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Aims The aim of the present multicentre study was to analyse a large cohort of healthy subjects and patients with a common
condition such as heart failure (HF) with the purpose of determining the normal range and the usefulness of right ven-
tricular (RV) systolic strain to detect subtle RV systolic abnormalities using 2D speckle-tracking echocardiography.

Methods We analysed 238 healthy subjects and a cohort of 642 patients characterized by asymptomatic patients (n = 216) and

and results patients with HF with preserved (HFpEF) and reduced (HFrEF) ejection fraction (n = 218 and n = 208, respectively)
prospectively included in 10 centres. The normal range of RV systolic strain analysing the healthy subjects was as
follows: RV global strain —24.5 + 3.8 and RV free wall strain —28.5 + 4.8 (lowest expected value —17 and —19%,
respectively). Concerning the ability of these myocardial parameters to detect subtle RV systolic abnormalities, RV
global and free wall systolic strain were able to detect subtle RV longitudinal systolic abnormalities in a significant pro-
portion of patients with HFrEF and to a lesser extent in HFpEF despite preserved tricuspid annular plane systolic
excursion, tricuspid lateral annular peak systolic velocity by pulsed tissue Doppler imaging, and RV fractional area change.
In addition, RV global and free wall systolic strain were significantly linked to the symptomatic status of the patients.

Conclusions The findings from this study provide important data regarding the normal range of RV global and free wall systolic strain
and highlight the clinical relevance of these RV myocardial parameters to detect subtle RV systolic abnormalities in
patients with HF.
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Introduction . remain recommended measurements to assess RV systolic func-
tion." Nonetheless, these parameters have some limitations such

Conventional right ventricular (RV) systolic parameters such astri- :  as load and angle dependence and inaccuracy to evaluate a global

cuspid annular plane systolic excursion (TAPSE) and tricuspid lateral  © RV systolic function because they represent only the displacement

annular peak systolic velocity by pulsed tissue Doppler imaging (S) :  or function of a single RV segment.” ™" In view of that, the most
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recent guidelines on RV measurements highlighted that these limita-
tions should be taken into consideration when using these RV para-
meters."” In addition, recent studies showed that conventional RV
measurements such as TAPSE, S, and fractional area change (FAC)
had a significantly lower correlation with RV ejection fraction
(RVEF) using magnetic resonance imaging (MRI) than new myocar-
dial parameters such as RV systolic strain.2~"* Notwithstanding this,
the ability of RV global and free wall systolic strain to detect subtle
RV systolic abnormalities, when conventional RV measurements are
normal, remains poorly understood. In addition, the definition of a
normal RV longitudinal systolic function using RV global and free
wall systolic strain is lacking. Some studies analysing healthy subjects
with 2D speckle-tracking echocardiography (2DSTE) have reported
the values of RV systolic strain in this population.”™~"” However,
these studies were limited to determine the normal range of RV
global and free wall systolic strain because of the small number of
patients analysed (<80 women or men).M*17

Therefore, on the basis of the weak evidence regarding the
normal range and the ability of RV systolic strain to detect subtle
RV systolic abnormalities, the aim of the present multicentre study
was to analyse a large cohort of healthy subjects and patients with a
common condition such as heart failure (HF) with the purpose of
determining the normal range and the usefulness of RV systolic
strain to detect subtle RV systolic abnormalities.

Methods

Study population

In order to determine the normal range of RV systolic strain using
2DSTE, we enrolled healthy subjects >18 years of age prospectively
included in 10 centres from Japan and Germany. These subjects were
part of the Japanese Ultrasound Speckle Tracking of the Left Ventricle
Research Project which enrolled consecutively healthy volunteer sub-
jects in different university hospitals and was endorsed by the Japanese
Society of Echocardiography.'®~2° Healthy subjects were defined as
those individuals with the absence of any disease and cardiovascular
risk factors such as obesity [body mass index (BMI) > 30 kg/m?], dia-
betes (fasting plasma glucose > 126 mg/dl), hypertension (systolic and
diastolic blood pressures > 140/90 mmHg), hypercholesterolaemia
(fasting plasma LDL cholesterol > 160 mg/dl), no medication, and
normal findings in transthoracic echocardiography according to the
diagnostic criteria of the European Association of Cardiovascular
Imaging (EACVI).>?" The ethics committees from each of the hospitals
approved this research project, and informed consent was obtained
from all subjects.

With the purpose of evaluating the ability of RV systolic strain to
detect subtle RV systolic abnormalities in common conditions in the
clinical practice, we analysed patients with HF with preserved (HFpEF)
and reduced (HFrEF) left ventricular (LV) ejection fraction (LVEF) and a
group of asymptomatic patients consecutively included between
November 2012 and November 2014 (some of these patients
were enrolled in previous studies of our research group).'”* HFpEF
was defined according to the diagnostic criteria of the European Society
of Cardiology (ESC) and the American College of Cardiology (ACC):
(a) clinical signs or symptoms of HF (i.e. dyspnoea NYHA functional
class > 2), (b) evidence of preserved or normal LVEF (i.e. LVEF >
50%), and (c) evidence of abnormal LV diastolic dysfunction determined
by Doppler echocardiography or cardiac catheterization.>** LV
diastolic dysfunction was determined by echocardiography according

to the diagnostic criteria of the EACVI: i.e. septal or lateral mitral annular
early-diastolic (&) peak velocity <8 or <10 cm/s using TDI, respective-
ly, or maximal LA volume index (LAVI) >34 mL/m%.2" HFrEF was de-
fined in accordance with the guidelines on HF of the ESC: (a) clinical
signs or symptoms of HF (i.e. dyspnoea NYHA functional class > 2)
and (b) evidence of reduced LV systolic function (i.e. LVEF < 50%).%
The group of asymptomatic patients was determined as those with
NYHA functional class |, evidence of preserved LVEF (LVEF > 50%),
and the presence of some cardiovascular disease or risk factor (such
as obesity, diabetes, hypertension, or coronary artery disease). With
the purpose of excluding non-cardiac causes of dyspnoea in patients
with HF, we excluded subjects with (a) severe pulmonary disease de-
fined as pulmonary pathology with requirement of supplemental oxygen
or need of treatment with corticoids, (b) severe kidney disease defined
as estimated glomerular filtration rate (GFR) <15 mL/min/1.73 m? for
at least 3 months or dialysis requirement, and (c) severe chronic liver
disease. Moreover, patients with severe valvular heart disease were ex-
cluded as well. In addition, to avoid underestimations of RV myocardial
analyses, patients with inadequate 2D imaging quality in >1 myocardial
segments of the RV were also excluded.

RV and LV measurements using conventional
transthoracic echocardiography

All patients were examined at rest using a Vivid 7 or E9 (GE Healthcare)
ultrasound system. RV and LV conventional measurements such as
diameter, volume, LVEF, TAPSE, FAC, and S’ were assessed as recom-
mended by the EACVI."**! All these measurements were calculated
as the average of three measurements and performed at conditions
of respiratory (<20 breaths/min), haemodynamic (90—160 mmHg of
systolic blood pressure), and electrical (60—99 bpm) stabilities.

RV and LV measurements using 2D
speckle-tracking echocardiography

The myocardial analyses of the RV and LV were performed offline using
2DSTE (Echo-Pac 113, GE) in a central echocardiography laboratory at
Charité University Hospital and blinded to the clinical characteristics of
the subjects. The myocardial systolic function of the RV was evaluated
by means of the average value of the longitudinal systolic strain peak
from all segments of the free and septal wall (i.e. RV global systolic
strain) and only from the free wall of the RV (i.e. RV free wall systolic
strain) in the apical four-chamber view focused in the RV (see Figure 1
and Supplementary data, Videos S1 —55).87'° Furthermore, we analysed
the myocardial systolic function of the LV by means of the global longi-
tudinal systolic strain which was derived from the analysis of the LV from
the apical four-chamber, two-chamber, and long-axis views.'*°

Statistical analysis

Continuous data were presented as mean + standard deviation (SD)
and dichotomous data in percentage. Differences in continuous vari-
ables between two groups were analysed using Student’s t-test. Cat-
egorical variables were compared by x? test and Fisher’s exact test as
appropriate. Comparisons between three or more groups were ana-
lysed using a one-way analysis of variance (ANOVA). The relationship
of RV systolic strain with continuous variables was analysed using a sim-
ple linear regression analysis. In addition, in order to identify the vari-
ables with the strongest association with RV global and free wall
systolic strain, a multivariate stepwise forward linear regression analysis
was performed. Moreover, we analysed the link between RV systolic
parameters and the symptomatic status using a logistic regression
analysis.
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RV Myocardial Systolic Analysis using 2D Speckle-Tracking Echocardiography

Patient with Normal RV Longitudinal Systolic Function

RV Global Systolic Strain <-17% RYV Free Wall Systolic Strain <-19%

Figure | RV global systolic strain and RV free wall systolic strain using 2DSTE. RV global systolic strain represents the longitudinal systolic func-
tion of the septal and free wall of the RV. RV free wall systolic strain analyses only the longitudinal systolic function of the free wall of the RV. RV
global and free wall systolic strain were analysed in a RV-focused four-chamber view tracing a specific region of interest including only the free wall
to obtain RV free wall strain and tracing other specific region of interest including the septal and free wall to obtain RV global strain, as it is shown in
this figure and in Supplementary data, Videos S1—S4. This figure shows a patient with normal RV longitudinal systolic function determined by a RV
global systolic strain <—17% and a RV free wall systolic strain < —19%. See also Supplementary data, Videos S1—S5 illustrating the characteristics
of a normal RV longitudinal systolic function determined by RV global and free wall systolic strain.

In accordance with the recent guidelines on chamber quantification of
the EACVI,? a normal RV systolic function using conventional RV mea-
surements was defined as TAPSE > 17 mm, §’ > 9.5 cm/s, and FAC >
35%.2 In this regard, subtle RV systolic abnormalities were defined as
those detected when conventional RV systolic measurements were
normal. In line, the lowest expected cut-off value of RV global and
free wall systolic strain in the healthy population (calculated as —1.96
SD from the mean) was used to determine a normal or abnormal RV
longitudinal systolic strain.

The adequate reproducibility of RV systolic strain has been previously
confirmed in several studies of our and other laboratories.®™""** In ef-
fect, when we analysed the intra- and interobserver variability on 20 ran-
domly selected subjects in the present study, both RV global systolic
strain and RV free wall systolic strain had low intra- and interobserver
variability, with absolute mean differences lower than 1% (RV global sys-
tolic strain 0.83 + 0.59 and 0.91 + 0.73%; RV free wall systolic strain
0.82 + 0.59 and 0.89 + 0.63%; respectively).

All statistical analyses were performed with Statview 5.0 (SAS Insti-
tute) and SPSS 22.0 (IBM). Differences were considered statistically
significant when P < 0.05.

Results

Clinical characteristics of the study
population

A total of 256 healthy subjects met the eligibility criteria during the
study period. However, in this group of individuals, RV global and

free wall systolic strain could not be analysed in 18 subjects because
of an inadequate 2D imaging quality of the RV (feasibility 93%). Thus,
238 healthy adult subjects (117 Japanese and 121 Germans subjects)
with adequate imaging quality for an analysis by 2DSTE were finally
studied and analysed. Clinical characteristics and conventional RV
and LV measurements of these subjects are shown in Table 1. Con-
cerning the asymptomatic and HF population, a total of 710 patients
were initially included. Nevertheless, 68 patients had inadequate 2D
imaging quality for an analysis by RV global and free wall systolic
strain (feasibility 90.4%). Accordingly, 642 patients were finally ana-
lysed (218 with HFpEF, 208 with HFrEF, and 216 asymptomatics).
Clinical and LV characteristics of these patients are shown in Table 1.

Normal range of RV global and free wall
systolic strain

The normal range of RV global and free wall systolic strain analysing
the healthy subjects was as follows: RV global strain —24.5 + 3.8
and RV free wall strain —28.5 + 4.8 (lowest expected value —17
and —19%, respectively) (see Table 2). Regarding age and gender
distribution of these RV myocardial parameters, there were no sig-
nificant differences in RV global and free wall systolic strain between
younger and older subjects and small differences between women
and men (Table 2). In addition, with the purpose of evaluating a pos-
sible race variation in RV global and free wall systolic strain, we ana-
lysed a subgroup of healthy Asians (n = 100 Japanese; age 37.3 +
11.1 years) and healthy European subjects (n = 100 Germans; age
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Table | Clinical characteristics and conventional LV and RV measurements
Healthy subjects
(n = 238)
Clinical characteristics
Age, years 365+ 126
Women, % 50
BMI, kg/m? 225+ 24
Systolic blood pressure, mmHg 1189 +£ 938
Diastolic blood pressure, mmHg 709 + 8.6
Hypertension, % 0
Diabetes, % 0
Coronary artery disease, % 0
Obesity, % 0
Atrial fibrillation, % 0
Conventional LV measurements
LVEF, % 631+ 55
LV Mass, g/m? 75.6 + 164
Septal €’ mitral annular velocity by TDI, cm/s 112 £ 21
Lateral &’ mitral annular velocity by TDI, cm/s 1424+ 29
Mitral early-diastolic inflow velocity (E), cm/s 769 £ 159
Mitral E/e” septal—lateral ratio 63+ 14
LV global longitudinal systolic strain, % —210+22
Conventional RV measurements
FAC, % 494 +76
TAPSE, mm 202 +2.7
Tricuspid annular systolic velocity (S'), cm/s 126 £ 1.7
RV basal end-diastolic diameter, mm 305+ 50
Tricuspid regurgitation jet peak velocity, m/s 1.86 + 0.34

Tricuspid regurgitation jet peak velocity >2.9 m/s, % 0
Severe tricuspid regurgitation, % 0

Asymptomatic HFpEF patients HFrEF patients
patients (n = 216) (n=218) (n = 208)
599 + 144 72.0 + 10.5 67.4 + 141
394 523 221

258 + 39 283+ 53 264 + 4.8
1322 +14.8 137.6 + 139 1244+ 179
785+ 11.2 80.1 + 11.7 747 + 119
81 93.1 75

134 35.8 27.4

16.2 39 57.7

16.2 29.4 21.2

0 9.6 29.8

613+ 39 61.9 + 6.1 354+96
953+ 2238 105.6 + 26.3 141.0 + 40.8
64+22 48+ 1.6 41+1.6
9.0+29 70+22 58426
66.0 + 18.9 829 4+ 25.7 81.8 + 283
93 +4.1 152 +58 183 £ 80
—192+23 —17.7 £33 —-98+37
474 +58 454 + 87 391 +98
190+19 192 +29 162 +33
123 + 21 123 +2.6 9.8 +25
356+ 46 33.7+62 391+ 65
199 +0.33 2.38 + 0.54 241 4+ 0.62
0.9 179 22.5

0 0 0

Data are expressed as mean + SD or percentages. €’ indicates early diastolic. S indicates tricuspid lateral annular peak systolic velocity by TDI. TDl indicates pulsed tissue Doppler

imaging.

36.9 + 12.1 years) of similar age. In this regard, there were no signifi-
cant differences between Asians and Europeans in RV global and
free wall systolic strain (RV global systolic strain —24.9 + 3.6 vs.
—24.1 + 3.5%, P-value 0.108; and RV free wall systolic strain
—28.7 + 4.1 vs. —28.1 £+ 4.5%, P-value 0.342, respectively).

Ability of RV systolic strain to detect
subtle RV systolic abnormalities

Concerning the ability of RV systolic strain to detect subtle RV
systolic abnormalities, RV global and free wall systolic strain were
able to detect subtle RV longitudinal systolic abnormalities in a sig-
nificant proportion of patients with HFrEF and to a lesser extent in
HFpEF despite preserved RV conventional measurements such as
TAPSE, §', and FAC (see Figures 2—4 and Supplementary data, Videos
S6 —S10 as well as Supplementary data, Figures S1 to $4). In line, RV
global and free wall systolic strain detected a significantly higher rate
of RV systolic abnormalities in HFrEF and to a lesser extent in HFpEF
in comparison with conventional RV measurements (see Figure 5
and Supplementary data, Figures S5 and S6). In addition, in these
patients, the symptomatic status was significantly linked to both

RV global and free wall systolic strain (see Tables 3 and 4). In agree-
ment, patients with more impaired RV global and free wall systolic
strain had worse functional class (dyspnoea—NYHA classification)
than those with less altered RV systolic strain (see Tables 3 and 4).

On the other hand, the incremental clinical value of adding RV
systolic strain to conventional RV measurements to detect subtle
RV systolic abnormalities was not important in asymptomatic pa-
tients (see Figure 6). In this regard, RV global and free wall systolic
strain did not detect a high rate of RV longitudinal systolic abnormal-
ities in asymptomatic patients when conventional RV measurements
such as TAPSE, FAC, or S’ were preserved (see Figure 6).

Clinical and cardiac factors linked to RV
global and free wall systolic strain

Between the clinical and cardiac factors related to RV systolic strain,
principally LV systolic strain and to a lesser extent LVEF and RV free
wall thickness were significantly linked to RV global and free wall sys-
tolic strain (see Table 5). Consistent with these findings, patients
with HFpEF with abnormal RV global and free wall systolic strain
had a concomitant rate of abnormal LV longitudinal systolic strain
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Table 2 Myocardial RV systolic parameters using 2DSTE

Healthy subjects Asymptomatic HFpEF patients HFrEF patients
(n =1238) patients (n = 216) (n=218) (n =208)

RV global (septal and free wall) systolic strain, %

All patients —245+38 —224 435 —20.7 £ 40 —153 +47
Lowest expected value —-17.0 n/a n/a n/a

Women —250+40 —229+36 —21.0+40 —155+54
Lowest expected value —171 n/a n/a n/a

Men —239 4357 —220+35 —205+ 41 —152+45
Lowest expected value —-17.0 n/a n/a n/a

Younger than 50 years —243+ 37 —222+4+39 —20.6 + 3.5 —15.9 + 5.1
Lowest expected value —-17.0 n/a n/a n/a

Older than 50 years —248 +39 —224+34 —20.7 + 41 —152 +46
Lowest expected value —171 n/a n/a n/a

RV free wall systolic strain, %

All patients —285+48 —26.7 + 51 —24.6 + 5.1 —19.0 £58
Lowest expected value —19.0 n/a n/a n/a

Women —290+50 —273 151 —24.6 £ 5.1 —19.6 + 6.7
Lowest expected value —19.2 n/a n/a n/a

Men =279 +47 —263+ 51 —247 £+ 51 —189 £56
Lowest expected value —187 n/a n/a n/a

Younger than 50 years —284 1+ 49 —268+ 6.0 —25.04+ 44 —20.6+70
Lowest expected value —18.8 n/a n/a n/a

Older than 50 years —288 +45 —267 +48 —24.6 + 5.1 —189 +57
Lowest expected value —19.9 n/a n/a n/a

Data are expressed as mean + SD. “indicates significant statistical differences (P < 0.05); in this case, between men and women in RV global systolic strain in healthy subjects. In
HFpEF, HFrEF, and asymptomatic patients, there were no significant statistical differences between men and women or between younger and older than 50 years of age. n/a, not
applicable.

Rate of Subtle RV Systolic Abnormalities Detected by RY Global and Free Wall Systolic Strain
despite Preserved RV Conventional Measurements in Patients with HFrEF
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Figure 2 Subtle RV systolic abnormalities detected by RV global and free wall systolic strain despite preserved RV conventional measurements
in patients with HFrEF. Preserved RV conventional measurements were determined according to the recommendations for chamber quantifica-
tion of the EACVI (i.e. FAC > 35%, TAPSE > 17 mm,and S’ > 9.5 cm/s). RV systolic abnormalities using RV systolic strain were determined as RV
global and free wall systolic strain > —17 and > —19%, respectively (according to the lowest expected value of these measurements in healthy
subjects). See also in the Supplementary data online a subgroup analysis showing the ability of RV global and free wall systolic strain to detect subtle
RV systolic abnormalities in the subgroups of HFrEF patients with atrial fibrillation and sinus rhythm (see Supplementary data, Figures S7 and S2).
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Usefulness of RV Systolic Strain to Detect Subtle RV Systolic Abnormalities in HFrEF

Preserved RV Conventional Measurements
TAPSE 18 mm S’12 em/s FAC 37%
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RV Longitudinal Systolic Abnormalities Detected by RV Global and Free Wall Strain

RV Global Systolic Strain -9.5% RV Free Wall Systolic Strain -14%

Figure 3 Usefulness of RV global and free wall systolic strain to detect subtle RV systolic abnormalities in HFrEF. This figure shows the ability of
RV global and free wall systolic strain to detect subtle RV systolic abnormalities in a patient with HFrEF. Likewise, in the same patient, Supplemen-
tary data, Videos S6 —S10, show the usefulness of RV global and free wall systolic strain to detect subtle RV systolic abnormalities despite preserved

systolic motion in the basal segment of the free wall of the RV.

(LV strain > —16%) at 88% and a rate of RV hypertrophy (RV free
wall > 5 mm) at 60%. In line, patients with HFrEF with impaired RV
global and free wall systolic strain had also an altered LV longitudinal
systolic strain at 99.2% and a RV hypertrophy at 33.6%. In contrast,
RV global and free wall systolic strain were moderately linked to the
mitral E/e’ ratio, tricuspid regurgitation velocity, and to the age of
the patients (see Table 5).

Discussion

In the present multicentre study analysing a large cohort of healthy
subjects and patients with HF, we have determined the normal range
and the usefulness of RV global and free wall systolic strain to detect
subtle RV systolic abnormalities.

Normal range and definition of normal
RV systolic strain

Some studies analysing healthy subjects with 2DSTE have reported
the values of RV systolic strain in this population.™~"” However,
these studies were limited to determine the normal range of RV
global and free wall systolic strain because of the small number of
patients analysed (<80 women or men)."*~" For these reasons,
one of the objectives of the present study was to analyse a large
cohort of healthy subjects with the purpose of establishing the
normal range of RV global and free wall systolic strain which could
help to define a normal RV longitudinal systolic function using these
myocardial parameters. In effect, analysing a healthy population of
238 subjects, the normal range of RV global and free wall systolic
strain was —24.5 + 3.8 and —28.5 + 4.8 (lowest expected cut-off
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Rate of Subtle RV Systolic Abnormalities Detected by RV Global and Free Wall Systolic Strain
despite Preserved RV Conventional Measurements in Patients with HFpEF
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Detected by RV Free Wall Strain
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Figure 4 Subtle RV systolic abnormalities detected by RV global and free wall systolic strain despite preserved RV conventional measurements
in patients with HFpEF. Preserved RV conventional measurements were determined according to the recommendations for chamber quantifica-
tion of the EACVI (i.e. FAC > 35%, TAPSE > 17 mm,and S’ > 9.5 cm/s). RV systolic abnormalities using RV systolic strain were determined as RV
global and free wall systolic strain > —17 and > —19%, respectively (according to the lowest expected value of these measurements in healthy
subjects). See also in the Supplementary data online a subgroups analysis showing the ability of RV global and free wall systolic strain to detect
subtle RV systolic abnormalities in the subgroups of HFpEF patients with atrial fibrillation and sinus rhythm (see Supplementary data, Figures S3 and $4).

Rate of RV Systolic Abnormalities using Conventional and Myocardial RV Systolic Parameters in Patients with HFrEF and HFpEF

Rate of RV Systolic Abnormalities in HFrEF Rate of RV Systolic Abnormalities in HFpEF

100%: 100%
80%7 BO%
60%7 60%
38.9% 38.9%
40%] 40%1
—
0%~ 0%
FAC < 35% | |TAPSE < 17mm 8 <95 cmis RV Free Wall RV Global FAC <35% | |TAPSE <17mm| |S'<9.5cm/s RV Free Wall RV Global
(n = 59/208) (n=81/208) (n = 81/208) Strain >-19% Strain >-17% (n=11/218) (n=13/218) (n=12/218) Strain >-19% Strain >-17%
(m =97/208) (n = 122/208) (n =22/218) (n=25/218)

Figure 5 Rate of RV systolic abnormalities using conventional and new RV systolic parameters in patients with HFrEF and HFpEF. RV systolic
abnormalities using conventional RV measurements were determined according to the recommendations for chamber quantification of the EAC-
VI (i.e. FAC < 35%, TAPSE < 17 mm, and ' <9.5 cm/s). RV systolic abnormalities using RV systolic strain were determined as RV global and free
wall systolic strain > —17 and > —19%, respectively (according to the lowest expected value of these measurements in healthy subjects). There
were statistical differences in the rate of RV systolic abnormalities using new (RV global and free wall systolic strain) vs. conventional (FAC, TAPSE,
and §') RV systolic parameters in patients with HFrEF and HFpEF (P < 0.01). See also in the Supplementary data online a subgroup analysis showing
the rate of RV systolic abnormalities using conventional and new RV systolic parameters in the subgroups of HFrEF and HFpEF patients with atrial
fibrillation and sinus rhythm (see Supplementary data, Figures S5 and $6).

values —17 and —19%, respectively), with minimal differences
between younger and older subjects and between women and
men. In accordance with these findings, previous studies have found
similar cut-offs of RV global and free wall systolic strain to
differentiate a normal from an abnormal RVEF by MRI as well as

to determine outcomes in patients with HF and cardiovascular
diseases > 1113162526 | line, the most recent guidelines on
chamber quantification of the EACVI suggested that a cut-off of
RV free wall systolic strain >—20% could be considered as
abnormal?
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Table 4 Association of symptomatic status with conventional and myocardial RV systolic parameters

Asymptomatic and HFrEF patients

Myocardial RV systolic parameters
RV global systolic strain >—17%
RV free wall systolic strain > —19%
Conventional RV systolic parameters
TAPSE <17 mm
Tricuspid annular systolic velocity (S) <9.5 cm/s
FAC <35%

Myocardial RV systolic parameters
RV global systolic strain > —17%
RV free wall systolic strain > —19%
Conventional RV systolic parameters
TAPSE <17 mm
Tricuspid annular systolic velocity (S') <9.5 cm/s
FAC <35%

>75 [31.1->75]
62.0 [19.2->75]

682 [16.4—>75]
68.2 [16.4—>75]
423 [10.1->75]

<0.001
<0.001

<0.001
<<0.001
<0.001

Asymptomatic and HFpEF patients

9.1 [2.7-309]
79 [23-27.0]

6.7 [1.5-304]
6.2 [13-28.1]
5.6 [1.2-259]

<0.001
<0.001

0.012
0.017
0.024

204 [11.1-37.3]
187 [10.5-33.1]

12.8 [7.3-224]
10.9 [6.3-189]
16.0 [8.5-30.0]

20.0 [8.3-48.2]
24.9 [9.4-65.7]

27.6 [7.5->75]
24.8 [6.7->75]
22.1 [5.9->75]

<0.001
<0.001

<0.001
<<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

OR indicates odds ratio. Cl indicates confidence interval.

Rate of Subtle RV Systolic Abnormalities Detected by RV Global and Free Wall Systolic Strain
despite Preserved RV Conventional Measurements in Asymptomatic Patients

Detected by RV Global Strain

RV Systolic Abnormalities

Patients with Patients with Patients with
Normal TAPSE Normal §* Normal FAC
(n=214) (n=214) (n=214)

100%

RV Systolic Abnormalities
Detected by RV Free Wall Strain

Patients with Patients with
Normal TAPSE Normal 8’
(n=214) (n=214)

Patients with
Normal FAC
(n=214)

Figure 6 Rate of subtle RV systolic abnormalities detected by RV global and free wall systolic strain despite preserved RV conventional mea-
surements in asymptomatic patients. Preserved RV conventional measurements were determined according to the recommendations for cham-
ber quantification of the EACVI (i.e. FAC > 35%, TAPSE > 17 mm, and §' > 9.5 cm/s). RV systolic abnormalities using RV systolic strain were
determined as RV global and free wall systolic strain > —17 and > —19%, respectively (according to the lowest expected value of these measure-

ments in healthy subjects).

Conventional vs. new RY systolic
parameters to evaluate RV systolic
function

Conventional RV systolic parameters such as TAPSE and S’ are ad-
equate measurements of RV systolic function.”> However, these
conventional RV analyses have some limitations such as load and

angle dependence and inaccuracy to evaluate a global RV systolic
function because they represent only the displacement or function
of a single RV segment.'~” Despite these limitations, the incremen-
tal clinical value of new angle-independent and global RV analyses
such as RV systolic strain over conventional RV measurements re-
mains poorly understood. In effect, the ability of RV systolic strain
to detect subtle RV systolic abnormalities, when conventional RV
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Table 5 Clinical and cardiac variables linked to RV global and free wall systolic strain

Healthy subjects

(n = 238)

PRREHES p .......

RV global (septal and free wall) systolic strain
Age, years 0.03 0.560
LV global longitudinal systolic strain, % 0.31 <0.001
Tricuspid regurgitation jet peak velocity, m/s —0.01 0.977
RV free wall thickness, mm 0.12 0.177
RV septal wall thickness, mm -021* <0.001
LVEF, % 0.10 0.127
Mitral E/e” septal—lateral ratio 0.16 0.014
Systolic blood pressure, mmHg —0.09 0.148
Body surface area, m? —029 <0.001
BMI, kg/m? -0.19 0.002
RV free wall systolic strain

Age, years 0.01 0.989
LV global longitudinal systolic strain, % 0.19 0.003
Tricuspid regurgitation jet peak velocity, m/s —0.01 0.994
RV free wall thickness, mm 0.01 0.980
RV septal wall thickness, mm —0.17 0.009
LVEF, % 0.07 0.235
Mitral E/e’ septal—lateral ratio 0.09 0.143
Systolic blood pressure, mm Hg —0.02 0.738
Body surface area, m? —023 <0.001
BMI, kg/m? —-0.16 0.010

Asymptomatic HFpEF patients HFrEF patients

patients (n = 216) (n=218) (n = 208)
PR p ....... PR p ....... e p ........
—0.03 0.592 0.08 0211 —0.03 0.580
0.31* <0.001 0.51° <0.001 0.62* <0.001
—0.01 0.969 —-0.07 0.281 —0.26 <0.001
—0.03 0.671 —0.38% <0.001 -0.32 <0.001
—0.09 0.179 —0.18 0.007 —0.01 0.894
0.23° <0.001 0.08 0.219 0.56 <0.001
—0.07 0.249 —0.15 0.019 —0.31 <0.001
—0.07 0.275 —0.01 0.798 0.15 0.024
-0.12 0.067 —0.08 0.234 —0.05 0.404
—0.07 0.291 —0.01 0.887 —0.09 0.183
—0.03 0.628 0.10 0.122 —0.04 0.479
0.13 0.053 041° <0.001 0.49* <0.001
0.04 0518 —-0.07 0.280 —024 <0.001
—0.08 0.224 —0.31* <0.001 -029 <0.001
—0.02 0.785 —0.08 0.192 —0.01 0.885
0.13 0.051 0.02 0.728 0.48 <0.001
0.05 0.427 —0.11 0.092 —0.20 0.002
—0.10 0.137 0.05 0.396 0.13 0.049
—0.10 0.112 —-0.07 0.270 —-0.02 0.778
—0.03 0.630 -0.09 0.175 —0.01 0.969

?ldentified variable with the strongest association with RV global and free wall systolic strain in a multivariate stepwise forward linear regression analysis (all variables were included
in the analysis). No variable had significant association with RV free wall systolic strain in a multivariate stepwise forward linear regression analysis in healthy subjects and in

asymptomatic patients.

parameters are normal, is not known. In the present study analysing
a large cohort of patients with HF, RV global and free wall systolic
strain were able to detect subtle RV longitudinal systolic abnormal-
ities in a significant proportion of patients with HFrEF and to a lesser
extent in HFpEF despite preserved RV conventional measurements
such as TAPSE, S', and FAC. In addition, we evidenced that in these
patients the symptomatic status was significantly linked to RV global
and free wall systolic strain. In agreement with these findings, recent
studies in patients with HF showed that new RV myocardial
parameters such as RV systolic strain had a significantly better
correlation with RVEF by MRI than conventional RV analyses
and a strong correlation with the functional class of the pa-
tients.211122426=29 Therefore, on the basis of our findings, we con-
sider that RV global and free wall systolic strain could be considered
important methods to assess the myocardial systolic function of the
RV in patients with HF.

Clinical and cardiac factors linked to RV
global and free wall systolic strain

In the analysis of the factors that could influence on RV global and
free wall systolic strain, we found that these RV myocardial para-
meters were principally linked to the longitudinal systolic function
of the LV. These findings are in agreement with several previous

studies that also found a significant interrelationship between the
longitudinal systolic function of the RV and LV.>*~3* Furthermore,
another point to take into consideration is the possible influence
of the vendor’s software package on RV global and free wall strain.
Recent studies evidenced that 2DSTE values of the LV vary between
different software packages such as GE, Philips, and Toshiba.'83* =37
Thus, while there are no data showing a variability between different
ultrasound software packages regarding RV strain, we consider that
the normal range and cut-off values of RV global and free wall sys-
tolic strain reported in this study should be considered according to
the ultrasound software package utilized (i.e. Echo-Pac from GE),
which so far is the most extensively validated software to analyse
the RV with 2DSTES 101315162434

Limitations

Some limitations from this study should be considered. One point to
take into consideration is the experience of the operator to perform
RV myocardial analyses with 2DSTE, particularly for RV free wall
strain. Unlike RV or LV global systolic strain, whose analyses are
similar in four-chamber view, RV free wall strain requires a high ex-
perience in 2DSTE because this isolated wall analysis is different
from the conventional LV or RV global strain analysis. In line, it is im-
portant taking into account that the 2DSTE software to analyse the
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LV is the same used to analyse the RV. Furthermore, it is worth not-
ing that we did not compare the echocardiographic strain analyses
with those performed by cardiac MRI. Nonetheless, several previ-
ous studies have demonstrated a strong correlation of RV global
and free wall systolic strain with RVEF by MR| 81326

Conclusions

In the present multicentre study analysing a large cohort of healthy
subjects and patients with HF, we have determined the normal range
and the usefulness of RV global and free wall systolic strain to detect
subtle RV systolic abnormalities. Therefore, we consider that these
findings could help to define a normal RV longitudinal systolic func-
tion using RV global and free wall systolic strain and highlight the
clinical relevance of adding these new RV myocardial parameters
to the conventional RV measurements in patients with HF.

Supplementary material

Supplementary Material is available at European Journal of Echocardi-
ography online.
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