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Objective: This study aimed to evaluate the impact of different left ventricular
geometric patterns on right ventricular deformation and function in the
elderly with essential hypertension via two-dimensional speckle tracking and
three-dimensional echocardiography.

Methods: A total of 248 elderly people with essential hypertension
were divided into four groups based on the left ventricular mass index
(LVMI) and relative wall thickness (RWT): the normal geometric, concentric
remodeling, eccentric hypertrophy, and concentric hypertrophy groups.
Moreover, 71 participants were recruited as the control group. These
participants were examined by two-dimensional speckle tracking and
three-dimensional echocardiography to obtain the right ventricular strain
parameters, three-dimensional volume, and function parameters.

Results: The right ventricular strain parameters decreased gradually from the
normal geometric group to the concentric hypertrophy group (P < 0.05), and
the strain parameters in the concentric remodeling, eccentric hypertrophy,
and concentric hypertrophy groups were lower than those in the control and
normal geometric groups (P < 0.05). The right ventricular three-dimensional
echocardiographic parameters only changed in the eccentric hypertrophy
group (P < 0.05) and the concentric hypertrophy group (P < 0.05) in the
form of an increase in volume and a decrease in function. Multivariate linear
regression analysis showed that the right ventricular free wall longitudinal strain
was independently associated with the systolic blood pressure (SBP), LVMI, and
RWT (P < 0.05) and was primarily affected by the LVMI (normalized g = 0.637,
P < 0.05).
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Conclusion:

10.3389/fcvm.2022.929792

The systolic function of the right ventricular myocardium

declined in the elderly with essential hypertension due to impaired myocardial
mechanics. The right ventricular strain parameters could indicate mechanical
damage in the concentric remodeling group earlier than the right ventricular
three-dimensional volume and function parameters. The right ventricular free
wall longitudinal strain was primarily subject to the LVMI.

hypertension, left ventricular geometric pattern, right ventricle, two-dimensional
speckle tracking, three-dimensional echocardiography

Introduction

Hypertension is a common chronic disease leading to
end organ damage and is a factor in multiple cardiovascular
complications, including stroke, coronary heart disease, and
heart failure. The number of elderly patients with hypertension
is increasing annually, with relatively high morbidity, disability,
and mortality rates (1). Long-term hypertension leads to
compensatory cardiomyocyte hyperplasia and hypertrophy,
resulting in increased myocardial weight, enlargement of the
ventricular chamber, and a change in the left ventricular
geometric pattern. Based on the left ventricular mass index
(LVMI) and relative wall thickness (RWT), Ganau et al.
(2) classified left ventricular geometric patterns into normal
geometric, concentric remodeling, eccentric hypertrophy, and
concentric hypertrophy patterns. The left ventricular geometric
pattern has independent prognostic significance for the
morbidity and mortality of cardiovascular diseases (3). Garg
et al. (4) have shown that the incidence of heart failure
or cardiovascular death is 2.0% in patients with normal
geometric and concentric remodeling and 2.8% in patients with
eccentric hypertrophy, rising sharply to 11.8% in patients with
concentric hypertrophy.

The left and right ventricles are anatomically enclosed
within the same pericardial cavity (sharing the interventricular
septum). They are wound by the same helical ventricular
myocardial band; thus, they affect each other’s structure and
function (5). Studies have shown that hypertension may lead
to changes in the right ventricular structure and systolic
function. A growing body of evidence demonstrates that right
ventricular function is the key factor for cardiovascular disease
prognosis (6). Early diagnosis of right ventricular morphology
and function changes may help prevent or delay heart failure and
cardiovascular death (7). However, the extent of right ventricular
morphology and function change in patients with hypertension
with different left ventricular geometric patterns is still disputed.
Tadic et al. (8) have shown that the right ventricular volume of
patients with left ventricular hypertrophy, especially concentric
hypertrophy, is significantly larger than that of patients without
left ventricular hypertrophy, the right ventricular ejection
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fraction (RVEF) decreases, and the tricuspid annular plane
systolic excursion (TAPSE) only decreases in patients with
concentric hypertrophy. However, Karaye et al. (9) have stated
that increased right ventricular volume and decreased TAPSE
are only observed in patients with eccentric hypertrophy
and that conventional echocardiographic parameters are not
sensitive to right ventricular function damage in patients with
early left ventricular remodeling. Studies have shown that two-
dimensional speckle tracking imaging can quantify myocardial
function, measuring the right ventricular longitudinal strain as
an early sensitive index to evaluate right ventricular systolic
function, which can also function as an independent risk factor
for the prognosis of multiple cardiovascular diseases (10-12).
Therefore, in this study, two-dimensional speckle tracking was
used in combination with three-dimensional echocardiography
to evaluate the right ventricular deformation and function of
elderly people with hypertension with different left ventricular
geometric patterns, thereby detecting early mechanical damage
to the right ventricle and providing a basis for early intervention
and prognosis.

Materials and methods

Subjects

A total of 285 elderly patients diagnosed with essential
hypertension in Shanxi Bethune Hospital from January to June
2017 were recruited for this study; 37 cases were excluded
due to low-quality images, and the remaining 248 cases
were included, comprising 122 males and 126 females aged
65-79 (68.46 & 2.73) years. Another 71 elderly people with
a corresponding age and gender distribution and without
cardiovascular disease were recruited as the control group,
comprising 32 males and 39 females aged 65-72 (68.34 & 2.53)
years. This study was approved by the medical ethics committee
of the hospital (YXLL-2020-045). All subjects signed the
informed consent form.

The inclusion criteria were as follows: patients aged 65-79
years; patients whose blood pressure (measured three times
across different days) showed a systolic blood pressure (SBP)
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> 140 mmHg and/or diastolic blood pressure (DBP) > 90
mmHg without the use of antihypertensive drugs, and patients
who received medical treatment to control blood pressure and
were diagnosed as elderly with hypertension despite their blood
pressure being less than 140/90 mmHg.

The exclusion criteria were as follows: elderly patients
from

suffering secondary

hypertension, history of stroke, dilated or hypertrophic

hypertension,  pulmonary
cardiomyopathy, rheumatic heart disease, congenital heart
disease, severe valvular heart disease, acute myocardial
infarction or unstable angina pectoris, diabetes, and severe
hepatic or renal diseases.

Instruments

The GE Vivid E9 color Doppler ultrasound (GE Healthcare,
Horten, Norway), M5S transducer (1.5-4.5 MHz), 4V real-time
three-dimensional cardiac volume transducer (1.5-4.5 MHz),
and EchoPAC analysis software (version 203) were used.

Methods

Clinical data acquisition

The age, gender, heart rate, height, weight, and hypertension
duration of the subjects were measured and recorded to calculate
the body mass index (BMI) and body surface area (BSA) as
follows: BMI = height(kg)/weight(m)z, and BSA = 0.0061 x
height + 0.0128 x weight - 0.1529. For the blood pressure
measurement, each subject was allowed to sit down and wait
for 15min in the resting state; then, sphygmomanometry was
performed to take three blood pressure readings at an interval
of 3min from the right upper arm, which was lifted to the
level of the heart. Finally, the average of the three measures was
calculated, and the SBP and DBP were recorded.

Image acquisition

Echocardiography was performed on every subject. Each
subject was instructed to take a left lateral position and
breathe normally, and the echocardiogram machine was
connected synchronously. Then, M-mode echocardiography
was performed on the long-axis section of the left ventricle
to obtain the interventricular septum end-diastolic thickness
(IVSTA), left ventricular posterior wall end-diastolic thickness
(LVPWTA), left ventricular end-diastolic diameter (LVEDD),
and left ventricular end-systolic diameter (LVESD). The left
ventricular ejection fraction (LVEF) was calculated using the
biplane Simpson method from the apical four-chamber section.
The above measurements were averaged across three cardiac
cycles. The LVM was calculated with the formula specified in
the American Society of Echocardiography (ASE) guidelines as
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follows: LVM = 0.8 x 1.04 x [(IVSTd 4+ LVPWTd + LVEDD)3
- LVEDD?] + 0.6g. The LVMI was corrected by the BSA as
follows: LVMI = LVM/BSA. Finally, the RWT was calculated as
follows: (2 x LVPWTd)/LVEDD. The left ventricular geometric
patterns were divided into four categories by the LVMI and
RWT: normal geometric (normal LVMI and RWT), concentric
remodeling (normal LVMI and RWT exceeding cutoff value),
eccentric hypertrophy (LVMI exceeding cutoff value and normal
RWT), and concentric hypertrophy (LVMI and RWT exceeding
cutoff values).

According to the ASE guidelines (2015) (13), the cutoff
values for LVMI are 95 g/m2 (female) and 115 g/m2 (male), and
that for RWT is 0.42 (irrespective of gender).

In addition, each subject was instructed to hold their breath
after exhaling, and two-dimensional gray-scale dynamic images
(frame frequency: 60-120/s) were continuously collected from
the apical four-chamber section throughout at least three cardiac
cycles. These images were stored and analyzed offline to obtain
the right ventricular strain parameters. Next, the 4V transducer
was enabled, and the four-dimensional full volume function
key was activated. The subject was instructed to hold their
breath after exhaling, and full-volume images (frame frequency
adjusted to 40% of the subject’s heart rate) were continuously
collected from the apical four-chamber section throughout 4-
6 cardiac cycles. These images were stored and analyzed offline
to obtain the right ventricular three-dimensional volume and
function parameters.

Image analysis

The image analysis was conducted in the EchoPAC
workstation by importing each subjects two-dimensional
gray-scale dynamic images, entering the Q-Analysis strain
analysis program, and clicking “2D Strain” to trace when the
right ventricular endocardial surface was clear. The software
automatically generated the region of interest; the width and
position were manually adjusted to adapt to the thickness
of the myocardial wall and exclude the pericardium. Then,
“Approve” was clicked to obtain the right ventricular free
wall longitudinal strain peak and right interventricular septum
longitudinal strain. Afterward, the right ventricular full-volume
image of the subject was imported, and “4D Auto RVQ” was
clicked to manually trace the right ventricular endocardium.
The software automatically obtained the right ventricular
end-diastolic volume (RVEDV), right ventricular end-systolic
volume (RVESV), RVEE, TAPSE, and right ventricular fractional
area change.

Reproducibility studies

Twenty subjects were randomly selected for imaging. Two
experienced doctors were assigned to analyze the images
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TABLE 1 Comparison of general data (X + s).

Group n Gender Age SBP
(years) (mmHg)
(n, male/female)
Control group 71 32/39 68.34 +2.53 126.21+£ 5.00
NG 88 43/45 68.47 £2.78  150.08 £ 5.02°
CR 70 36/34 68.18 £2.68  150.68 £4.10°
EH 37 18/19 69.25£2.55 15244 £4.36%°
CH 53 25/28 6827 £2.82  151.70 £4.59*
F/¥? value 0.38 1.07 387.42
P value 0.54 0.36 <0.001

10.3389/fcvm.2022.929792

DBP BMI HR Hypertension
(mmHg) (kg/mz) (Bpm) duration
(years)
76.57 +3.22 23.88 + 0.54 75.52 +5.55 0
8026 £3.81°  24.05+0.61 75.53 +5.83 11.90 £ 3.57
81.11 £3.36°  23.97+0.70 7534 +5.77 12.80 £ 4.16
82.11£3.50°  23.90 % 0.60 75.62 +5.48 13.72 +3.23°
8222 +3.60°  23.97+0.50 76.58 + 4.98 13.99 4 4.20°
27.15 0.81 0.44 3.98
<0.001 0.52 0.78 0.009

2Compared with the control group, p < 0.05; >Compared with the normal geometric group, p < 0.05. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate; NG, normal geometric; CR, concentric remodeling; EH, eccentric hypertrophy; CH, concentric hypertrophy; and ImmHg = 0.133kPa.

obtained in the abovementioned manner and measure and
record the right ventricular free wall longitudinal strain and
right interventricular septum longitudinal strain, thus carrying
out the interobserver reproducibility study. Then, either of the
doctors analyzed these data again after a week to carry out the
intra-observer reproducibility study.

Statistical analysis

Statistical software, SPSS 24.0, was used to analyze these
data. The Kolmogorov-Smirnov test was used with these
measurement data for the normality test. The normally
distributed data were expressed as the mean =+ standard
deviation. The data among multiple groups were compared
with a one-way analysis of variance (ANOVA), and the least
significant difference (LSD)-t-test was used for multiple
comparisons. Cases expressed the data, and the ¥? test
was used for comparisons among groups. Univariate and
multivariate linear regression analyses were applied to the
correlation between right ventricular free wall longitudinal
(RVEWLS)
parameters. A P-value < 0.05 indicated that the difference

strain and clinical and echocardiographic

was statistically significant.

Results

Comparison of general data

Compared with the control group, the SBP and DBP were
increased in the hypertension groups (with varied geometric
patterns), and the differences were statistically significant
(P < 0.05). Compared with the normal geometric group, the
SBP, DBP, and hypertension duration were increased in the
eccentric hypertrophy and concentric hypertrophy groups, and
the differences were statistically significant (P < 0.05). There
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was no significant difference in gender, age, BMI, or heart
rate between the control and hypertension groups (P > 0.05;
Table 1).

Comparison among groups in terms of
conventional left ventricular
echocardiographic parameters

Compared with the other four groups, the IVSTd, LVPWTd,
LVMI, and RWT were increased in the concentric hypertrophy
group; compared with the control and normal geometric groups,
the LVEF was decreased in the concentric hypertrophy group.

Compared with the other four groups, the LVEDD and
LVESD were increased in the eccentric hypertrophy group;
compared with the control, normal geometric, and concentric
remodeling groups, the LVMI was increased in the eccentric
hypertrophy group; the differences were statistically significant
(P < 0.05).

Compared with control and normal geometric groups,
the IVSTd, LVPWTd, LVMI, and RWT were increased in
the concentric remodeling group, and the differences were
statistically significant (P < 0.05; Table 2).

Comparison among groups in terms of
right ventricular three-dimensional
echocardiographic parameters

Compared with the other three groups, the RVEDV and
RVESV were increased in the eccentric hypertrophy and
concentric hypertrophy groups. Compared with the control and
normal geometric groups, the RVEF and FAC were decreased
in eccentric hypertrophy and concentric hypertrophy; the
differences were statistically significant (P < 0.05). The TAPSE
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TABLE 2 Comparison among groups in terms of left ventricular echocardiographic parameters (x + s).

Groups n IVSTd LVPWTd LVEDD LVESD LVEF LVMI RWT
(mm) (mm) (mm) (mm) (%) (g/m?)

Control group 71 9.16 £ 0.95 9.23 +£0.72 47.20 £ 2.47 29.08 £ 2.15 65.03 +2.23 91.91 + 5.95 0.38 £ 0.01

NG 88 9.16 £ 0.79 9.41 £ 0.77 47.28 £ 2.50 29.66 = 2.40 65.20 £ 1.77 92.31 £5.21 0.38 £ 0.02

CR 70 9.84 & 0.96%° 9.98 & 0.85% 47.09 £2.21 2932 +2.83 64.66 + 1.84 96.01 + 4.56® 0.43 4 0.02%°

EH 37 10.17 = 0.90% 10.19 = 0.85® 51.30 + 2.02% 32.36 + 2.31%¢ 64.76 = 2.24 118.28 4 4.94%¢ 0.38 + 0.02¢

CH 53 11.13 4 1.0720<d 11.26 = 0.73%0<d 49.72 + 2.31%>d 30.77 + 2.34%<d 64.02 & 2.20 123.97 4 5.46°<d 0.47 = 0.022<d

F value 47.37 62.66 32.02 14.33 3.12 479.47 269.45

P value <0.001 <0.001 <0.001 <0.001 0.015 <0.001 <0.001

2Compared with the control group, p < 0.05; bCompared with the normal geometric group, P < 0.05; “Compared with the concentric remodeling group, P < 0.05; dCompared with the
eccentric hypertrophy group, p < 0.05. IVSTd, interventricular septum end-diastolic thickness; LVPWTd, left ventricular posterior wall end-diastolic thickness; LVEDD, left ventricular
end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVMI, left ventricular mass index; RWT, relative wall thickness; and LVEE, left ventricular ejection fraction.

TABLE 3 Comparison among groups in terms of right ventricular echocardiographic parameters (x &+ s).

Groups n RVEDV RVESV RVEF TAPSE FAC Right interventricular Right ventricular
(ml) (ml) (%) (mm) (%) septum longitudinal free wall
strain longitudinal strain
(%) (%)
Control group 71 86.79 + 3.84 36.75 £ 3.31 57.33 £3.80 24.02 +1.74 53.55 +2.53 —22.53 4 0.82 —29.81 4 0.81
NG 88  87.80 & 4.50 36.91 4+ 3.72 56.72 + 4.79 24.06 + 1.94 53.69 + 2.46 —22.57 +£0.74 —29.68 =+ 0.90
CR 70 88.11+4.13 37.80 £ 3.21 56.16 + 4.99 23.50 + 2.05 53.21 +£2.32 —21.72 4 0.79% —28.30 4 0.89%
EH 37 92254379 41.65+2.56™  54.67 & 4.97% 2359 +1.47 52.46 + 1.77% —20.25 + 0.85%¢ —27.01 £ 0.82%¢
CH 53 92754491 43.03+£2.85"° 5469 4+427° 23234+ 1.69°° 5243 +2.08° —19.27 £ 0.63%><d —26.56 & 0.73%<d
F value 22.68 45.09 3.83 2.47 3.74 212.30 184.05
P value <0.001 <0.001 0.005 0.04 0.005 <0.001 <0.001

2Compared with the control group, p < 0.05; ®Compared with the normal geometric group, P < 0.05; Compared with the concentric remodeling group, P < 0.05; 4Compared with the
eccentric hypertrophy group, p < 0.05. RVEDYV, right ventricular end-diastolic volume; RVESYV, right ventricular end-systolic volume; RVEF, right ventricular ejection fraction; TAPSE,
tricuspid annular plane systolic excursion; and FAC, right ventricular fractional area change.

of the concentric hypertrophy group was lower than that of the group, and concentric hypertrophy group (P < 0.05; Table 3
control and normal geometric groups, and the difference was and Figure 1).
statistically significant (P < 0.05; Table 3).

_ _ Linear regression analysis
Comparison among groups in terms of

I’ight ventricular strain parameters The univariate linear regression analysis suggested a
statistically significant linear relationship between the SBP,
The right ventricular free wall longitudinal strain and hypertension duration, LVMIL RWT, RVEDV, and RVEEF, and the

right interventricular septum longitudinal strain of the right ventricular free wall longitudinal strain (P < 0.05). There
concentric remodeling, eccentric hypertrophy, and concentric was no statistically significant linear relationship between the
hypertrophy groups were lower than those of the control other variables and the right ventricular free wall longitudinal
and normal geometric groups, and the differences were strain (P > 0.05; Table 4).

statistically significant (P < 0.05). The right ventricular free The variables showing statistical significance based on the
wall longitudinal strain and right interventricular septum univariate linear regression analyses were included in the
longitudinal strain were not significantly different between the multivariable linear regression model for analysis. The results
normal geometric group and control group (P > 0.05) but showed that the SBP, LVMI, and RWT were still statistically
significantly decreased in the order of the normal geometric significant for the right ventricular free wall longitudinal strain
group, concentric remodeling group, eccentric hypertrophy after correcting other factors (P < 0.05). That is, those three
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FIGURE 1
Comparison between the control group and four geometric pattern groups in terms of the longitudinal strain parameters of the right ventricular
myocardium. (A) Right interventricular septum longitudinal strain; (B) Right ventricular free wall longitudinal strain. The right interventricular
septum longitudinal strain and right ventricular free wall longitudinal strain decreased in the order of the normal geometric group, concentric
remodeling group, eccentric hypertrophy group, and concentric hypertrophy group. ns: there was no significant difference between the control
group and the normal geometric group; a: compared with the control group, P < 0.05; b: compared with the normal geometric group, P < 0.05;
c: compared with the concentric remodeling group, P < 0.05; and d: compared with the eccentric hypertrophy group, P < 0.05.

factors were independently correlated with the right ventricular
free wall longitudinal strain, and the LVMI had the dominant
influence on the longitudinal strain (normalized g =0.637,
P < 0.05), followed by the SBP (normalized 8 = 0.202, P < 0.05)
and RWT (normalized 8 = 0.155, P < 0.05; Table 5).

Repeated measures studies

The same observer measured the right interventricular
septum longitudinal strain and the right ventricular free wall
longitudinal strain at different times and showed them to be 0.03
+ 0.80 and 0.05 £ 0.72, respectively. The right interventricular
septum longitudinal strain and the right ventricular free wall
longitudinal strain values measured repeatedly by different
observers were 0.10 £ 0.68 and 0.07 % 0.73, respectively. A
Blant-Altman analysis showed that the repeatedly measured
values changed in coherence with their average values (Figure 2).

Discussion

The left ventricular remodeling resulting from hypertension
is a complex multivariate process that can cause left ventricular
morphological change to varying extents, leading to abnormal
left ventricular geometric patterns and impaired cardiac
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function (14).
pathophysiological factors causing left ventricular remodeling

Several studies have suggested that the

also affect the right ventricle; as the structures and functions
of the bilateral circulatory systems are mutually restricted, the
right ventricle is also affected during hypertension (15, 16).
In this study, two-dimensional speckle-tracking imaging and
three-dimensional echocardiography were used to evaluate the
right ventricular deformation and function of elderly people
with hypertension with different left ventricular geometric
patterns. Significantly impaired right ventricular myocardial
mechanics were found in those with abnormal left ventricular
geometric patterns, especially concentric hypertrophy. The
strain parameters of the concentric remodeling group with
normal right ventricular volume and function parameters
were significantly lower than those of the control and normal
geometric groups. The right ventricular free wall longitudinal
strain was independently correlated with the SBP, LVMI,
and RWT.

In the case of long-term elevation of blood pressure, the
fibroblast proliferation against the increasing left ventricular
afterload leads to increased cardiomyocyte volume, resulting
in an increased LVM and a thickened left ventricular wall
(17). In this study, compared with the control group, the
IVSTd, LVPWTd, and LVMI were increased in all abnormal
geometric groups, especially the concentric hypertrophy group.
The most remarkable increase in the LVEDD and LVESD
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TABLE 4 Univariate regression analysis results of right ventricular free
wall longitudinal strain.

Variate Normalized fvalue Pvalue  95%CI
B value

Gender 0.089 1.399 0163  —0.110~0.647
Age 0.028 0.444 0.657  —0.054~0.085
SBP 0.419 7245 <0001  0.100~0.174
DBP 0.084 1.328 0.186  —0.017~0.086
BMI 0.034 0.541 0589  —0.224~0.394
Hypertension duration 0.289 4739 <0001  0.066~0.159
HR 0.013 0.204 0838  —0.031~0.038
IVSD 0.124 1.952 0052 —0.001~0.320
LVPWD 0.104 1.647 0101  —0.030~0.332
LVEDD 0.117 1.845 0.066  —0.004~0.131
LVESD 0.032 0.508 0612 —0.052~0.089
LVEF —0.111 —1.745 0082  —0.178~0.011
LVMI 0.813 21.866  <0.001  0.078~0.093
RWT 0.358 6018  <0.001  8.704~17.175
RVEDV 0.406 6960  <0.001  0.090~0.161
RVESV 0.057 0.900 0369  —0.025~0.067
TAPSE —0.117 —1.853  0.065  —0.195~0.006
FAC —0.087 —1369 0172 —0.139~0.025
RVEF —0.302 —4977  <0.001  —0.132~-0.057

TABLE 5 Multivariate regression analysis results of right ventricular
free wall longitudinal strain.

Variate Normalized ¢value P value 95%CI

B value
SBP 0.202 5.065 <0.001 0.040~0.092
Hypertension 0.069 1.844 0.066 —0.002~0.055
duration
LVMI 0.637 14.074 <0.001 0.058~0.076
RWT 0.155 3.954 <0.001 2.818~8.414
RVEDV 0.058 1.504 0.134 —0.006~0.041
RVEF —0.045 —1.154 0.250 —0.038~0.010

was observed in the eccentric hypertrophy group. This may
be ascribed to myocardial apoptosis or necrosis, breaking the
cross-linking of collagen protein and increasing sarcomeres in
extending myocardial fibers, meaning left ventricular chamber
enlargement is a major characteristic of eccentric hypertrophy
(18). Compared with the concentric hypertrophy group, the
LVEF was increased in the control and normal geometric groups
and was not remarkably decreased in the other geometric
groups. An early geometric pattern change is an adaptive
response to increased blood pressure. The left ventricular
wall has a compensatory contraction to maintain the ejection
fraction at a normal level. The left ventricular wall grows
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significantly thicker when the condition progresses to concentric
hypertrophy, increasing stiffness and decreasing deformability.
The ratio of blood vessels to myocardial fibers decreases, leading
to a relatively insufficient blood supply to the myocardium.
The oxygen metabolism imbalance leads to the decrease of
LVEF (19).

In this study, the RVEDV and RVESV were increased in
the left ventricular hypertrophy groups, especially the concentric
hypertrophy group; this indicated that as the LVMI and
left ventricular diameter increased, the structure of the right
ventricular chamber changed in a similar manner (i.e., the right
ventricular volume increased), consistent with previous studies
(20). This was because the left ventricular end-diastolic volume
of patients with left ventricular hypertrophy is increased, and
pressure builds up and is transmitted posteriorly through the
pulmonary circulation connecting two chambers, increasing the
right ventricular afterload, affecting the right ventricular ejection
function and leading to increased right ventricular volume.
However, when the LVMI is normal, there is no remarkable
change in the right ventricular volume.

Compared with the control and normal geometric groups,
the RVEF and FAC were decreased in the eccentric hypertrophy
and concentric hypertrophy groups, and TAPSE was decreased
in the concentric hypertrophy group. This indicated that
impaired right ventricular systolic function could be detected
based on right ventricular function parameters in patients with
hypertension with left ventricular hypertrophy. Hypertension
may cause right ventricular dysfunction in the following
way: First, overstimulation of the renin-angiotensin-aldosterone
system and sympathetic nervous system produces vasoactive
substances, oxidative stress, and endothelial dysfunction, which
can induce accumulation of myocardial collagen and myocardial
fibrosis, followed by remodeling of the left and right ventricles
(20). At the same time, these changes lead to reactive contracture
of the pulmonary artery and hypertrophy of the middle smooth
muscle, increasing pulmonary circulation resistance, increasing
right ventricular afterload, and promoting right ventricular
remodeling (21). Secondly, due to the interdependence of the
left and right ventricles, the left and right ventricles share the
ventricular septum and the annular and spiral muscle fibers,
which influence each other. When the left ventricular pressure
and volume load increase, the right ventricular hemodynamics
will also be affected (22, 23).

In patients with hypertension, as the LVMI increases,
the continuous right ventricular myocardial proliferation
and hypertrophy result in right ventricular myocardial
fibrosis, wall thickening, decreased deformability, and
progressive mechanical damage of the right ventricular
myocardium (24). Tadic et al. (8) showed that the right
ventricular myocardial mechanics of patients with left
ventricular hypertrophy are significantly inferior to those
without left ventricular hypertrophy. This study echoed
Tadic et al. results. The right ventricular strain parameters
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FIGURE 2

The Bland—Altman plot for repeated measurements of the right interventricular septum longitudinal strain and right ventricular free wall
longitudinal strain; (A,B) denote the intra-observer agreement analyses, respectively, and (C,D) denote the inter-observer agreement analyses,
respectively.

decreased from the normal geometric group to the The current study provides novel findings on the
concentric hypertrophy group, and the latter showed the relationship between the right ventricular strain and the
most significant damage. left ventricular geometric pattern. Compared with the
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concentric remodeling group, the right interventricular
septum longitudinal strain and right ventricular free wall
longitudinal strain increased in the control and normal
geometric groups. That is, for the concentric remodeling
group, the right ventricular longitudinal strain decreased
when the volume and function parameters were still normal,
indicating that the right ventricular myocardial mechanics
of the patients with hypertension was impaired despite their
normal TAPSE, FAC, and RVEF values. The right ventricular
myocardium comprises subendocardial longitudinal muscle
fibers and epicardial circumferential muscle fibers. Right
ventricular ejection is primarily caused by contraction of
the longitudinal muscle fibers, and the endocardium is
more sensitive to pressure load and ischemia/hypoxia (25).
Therefore, changes in the right ventricular systolic function
are mainly reflected by decreased longitudinal function in
prehypertension. The study results further demonstrated
the sensitivity of the right ventricular longitudinal strain in
detecting the right ventricular systolic function. Subclinical
and subtle changes could be observed, e.g., decreased right
ventricular myocardial mechanics in the early stage of
hypertensive remodeling, consistent with the findings of
previous studies (26).

As the interventricular septum is a component of the
left ventricle, the right interventricular septum longitudinal
strain may be affected by the left ventricular function; the
right ventricular free wall longitudinal strain provides a
more accurate estimation of the right ventricular myocardial
function and prognostic information (27). Carluccio et al.
(28) showed that the prognostic value of the right ventricular
free wall longitudinal strain is better than that of the right
interventricular septum in cardiovascular events. Therefore,
this study examined the relationship between the right
ventricular free wall longitudinal strain, clinical indexes, and
related echocardiographic parameters in elderly patients with
hypertension. According to the linear regression analysis
results, the SBP, LVMI, and RWT are independently correlated
with and have significant effects on the right ventricular
free wall longitudinal strain; the LVMI has the dominant
influence. That is, the damage risk for right ventricular free
wall myocardial mechanics was found to increase with the
LVMI in patients with hypertension, consistent with previous
findings (8). This might be linked to the influence on the
right ventricular systolic function via the helical muscle
bundle, interventricular septum, and pericardium shared by
the two ventricles, which increases with the LVMI (16). In
addition, the SBP might affect the right ventricular free wall
longitudinal strain as follows: when the blood pressure is
elevated, various vasoactive substances mediated by activating
the renin-angiotensin-aldosterone system could induce fibrosis
and degeneration of the pulmonary vascular wall and intima,
further affecting the right ventricular systolic function (29,
30). Soylu et al. (31) found a remarkably higher plasma
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aldosterone level in patients with concentric hypertrophy
compared with patients with normal geometric and concentric
remodeling, which might lead to different right ventricular
myocardial mechanics for different left ventricular geometric
patterns. Moreover, Todiere et al. (32) evaluated the effects
of isolated hypertension on the left and right ventricular
structures and functions by cardiac magnetic resonance,
and the results showed a significant positive correlation
between the LVM and left ventricular early peak filling
rate. LVEF and the right ventricular mass, right ventricular
early peak filling rate, and RVEF, respectively, indicate a
certain correlation between hypertension-induced myocardial
structural and functional abnormalities between the left and
right ventricles. Finally, Tadic et al. (33) showed an independent
correlation of the 24-h SBP and LVMI with the right ventricular
free wall longitudinal strain, consistent with the findings of
this study.

Limitations

Aging is a risk factor for cardiovascular disease, so the
impairment of cardiovascular function with age in elderly
patients with hypertension could not be ruled out in this study.
In addition, the cutoff values of the LVMI and RWT provided
by this study were obtained from European and American
populations. Normal reference values of echocardiography
indexes in Chinese populations differ from those in Westerners,
so these cutoff values should be further validated among Chinese
patients. Finally, the patients’ follow-up visits were not included
in this study, and the improvement of the right ventricular
myocardial mechanics was not analyzed via antihypertensive
therapy. In this study, we randomly selected 20 patients for
the reproducibility study, which may add an additional burden
to patients.

Conclusion

The right ventricular myocardial mechanics in the elderly
with hypertension with abnormal left ventricular geometric
patterns are significantly impaired, and the systolic function
declines, especially in patients with concentric hypertrophy.
In this study, compared with the right ventricular three-
dimensional volume and function parameters, the right
ventricular strain parameters could indicate mechanical damage
in the concentric remodeling group earlier. The right ventricular
free wall longitudinal strain was affected by the SBP, LVMI,
and RWT (especially the LVMI). Therefore, clinicians should
focus on the right ventricular function of patients with
hypertension with abnormal left ventricular geometric patterns
to identify subclinical right ventricular systolic dysfunction in
the early stage, thus providing a basis for clinical treatment
and prognosis.

frontiersin.org


https://doi.org/10.3389/fcvm.2022.929792
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Xue et al.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Shanxi Bethune Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

CK, JX, and XK: conception and design of the research.
JM, JX, and XK: acquisition of data. J]M and QQ: analysis and
interpretation of the data. XK and SL: statistical analysis. JX

References

1. Thm SH, Bakris G, Sakuma I, Sohn IS, Koh KK. Controversies in the
2017 ACC/AHA hypertension guidelines: who can be eligible for treatments
under the new guidelines? - An Asian perspective. Circ J. (2019) 83:504-10.
doi: 10.1253/circj.CJ-18-1293

2. Ganau A, Devereux RB, Roman M], de Simone G, Pickering TG,
Saba PS, et al. Patterns of left ventricular hypertrophy and geometric
remodeling in essential hypertension. ] Am Coll Cardiol. (1992) 19:1550-8.
doi: 10.1016/0735-1097(92)90617-V

3. Park CS, Park JB, Kim Y, Yoon YE, Lee SP, Kim HK, et al. Left Ventricular
Geometry Determines Prognosis and Reverse J-Shaped Relation Between Blood
Pressure and Mortality in Ischemic Stroke Patients. JACC Cardiovasc Imaging.
(2018) 11:373-82. doi: 10.1016/j.jcmg.2017.02.015

4. Garg S, de Lemos JA, Ayers C, Khouri MG, Pandey A, Berry JD, et al.
Association of a 4-Tiered Classification of LV Hypertrophy With Adverse CV
Outcomes in the General Population. JACC Cardiovasc Imaging. (2015) 8:1034-41.
doi: 10.1016/j.,jcmg.2015.06.007

5. Vriz O, Motoji Y, Ferrara E, Bossone E, Naeije R. The Right Heart-Pulmonary
Circulation Unit in Systemic Hypertension. Heart Fail Clin. (2018) 14:247-53.
doi: 10.1016/j.hfc.2018.02.002

6. Surkova E, Kovécs A, Tokodi M, Lakatos BK, Merkely B, Muraru D, et al.
Contraction patterns of the right ventricle associated with different degrees of
left ventricular systolic dysfunction. Circ Cardiovasc Imaging. (2021) 14:e012774.
doi: 10.1161/CIRCIMAGING.121.012774

7. Vriz O, Veldman G, Gargani L, Ferrara F Frumento P, D’Alto M,
et al. Age-changes in right ventricular function-pulmonary circulation coupling:
from pediatric to adult stage in 1899 healthy subjects. The RIGHT Heart
International NETwork (RIGHT-NET). Int ] Cardiovasc Imaging. (2021) 37:3399-
411. doi: 10.1007/s10554-021-02330-z

8. Tadic M, Cuspidi C, Vukomanovic V, Kocijancic V, Celic V. The impact
of different left ventricular geometric patterns on right ventricular deformation
and function in hypertensive patients. Arch Cardiovasc Dis. (2016) 109:311-20.
doi: 10.1016/j.acvd.2015.12.006

9. Karaye KM, Sai’du H, Shehu MN. Right ventricular dysfunction in a
hypertensive population stratified by patterns of left ventricular geometry.
Cardiovasc ] Afr. (2012) 23:478-82. doi: 10.5830/CVJA-2012-014

10. Ghidini S, Gasperetti A, Winterton D, Vicenzi M, Busana M, Pedrazzini
G, et al. Echocardiographic assessment of the right ventricle in COVID-
19: a systematic review. Int ] Cardiovasc Imaging. (2021) 37:3499-512.
doi: 10.1007/s10554-021-02353-6

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2022.929792

and QQ: writing of the manuscript. CK: critical revision of
the manuscript for intellectual content. All authors read and
approved the final draft.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Shelburne NJ, Parikh KS, Chiswell K, Shaw LK, Sivak ], Arges K, et al.
Echocardiographic assessment of right ventricular function and response to
therapy in pulmonary arterial hypertension. Am J Cardiol. (2019) 124:1298-304.
doi: 10.1016/j.amjcard.2019.07.026

12. Tadic M, Nita N, Schneider L, Kersten ], Buckert D, Gonska B, et al. The
predictive value of right ventricular longitudinal strain in pulmonary hypertension,
heart failure, and valvular diseases. Front Cardiovasc Med. (2021) 8:698158.
doi: 10.3389/fcvm.2021.698158

13. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
et al. Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart ] Cardiovasc Imaging.
(2015) 16:233-70. doi: 10.1093/ehjci/jev014

14. Qazi S, Gona PN, Salton CJ, Bajaj NS, Larson MG, O’Donnell CJ, et al.
Impact of left ventricular trabeculations and papillary muscles on mass, geometry,
and association with incident adverse cardiovascular events: the framingham
heart study. JACC Cardiovasc Imaging. (2018) 11:653—4. doi: 10.1016/j.jcmg.2017.
07.019

15. Zhang X, Wu CE, Ye P, Sheng L, Luo L. Right ventricle may be involved
in regional diastolic dysfunction earliest in primary hypertension patients. J Cell
Biochem. (2019) 120:18088-93. doi: 10.1002/jcb.29112

16. Kishiki K, Singh A, Narang A, Gomberg-Maitland M, Goyal N, Maffessanti
E et al. Impact of Severe Pulmonary Arterial Hypertension on the Left
Heart and Prognostic Implications. ] Am Soc Echocardiogr. (2019) 32:1128-37.
doi: 10.1016/j.ech0.2019.05.008

17. Yildiz M, Oktay AA, Stewart MH, Milani RV, Ventura HO, Lavie CJ. Left
ventricular hypertrophy and hypertension. Prog Cardiovasc Dis. (2020) 63:10-21.
doi: 10.1016/j.pcad.2019.11.009

18. Triposkiadis F,
J, Boudoulas H, et
of left ventricular
clinical implications.
hf.1055

19. Park SK, Jung JY, Kang JG, Chung PW, Oh CM. Left ventricular
geometry and risk of incident hypertension. Heart. (2019) 105:1402-7.
doi: 10.1136/heartjnl-2018-314657

20. Tadic M, Cuspidi C, Ivanovic B, Vukomanovic V, Djelic M, Celic V, et al.

The Impact of White-Coat Hypertension on Cardiac Mechanics. J Clin Hypertens.
(2016) 18:617-22. doi: 10.1111/jch.12826

Giamouzis G, Boudoulas KD, Karagiannis G, Skoularigis
al. Left ventricular geometry as a major determinant
ejection fraction: physiological considerations and
Eur ] Heart Fail. (2018) 20:436-44. doi: 10.1002/ej

frontiersin.org


https://doi.org/10.3389/fcvm.2022.929792
https://doi.org/10.1253/circj.CJ-18-1293
https://doi.org/10.1016/0735-1097(92)90617-V
https://doi.org/10.1016/j.jcmg.2017.02.015
https://doi.org/10.1016/j.jcmg.2015.06.007
https://doi.org/10.1016/j.hfc.2018.02.002
https://doi.org/10.1161/CIRCIMAGING.121.012774
https://doi.org/10.1007/s10554-021-02330-z
https://doi.org/10.1016/j.acvd.2015.12.006
https://doi.org/10.5830/CVJA-2012-014
https://doi.org/10.1007/s10554-021-02353-6
https://doi.org/10.1016/j.amjcard.2019.07.026
https://doi.org/10.3389/fcvm.2021.698158
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1016/j.jcmg.2017.07.019
https://doi.org/10.1002/jcb.29112
https://doi.org/10.1016/j.echo.2019.05.008
https://doi.org/10.1016/j.pcad.2019.11.009
https://doi.org/10.1002/ejhf.1055
https://doi.org/10.1136/heartjnl-2018-314657
https://doi.org/10.1111/jch.12826
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Xue et al.

21. Kirillova V, Garganeeva A, Sokolova L. Diastolic function of the left and right
ventricles of the heart in outpatients with arterial hypertension. Echocardiography.
(2020) 37:1014-20. doi: 10.1111/echo.14781

22. Marketou M, Anastasiou I, Nakou H, Kochiadakis G, Patrianakos
A, Fragkiadakis K, et al. Right ventricular dysfunction in arterial
hypertension: still terra incognita? ] Hum Hypertens. (2019) 33:491-8.
doi: 10.1038/s41371-019-0206-y

23. Sjogren H, Kjellstrom B, Bredfelt A, Steding-Ehrenborg K, Radegran G, et al.
Underfilling decreases left ventricular function in pulmonary arterial hypertension.
Int J Cardiovasc Imaging. (2021) 37:1745-55. doi: 10.1007/s10554-020-02143-6

24. Simpson CE, Hassoun PM. Myocardial fibrosis as a potential maladaptive
feature of right ventricle remodeling in pulmonary hypertension. Am J Respir Crit
Care Med. (2019) 200:662-3. doi: 10.1164/rccm.201906-1154ED

25. Ancedy Y, Ederhy S, Jean ML, Nhan P, Soulat-Dufour L, Adavane-Scheuble
S, et al. Does layer-specific strain using speckle tracking echocardiography
improve the assessment of left ventricular myocardial deformation? A review. Arch
Cardiovasc Dis. (2020) 113:721-35. doi: 10.1016/j.acvd.2020.05.007

26. Tadic M, Cuspidi C, Suzic-Lazic ], Andric A, Stojcevski B, Ivanovic B,
et al. Is there a relationship between right-ventricular and right atrial mechanics
and functional capacity in hypertensive patients? J Hypertens. (2014) 32:929-37.
doi: 10.1097/HJH.0000000000000102

27. Tadic M, Cuspidi C, Bombelli M, Grassi G. Right heart remodeling
induced by arterial hypertension: Could strain assessment be helpful?

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2022.929792

J Clin 20:400-7.  doi:

13186

Hypertens ~ (Greenwich).  (2018) 10.1111/jch.

28. Carluccio E, Biagioli P, Lauciello R, Zuchi C, Mengoni A, Bardelli G,
et al. Superior prognostic value of right ventricular free wall compared to global
longitudinal strain in patients with heart failure. ] Am Soc Echocardiogr. (2019)
32:836-44.el. doi: 10.1016/j.ech0.2019.02.011

29. Chen Y, Xu T, Xu J, Zhu L, Wang D, Li Y, et al. Strain imaging for the
early detection of cardiac remodeling and dysfunction in primary aldosteronism.
Diagnostics. (2022) 12:543. doi: 10.3390/diagnostics12020543

30. Gregori M, Giammarioli B, Tocci G, Befani A, Ciavarella GM, Ferrucci
A, et al. Synergic effects of renin and aldosterone on right ventricular function
in hypertension: a tissue Doppler study. J Cardiovasc Med. (2015) 16:831-8.
doi: 10.2459/JCM.0000000000000190

31. Soylu A, Temizhan A, Duzenli MA, Sokmen G, Koylu O, Telli HH. The
influence of aldosterone on the development of left ventricular geometry and
hypertrophy in patients with essential hypertension. Jpn Heart J. (2004) 45:807-21.
doi: 10.1536/jh;j.45.807

32. Todiere G, Neglia D, Ghione S, Fommei E, Capozza P, Guarini G, et al. Right
ventricular remodelling in systemic hypertension: a cardiac MRI study. Heart.
(2011) 97:1257-61. doi: 10.1136/hrt.2010.221259

33. Tadic M, Cuspidi C, Celic V, Pencic-Popovic B, Mancia G. Nocturnal
hypertension and right heart remodeling. J Hypertens. (2018) 36:136-42.
doi: 10.1097/HJH.0000000000001506

frontiersin.org


https://doi.org/10.3389/fcvm.2022.929792
https://doi.org/10.1111/echo.14781
https://doi.org/10.1038/s41371-019-0206-y
https://doi.org/10.1007/s10554-020-02143-6
https://doi.org/10.1164/rccm.201906-1154ED
https://doi.org/10.1016/j.acvd.2020.05.007
https://doi.org/10.1097/HJH.0000000000000102
https://doi.org/10.1111/jch.13186
https://doi.org/10.1016/j.echo.2019.02.011
https://doi.org/10.3390/diagnostics12020543
https://doi.org/10.2459/JCM.0000000000000190
https://doi.org/10.1536/jhj.45.807
https://doi.org/10.1136/hrt.2010.221259
https://doi.org/10.1097/HJH.0000000000001506
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	The impact of different left ventricular geometric patterns on right ventricular deformation and function in the elderly with hypertension: A two-dimensional speckle tracking and three-dimensional echocardiographic study
	Introduction
	Materials and methods
	Subjects
	Instruments
	Methods
	Clinical data acquisition
	Image acquisition
	Image analysis

	Reproducibility studies
	Statistical analysis

	Results
	Comparison of general data
	Comparison among groups in terms of conventional left ventricular echocardiographic parameters
	Comparison among groups in terms of right ventricular three-dimensional echocardiographic parameters
	Comparison among groups in terms of right ventricular strain parameters
	Linear regression analysis
	Repeated measures studies

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


