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The Significance of Ventricular Interdependence in Patients with Right
Ventricular Hypertrophy and Normal Left Ventricular Function
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The aim of the study is to quantify ventricular interactions by comparing tissue and spectral systolic
echocardiographic parameters to allow the early identification of ventricular dysfunction. Clinical, paraclinical,
electrocardiographic and echocardiographic evaluations were performed. Right ventricular hypertrophy
was diagnosed in the M mode subcostal echocardiographic section. RV hypertrophy was defined by a right
ventricular free wall thickness of > 5 mm in diastole. We assessed the following RV and LV tissue and
spectral systolic indices: apical systolic excursion of the lateral mitral ring (MAPSE), apical systolic excursion
of the lateral tricuspid ring (TAPSE), left (Svs) and right (Svd) ventricular tissue systolic velocities, and RV and
LV ejection times. We calculated the following to assess systolic ventricular interdependence: MAPSE/
TAPSE, the normal value of which was considered as 0.66 ± 0.14, and Svs/Svd, the normal value of which
was considered as 0.76 ± 0.21. The study group was compared to a control group with the same clinical
features but without ventricular hypertrophy. Twenty-one patients were included in the study: 13 men (62%)
and eight women (38%) with a mean age of 56 ± 3.8 years. We compared the values between the study
group and control group, with the following results: TAPSE = 20.4 ± 0.9 vs. 24.1 ± 0.76 and MAPSE/TAPSE
= 0.74 ± 0.06 vs. 0.75 ± 0.04. MAPSE was comparable between the groups. Svs was comparable between
the groups (0.09 ± 0.01 vs. 0.12 ± 0.02), whereas Svd was different between the groups (0.11 ± 0.03 vs 0.16
± 0.03). Svs/Svd was 0.81 ± 0.05 in the study group and 0.75 ± 0.08 in the control group. LV ejection time
was comparable between the two groups (299.8 ± 23.6 ms vs. 303.3 ± 28 ms), whereas, RV ejection time
differed between the groups (275 ± 17 ms vs. 245.5 ± 28.5). Changes in TAPSE and MAPSE/TAPSE, in
addition to Svd and Svs/Svd, are related to right ventricular dysfunction and suggest pathological changes in
the interdependence mechanism of the ventricles in patients with RV hypertrophy. In addition, RV free wall
thickness was strongly correlated with ventricular interdependence parameters, with the exception of
MAPSE. Assessing these parameters and proportions in clinical practice will facilitate the early detection
and appropriate treatment of right ventricular dysfunction.
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Ventricular interdependence is the mechanism through
which the size, shape, compliance, and pressure-volume
curve of one ventricle can affect those of the other ventricle
[1,2]. The main anatomical structures that enable
ventricular interactions are the interventricular septum,
pericardium, myocardial muscular fibers, which connect
the two ventricles, and pulmonary vascular system [3,4].
The myocardial fibers of the right ventricle resemble a web
composed of three layers and the main muscular
components reside in the superficial and deep layers. In
the superficial layer, the fibers are arranged predominantly
in a circumferential orientation, parallel to the
atrioventricular notch and oblique with respect to the
cardiac apex, from where they continue within the
superficial layer of the left ventricle. The longitudinal fibers
in the right ventricular muscle are found in the deep layer.
The existence and orientation of these muscular fibers,
particularly the circumferential fibers, provide anatomical
and functional connections between the two ventricles
and contribute to the phenomenon known as ventricular
interdependence [1.5]. Through this mechanism, the
interaction facilitates traction of the free wall of the right
ventricle with right ventricle contraction.
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 Pulmonary vascularization is one form of connection
between the ventricles. Changes in the relaxation and/or
contraction properties of the left ventricle lead to changes
in the after-load of the right ventricle, with a subsequent
impact on the function of the right ventricle [4]. Ventricular
interdependence occurs continuously and is prominent in
both postural and respiratory conditions. Furthermore,
ventricular interdependence functions in both systole and
diastole.

Diastolic ventricular interdependence has been
demonstrated in laboratory experiments and clinical
studies [6-13]. The interventricular septum moving
towards the left ventricle after acute expansion of the right
ventricle is one example of this phenomenon. This results
in a decrease in the pre-load of the left ventricle,
expansibility, and left ventricular output [8,9,14]. A previous
report demonstrated that 20–40% of right ventricle systolic
pressure is the result of contraction of the left ventricle [1].

Systolic ventricular interdependence is mainly provided
by the interventricular septum. Evidence shows [6] that
the presence of a scar in the free wall of the right ventricle
or its replacement with a patch of non-contractile material
does not have negative hemodynamic effects when the
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right ventricle is not dilated. Thus, the mechanism of
ventricular interdependence is essential in both normal and
pathological conditions [11,15-18]. The mechanism of
ventricular interdependence reflects the equilibrium
between the two ventricles. As such, the performance of
the ventricles should be evaluated independently to
describe the correct functioning of the mechanism.

In clinical practice, transthoracic echography is a reliable
and accessible method of verifying ventricular
interdependence. This method allows systolic ventricular
parameters to be assessed [19]. A previous study [20] used
the relative proportion of systolic apical excursion of the
mitral ring (MAPSE) to systolic ventricular excursion of the
lateral tricuspid ring (TAPSE) as a measure of
interdependence. The value of MAPSE/TAPSE in healthy
people is 0.66 ± 0.14. The same authors proposed a second
marker of ventricular interdependence: the relative
proportion of tissue systolic velocity of the left ventricle
(Svs) to tissue systolic velocity of the right ventricle (Svd).
The normal value of Svs/Svd is 0.76 ± 0.21. These two
values are calculated without taking into consideration
differences in sex, age, or body area. The use of these
proportions in clinical practice could enable the evaluation
of ventricular interdependence.

Experimental part
This study aimed to evaluate the mechanism of

ventricular interdependence in clinical practice by
comparing the systolic parameters of both ventricles in
patients with right ventricular hypertrophy and normal left
ventricular function.

The studied cohort was composed of patients with an
echographically-determined diagnosis of right ventricular
hypertrophy. The exclusion criteria were as follows: heart
failure, essential arterial hypertension grade II and III with
additional high and very high risks [21,22], severe and
moderate valvulopathies, primary and/or secondary
diseases of the cardiac muscle, diseases of conduction
and/or rhythm, pericarditis, primitive pulmonary
hypertension, moderate or severe secondary pulmonary
hypertension [23,24], ischemic coronary disease, different
infections [25-27], different lesions, such as diabetic foot
[28,29] and oncologic diseases [30-34].

Research approaches have respected the ethical and
deontological norms in research and the protection of
personal data [35,36].

The patients were evaluated clinically and para-clinically.
The diagnosis of right ventricular hypertrophy was made
with cardiac echography using the subcostal section with
the image amplified by measuring thickness of the free
wall of the right ventricle. Right ventricle hypertrophy was
defined as a thickness ≥ 5 mm in diastole.

 The echocardiographic parameters used in the study
were MAPSE, TAPSE, Svd, Svs, MAPSE/TAPSE, Svs/Svd, and
left and right ventricular ejection times.

 MAPSE was obtained in the lateral apical four-chamber
view in M mode, whereas TAPSE was obtained from the

same apical section in the lateral part of the tricuspid ring.
The normal values were > 12 mm and 20 mm, respectively.

Ejection time was obtained for the left ventricle in the
apical section by applying the sample volume for spectral
Doppler at the ejection tract, proximal to the aortic valves,
and measuring the time of aortic systole. Right ventricular
ejection time was obtained from the sagittal section by
putting the sample volume at the ejection tract of the right
ventricle, proximal to the pulmonary valves, and measuring
the time of pulmonary systole [19,37].

Svs was determined as the mean of the lateral and
medial systolic tissue values. These were obtained in the
apical section by placing a sample tissue Doppler volume
at the lateral and medial mitral ring. Svd was obtained from
the apical section by placing the sample volume at the
lateral tricuspid ring. The normal values for Svs and Svd
were taken as > 0.09 cm/sec and > 0.10 cm/sec,
respectively.

For statistical analysis, we compared quantitative data
using the chi-square test and Student’s t-test. Statistical
significance was set at p ≤ 0.05 (with a 95% confidence
interval). For establishing statistical correlations between
the parameters, we used Pearson’s correlation analysis.
The data were described as means ± standard deviations
for continuous variables and as percentages for categorical
variables.

Results and discussions
Twenty-one patients were included in the study: 13 (62%)

men and eight women (38%). The age range was 48–74
and the mean age was 56 ± 3.2 years. The study group
was compared with a control cohort, which included
people with the same basic characteristics as those in the
study group but without right ventricular hypertrophy.

The clinical characteristics of the study group were
comparable to those of the control group (tables 1).

There was a difference in mean age between the study
group (56 ± 3.2 years) and control group (63.5 ± 3.7 years).
Furthermore, the incidence of smoking in the study group
was greater than that in the control group: 81% vs. 31%,
respectively. The incidence of diabetes mellitus,
dyslipidemia, and arterial hypertension was the same in
the two groups.

Taking into consideration the echocardiographic
parameters assessed in the study, the free wall of the right
ventricle was thicker in the study group (11.4 ± 1.9 mm)
than in the control group (5.25 ± 0.9 mm) (table 2a).

As shown in Table 2a, there were significant differences
in right ventricle free wall, TAPSE, and MAPSE/TAPSE
between the study group and control group. Svs was
compatible between the groups, whereas Svd different
between the groups. Svs/Svd differed between the study
group (0.81 ± 0.05) and control group (0.75 ± 0.08). The
ejection time of the left ventricle was comparable between
the two cohorts (299.8 ± 23.6 ms vs. 303.3 ± 28 ms) but
different for the right ventricle (275 ± 17 ms vs. 245.5 ±
28.5 (table 2b).

Table 1
THE CLINICAL CHARACTERISTICS OF THE STUDY GROUP AND CONTROL GROUP
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Figures 1 and 2 show examples of reduced TAPSE in a
patient with right ventricle hypertrophy in the four-chamber
view.

Through statistical analysis, we detected correlations
between the thickness of the free wall of the right ventricle
and the systolic parameters of both ventricles. The
thickness of the free wall of the right ventricle in the study
group was weakly correlated with left ventricular ejection
time (r = 0.352). Strong positive correlations were detected
between the thickness of the ventricular wall and TAPSE (r
= 0.590), MAPSE/TAPSE (r = 0.634), Svd (r = 0.634), Svs (r
= 0.532), and Svs/Svd (r = 0.606).

Bruhl et al. [20] established the normal value of MAPSE/
TAPSE as 0.66 ± 0.14 and that of Svs/Svd as 0.76 ± 0.19.
This previous study was performed in healthy volunteered
and established that these values are independent of age,
sex, or body area. The present study used these previously

determined values to assess ventricular interdependence
in patients with right ventricular hypertrophy and normal
left ventricular function.

In this study, the mean age was lower in the study group
than that in the control group. This finding, combined with
the higher frequency of smoking in the study group (80%)
vs. the control group (31%), could explain the increase in
right ventricle free wall thickness observed in the study
group. These patients had obstructive chronic pulmonary
disease, leading to an increase in right ventricle after-load
with obvious consequences on the development of
hypertrophy.

In the study group, right ventricle hypertrophy was
associated with reduced TAPSE compared to the value
observed in the control group. In the study group, TAPSE
was at the lower end of the normal range, without reaching
pathological levels. Svd and TAPSE were lower in the study

Fig. I. Two-dimensional apical section (upper left) showing
hypertrophy of the free wall of the right ventricle associated with
apical systolic excursion at the lower limits of the normal range at

the tricuspid  ring (lower right). The echographic image of the
lateral mitral ring (upper right) and medial (lower left) shows

normal systolic levels of movement.

Fig. 2.  Spectral Doppler ultrasound (left) and tissue (right)
readings of the lateral tricuspid ring highlighting systolic velocities

at the lower limits of the normal range

Table 2a
 ECHOCARDIOGRAPHIC PARAMETERS IN THE STUDY GROUP AND CONTROL GROUP

Table 2b
THE RESULTS OF THE ECHOCARDIOGRAPHIC PARAMETERS IN THE STUDY GROUP AND CONTROL GROUP
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group than in the control group, possibly due to the decrease
in the contractile properties of the hypertrophied
myocardial fibers. The values of Svd were higher than those
of Svs in this study, and were considered to be within the
normal range. These findings are also supported by the
previous literature. This phenomenon is explained by
decreased vascular resistance of the pulmonary arterial
vessels, although the muscular mass of the right ventricle
showed a more severe reduction than that of the left
ventricle.

The longitudinal function of the left ventricle described
by MAPSE was comparable between the two groups and
fell within the normal range (15.1 ± 0.01 vs. 15.6 ± 0.82)
(figure 3).

MAPSE/TAPSE were higher in the study group than in
the control group. The pathological significance of this
parameter suggests that the interdependence mechanism
is altered by changes in the function of the right ventricle.
The same concept is suggested by the pathological
change observed in Svs/Svd (0.81 ± 0.5 vs. 0.75 ± 0.08 for
the study and control groups, respectively). We also
observed a statistically significant increase in right ventricle
ejection time in the studied patients.

Understanding the mechanism and consequences of
ventricular interdependence has been the aim of numerous
clinical and experimental studies. Of these, many
[7,8,10,11,17,18,38] have aimed to explain the
phenomenon from the perspective of systolic function.
Santamore and Burkhoff [9] published a study that
described the way in which ventricular interdependence
influences flow variations after separate unilateral changes
in ventricular after-load and contractility. They used an
electric circuit to simulate cardiovascular apparatus, in
which they placed diodes corresponding to arterial and
venous resistance, impedance, venous and arterial
compliance, and myocardial elasticity. The team proposed
novel mathematical formulae to predict changes in the
pressure-volume relationship for each ventricle in the
presence and absence of ventricular interdependence. By
blocking or unblocking each element in these circuits, the
authors revealed important mechanisms behind ventricular
interdependence. By augmenting vascular resistance,
interdependence leads to a decrease in systolic flow. By
increasing pulmonary vascular resistance, ventricular
interdependence determines, in contrast to the reaction of
the left ventricle, a more severe decrease of right systolic
flow, a phenomenon that is not present in the absence of
ventricular interdependence.

A previous study highlighted the importance of
ventricular interdependence in a number of artificially
induced right ventricular conditions. Moulopoulos et al. [10]

performed by-pass on the right heart, in which pulmonary
artery pressure was increased by interrupting the filling
and dilating of the right ventricle. In every phase of the
experiment, the compliance, filling, and after-load of the
left ventricle were maintained at constant levels with the
aim of excluding their influence on systemic
hemodynamics. Through this experiment, the authors
revealed that the decrease in the proportion between the
pressure unit per time unit (dp/dt) during by-pass and the
increase in the distension of the right ventricle could reflect
a decrease in the contractility of the left ventricle. This
previous study demonstrated the positive influence of the
normal function of the right ventricle on the function of the
left ventricle and the anatomical connection between the
two ventricles.

Slinker et al. [8] performed a study in the context of left
ventricular hypertrophy to reveal the role of direct
interdependence through the interventricular septum and,
indirectly, in series through the pulmonary circulation. The
experiment involved applying different statistical models
to analyze the behavior of the pressure and dimensions of
the left and right ventricles after occlusion of the vena cava
and pulmonary artery. The authors found that at the end of
diastole, the direct interaction through the interventricular
septum represented just 10% of the indirect interaction
through the pulmonary circulation and that at the end of
systole, direct interdependence represented 20% of the
indirect interdependence. After the removal of the
pericardium, the influence of direct ventricular
interdependence was diminished. The authors concluded
that hypertrophy caused by supra-load decreased
ventricular interactions. Furthermore, Santamore showed
that hypertrophy induces pronounced increases in the
interventricular septum compared to the free wall, which
results in reduced extensibility of the septum. The
conclusion in both experiments was that hypertrophy, by
decreasing myocardial elasticity, complicates the analysis
of the pressure-volume relationship between the two
ventricles.

Nunez [16] also revealed similar findings in a clinical
study in hypertensive patients and normotensive patients.
The study analyzed the behavior of the left ventricle and
revealed a two-fold increase in the thickness of the right
ventricle muscle in the presence of left ventricular
hypertrophy in hypertensive patients. The mechanism for
this could be reduced ventricular interactions followed by
an initial reduction in the performance of the right ventricle,
followed by a compensatory increase in its contractility
and subsequent hypertrophy.

Fig. 3.  Comparison of echocardiographic
parameters. PLVD = free wall of the right

ventricle; MAPSE = apical excursion of the
lateral mitral ring; TAPSE = apical excursion of

the lateral tricuspid ring
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In the present study, tissue systolic velocity (S2) of the
free wall of the right ventricle and TAPSE were higher than
the tissue velocity (S1) of the left ventricle and MAPSE and
lower than the normal values, which could suggest the
early onset of systolic dysfunction of the right ventricle.
MAPSE/TAPSE and Svs/Svd presented pathological values
of 0.072 ± 0.6 and 0.81 ± 0.07, respectively. These values
suggest the alteration of the ventricular interaction
mechanism caused by the settlement, in the incipient
subclinical phase, of systolic dysfunction of the right
ventricle. From the statistical perspective, the right
ventricular free wall thickness was significantly positively
correlated with ventricular interdependence parameters.
However, we could not determine whether there was a
causal relationship. Strong positive correlations were also
detected between right ventricular free wall thickness and
the tissue systolic velocity of both ventricles (also without
a causal relationship).

One limitation of this study was the small number of
patients, which limited the ability to perform rigorous
statistical analysis of the results.

Conclusions
Transthoracic echocardiography of tissue and spectral

Doppler parameters allows the evaluation of systolic
ventricular interdependence in clinical practice. In patients
with right ventricular hypertrophy and normal systolic
function of the left ventricle, changes in TAPSE and MAPSE/
TAPSE, in addition to Svd and Svs/Svd, appear to be related
to right ventricular dysfunction and suggest pathological
changes in the ventricular interdependence mechanism.
In addition, right ventricular free wall thickness is strongly
correlated with ventricular interdependence parameters,
with the exception of MAPSE. Assessing these parameters
and proportions in clinical practice could allow the early
detection and timely treatment of right ventricular
dysfunction, improving the function of the right ventricle
and patient outcomes and quality of life.
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