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Purpose: This study aims to define which of the right ventricular myocardial deformation
indices best correlates with the classic echocardiographic measurements and indices of right
ventricular (RV) dysfunction in patients with stable chronic obstructive pulmonary disease
(COPD).

Patients and Methods: Ninety-one patients with stable COPD underwent clinical evalua-
tion, spirometry, a 6-minute walk test, and echocardiographic examination. Patients were
divided into two groups: “with RV dysfunction” (>1 classic parameter) and “without RV
dysfunction”. We used speckle tracking to estimate myocardial deformation. For all analyses,
results were considered significant if p < 0.05.

Results: The mean age across all participants was 65 + 9 years, with 53% (48/91) being
male. Patients in the group with RV dysfunction were able to walk shorter distances and had
higher estimated right ventricular systolic pressure (RVSP) and mean pulmonary arterial
pressure (mPAP). The RV free wall longitudinal strain (RVFWLS) was the only deformation
indices that showed a significant correlation with all classic measurements and indices in the
diagnosis of RV dysfunction (Wald test, 10.24; p < 0.01; odds ratio, 1.61). In the ROC curve
analysis, the absolute value <20% was the lowest cut-off point of this index for detection of
RV dysfunction (AUC = 0.93, S: 95.8%, and E: 88%).

Conclusion: In COPD patients, RVFWLS is the myocardial deformation index that best
correlates with classic echocardiographic parameters for the diagnosis of RV dysfunction
using <20% as a cut-off point.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a prevalent, preventable, and
treatable disease whose main characteristics are chronic airflow limitation, small
airway changes (obstructive bronchiolitis), and destruction of the lung parenchyma
(pulmonary emphysema). Mechanical and structural changes in the pulmonary
vascular bed predispose to the onset of a right ventricular failure that initially
manifests oligosymptomatically (in the absence of pulmonary hypertension) and
evolves with significant clinical repercussions and worsening of prognosis. Despite
being under-diagnosed, COPD is currently a significant cause of morbidity and
mortality, with a substantial impact on the global health system.'™

The analysis of right ventricle (RV) systolic function by echocardiography is
a challenge due to its complex crescent-moon-shaped morphology and high
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dependency of preload and afterload conditions, leading to
delays in diagnosing RV dysfunction and consequent
delays in treatment.* ® Although it is the gold standard
for evaluating RV function, cardiac resonance imaging is
seldom used due to its high cost and low availability. Two-
dimensional echocardiography is an affordable procedure
that has become the most widely used non-invasive
method for the study of the RV. However, because it
only allows for visualization of a small segment of the
RV, which is structurally complex, diagnostic accuracy can
suffer. Echocardiographic evaluation has evolved from
simple subjective analysis to incorporate quantitative mea-
surements and indices, with cut-offs that define dysfunc-
tion (TAPSE — tricuspid annular plane systolic excursion,
FAC - fractional area change, MPI — myocardial perfor-
mance index, and S’-TDI — tricuspid annular systolic
velocity derived from tissue Doppler imaging). These are
called
indices.”®

conventional or classic measurements and

New technologies allow for the measurement of myo-
cardial deformation indices, providing a potent new tool
for RV analysis. These indices are derived from two-
dimensional (2D) strain measurements obtained through
speckle tracking. This technique can track speckles essen-
tially independent of angle of insonation, which is defined
as the angle of the ultrasound beam relative to the tissue or
organ of interest. The strongest echoes are produced when
the angles of incidence approach the angle of reflection.
The increasing availability of the strain indices, as well as
its lower load dependence and angle of insonation, makes
it a promising method for early assessment of RV
dysfunction.” "

This study’s objective is to evaluate the systolic func-
tion of the RV in patients with stable COPD by correlating
indices of myocardial deformation measured using two-
dimensional (speckle tracking) with the classic echocar-

diographic measurements and indices of RV dysfunction.

Methods
Studied Sample

We conducted this cross-sectional study from May 2014 to
June 2015. The ethics committee of hospital approved the
trial in compliance with the declaration of Helsinki. All
subjects signed an informed consent form (ICF). The study
population consisted of 91 patients treated in the pneumol-
ogy outpatient clinic. All patients were >40 years old and
had a diagnosis of COPD based on their history of smoking

or occupational exposure and findings of irreversible airway
obstruction on spirometry, in compliance with the latest
guidelines for diagnosis and management of COPD.'?
According to the ABCD classification of Global Initiative
for Obstructive Lung Disease (GOLD 2020) for COPD, the
patients were classified: 22 as GOLD A, 17 as GOLD B, 13
as GOLD C and 39 as GOLD D."

Exclusion criteria were lung disease not caused by
COPD, systolic and/or diastolic left ventricular dysfunc-
tion, significant left and right valvular disease (higher than
moderate), critical renal failure (glomerular filtration rate
<30 mL/min/m?), inadequate visualization of the edges of
the endocardium of the right ventricular wall, making it
impossible to analyze the deformation through speckle
tracking and clinical decompensation during last month
due to acute and transient changes in pulmonary pressure,
RV’s diameters and function.'*

The patients were divided into two groups according to
the echocardiographic criteria of the American consensus
for quantification of cardiac chambers: with RV dysfunc-
tion (presence of >1 of the classic criteria) and without RV
dysfunction (absence of the classic criteria). All of the
subjects underwent myocardial deformation analysis, gen-
eral clinical examination, spirometry, and a 6-minute walk
test (Figure 1).

BODE Index

A multidimensional scale ranging from 0 to 10, calculated
using four components: body mass index (0-1), FEV1%
predicted after a bronchodilator (0-3), modified dyspnoea
scale (0-3) and walking distance during the 6-minute walk
test (0-3)."°

Spirometry

We performed spirometric analysis before and after
bronchodilator use using the following spirometer:
MasterScope PC, Jaeger; VIASYS Healthcare Inc., Yorba
Linda, CA, USA. The protocol, contraindications for per-
forming spirometry, and the reference table for the
Brazilian population were taken from the guidelines of
the Brazilian Society of Pulmonology and Phthisiology."

Six-Minute Walk Test

All patients underwent the 6-minute walk test supervised

by trained physiotherapists following the American

Thoracic Society protocol."”
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126 patients

e 7% (9) did not undergo all procedures

o 4% (5) with significant left heart or valvar
disease

e 3% (4) had exacerbation after inclusion

e  0.8% (1) did not want to continue

107 patients

15 % (16), it was not possible to calculate
deformation (technical difficulty)

Classic RV dysfunction parameters:

91 patients

e TAPSE<17 mm
FAC<35%

/

67 without RV dysfunction 24 with RV dysfunction
— / Presence of 01 or more classic criteria

L]
e S-TDI<9.5cm/s
. MPI-TDI > 0.54

RV myocardial deformation parameters:

e RV global longitudinal strain (RVGLS)

e RV free wall longitudinal strain (RVFWLS)

e RV global longitudinal strain rate (RVGLSR)

e RV free wall longitudinal strain rate (RVFWLSR)

Figure | Study design.

Abbreviations: ECHO, echocardiogram; TAPSE, tricuspid annular plane systolic excursion; FAC, fractional area change; S$'-TDI, S-wave velocity derived from tissue
Doppler imaging; TEl Index obtained from TDI, myocardial performance index derived by tissue Doppler imaging; RVGLS, right ventricle global longitudinal strain; RVFWLS,
right ventricle free wall longitudinal strain; RVGLSR, right ventricle global longitudinal strain rate; RVFWLSR; RV free wall longitudinal strain rate.

Dyspnea Scale

We assessed dyspnea based on the Medical Research
Council (mMRC) scale, with the following scoring sys-
tem: 0 — Dyspnea only with strenuous exercise, 1 —
Dyspnea when hurrying or walking up a slight hill, 2 —

Walks slower than people of the same age because of
dyspnea or has to stop for breath when walking at own
pace, 3 — Stops for breath after walking 100 yards (91 m)
or after a few minutes, 4 — Too dyspneic to leave house or
breathless when dressing.'®
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Echocardiographic Analysis

All patients underwent a complete echocardiographic
examination by a single echocardiographer using an
ESAOTE MyLab 30 Gold Cardiovascular echocardiogra-
phy equipped with a 2.5-3.5 MHz multifrequency trans-
ducer. The examiner knew the clinical status of the
patients when the echocardiography recordings were ana-
lyzed. The images were acquired in the left lateral decu-
bitus (parasternal and apical windows) and supine
decubitus (subcostal and suprasternal windows) using
respiratory maneuvers when applicable (inspiration or
expiration associated with a short period of apnea).
Measurements of the left chambers were obtained in the
long-axis parasternal plane, and the LV ejection fraction
was estimated using the Teichholz formula. Measurements
of basal, middle and apical diameters of the RV were
obtained in the 4-chamber apical plane. Right ventricular
outflow tract (RVOT) and main pulmonary artery measure-
ments were taken, respectively, in the long- and short-axis
parasternal planes at aortic and pulmonary valve level.
Measurements of TAPSE (M-mode), S-wave peak velocity
derived from tissue Doppler imaging (S’-TDI), fractional
area change (FAC), and myocardial performance index
(MPI-TDI) were taken in the 4-chamber apical plane.
MPI-TDI calculation relied on the formula MPI = ICT +
IVRT/ET. ICT, IVRT, and ET were all measured using
tissue Doppler imaging. The fractional area change
(FAC) was obtained by tracing the endocardial borders
of the RV during systole and diastole and using the for-
mula FAC = (RV area during diastole — RV area during
systole)/RV area during diastole. The mean pulmonary
arterial pressure (mPAP) was estimated from the pulmon-
ary velocity acceleration time (PVAT), measured using
pulsed-wave Doppler during systole. The formula mPAP
=79 — (0.45 x PVAT) was used when PVAT > 120 ms and
corrected mPAP = 90 — (0.62 X PVAT) when PVAT < 120
ms. The classic measurements and indices for RV dysfunc-
tion were defined as tricuspid annular plane systolic excur-
sion (TAPSE) values <17 mm, myocardial performance
index derived from tissue Doppler imaging (MPI-TDI)
>0.54, RV fractional area change (FAC) <35%, and
S-wave peak velocity derived from tissue Doppler imaging
(S’-TDI) <9.5 cm/s. Three consecutive beats of the heart
cycle were used when the classical indices were analyzed.
The anatomical and hemodynamic analysis of the LV and
RV were performed in accordance with recommendations

of American Society of Echocardiography.19“20

Data for analysis of deformation (RV free wall and
global strain rate and strain) were acquired in the 4-cham-
ber apical projection, with good electrocardiographic sig-
nal quality (QRS with satisfactory amplitude) and frame
rate between 40 and 70 frames per second. Three conse-
cutive beats of the heart cycle were digitally stored and
analyzed using MylabDesk Xtrain® software. We adapted
the left ventricular 4-chamber apical mode for the study of
the right ventricle by replacing the inferoseptal LV wall
with the RV free wall and the anterolateral wall with the
interventricular septum. At the end of diastole, the follow-
ing points are sequentially marked: RV free wall baseline,
interventricular septum baseline, and RV apex. The soft-
ware automatically generates lines perpendicular to the
walls of the RV and septum. After manual marking of
the intersection of these lines with the endocardium, pro-
cessing the point tracking with a manual tracing of the RV
interventricular septum and free wall points is requested.
After processing, strain and strain rate plots are obtained
automatically. Evaluation of the six segments of the RV
(basal, middle, and apical septal wall + basal, middle, and
apical RV free wall) provides the strain and global strain
rate of the RV (RVGLS — RV global longitudinal strain
and RVGLSR — RV global longitudinal strain rate).
Isolated analysis of the 3 RV free wall segments (after
exclusion of the basal, middle and apical regions of the
interventricular septum) provides the deformation and
strain rate of the RV free wall (RVFWLS — RV free wall
longitudinal strain and RVFWLSR — RV free wall long-
itudinal strain rate).

Statistical Analysis

We analyzed the data using the SPSS statistical package,
23.0. We verified data normality using the Shapiro—Wilk
test. We characterized patients with and without RV
dysfunction using contingency tables with absolute (n)
and relative (%) frequency values for categorical vari-
ables and descriptive statistics (mean and standard devia-
tion) for continuous variables. We compared patients with
and without RV dysfunction using Student’s ¢, Mann—
Whitney’s, and Pearson’s Chi-square tests, adopting
a significance level of 5%. We performed a Pearson
correlation to verify the relationship between myocardial
deformation parameters and classic parameters of right
ventricular dysfunction. We conducted a binary logistic
regression analysis to evaluate which of the myocardial
deformation parameters best correlates with the diagnosis
of RV dysfunction according to the classic parameters.
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Results

We describe the clinical and demographic characteristics
of patients in Table 1. The mean age of the patients was 62
+ 9 years, and 52.7% were male. The LV ejection fraction
was similar in both groups. Of the 24 patients diagnosed
with RV dysfunction, 80% (19) had MPI-TDI >0.54, 25%
(6) had FAC < 35%, 25% (6) had S wave velocity -TDI <
9.5 cm/s, and 21% (5) had TAPSE < 17 mm. The group
with RV dysfunction had a lower walking distance in the
six-minute test and higher BODE index value (calculated
as the sum of scores for body mass index, FEV1% post-
bronchodilator, degree of dyspnoea by the mMRC scale,
and walking distance in the six-minute walk test). The
variables smoking, arterial hypertension, diabetes mellitus,
heart diseases, and dyslipidemia were balanced across the
groups with and without RV dysfunction.

The group without RV dysfunction had better spirometric
data and lower mPAP (estimated by the pulmonary velocity
acceleration time), lower right ventricular systolic pressure
(estimated by tricuspid regurgitation), and RV diameters
measured at its base and distally to its outflow tract (Table 2).

The values of the four myocardial deformation indices
were significantly lower in the group categorized with
dysfunction in the univariate analysis, and RVFWLS pre-
sents a significantly higher difference, with a calculated

t of 8.03 (Table 3). Multivariate analysis with logistic
regression confirmed RVFWLS as an independent index
associated with the diagnosis of right ventricular dysfunc-
tion (p<0.001, OR 1.61, Wald 10.4) (Table 4).

We also looked for correlations between the deforma-
tion indices and the classic measurements and indices for
right ventricular dysfunction. We observed that RVFWLS
is the only index that has a statistically significant correla-
tion with all four classic measurements and indices, the
correlation with the highest significance being with the
myocardial performance index — MPI-TDI (Table 5).

To assess the accuracy of RVFWLS as a diagnostic test
for RV dysfunction, we plotted an ROC curve using the
classic measurements and indices to determine the ground
truth diagnosis. The area under the curve was 0.93 (95% CI =
0.87-0.98, and p<0.001) (Figure 2). Using this curve, we
determined that the absolute value of RVFWLS < 20% is the
optimal cut-off criterion for diagnosis of RV dysfunction.

Discussion

In the studied sample, 25% of patients with stable COPD
were diagnosed with RV dysfunction based on classic
echocardiographic measurements and indices (FAC,
TAPSE, S’-TDI, and MPI-TDI). We can justify the satis-
factory correlation of right ventricular function with

Table | Characterization of the Profile of Patients with and without RV Dysfunction

Without RV Dysfunction With RV Dysfunction Total P

Age (years) 65.15 £ 7.98 66.54 £ 11.45 65.52 + 8.98 0.52*
BMI 25.65 £ 528 2422 + 6.56 2527 £ 5.64 0.29%
Walking distance (m) 447.8 £ 90.5 371.7 £ 958 427.8 £ 97.5 0.001*
mMRC 1.73 £ 091 221 £ 1.28 1.86 £ 1.04 0.10*
BODE (index) 2.16 £ 1.77 429 +222 273 £2.11 <0.001*
Sex

Female 34 (50.7) 9 (37.5) 43 (47.3) 0.26**

Male 33 (49.3) 15 (62.5) 48 (52.7)
Age group

43 to 59 14 (20.9) 5 (20.8) 19 (20.9) 0.40%*

60 to 69 37 (55.2) 10 (41.7) 47 (51.6)

70 to 89 16 (23.9) 9 (37.5) 25 (27.5)
Dyspnoea

Absence 21 31.3) 5(20.8) 26 (28.6) 0.32%*

Presence 46 (68.7) 19 (79.2) 65 (71.4)

Notes: * Student’s t-test; ** Pearson’s chi-square.

Abbreviations: BMI, body mass index; mMRC, modified dyspnoea scale (Medical Research Council); BODE (BMI calculated index, degree of obstruction, degree of

dyspnoea, and walking distance).
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Table 2 Characterization of the RV and Spirometric Data of Patients with and without RV Dysfunction (Mean * SD)
No RV Dysfunction With RV Dysfunction Total P
RV Parameters
mPAP (mmHg) 29.67 £ 7.11 3829 £ 10.11 31.95 + 8.82 <0.001*
PT (mm) 19.09 + 2.34 19.50 £ 2.90 19.20 + 2.49 0.75%*
Distal RVOT (mm) 26.67 £ 2.69 28.54 + 3.67 27.16 £ 3.07 0.01*
RVSP (mmHg) 30.19 + 8.24 51.29 £ 23.17 36.96 + 17.60 <0.001*
Basal RV (mm) 3246 + 4.22 36.25 £ 6.29 33.46 £ 5.10 0.001*
Middle RV (mm) 23.60 £ 4.05 25.00 £ 6.56 2397 £ 484 0.48**
Longitudinal RV (mm) 63.87 £ 9.07 63.29 £ 9.42 63.71 £ 9.11 0.79*
Spirometry
FEVI/FVC 49.87 = 13.96 37.06 £ 11.81 46.45 + 14.52 <0.00**
FEVI (L) 1.54 £ 0.70 1.0l £ 0.50 1.40 £ 0.69 <0.00I**
FEV1% 59.86 £ 21.62 39.90 £ 15.80 5459 £ 22.02 <0.001*
FVC (L) 3.11 £1.03 2,69 £ 0.78 3.00 £ 0.98 0.07*
FVC% 94.68 + 18.44 83.03 £ 15.96 91.61 £ 18.46 0.007*

Notes: *Student’s t-test; **Mann—Whitney.

Abbreviations: mPAP, mean pulmonary arterial pressure; PT, pulmonary trunk; distal RVOT, distal diameter of the right ventricular outflow tract; RVSP, right ventricular

systolic pressure; Basal RV, basal diameter of the right ventricle; Middle RV, middle diameter of the right ventricle; Longitudinal RV, longitudinal diameter of the right ventricle;

FEVI, forced expiratory volume in | second; FVC, forced vital capacity.

Table 3 Comparison of Myocardial Deformation Values Between Groups with and without RV Dysfunction

Myocardial Deformation (Mean  SD) t p*

Without Dysfunction

With Dysfunction

RVGLS (%) 18.32 £ 3.66 12.65 + 4.47 6.12 <0.001
RVFWLS (%) 22.86 + 4.00 I5.11 +£4.22 8.03 <0.001
RVGLSR (s ") 1.13 £0.26 0.86 + 0.23 441 <0.001
RVFWLSR (s ) 1.40 £ 0.34 1.02 + 0.27 491 <0.001

Notes: *Student’s t-test.
Abbreviations: RVGLS, right ventricle global longitudinal strain; RVFWLS, right ventricle free wall longitudinal strain; RVGLSR, right ventricle global longitudinal strain rate;
RVFWLSR, right ventricle free wall longitudinal strain rate.

Table 4 Result of Binary Logistic Regression Analysis

B Standard Error Wald P Odds Ratio 95% CI (Lower-Upper)
RVGLS -0.02 0.13 0.02 0.88 1.02 (0.80-1.30)
RVFWLS —0.48 0.15 10.24 < 0.001 1.61 (1.20-2.16)
RVGLSR —2.20 238 0.85 0.36 9.04 (0.84-97.64)
RVFWLSR 0.94 1.86 0.25 0.6l 0.39 (0.01-15.06)

Note: r* = 0.42.
Abbreviations: RVGLS, right ventricle global longitudinal strain; RVFWLS, right ventricle free wall longitudinal strain; RVGLSR, right ventricle global longitudinal strain rate;
RVFWLSR, right ventricle free wall longitudinal strain rate.

clinical, spirometric and echocardiographic measurements  (80%), likely because it evaluates both systolic and dia-

and indices by the fact that the sample consists of clini- stolic function of the RV. However, there is no consistent
cally compensated patients who do not present significant  data to define the best measurements and indices for use
changes in load conditions. MPI-TDI was the most fre- because each of them is highly influenced by loading

quent classic index altered in patients with dysfunction conditions. These measurements and indices also try to
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Table 5 Correlation Between Myocardial Deformation

Parameters of the RV and Classic Echocardiographic Parameters

RVGS RVFWLS RVGSR RVFWLSR
FAC r=033; r=0.29; r=0.14; r=0.20;p=

p = 0.001 p = 0.0l p=0.19 0.06
Tricuspid | r = 0.24; r=023; r=0.28; r=0.32,p=
S-TDI p =0.02 p =0.03 p = 0.0l 0.001
TAPSE r = 0.20; r =0.28; r = 0.05; r=0.08p=

p = 0.05 p =00l p =065 0.44
MPI-TDI | r =-0.29; r=-041; r =-0.29; r =-0.28;

p =00l p < 0.001 p = 0.001 p =00l

Note: Pearson Correlation.

Abbreviations: FAC, fractional area change; Tricuspid S-TDI, S-wave velocity
measured in the tricuspid ring through tissue Doppler imaging; TAPSE, measure-
ment of the tricuspid ring systolic excursion with M-mode; MPI-TDI, myocardial
performance index calculated through tissue Doppler imaging; RVGS, RV global
strain; RVFWS, right ventricle free wall strain; RVGSR, right ventricle global strain
rate; RVFWSR, right ventricle free wall strain rate.

capture the function of a chamber with complex anatomy
using analysis of just a small segment.”'

Similar to the findings of Gokdeniz et al, we found
a higher BODE index in the group of patients with dys-
function, suggesting that the classic measurements and
indices were able to identify patients with changes in RV
function. Higher values of this multidimensional scale, as
demonstrated in other studies, are associated with a higher
number of exacerbations, worse quality of life, right ven-
tricular dysfunction, and worse survival with increased

mortality from all and from

22-25

causes respiratory
disease.

The value of the estimated PmAP obtained indirectly
through the time of acceleration of the pulmonary flow is
overestimated when compared with the invasive mea-
sures obtained directly through the right cardiac catheter-
ization. In our sample, the PmAP value was higher than
that observed in previous studies of pulmonary hyperten-
sion in COPD patients. This fact can be attributed to the
index chosen in our study, which may not correspond to
the real scenario. There was no comparison of this index
with an invasive measure in our study, so it is not possible
to infer the diagnosis of pulmonary hypertension accu-
rately. What can be inferred comparatively is that for the
patients that present at least one classic criterion of right
ventricular dysfunction, the estimated values of the
PmARP are superior to the value found in patients that do
not present any classic criteria of right ventricular

dysfunction.?®?’

The four studied RV myocardial deformation indices
had significantly lower values in the group with dysfunc-
tion, consistent with findings showing that in cases of
dysfunction, there is worse deformation. Similar to our
findings, Smolarek et al and Felix et al concluded that
RVGLS
a promising index for RV dysfunction because it is sig-

(including  interventricular  septum) s
nificantly correlated with classic echocardiographic mea-
surements and indices. We also observed that the mean RV
free wall (RVFWLS) index was more significantly differ-
ent between groups with and without dysfunction, thus
showing that this index has some superiority to detect
RV dysfunction over the others.”®

When evaluating correlations between classic and
deformation indices, we find that RVFWLS is the only
deformation index to exhibit significant results with all
classic parameters. Da Costa Junior et al found a more
significant correlation between RVFWLS and classic para-
meters compared to our study, likely because their sample
consisted of patients who had already been diagnosed with
primary pulmonary hypertension, thus indicating greater
disease severity. The lower disease severity in the patients
included in the present study may explain the more modest
correlation found here.*’

Multivariate analysis shows that RVFWLS is the index
that best correlates with the diagnosis of RV dysfunction in
this population. These findings are consistent with those
described in the literature, and can be explained by the fact
that RV performance depends mainly on myocardial con-
traction elicited by the longitudinal fibers (80% of them
are located on the RV free wall). On the other hand, septal
interdependence (produced by the contribution of LV fiber
contraction) may explain why we achieve lower accuracy
in RV dysfunction diagnosis when the interventricular
septum is included in the calculation of global deformation
of the RV (RVGLS).”3%!

Therefore, we confirm that removing the interventricu-
lar septum analysis produces a purer index (RVFWLS)
with higher predictive power in the diagnosis of right
ventricular dysfunction compared to classic measurements
and indices. Therefore, we confirm that removing the
interventricular septum analysis produces a purer index
(RVFWLS) that may even serve as a more accurate diag-
nostic than the classic measurements and indices. This is
probably because the deformation indices can evaluate
a moderate amount of myocardial fibers. In contrast, the
classic measurements and indices do so in a localized way,
inferring that the analysis of a small segment of such
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Figure 2 ROC curve demonstrated the optimal cut-off criterion for diagnosis of right ventricle dysfunction (RVFWLS < 20%).

a complex anatomical structure can represent its global
function. Deformation rates, in turn, reflect the speed at
which it occurs and shows more modest results.”*

The echocardiogram exams obtained in this study were
performed on equipment used worldwide; however, there are
fewer studies with this manufacturer when compared to GE
and Philips. The data presented are close to those recom-
mended by the guidelines, demonstrating the robustness of
the method despite the differences in values between the
software.*

Park and Lang showed that, in healthy populations,
RVGLS values are slightly higher than RVFWLS values.
They suggest adopting absolute values between 16% and
20% for RVGLS and between 18% and 22% for RVFWLS
as the lower limit of normal.**** We define, similarly to these
new findings and the recommendations of the last consensus
for chamber quantification of the American Society of
Echocardiography, the absolute value <20% of RVFWS as

a cut-off point for right ventricular dysfunction in patients with
clinically stable COPD.*

There was a weaker correlation between RV global
(RVGLSR) and free wall (RVFWLSR) strain rate when
compared with all classic measurements and indices of
right ventricular dysfunction used in this study. Likely,
this RVGLSR
RVFWLSR have better accuracy in evaluating segmental

correlation is weak because and
changes, and the analysis carried out encompassed a set of
segments. The strain rate requires a higher frame rate than
the strain, which is not always easy to achieve, especially
in such a complex anatomical structure like RV associated
with a limited acoustic window that is usual in patients
with COPD.*

There are no guidelines or recommendations for the
training requirements to achieve competency in obtaining
strain images, but according to Chan J et al, there is

a significant learning curve associated with strain analysis
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and they recommend a minimum of 50 studies for training
to achieve competency in GLS analysis.>’ Despite the
need for additional special software in conventional echo-
cardiogram equipment, this new technology is increasingly
available, with modern software that allows the automatic
quantification of the myocardium strain with minimal need
for correction of border recognition. The technical applic-
ability of the two-dimensional strain depends primarily on
the quality of the acquired images, and the correct detec-
tion of endocardial border is the primary determinant.
Despite the difficulties posed by pulmonary insufflation
in COPD, we succeeded in performing strain with accep-
table quality in 85% of our sample. This figure is close to
that described by Iacoviello et al, Guendouz et al and
Rimbas et al, who report that this technique cannot be
used in 11% of the general population.®'-**°

Transthoracic echocardiography is a non-invasive, fast,
and affordable method, and has gained increasing impor-
tance in the process of right ventricular evaluation. Among
echocardiographic techniques, myocardial deformation
analysis through speckle tracking is subject to low inter-
ference from the translational movement of the heart,
Doppler angle, and preload and afterload states. The tech-
nique also exhibits good correlation with cardiac reso-
nance (gold standard), supporting deformation analysis as
a reliable and easy-to-use technique in the diagnosis of
right ventricular dysfunction.*

Limitations

The study’s main limitations are the punctual observa-
tional methodology of the sample, the absence of magnetic
resonance imaging as a gold standard for diagnosis of right
ventricular dysfunction, and the absence of intraobserver
variability calculation.

The gold standard for evaluating RV dysfunction is
analysis of RV volumes and ejection fraction by cardiac
resonance, which is a non-invasive, non-radioactive, three-
dimensional examination, free of thoracic limitations.
Restrictions such as high cost, low availability, long dura-
tion of each exam, exclusion of patients with metallic
prostheses, and claustrophobia make it impossible to use
it routinely in diagnosing or monitoring RV dysfunction.”*
Unfortunately, we were unable to use this image method
because it was not available in our institution.

Conclusion
In patients with stable COPD, RVFWLS is the myocardial
deformation

index that best correlates with classic

echocardiographic indices for the diagnosis of right ven-
tricular dysfunction.
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