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Right ventricular free wall longitudinal strain in heart 
failure with preserved and mild reduced ejection 
fraction. Application and prognostic implications.
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Abstract. Aims: Right ventricle (RV) plays an important role in heart failure with preserved and 
mild reduced ejection fraction. Quantification of right ventricular functional parameters by echo-
cardiography is challenging. In this context an advanced quantification parameter such as right 
ventricular strain (a measure of myocardial deformation) represents a tool that can provide useful 
information in the assessment of RV function, with potential prognostic implications.
Methods: In a  cohort of 71 prospectively included patients admitted for an episode of heart 
failure with preserved and mild reduced ejection fraction (LVEF >40%) right ventricular function 
was evaluated through right ventricular free wall longitudinal strain. Relationship with variables 
such as hospital readmission and cardiovascular mortality was studied. 
Results: Worse right ventricular free wall longitudinal strain was associated to higher probability 
of cardiovascular mortality at six months. In multivariate analysis RV free wall strain remained 
a predictor of cardiovascular mortality at 6 months. 
Conclusion: In patients with heart failure, impairment of right ventricular free wall strain is re-
lated to worse clinical outcome (increased cardiovascular mortality) regardless of other right 
ventricular functional parameters. Therefore, representing a  non-invasive prognostic indicator 
in these patients, and could be useful in stratifying the risk of adverse events. Fig. 2, Tab. 6, 
Ref.  24, on-line full text (Free, PDF), www.cardiologyletters.sk
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The right ventricle (RV) plays an important role in 
the pathophysiology of heart failure with preserved 
and mild-reduced ejection fraction. Right ventricular 
dysfunction is associated with an increase in morbi-

dity and mortality in this population (1,2). The gold 
standard method for evaluation of the right ventricle 
is magnetic resonance imaging (3). However, a  tran-
sthoracic echocardiogram is more commonly used in 
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clinical practice due to its greater accessibility. Quan-
tification of right ventricular functional parameters by 
echocardiography is challenging due to the complex 
geometry of this heart chamber (4). Several methods 
are available to evaluate its function: tricuspid annu-
lar plane systolic excursion (TAPSE), fractional area 
change (FAC) and lateral tricuspid annular systolic 
velocity derived from tissue-Doppler (S’) (5). These 
parameters, largely used for decades and of proven 
utility, present an important limitation: their values 
are dependent on the insonation angle and can be 
affected by changes in load as well as rotational and 
translational motions of the heart, especially present 
in the right ventricle (6). 

Echocardiography provides an additional tool, such 
as the determination of RV strain, using techniques to 
study RV deformation that could be more sensitive to 
detect right ventricular dysfunction. Speckle-tracking 
programs are used to measure the three segments of 
the RV free wall. The lower limit of normality has been 
set at <-20%, greater than 20 in absolute value (7,8). 

In patients with heart failure (HF), an altered right 
ventricular function is common (9) and similarly to the 
left ventricle, there is most likely an association with the 
same fibrosis processes that affect the subendocardial 
layer in relation to the various prevalent comorbidities 
in HFpEF and HFmrEF. In addition, right ventricular 
dysfunction could contribute to the symptomatology 

of heart failure, with worse symptomatic control, more 
admissions and worse clinical outcome (10,11).

We have aimed to evaluate right ventricular function 
by determining right ventricular free wall strain in addi-
tion to TAPSE, S’ wave, and FAC in a cohort of patients 
admitted for an episode of heart failure with preserved 
and mild reduced ejection fraction (HFpEF and HFmrEF), 
evaluating their relation with variables such as hospital 
readmission and cardiovascular mortality.

Methods

A prospective cohort study was designed made up 
of patients admitted to hospital for clinical heart fai-
lure. Patients were consecutively included in the study. 
A  complete doppler echocardiogram was performed. 
Measurements of the various parameters were performed 
following the recommendations of the quantification 
consensus guide of the European and American Echo-
cardiography Societies. To determine right ventricular 
free wall strain (RVFWS), a  4-chamber view centered 
on right chambers was obtained and the image was 
optimized to obtain the maximum resolution with the 
greatest visualization of the entire RV free wall. (Figure 1)

Inclusion criteria were the following: patients admit-
ted to hospital with an episode of heart failure, with 
preserved and mild reduced ejection fraction (measured 

Figure 1   Determination of the right ventricular free wall strain through two dimensional speckle-tracking echocardiogram 
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by the bi-plane Simpson method at > 40%). Exclusion 
criteria were: significant heart valve disease (mitral, tri-
cuspid or aortic regurgitation equal to or greater than 
grade III/IV), severe mitral or aortic stenosis; intervened 
valvular heart disease. The study was approved by the 
hospital ethical committee of clinical research. Patients 
were followed for six months. Readmissions for HF and 
deaths (from cardiovascular and non-cardiovascular 
causes) were recorded.

Statistical analysis
Continuous variables were described by mean 

and standard deviation (SD). The association between 
factors was assessed by statistical hypothesis testing 
using proportion comparison. In order to evaluate the 
contribution of RV free wall strain to mortality while 
controlling possible confounding factors, multivariate 
logistic regression models were performed. The effects 
were considered significant if p  <0.05. The two-tailed 
p values and the power of all statistical tests were taken 
into account when drawing conclusions.

Results

The total study population was initially 91 patients, 
of which 5 were excluded for presenting significant 
valvular disease (3 with moderate to severe or severe 
mitral regurgitation and 2 with severe aortic stenosis) 
and 11 were excluded owing to poor echocardiogra-
phic window, 4 unable to follow up, or refusal to sign 
informed consent. Thus, 71 patients were included in 
the analysis. 

Clinical characteristics 
Baseline clinical characteristics are summarized in 

Table 1.
The average body mass index (BMI) was 30.23 

(4.8 SD) in women and 29.49 (5.38 SD) in men. The me-
dical treatment received by patients is shown in Table 2.

The main echocardiographic variables are listed in 
Table 3.	

Most of the patients showed RV longitudinal dys-
function revealed by longitudinal strain: the percentage 
of patients with decreased RV strain (less than 20% in 
absolute value) was 63%. 

Events
Within 6 months of inclusion in the study, 14% of 

patients had died of cardiovascular causes (heart failure 
or myocardial infarction, sudden death). Among the 
causes of death, 77% died from cardiovascular causes 
(72% of patients from heart failure, 5% from sudden 

Table 1   Clinical characteristics
Clinical history Percentage (number of patients)
Men 55%
Women 45%
Mean age years (SD) 77,58 (10,75)
Kidney failure 38,03% (27)
Dyslipidemia 50% (35)
Type 2 diabetes 42.25% (30)
Smoking 7.14%(5)
COPD 19.72% (14)
Atrial fibrillation 54.93% (39)
HBP 92,96% (66)
Ischemic heart disease 35% (25)

HBP – high blood pressure; COPD – chronic obstructive pulmonary 
disease; SD – standard deviation

Table 2   Medical treatment
Medical treatment Percentage
ACE inhibitor 29%
ARBs 32%
MRA 19%
Beta blocker 60%
Furosemide 62%
Digoxin 19%
Thiazide 15%

ACE – angiotensin-converting enzyme; ARB – angiotensin receptor 
blockers; MRA – mineralocorticoid receptor antagonists

Table 3   Main echocardiographic variables
Parameter
Proximal RVOT diameter (mm) 29,24 (SD 5.47)
Distal RVOT diameter (mm) 23.34 (SD 4.24)
TAPSE (mm) 19.03 (SD 3.36)
FAC (%) 52,6%
Tei Index 0.51 (SD 0.13)
RVFWLS (%) 15.29% (SD 4.41)
PASP (mmHg) 48.20 (SD 16.48)
LVEF 55,1% (SD 8,64)
HFmrEF (40-50%)/HFpEF (>50%) 35/65

Echocardiographic variables. Distal RVOT – Distal right ventricular 
outflow tract; FAC – Fractional area change; RVFWLS – right ven-
tricular free-wall longitudinal strain; HFmrEF – mild reduced LVEF / 
HFpEF – preserved LVEF; % – percentage



Cardiology Lett. 2026;35(2):83–89

86

death), 5% from kidney failure and 18% from neoplasia. 
A  worse right ventricular free wall longitudinal strain 
was related to higher cardiovascular mortality (18,9 vs 
13,96 (OR 0.86 (0.74;0.90, p  0.025) (Table 4). Neither 

TAPSE nor FAC nor S wave were associated with a higher 
probability of readmission or mortality.

In a  multivariate analysis that included age, BMI, 
E/e´ ratio, ejection fraction (established risk factors 
of mortality in heart failure with preserved and mild 
reduced LVEF) the altered RV free wall strain remained 
a  predictor of cardiovascular mortality at 6 months 
(Table 5).

Survival analysis
A Kaplan-Meier analysis was performed to estimate 

the survival function in our patients. 
Statistically significant differences in survival were ob-

served in patients with severely altered values compared 
to those with normal RVFWS values < -20% (Figure 2). 

To assess the influence of the degree of depression 
of the deformation parameters on survival, RVFWS was 

Table 4   Cardiovascular mortality at 6 months
(total) N=71 No N=61 yes N=10 OR p 

RVFWLS 18.70 (13.73;20.73) 18.90 (14.00;20.90) 13.96 (10.83;18.82) 0.86 (0.74;0.90) 0.025
TAPSE 18.05 (17.07;21.00) 18.05 (17.23;21.00) 18.25 (16.90;22.00) 1.00 (0.81;1.22) 0.972
S 11.00 (10.00;12.00) 11.00 (10.00;12.00) 10.00 (9.00;11.00) 0.84 (0.58;1.20) 0.337
FAC 0.52 (0.46;0.62) 0.52 (0.45;0.61) 0.67 (0.51;0.73) 1.00 (0.97;1.04) 0.867

TAPSE – tricuspid annular plane systolic excursion; FAC – fractional area change; S – tricuspid TDI S wave; RVFWLS – right ventricular strain

Table 5   Cardiovascular death at 6 months. Multivariate analysis
CVdeath6m no Yes OR (univariate) OR (multivariate)
RVFWLS Mean (SD) 17.7 (4.3) 14.7 (4.6) 0.86 (0.73-1.00, p=0.040) 0.70 (0.43-0.92, p=0.045)
Age Mean (SD) 77.0 (10.9) 81.2 (9.3) 1.04 (0.98-1.13, p=0.250) 0.92 (0.80-1.04, p=0.201)
BMI Mean (SD) 29.5 (4.8) 32.5 (6.7) 1.11 (0.98-1.26, p=0.101) 1.07 (0.81-1.44, p=0.642)
E/e´ Mean (SD) 17.1 (7.3) 25.1 (9.1) 1.11 (1.03-1.22, p=0.015) 1.18 (0.85-1.62, p=0.249)
E/e´average Mean (SD) 15.0 (6.0) 26.2 (13.7) 1.15 (1.04-1.34, p=0.025) 1.06 (0.84-1.53, p=0.672)
LVEF Mean (SD) 54.3 (8.7) 59.5 (7.0) 1.08 (0.99-1.18, p=0.090) 1.04 (0.90-1.21, p=0.572)

BMI – body mass index; TAPSE – tricuspid annular plane systolic excursion; RVFWLS – right ventricular strain; E/e´– ratio between E wave 
pulsed doppler and tissular doppler; LVEF – left ventricular ejection fraction

Table 6   Cardiovascular mortality and RVFWS. Survival analysis
RVFWLS v SE Z p
no depression mild depression 1,03 0,80 1,30 0,19
no depression moderate depression 0,71 0,86 0,83 0,40
no depression severe depression 2,79 1,18 2,37 0,01
mild depression moderate depression -0,52 0,95 -0,54 0,58
mild depression severe depression 0,99 1,28 0,77 0,44
moderate depression severe depression 1,86 1,31 1,41 0,15

RVFWLS – right ventricular free-wall longitudinal strain. No depression (>-20%), mild depression (-20.7 to -18.7%), moderate depression 
(-18.7 to -13.7%) and 4) severe depression (>-13.7%)

Figure 2   Cardiovascular mortality and RVFWS
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stratified by quartiles. Four groups were established 
based on the quartiles found (13.7%, 18.7% and 20%) 
according to the severity of RVFWS depression: no 
depression (>-20%) mild depression (-20.7 to -18.7%) 
moderate depression (-18.7 to -13.7%) and 4) severe 
depression (>-13.7%) (Table 6). 

Discussion

The use of techniques for studying RV deformation 
by echocardiography (global longitudinal strain) can 
provide useful information in the assessment of RV 
function quickly and non-invasively. The technique was 
developed in a  similar way to that used for the study 
of left ventricular function (12,13). 

Right ventricular function can be affected in patients 
with heart failure by the same processes that cause left 
ventricular dysfunction (14). In patients with pulmonary 
hypertension, RV free wall strain is significantly lower than 
that of healthy control subjects (15) but the degree or 
duration of right ventricular pressure overload does not 
fully explain right ventricular dysfunction in HFpEF (16). 

In the same way that different comorbidities such 
as HBP (high blood pressure), diabetes mellitus, obesity 
and coronary artery disease directly affect longitudi-
nal systolic and diastolic function of the left ventricle 
as a  consequence of fibrotic subendocardial change 
(17,18), they can also affect the subendocardial fibers 
of the right ventricle (19). Authors such as Kosmala and 
collaborators observed right ventricular dysfunction in 
diabetic patients with preserved ejection fraction, with no 
difference in TAPSE or S  wave (20). Diabetes is one of 
the main causes of HFpEF, mainly because of a greater 
presence of ischemic heart disease, although multiple 
pathophysiological mechanisms have also been impli-
cated. A  metabolic toxic effect on cardiomyocytes has 
been postulated among other reasons. In our study, we 
observed a high prevalence of DM (46%) in our patients, 
as they correspond to the group of patients with preser-
ved and mild reduced EF. Right ventricular longitudinal 
dysfunction has also been evidenced in patients with 
hypertension (21), supporting the theory of involvement 
of both ventricles (not only the LV, but also the RV) in 
relation to HBP and other comorbidities such as DM 
that would cause a global effect on myocardial cells.

There is most likely to be an association with the 
same fibrosis process that affects the subendocardial 
layer of the LV and also to a  lesser extent with the 
pressure overload secondary to pulmonary hyperten-
sion. The arrangement of the myocardial fibers in the 
right ventricle is predominantly longitudinal. There is 
a  predominant longitudinal subendocardial layer and 
a  thinner circumferential subepicardial layer. Thus, the 
process of right ventricular contraction and relaxation 
occur fundamentally in the longitudinal direction, this 
component being the one that contributes the most to 
the right ventricular ejection volume, much more than 
that of the contraction movement of the circumferential 
fibers (22).

Interesting observations emerge from the survival 
analysis. Patients with significant depression of right 
ventricular strain (RVFWS >-13.7%) had statistically 
higher mortality rate than those with normal RVFWS 
(RVFWS >-20%). 

The alteration in RV deformation parameters could 
represent a  greater decline in ventricular function and 
would therefore reflect a  more advanced stage of the 
disease.

Our results through longitudinal strain revealed right 
ventricular dysfunction in HFpEF and HFmrEF with a worse 
clinical outcome. However, other functional parameters 
such as TAPSE and FAC were not as altered nor were 
they related to higher HF readmission or cardiovascular 
mortality. Maintaining normal TAPSE in HFpEF patients 
is not synonymous with normal RV function. TAPSE is 
a  regional indicator that describes longitudinal function 
of the RV at lateral basal level and can be affected by 
load changes such as volumetric overload. Despite its wide 
utilization and proven prognostic value, it could be a less 
sensitive indicator of ventricular dysfunction than free wall 
strain. Fractional area change calculation is dependent on 
a good image quality and correct acquisition of the RV 
centric plane with meticulous endocardial border deline-
ation (that is more trabeculated than the LV). It is also 
time consuming and cannot always be obtained reliably. 

There is less data available on the Tei Index in RV 
functional assessment in this patient population. Tei index 
has been widely used for the study of left ventricular 
dysfunction, as it is an easy to apply tool for ventricular 
dysfunction (23). Its main disadvantage is the angle de-
pendence and that it does not differentiate systolic from 
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diastolic dysfunction. As it requires several measurements 
for its calculation, it can constitute a  potential source 
of error if one or more erroneous measurements are 
linked together, a weakness common in a large number 
of echocardiographic formulas.

When image quality is adequate and endocardial bor-
der detection is correct, RV free wall longitudinal strain 
is quantified semi-automatically with less chance of error 
than other parameters that require more measurements. 

Our study has some limitations. One is that the RV 
function was evaluated by transthoracic echocardio-
graphy. Other more accurate and objective methods 
such as magnetic resonance imaging (gold standard) 
would have increased the reliability of the study in 
assessing right ventricular function. The availability of 
echocardiography is greater in clinical practice and its 
use much more widespread. Progressive improvement 
of the technology applied to echocardiography allows 
the assessment of increasingly accurate and reproducible 
measurements, even more so with the incorporation of 
semi-automatic methods as in the case of strain. The 
characteristics of patients in our sample (advanced 
age) may not be applicable to the younger population: 
however, heart failure with preserved ejection fraction 
affects increasingly elderly patients and no clinically 
relevant differences in strain have been established in 
the literature depending on age (24).

Conclusions

In patients with heart failure with preserved and mild 
reduced ejection fraction, impairment of right ventricular 
free wall strain is common and is related to worse cli-
nical outcome (increased cardiovascular mortality at six 
months) regardless of other right ventricular functional 
parameters and left ventricular ejection fraction, therefore 
representing a sensitive non-invasive prognostic indicator 
in these patients, which could be useful in stratifying 
the risk of adverse events. 
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