
Ali et al. Egypt J Radiol Nucl Med           (2023) 54:92  
https://doi.org/10.1186/s43055-023-01033-w

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Egyptian Journal of Radiology
and Nuclear Medicine

Apical but not basal RV strain reflects right 
ventricular dysfunction in patients with dilated 
cardiomyopathy
Asmaa Ahmed Ali1, Safaa Abo Alfadl Mohammed1 and Amal Mohamed Hamdy1*   

Abstract 

Background RV dysfunction is an important predictor of morbidity and mortality in cardiac patients, especially 
those having dilated cardiomyopathy (DCM). Deformation imaging parameters (strain and strain rate) are estab-
lished as new echocardiographic measures that allow for both global and regional RV function assessment. Previous 
studies showed that heterogeneous segmental deformation affects global RV function differently in various disease 
states. Echo-Doppler parameters of RV and LV function including RV global longitudinal strain, basal & apical RV 
strain, LV ejection fraction and LV global longitudinal strain were evaluated in 42 DCM patients & 28 normal subjects, 
aiming to assess the value of apical versus basal RV strain in detection of RV dysfunction in patients with dilated 
cardiomyopathy.

Results DCM patients had significantly lower values of both RV global longitudinal strain and apical RV strain 
compared to normal subjects (p < 0.001). Basal RV strain did not significantly differ in DCM from normal. The apical RV 
strain correlated significantly with RV global longitudinal strain, LV ejection fraction and LV global longitudinal strain 
(p < 0.001 for all). Using ROC curve, a cut-off value of apical RV strain ≤ 29.5 distinguished RV dysfunction from normal 
with 91.2% sensitivity & 100% specificity.

Conclusions RV apical but not basal strain reflects the status of RV function, and it represents a valuable measure to 
diagnose RV dysfunction in patients with DCM.
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Background
Various studies demonstrated the essential role of right 
ventricular (RV) function in determining prognosis in 
nearly all cardiac disorders, and most particularly, in 
dilated cardiomyopathy (DCM) patients [1–3]. The RV 
function in dilated cardiomyopathy is connected to LV 
dysfunction in multiple ways (shared fibers and septal 

wall, biventricular cardiomyopathic process, increased 
LV filling pressures, ventricular interdependence, and 
inextensible pericardial space [4, 5].

For the past three decades, the LV anatomy and func-
tion have been extensively studied. The RV has been 
ignored probably due to the technical difficulties in its 
imaging as well as its complex anatomy and inadequate 
understanding of its function and hemodynamics [6].

The RV can be studied with many imaging and func-
tional modalities such as cardiac magnetic resonance 
(CMR), which is increasingly used as a gold standard 
method in evaluation of ventricular structure and func-
tion. However, it is not a convenient method for some 
cardiac patients, especially those with non-compatible 
pacemakers and resynchronization devices. In clinical 
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practice, echocardiography is the mainstay of evaluating 
RV structure and function [7], as it offers the advantages 
of feasibility, availability, and suitability to patients for 
whom CMR is not a convenient modality.

The complex shape and load dependency of the RV cre-
ate challenges in echocardiographic assessment of RV 
function [8]. However, despite these challenges, echocar-
diography remains the most widely utilized clinical imag-
ing modality for assessment of RV function [9].

Multiple echocardiographic parameters for RV con-
tractility have been described and demonstrated clinical 
utility to quantitatively assess RV function. These param-
eters include tricuspid annular plane systolic excursion 
(TAPSE), RV fractional area change (FAC), RV myo-
cardial performance index (RMPI or RV Tei index) and 
myocardial velocities measured by tissue Doppler imag-
ing. However, there are common limitations for most 
of these parameters. RMPI, as with most RV functional 
indices, is load-dependent and can be falsely decreased in 
conditions with elevated right atrial pressure that causes 
earlier opening of the tricuspid valve, thus reducing iso-
volumic relaxation time and thereby underestimating the 
RV Tei index [10–12]. Both TAPSE and tissue Doppler 
systolic velocity are angle-dependent, reflect translational 
RV myocardial motion rather than true contraction and 
reflect only the longitudinal function of the RV basal por-
tion, neglecting the apical and outflow tract components 
to RV ejection [13].

Deformation imaging parameters (strain and strain 
rate) are established as new echocardiographic meas-
ures that overcome many of the limitations of the con-
ventional echo-Doppler parameters and allow for both 
global and regional RV function assessment.

RV Strain analysis can be performed using tissue Dop-
pler methods, or speckle tracking echo (STE) which is a 
more contemporary angle‐independent technique. RV 
strain measured by STE has been reported to correlate 
with cardiac magnetic resonance. Thus, it offers a prom-
ising tool in assessment of RV function [14]. The aim of 
the current study was to assess the value of apical versus 
basal RV strain in detection of RV dysfunction in patients 
with dilated cardiomyopathy.

Methods
We studied 70 cases [42 patients with dilated cardiomyo-
pathy (DCM) and 28 normal subjects (NL) as a control 
group]. All study cases were in sinus rhythm. Exclusion 
criteria included valvular or congenital heart disease, 
significant arrhythmia, and bad echogenicity. The study 
protocol complies with the  Declaration of Helsinki and 
was approved by the Medical Ethics Committee of our 
institute. Informed verbal consent was obtained from all 
participants before enrollment into the study.

All studied cases were subjected to transthoracic echo-
Doppler assessment using Vivid-E9 GE system attached 
to an echoPAC workstation version 201. Patients were 
examined in both supine and left lateral positions using 
multi-frequency (1.5/4.6 MHz) matrix probe M5S. From 
the standard views, images and cine-loops were obtained 
and digitally stored for later offline analysis.

Both left and right ventricular functions were assessed 
using various echo-Doppler modes including M-mode, 
2-D echo, conventional Doppler flow imaging, tissue 
Doppler imaging (TDI) and speckle tracking echocardi-
ography (STE).

Left ventricular echo‑Doppler parameters included

• LV end-diastolic and end-systolic dimensions 
(LVEDD & LVESD respectively).

• Percent fractional shortening (PFS) calculated as 
100*[(LVEDD-LVESD)/LVEDD]

• Biplane 2D echo-measured LV ejection fraction 
(LVEF) calculated automatically by the machine 
using Simpson’s disk summation method.

• LV-Tei index calculated from both trans-mitral & 
trans-aortic Doppler flow signals using the formula: 
[LV-Tei index = (a time − b time)/b time].

• The LV “a time” was measured from the end of one 
trans-mitral flow signal to the start of the following 
one. It represents the sum of LV isovolumic contrac-
tion time, ejection time and isovolumic relaxation 
time. The LV “b time” represents LV ejection time 
and was measured from the start to the end of trans-
aortic Doppler flow signal.

• Left ventricular global longitudinal strain (LV-GLS) 
measured by speckle tracking echo (STE) and cal-
culated automatically by the echo machine from the 
automated functional imaging with bull’s eye display.

Right ventricular echo‑Doppler parameters included

• M-mode measured tricuspid annular plane systolic 
excursion (TAPSE) guided from 2D apical 4-chamber 
view. The total systolic displacement was measured 
from end-diastole to the highest points of contrac-
tion by using the leading edges of the echoes.

• 2D echo-measured RV end-diastolic area (RVEDA), 
RV end-systolic area (RVESA), RV fractional area 
change (RV-FAC) measured as (RVEDA − RVESA)/ 
RVEDA.

• RV systolic pressure (RVSP): measured from tricus-
pid regurgitation Doppler signal applying the modi-
fied Bernoulli equation and adding RA pressure 
according to the level of jugular venous pulsation.
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• RV-Tei index calculated from both trans-tricuspid & 
trans-pulmonary Doppler flow signals using the for-
mula: RV-Tei index = (RV-a time − RV-b time)/ RV-b 
time

• The RV-“a” refers to the tricuspid valve closure-to-
opening time and was measured from the end of one 
trans-tricuspid flow signal to the start of the follow-
ing one, and the RV-“b” refers to the RV ejection time 
and was measured from the start to the end of trans-
pulmonary Doppler flow signal.

• Tissue Doppler imaging-derived RV strain obtained 
at both basal and apical RV segments (RV-St base & 
RV-St apex respectively).

• Speckle tracking echo-derived RV global longitudi-
nal strain (RV-GLS), obtained by manual tracing of 
the RV endocardial border at end-systole and calcu-
lated automatically using the same software applied 
on the LV as the mean of six segments (basal, mid, 
and apical segments of both RV free wall and inter-
ventricular septum), after further manual adjustment 
to include the RV wall thickness.

Statistical analysis
Quantitative data were expressed as means ± stand-
ard deviations. Age was expressed as range, median 
and interquartile range (IQR). Categorical data were 
expressed as numbers and percent (%). Statistical analysis 
was performed using SPSS software (version 23). Com-
parison between study groups (DCM & NL) was done 
using unpaired t test for normally distributed data or 
Mann–Whitney U-test in case of abnormal data distribu-
tion. Paired t test was used to compare RV basal strain 
with RV apical strain in each group separately (normal 
subjects and DCM patients). Both independent samples 
median test and Mann–Whitney U-test were used for 
comparison of age between the two groups. Chi-square 
test was used to compare sex distribution in both groups 
(DCM and NL groups). Pearson correlation coefficient 
with its significance was determined for parameters of 
TDI-derived RV strain (RV-St base & RV-St apex) with 
LV and other RV parameters of systolic function. ROC 
curve was plotted to determine the cut-off value of RV-St 
apex that could differentiate between normal and abnor-
mal RV function. p value < 0.05 was considered statisti-
cally significant.

Results
This study included 70 cases (42 DCM patients and 
28 age and sex matched normal subjects). The DCM 
group included 35 males and 7 females, and the con-
trol group included 10 females and 18 males (χ2 = 3.3, 
p = 0.69). Comparison of age between DCM and NL 

group revealed no significant difference. The age of 
the 70 study cases ranged from 30 to 65  years, grand 
median: 50 years, IQR: 12.5 years (median test asymp-
totic significance “p” = 0.106). The age of DCM patients 
ranged from 30 to 65  years (mean: 51.5 ± 8.6  years, 
median 52  years, IQR: 14.75), while the age of NL 
subjects ranged from 40 to 64  years (mean: 49.1 ± 6.4, 
median 47.5 years, IQR: 8,25), Mann–Whitney U-test p 
value = 0.225.

Among the DCM group 19 patients (45.2%) were dia-
betic, 23 patients (54.8%) were smokers and 25 patients 
(59.5%) had history of hypertension. These patients were 
under the specific treatment of the associated condi-
tion in addition to heart failure treatment. Systolic blood 
pressure of the DCM patients was 123.3 ± 15.6  mmHg 
and diastolic blood pressure was 79.8 ± 8.1 mmHg.

Comparison between the DCM group and the NL 
group in respect to the LV echo-Doppler parameters is 
shown in Table 1.

Comparison of conventional RV echo-Doppler 
parameters between DCM & NL group revealed sig-
nificantly higher values of RVEDA, RVESA & RV-Tei 
index with lower values of TAPSE & RV-FAC in DCM 
patients compared to NL subjects (Table 2).

Analysis of RV strain data revealed lower value of RV-St 
apex, and RV-GLS in DCM patients compared to normal 
subjects (Fig.  1), while RV-St base did not significantly 
differ in the two groups (Table 3). RV-St apex was higher 
than RV-St base in normal subjects (p < 0.0001), but lower 
than RV-St base in the DCM group (p = 0.002) (Fig. 2).

The RV-St apex showed significant correlation with 
other parameters of RV and LV systolic function 
(Table  4), while the RV-St base showed no significant 
correlation with any parameter except for weak but sig-
nificant correlation with TAPSE (r = 0.41, p < 0.001) and 
RV-Tei (r = -0.29, p = 0.02).

Using ROC curve, a cut-off value of apical RV 
strain ≤ 29.5% distinguished DCM patients having RV 

Table 1 LV echo-Doppler parameters: comparison between 
DCM patients and normal subjects

[DCM: dilated cardiomyopathy, NL: normal subjects, LVEDD: LV end-diastolic 
dimension, LVESD: LV end-systolic dimension, PFS: percent fractional shortening, 
LVEF: LV ejection fraction, LV-GLS: LV global longitudinal strain]

DCM NL p value

LVEDD (cm) 6.5 ± 0.7 4.6 ± 0.5 0.000

LVESD (cm) 5.5 ± 0.8 2.8 ± 0.4 0.000

PFS (%) 16.7 ± 3.7 38.7 ± 4.3 0.000

LVEF (%) 26.9 ± 7.9 62.2 ± 5.2 0.000

LV-Tei 0.81 ± 0.34 0.43 ± 0.07 0.000

LV-GLS (%)  − 6.9 ± 2.5  − 21.0 ± 2.3 0.000
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dysfunction from normal subjects with 91.2% sensitivity 
and 100% specificity (AUC = 0.951, p < 0.001) (Fig. 3).

A graphical abstract (Fig.  4) summarizes the major 
findings in this manuscript.

Discussion
The RV plays an essential role in determining functional 
status and prognosis in nearly all cardiovascular dis-
orders studied to date. Thus, an early diagnosis of RV 
dysfunction would allow for the timely treatment and 
prevention of its progression to cardiac failure.

The normal RV is anatomically and functionally dif-
ferent from the LV, which precludes direct extrapolation 
of knowledge of left-sided pathophysiology to the right 
heart. The response of the RV to disease is a consequence 
of various combinations of pressure and/or volume over-
load as well as RV intrinsic myocardial deficits, where the 
predominant abnormality may determine clinical presen-
tation and course. The close relationship between the RV 
and LV (ventricular interdependence) and its coupling to 
the pulmonary circulation further modulate RV behavior 
in different clinical scenarios including DCM [15].

The orientation of RV myofibers and their arrangement 
into layers is responsible for the distinct contraction pat-
tern of this chamber, with an outer layer of circumferen-
tial subepicardial fibers, and an inner layer of longitudinal 
subendocardial fibers [16]. Unlike the LV, no proper mid-
dle layer can be defined in the RV. The superficial layer 
of the RV is approximately 25% of its wall thickness and 
is formed by predominantly circumferential aggregates 
while the subendocardial layer is composed of preferen-
tially arranged longitudinal myocytes that pass through 
the apex toward the papillary muscles, tricuspid annulus, 
and RV outflow tract, and are continuous with those of 
the septum [17]. Probably because of the predominance 
of longitudinal subendocardial myocytes, longitudinal 

shortening accounts for approximately 75% of RV con-
traction [15].

Strain echocardiography is a relatively recent imag-
ing modality that provides information about global and 
regional RV function. Strain can be obtained from either 
tissue Doppler imaging (TDI) or more recently by speckle 
tracking echo (STE). Tissue Doppler-derived strain and 
strain rate (SR) are based upon mathematical process-
ing of tissue Doppler velocities. Nearly all previous 
studies have reported tissue velocity gradient from base 
(higher velocity) to apex (lower velocity); this is because 
tissue velocity is a function of motion, and the cardiac 
base moves toward the apex during systole. On the other 
hand, TDI-derived strain represents intrinsic myocar-
dial deformation regardless of the degree or direction of 
motion of cardiac segments, thus overcoming the tether-
ing effect limitation of tissue velocity imaging [18, 19].

STE-derived RV longitudinal strain represents the cor-
nerstone of RV mechanics evaluation with high repro-
ducibility, high predictive value, high sensitivity, and 
specificity in the detection of subclinical RV damage in 
patients with different cardiovascular diseases including 
pulmonary hypertension [20–22], heart failure, and car-
diomyopathies [23–26]. The investigations that combined 
echocardiographic analysis with myocardial histologic 
analysis reported that RV free-wall longitudinal strain 
was the main determinant of myocardial fibrosis, which 
may explain a  high prognostic value of this parameter 
in DCM and heart failure patients. RV free-wall strain 
was reported to have the highest diagnostic accuracy for 
detecting severe myocardial fibrosis, much better than 
TAPSE and other conventional parameters of RV systolic 
function [27, 28].

Regional RV function can be evaluated by myocardial 
velocities and deformation imaging (strain and strain 
rate) in the different RV segments. Changes in preload 
and afterload alter regional RV myocardial velocities, 
but do not appear to affect strain or strain rate. Regional 
RV function whether assessed by tissue Doppler or 2D 
speckle tracking echo has been reported in different 
studies whose results varied in respect to values of basal 
and apical strain in healthy subjects and in patients with 
different pathologies [29–34].

In the current study, both global and regional RV func-
tion in DCM patients was assessed using different echo-
cardiographic parameters with special emphasis on RV 
global longitudinal strain (RV-GLS) using speckle track-
ing echo (STE), in addition to tissue Doppler-derived api-
cal and basal RV strain.

Considering the limitations and strength points of 
both TDI-derived and STE-derived strain, we preferred 
to measure TDI-derived strain rather than STE-derived 
strain for regional RV assessment (apical and basal 

Table 2 Conventional RV echo-Doppler measures: comparison 
between DCM and normal subjects

All conventional measures of RV function confirmed the presence of RV 
dysfunction in patients with dilated cardiomyopathy

[TAPSE: tricuspid annular plane systolic excursion, RVED area: RV end-diastolic 
area, RVES area: RV end-systolic area, RV-FAC: RV fractional area change, RVSP: RV 
systolic pressure]. Other abbreviations are the same as in Table 1

DCM NL p value

TAPSE (cm) 1.8 ± 0.5 2.3 ± 0.5 0.022

RVED area  (cm2) 23.8 ± 12.0 15.9 ± 3.4 0.000

RVES area  (cm2) 17.1 ± 9.1 8.8 ± 2.7 0.000

RV-FAC 0.29 ± 0.10 0.45 ± 0.07 0.000

RVSP (mmHg) 51.8 ± 16.7 30.3 ± 4.0 0.000

RV-Tei 0.70 ± 0.32 0.37 ± 0.14 0.000
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Fig. 1 A & B: RV-GLS in a dilated cardiomyopathy patient (A), and in a normal subject (B). Six strain curves are shown in each case representing 
basal, mid and apical segments of both RV free wall and interventricular septum. The value of right ventricular global longitudinal strain was 15.9% 
in the dilated cardiomyopathy patient and 24% in the normal subject
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segments) to justify a more precise strain signal related 

to the RV myocardial segment to be studied with the 
special fiber orientation that differs from the LV myo-
cardium. Reasons justifying this selection included: (a) 
the machine software used for 2D strain by STE in the 

current study was the same automated functional imag-
ing software applied on the LV; (b) TDI-derived strain 
has been initially validated with sonomicrometry and 
also with magnetic resonance imaging [35–37], (c) TDI-
derived strain was reported to have the highest temporal 
resolution among all non-invasive imaging modalities, 
thus recording of the segmental peak strain value would 
not be missed, (d) TDI-derived strain allows very fast 
assessment of a single region function with direct display 
of measured data immediately  after image  acquisition 
[38].

Values of basal RV strain in the current study did not 
show significant difference between DCM patients and 
normal subjects, in contrast to the values of apical strain 
that were lower in patients with DCM compared to nor-
mal subjects. Also, we demonstrated higher values of api-
cal RV strain than the basal strain in normal subjects but 
lower values of apical than basal strain in patients with 
DCM having RV systolic dysfunction. These findings 
support the presence of a heterogeneous pattern of RV 
segmental contraction not only in patients with RV dys-
function but also in normal subjects.

Comparable with the findings of the current study, 
Lopez-Candales et  al. [29] reported reduced values of 
apical strain than basal strain in patients with pulmonary 
hypertension (PH) in contrast to higher strain values in 
the mid and apical segments than in the basal segment 

Table 3 RV strain parameters: comparison between DCM and 
normal subjects

[RV-GLS: RV global longitudinal strain, RV-St apex: Apical RV strain, RV-St base: 
Basal RV strain]

DCM NL p value

RV-GLS (%)  − 9.8 ± 3.9 20.9 ± 3.1 0.000

RV-St base (%)  − 21.9 ± 7.5 22.1 ± 4.8 0.876

RV-St apex (%)  − 17.3 ± 9.1 36.7 ± 6.8 0.000

Fig. 2 Bar chart demonstrating values of RV-St apex & RV-St base 
in normal subjects, and in DCM patients. The RV-St apex was 
significantly higher than the RV-St base in normal subjects, while 
it had lower value than the basal strain in DCM patients having 
RV systolic dysfunction. This finding supports the presence of a 
heterogenous response of the RV free wall segments to the impaired 
RV systolic function, with the apical segment being mostly affected. 
[DCM: dilated cardiomyopathy, NL: normal subjects, RV-St apex: Apical 
RV strain, RV-St base: Basal RV strain, ($): p < 0.0001, (*): p = 0.011]

Table 4 Correlation of RV-St apex with other parameters of RV 
and LV systolic function

The best correlation of RV-St apex was demonstrated with the LV-GLS, indicating 
that this parameter as a reflector of RV systolic function is mostly affected by 
the status of LV systolic function. (r): Pearson correlation coefficient. Other 
abbreviations are the same as in Tables 1, 2 and 3

Parameters of RV and LV systolic function 
(Correlation with RV‑St apex)

(r) p value

RV-GLS 0.75 0.001

RV-FAC 0.46 0.001

TAPSE 0.54 0.001

RV-Tei  − 52 0.001

RVSP  − 65 0.001

LV-GLS 0.81 0.001

LVEF 0.72 0.001

LV-Tei  − 0.37 0.01

Fig. 3 ROC curve demonstrating the sensitivity and specificity of 
apical RV strain cut-off value differentiating normal subjects from 
DCM patients. A cut-off value of apical RV strain ≤ 29.5 distinguished 
DCM patients having RV dysfunction from normal subjects with 
91.2% sensitivity and 100% specificity. [ROC curve: receiver operating 
characteristic curve]
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in individuals without PH. Likewise, a recent study on 
patients with systemic sclerosis [39] reported signifi-
cantly impaired peak longitudinal systolic strain at the 
apical segment of the RV-free wall in PH patients com-
pared to patients without PH.

On the other hand, Li et al. [31] reported higher strain 
values of basal RV segment compared to apical segment 
in both healthy individuals and those with PH, but with 
lower values in all segments in patients with PH com-
pared to normal subjects. Another study reported higher 
values of apical RV strain than basal and mid segment 
strain in patients with RV infarction associating inferior 
myocardial infarction [40]; however, these findings would 
be explained by the site of coronary lesion affecting more 
the basal rather than the apical RV segment.

The differences in the heterogenous pattern of the RV 
(basal versus apical) strain between the various studies 
would be explained by the different RV pathology, the 
acquisition views (apical 4-chamber versus RV focused 
view) and the method of measurement (TDI-derived 
versus STE-derived strain). Also, the differences in the 

cut-off strain values that distinguish normal from those 
with RV dysfunction in the different studies might be 
attributed to different pathologies affecting the right 
ventricle and variable analysis algorisms in the different 
machine vendors.

Regardless of the discrepancy in the results of differ-
ent studies in respect to heterogeneity of RV regional 
strain values (basal versus apical), to our knowledge, no 
previous study reported higher apical strain values in any 
disease state compared to normal subjects. This would 
highlight the importance of apical RV strain as an indi-
cator of RV dysfunction in various disease states and 
recommend it to be considered in routine evaluation 
of cardiac patients especially being a simple measure to 
obtain, does not rely on geometric assumption or clear 
endocardial delineation, in addition to its prognostic 
value in these patients. However, additional longitudinal 
studies on a larger number of patients with various RV 
pathologies, with or without pulmonary hypertension 
are needed to validate our findings, to detect changes in 
apical RV strain values along disease progression and to 

Fig. 4 Graphical abstract summarizing the major findings of the current study. Both apical and basal RV strain were measured in two study groups 
(DCM patients and NL subjects). The upper panel (A) is a diagram demonstrating 2 sites at the RV free wall for strain measurement. The red arrow & 
rectangle point to the RV apical segment; the green arrow & rectangle point to the RV basal segment. The lower two panels are 2 graphs illustrating 
RV-St apex mean value in DCM patients (B) and in normal subjects (C). A cut-off value ≤ 29.5% of the RV-St apex distinguished NL from DCM 
(sensitivity 91.2%, specificity 100%). [DCM: dilated cardiomyopathy, LA: left atrium, LV: left ventricle, NL: normal subject, RA: right atrium, RV: right 
ventricle/ventricular, RV-St apex: apical RV strain, RV-St base: basal RV strain]
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confirm its value as a predictor of morbidity and mortal-
ity in the different cardiac disease states.

Study limitations
The machine software used for STE-derived RV strain 
was the same automated functional imaging software 
applied on the LV. The use of a dedicated RV software 
would provide more accurate results whether for global 
or regional RV function assessment.

Considering regional RV strain, there is no definitive 
unifying cut-off values for normality that can reliably and 
consistently be applicable in all RV pathologies and across 
all vendor platforms. Thus, the cut-off value identified in 
the current study as a discriminator of RV systolic func-
tion status might not be applied on other diseases affect-
ing the RV. Also, other study cohort size might reveal 
somewhat different cut-off value. Angle dependency of 
TDI-derived strain used in the current study is another 
limitation affecting our reported cut-off value; the use of 
2D-STE software dedicated to the RV would also be of 
value in overcoming the limitation of angle dependency 
in the current study.

Conclusions
The findings in the current study support the presence 
of a heterogeneous response of the RV free wall seg-
ments to the impaired RV systolic function, with the 
apical segment being mostly affected. Right ventricu-
lar apical but not basal strain reflects the status of right 
ventricular function, and it represents a valuable meas-
ure to diagnose RV dysfunction in patients with dilated 
cardiomyopathy.
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the Cardiology Department, Al-Zahraa University Hospital, and echo-Doppler 
examination was indicated for their clinical evaluation, moreover, it carries no 
possible risk. All participants of the control group were colleagues or employ-
ees in the Cardiology Department, Al-Zahraa University Hospital and all were 
cordially welcoming to share in this study. No personal data or photographs 
of any participant were included in this manuscript. None of the study partici-
pants was under 16 years old (age range of the patients’ group was 30 to 65 
years, and that of the normal subjects was 40 to 64 years).
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