borders
at the level of the septum and the free wall in a still frame at
end-systole. An automated software program calculated the
frame-to-frame displacements of speckle pattern within the
region of interest throughout the cardiac cycle. Longitudinal
strain (LS) curves were obtained from six RV segments (basal,
mid, and apical segments of the RV free wall and septum);
the global RV strain curve was based on the average of the
six regional strain curves, and longitudinal strain curves of the
lateral LV wall were obtained by repeating the same analysis
(Fig. 1). The extent of myocardial deformation (defined as global
or regional longitudinal strain) was expressed as a percentage
of the longitudinal systolic shortening compared with diastolic
shortening for each segment of interest. All analyses were
repeated twice one day later by the same observer in order
to assess intraobserver variability, which was calculated as
the average difference between the 10 measurements taken.
A second independent observer repeated the analyses for the
assessment of interobserver variability, which was calculated
as the absolute difference divided by the average of the
two observations of all parameters. The intraobserver and
interobserver variability were 5% and 7 %, respectively.

Statistical analysis

All statistical tests were performed with a commercially
available software program (SPSS 16.0 for Windows; SPSS,
Inc., Chicago, IL, USA). The variables were investigated using
visual (histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk test) to determine
whether or not they are normally distributed. In sample size
calculation, 46 COPD patients and 32 healthy subjects in
each group would be needed to detect a 2-point difference
in DAN scale, with a power of 80% and 1% of significance
level. Categorical variables are presented as numbers
and percentages and continuous data expressed as mean
+ standard deviation. Since all variables were normally
distributed, correlation coefficients and their significance
were calculated using the Pearson test, and comparisons
of quantitative data performed by a paired sample t-test.
A p-value of less than 0.05 was set as statistically significant.

Results

In our study, 46 patients (mean age: 60.8 = 10.2 years;
gender: 28 male, 18 female) with moderate to very severe
COPD undergoing PR and 32 healthy subjects (mean age:
58.5 = 8.9 years; gender: 13 male, 19 female) were enrolled.
Baseline characteristics are shown in Table 1. Age and
sex distributions were similar between the two groups.
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Figure 1 - Representative two-dimensional right ventricular strain images. Speckle-tracking apical four chamber view showing global and regional right ventricular

longitudinal strain. L. Strain: Longitudinal strain.

According to Global Initiative for Chronic Obstructive
Lung Disease (GOLD) classification; there were 22 class-II,
18 class-ll, and 7 class-IV COPD patients. COPD patients
had higher RV basal diameter, right atrial (RA) end-systolic
area, sPAP, and MPI, as well as lower tricuspid annular plane
systolic excursion (TAPSE) values compared to healthy control
subjects in conventional echocardiographic measurements.
In addition, there were significant differences in RV global LS
and RV free wall LS between the two groups.

In post-rehabilitation echocardiography and 6MWT
assessments, there were significant improvements in RV
speckle-tracking measurements (Table 2) and increase
in 6MWT. In 2DE measurements, there were differences
among sPAP, TAPSE, and MPI. However, sPAP was only
statistically significant.

RV free wall LS was directly related to distance walked
at baseline 6MWT (r = 0.58, p < 0.001) and to 6BMWTDA
(r = 0.41, p = 0.04) (Figura 2). There were improvements of
both BODE index and MRC parameters, but only the BODE
index was statistically different. There was a statistically
significant correlation between RV free wall LS and BODE
index (r: 0.52, p < 0.001).

Arq Bras Cardiol. 2018; 111(3):375-381

Discussion

In our study, we evaluated RV dysfunction in patients
with moderate-to-very severe COPD in comparison
with healthy subjects and also its improvement after PR
program. In determination of both global and regional RV
function improvement, STE was shown to be as effective as
conventional 2DE. Moreover, RV global longitudinal strain was
directly related to exercise tolerance determined by means of
6MWT and BODE index.

Although the current available prognostic models
for COPD do not include RV function, it might serve
as a surrogate endpoint for determining mortality and
morbidity rates in a variety of cardiopulmonary diseases.'>'®
On the other hand, RV assessment can be challenging.
STE overcomes most of the limitations inherent in
conventional 2DE, given that it is independent of cardiac
translation, and it is angle- and load-independent, thus
allowing accurate quantification of myocardial function.'”
STE also demonstrates whether reduced RV performance is
due to a global failure or to localized impaired contraction.
Moreover, it identifies discrete and localized losses in
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Table 1 - Clinical, conventional echocardiographic, and ventricular strain data in patients undergoing pulmonary rehabilitation and in

healthy control subjects

Patients undergoing pulmonary

rehabilitation (n: 46) Healthy control subjects (n: 32) p value
Age (years) 60.8£10.2 585+89 0.15
Gender (male,%) 28(61%) 13(41%)
Body mass index (kg/m?) 282+84 21972 0.67
Heart rate (beats/min) 7812 80+ 10 0.77
GOLD classes 2/3/4, n 22/18/7
RV end-diastolic basal diameter (mm) 38.1+4.1 276+35 <0.001
RV end-diastolic longitudinal diameter (mm) 742+94 60.4 £6.4 <0.001
RV anterior wall thickness (mm) 435+0.21 419+ 0.31 0.82
RA end-systolic area (mm?) 172+29 129+18 <0.001
sPAB (mmHg) 46.7+154 248+105 <0.001
TAPSE (mm) 16.6 +2.6 204 +3.1 <0.001
Tissue Doppler MPI 0.58 £0.08 0.35+0.05 <0.001
RV ejection fraction (%) 54.8+49 56.3+5.5 0.41
LV ejection fraction (%) 577455 594 +44 034
RV-TDI s' 129+2.93 13.6 +3.06 0.38
RV free wall longitudinal strain (%) 181+ 34 279+36 <0.001
RV global longitudinal strain (%) 20424 26832 <0.001

Data are presented as mean + standard deviation or percentile. Bold values indicate statistical significance p < 0.05. GOLD: global initiative for chronic obstructive
lung disease; RV: right ventricle; RA: right atrium, sPAP: systolic pulmonary artery pressure; TAPSE: tricuspid annular plane systolic excursion; TDI s’: tissue Doppler
imaging systolic excursion; MPI: myocardial performance index; LV: left ventricle.

Table 2 - Standard echocardiographic and ventricular strain data in patients before and after pulmonary rehabilitation

Before pulmonary

3 months after pulmonary

rehabilitation (n:46) rehabilitation (n:46) p value
RV end-diastolic basal diameter (mm) 38.1+4.1 37.7+4.0 0.23
RV end-diastolic longitudinal diameter (mm) 742+94 735+9.3 0.69
RV anterior wall thickness (mm) 435+0.21 4.22+0.26 0.87
RA end-systolic area (mm?) 172+29 16.9+24 0.18
SPAB (mmHg) 46.7+154 4324163 0.03
TAPSE (mm) 16.6 +2.6 17.2+3.1 0.09
Tissue Doppler MPI 0.58 +0.08 0.55+0.07 0.09
RV ejection fraction (%) 548+49 55.2+5.0 0.72
LV ejection fraction (%) 57.7+55 574+52 0.57
RV-TDI s' 129+2.93 11.8 +3.06 047
RV free wall longitudinal strain (%) 18.1+£34 22937 <0.001
RV global longitudinal strain (%) 204+24 219+29 <0.001
Six-minute walk test (m) 326 +42.2 355 +57.1 <0.001
mMRC score 1.8+08 1.7£07 0.14
BODE index 3.0+£21 2819 0.04

Data are presented as mean + standard deviation. Bold values indicate statistical significance p < 0.05. RV: right ventricle; RA: right atrium; sPAP: systolic pulmonary
artery pressure; TAPSE: tricuspid annular plane systolic excursion; MPI: myocardial performance index; LV: left ventricle; TDI s’ tissue Doppler imaging systolic
excursion; mMRC; modified medical research council, BODE; Body mass index, degree of Obstruction (FEV1), Dyspnea score (nMRC scale), Exercise capacity (six

minute walk distance).
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Figure 2 - Correlation between right ventricular free wall longitudinal strain and six-minute walk test (6MWT) distance before pulmonary rehabilitation. (r = 0.58,

p < 0.001). RV: right ventricular.

contractility that are insufficient to affect global systolic
function but have potential diagnostic and prognostic
implications. The main result of the study by Focardi et al.® was
that free wall and global RV LS had a stronger correlation with
the RV ejection fraction (RVEF) calculated by CMR (cardiac
magnetic resonance) than conventional echocardiographic
indices. Between the two, the highest diagnostic accuracy
and the strongest correlation with the RVEF measured by
CMR were observed for RV free wall longitudinal strain.'
In our study, RV free wall LS had higher improvement than
RV global LS after PR program. Moreover, it had a statistically
significant correlation with exercise tolerance indices of
the patients, such as 6MWT distance and BODE index.
One possible explanation for this is that the thin RV free wall
contracts against low pulmonary resistance, thus leading to
significantly higher strain improvement after the decline of
pulmonary resistance by means of PR program. On the other
hand, the septum consists of the same fibers as those forming
the LV and must handle loading conditions in the RV, as well
as higher LV afterload.16 Nevertheless, this hypothesis must
be confirmed by further studies. In addition, we chose to
analyze the septum as part of the RV. It cannot be considered
simply a part of the LV because its shortening contributes
to the ejection phase of the RV, and any impairment in its
contractility reduces RV performance.™"

Arq Bras Cardiol. 2018; 111(3):375-381

Because of the paucity of data, no reference limits
were established in the latest guidelines for RV global LS.
Recent studies involving STE have focused on exploring
RV function in patients with cardiopulmonary disease.
Hardegree et al.?® showed that RV free wall LS and 6MWT
distance were increased after the initiation of medical
therapy in patients with pulmonary arterial hypertension
(PAH). Motoji et al.*' showed that RV global LS < 19.4%
indicates high risk of adverse cardiovascular events in
patients with PAH. In addition, Guendouz et al.?* reported
that an absolute RV global LS value below 21% in patients
with congestive heart failure identifies patients with high
risk of adverse cardiac events. However, to the best of our
knowledge, there are no published studies using STE to
determine RV dysfunction and its improvement after PR
program in patients with COPD.

The effect of PR on RV function in patients with COPD
has been explored in 2DE-based studies. Caminiti et al.®
showed that TAPSE < 16 mm was an indicator of decreased
6MWT distance at baseline and 6MWT distance change
in COPD patients undergoing PR. According to our study,
STE was more sensitive in determining RV dysfunction
than 2DE. Tanaka et al.,* in another 2DE-based study,
showed an increase of MPI, and that there was a strong
correlation between MPI and the MRC breathlessness
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score in COPD patients.”> Our data are in agreement
with these 2DE studies of RV function in COPD patients
undergoing PR program.

Study limitations

Several limitations of our study merit consideration.
The main limitation was the small size of the study population.
Moreover, RV strain was assessed only in the 4-chamber view of
the six segments of the RV; however, the RV longitudinal function
measured in the inlet chamber accounts for about 80% of RV
function.? If we had followed up the study population, we could
have investigated the impact of PR program on RV function, as
well as mortality and morbidity. Finally, we did not compare
our results with those of CMR. However, previous studies of LV
speckle tracking-derived strain have already validated CMR use.
Furthermore, although magnetic resonance imaging is considered
the gold standard for determining RV volume and function, it is
currently limited by cost and availability and is deemed unsuitable
after the implantation of a cardiac pacemaker.>

Conclusion

Our study demonstrated that RV dysfunction improved
after PR program in patients with COPD. STE might be as
effective as the more established measurements of global RV
function (i.e., TAPSE, RVEF, and MPI). RV global and regional
strain assessment is a simple and effective tool in the routine
clinical assessment of patients with COPD in order to explore
the relationship between RV function and exercise tolerance.

References

1. ChenX, TangS, LiuK, Li Q, KongH, Zeng X, etal. Therapy in stable chronic
obstructive pulmonary disease patients with pulmonary hypertension: a
systematic review and meta-analysis. ] Thorac Dis. 2015;7(3):309-19.

2. Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, Chandrasekaran
K, et al. Guidelines for the Echocardiographic Assessment of the Right
Heartin Adults: A Report from the American Society of Echocardiography:
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography. ] Am Soc Echocardiogr. 2010;23(7):685-713.

3. Rice]L, Stream AR, Fox DL, Geraci MW, Vandivier RW, Dorosz JL, et al.
Speckle tracking echocardiography to evaluate for pulmonary hypertension
in chronic obstructive pulmonary disease. COPD. 2016, 13(5):595-600.

4. Vitarelli A, Mangieri E, Terzano C, Gaudio C, Salsano F, Rosato E, et al. Three-
dimensional echocardiography and 2D-3D speckle-trackingimagingin chronic
pulmonary hypertension: diagnostic accuracy in detecting hemodynamicssigns
of right ventricular (RV) failure. ] Am Heart Assoc. 2015;4(3):e001584.

5. Troosters T, Casaburi R, Gosselink R, Decramer M. Pulmonary rehabilitation
in chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
2005;172(1):19-38.

6. Cuttica M), Kalhan R, Shlobin OA, Ahmad S, Gladwin M, Machado RF, et
al. Categorization and impact of pulmonary hypertension in patients with
advanced COPD. Respir Med. 2010;104(12):1877-82.

7. Han MK, McLaughlin VV, Criner GJ, Martinez FJ. Pulmonary diseases and
the heart. Circulation. 2007;116(25):2992-3005.

Author contributions

Conception and design of the research, acquisition of data,
obtaining financing, writing of the manuscript: Kanar BG,
Ozmen |, Yildirim EO, Ozturk M, Sunbul M; Analysis and
interpretation of the data and statistical analysis: Kanar BG,
Sunbul M; Critical revision of the manuscript for intellectual
content: Sunbul M.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding
There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the
Marmara University under the protocol number 70737436-
050.06.04. All the procedures in this study were in accordance
with the 1975 Helsinki Declaration, updated in 2013.
Informed consent was obtained from all participants included
in the study.

8. Caminiti G, Cardaci V, Conti V, D’Antoni V, Murugesan J, Battaglia D, et al.
Right ventricular systolic dysfunction is related to exercise intolerance in
patients with chronic obstructive pulmonary disease. ] Cardiopulm Rehabil
Prev. 2015;35(1):70-4.

9. CutticaMJ, Shah SJ, Rosenberg SR, Orr R, Beussin L, Dematte JE, etal. Right
heartstructural changes are independently associated with exercise capacity
in non-severe COPD. PLoS One. 2011, 6(12):€29069.

10. ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories. ATS statement: guidelines for the six-minute walk test. Am ]
Respir Crit Care Med. 2002;166(1):111-7.

11. Caminiti G, Volterrani M, Murugesan J, Baratta P, D’Antoni V, Sposato B, et
al. Tricuspid annular plane systolic excursion is related to performance at
six minute walking test in patients with heart failure undergoing exercise
training. Intj Cardiol. 2013;169(1):91-2.

12. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Erhande L, et al.
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. Eur Heart) Cardiovasc
Imaging. 2015;16(3):233-70.

13. Dandel M, Lehmkuhl H, Knosalla C, Suramelashvii N, Hetzer R. Strain
and strain rate imaging by echocardiography — basic concepts and clinical
applicability. Curr Cardiol Rev. 2009;5(2):133-48.

14. Pirat B, McCulloch ML, Zoghbi WA. Evaluation of global and regional right
ventricular systolic function in patients with pulmonary hypertension using
anovel speckle tracking method. Am J Cardiol. 2006;98(5):699-704.

Arq Bras Cardiol. 2018; 111(3):375-381

380



381

Kanar et al
RV function after pulmonary rehabilitation program

Original Article

17.

18.

. Galie N, Humbert M, Vachiery JL, Gibs S, Lang I, Torbicki A, et al; ESC

Scientific Document Group. 2015 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertensionThe Joint Task Force for the Diagnosis
and Treatment of Pulmonary Hypertension of the European Society of
Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed
by: Association for European Paediatric and Congenital Cardiology (AEPC),
International Society for Heart and Lung Transplantation (ISHLT). Eur Heart
J.2016;37(1):67-119.

. Hilde JM, Skjgrten 1, Hansteen V, Melsom MN, Atar D, Hisdal J, etal. Assessment

of right ventricular afterload in COPD. COPD. 2016;13(2):176-85.

Meris A, Faletra F, Conca C, Klersy C, Regoli F, Klimusina J, et al. Timing
and magnitude of regional right ventricular function: a speckle tracking-
derived strain study of normal subjects and patients with right ventricular
dysfunction. ] Am Soc Echocardiogr. 2010;23(8):823-31.

Focardi M, Cameli M, Carbone SF, Massoni A, De Vito R, Lisi M, et al.
Traditional and innovative echocardiographic parameters for the analysis
of right ventricular performance in comparison with cardiac magnetic
resonance. Eur Heart ] Cardiovasc Imaging. 2015, 16(1):47-52.

. Sugiura E, Dohi K, Onishi K, Takamura T, Tsuji A, Ota S, et al. Reversible

right ventricular regional non-uniformity quantified by speckle-tracking
strain imaging in patients with acute pulmonary thromboembolism. ] Am
Soc Echocardiogr. 2009;22(12):1353-9.

20.

21.

22.

23.

24,

25.

Hardegree EL, Sachdev A, Villarraga HR, Frantz RP, McGoon MD,
Kushwaha SS, et al. Role of serial quantitative assessment of right
ventricular function by strain in pulmonary arterial hypertension. Am |
Cardiol. 2013;111(1):143-8.

Motoji Y, Tanaka H, Fukuda Y, Ryo K, Emoto N, Kawai H, et al. Efficacy of
right ventricular free-wall longitudinal speckle-tracking strain for predicting
long-term outcome in patients with pulmonary hypertension. Circ J.
2013;77(3):756-63.

Guendouz S, Rappeneau S, Nahum J, Dubois-Randél JL, Gueret P,
Monin JL, et al. Prognostic significance and normal values of 2D strain
to assess right ventricular systolic function in chronic heart failure. Circ J.
2012;76(1):127-36.

Tanaka Y, Hino M, Mizuno K, Gemma A. Evaluation of right ventricular
function in patients with COPD. Respir Care. 2013;58(5):816-23.

Carlsson M, Ugander M, Heiberg E, Arheden A. The quantitative
relationship between longitudinal and radial function in left, right,
and total heart pumping in humans. Am J Physiol Heart Circ Physiol.
2007;293(1):H636-44.

Helle-Valle T, Crosby J, Edvardsen T, Lyseggen E, Amundsen BH, Smith HJ,
et al. New noninvasive method for assessment of left ventricular rotation.
Circulation. 2005;112(20):3149-56.

®' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2018; 111(3):375-381



