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Abstract

Sigmoid-shaped ventricular septum (SS), a frequently encountered minor abnormality in echocardiographic examinations
of the elderly, may have some influence on RV shape. We aimed to determine the influence of SS on the accuracy of the 6
RV linear diameter measurements in the light of three-dimensional echocardiographic (3DE) RV volume. The aorto-septal
angle (ASA) was measured in the parasternal long-axis view using two-dimensional echocardiography (2DE) as an index of
SS in 70 patients without major cardiac abnormalities who were subdivided into 35 with SS (ASA <120°) and 35 without
SS (NSS). We measured RV end-diastolic volume (RVEDV) using 3DE; in addition, using 2DE, we measured basal RV
diameter, mid-cavity diameter, longitudinal diameter and end-diastolic area in the apical four-chamber view; proximal RV
outflow tract (RVOT) diameter in the parasternal long-axis view; and proximal and distal RVOT diameters in the parasternal
short-axis view. RVEDYV did not differ between the SS and NSS groups. The SS group had greater basal RV diameter and
proximal and distal RVOT diameters than the NSS group. RV mid-cavity diameter, longitudinal diameter, and end-diastolic
area did not differ between the groups. Among the 2DE parameters of RV size, RV end-diastolic area was most strongly cor-
related with RVEDV (r=0.67), followed by RV mid-cavity diameter (r=0.58). When SS is present, the echocardiographic
basal RV diameter and RVOT diameters overestimate RV size, and the measurement of RV end-diastolic area and mid-cavity
diameter more correctly reflect 3D RV volume.
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Introduction Association of Cardiovascular Imaging (EACVI) published
guidelines for the echocardiographic assessment of the right
heart size and function [10, 11], which introduced the meas-

urement of 6 RV linear diameters, that is, basal RV inflow

Several investigators reported the prognostic impact of right
ventricular (RV) size and function in patients with idiopathic

pulmonary arterial hypertension [1, 2], pulmonary embo-
lism and chronic pulmonary disease [3, 4], and left heart
failure [5—7]. Until recently, measurement of RV size using
two-dimensional (2D) echocardiography had not been stand-
ardized because of its complex shape [8, 9]. The Ameri-
can Society of Echocardiography (ASE) and the European
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diameter, mid-cavity diameter and longitudinal diameter in
the apical four-chamber view, proximal RV outflow tract
(RVOT) in the parasternal long-axis view, and proximal and
distal RVOT diameters in the parasternal short-axis view.
The guidelines recommended placing greater importance
on basal RV diameter and mid-cavity diameter than on the
other diameters [11].

Sigmoid-shaped ventricular septum (SS), a frequently
encountered minor abnormality in echocardiographic exami-
nations of the elderly [12—15], may alter not only left ven-
tricular (LV) shape but also RV shape. In the present study,
we aimed to determine the influence of SS on the accuracy
of the 6 RV linear diameter measurements as well as the RV
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end-diastolic area, which was also introduced in the ASE/
EACVI guidelines, in the light of three-dimensional echo-
cardiographic (3DE) RV volume.

Subjects and methods
Subjects

Echocardiographic examinations were performed by a single
examiner (K.O.) for screening cardiovascular abnormalities
in the Kitanodai Clinic from June 2016 to October 2017. We
excluded patients with major echocardiographic abnormali-
ties such as obvious LV asynergy, LV systolic dysfunction
(LV ejection fraction <50%), LV hypertrophy (LV mass
index > 115 g/m? for male and > 95 g/m? for female), signs
of pulmonary hypertension [16, 17], cardiac rhythm distur-
bances such as atrial fibrillation, frequent premature beats
and artificial pacing, and inadequate echocardiographic
image quality. In addition, we also excluded patients with
RV enlargement (RV end-diastolic volume assessed by
3DE > 87 ml/m? for males and > 74 ml/m? for females [1 1]).
Ultimately, a total of 70 patients were enrolled in the present
study (mean age +SD, 67.6+ 11.0 years; range, 22—-89 years;
32 males and 38 females).

This study was approved as a retrospective observational
study by the Research Ethics Committee of the Faculty of
Health Sciences at Hokkaido University. Instead of obtain-
ing informed consent, the objectives and methods of the
present study were shared with the public both through our
institution’s home page and physical bulletin board; patients
who did not wish to participate could request their data be
deleted from the study.

Echocardiographic measurements

The standard echocardiographic examination was performed
in all patients using an ACUSON SC2000 echocardiographic
system (Siemens AG, Healthcare Sector, Erlangen, Ger-
many) equipped with a 4V 1c transducer (1.25 to 4.5 MHz)
in accord with the guidelines of the ASE and EACVI [11].
The aorto-septal angle (ASA) was measured in the end-dias-
tolic parasternal long-axis image as an index of SS (Fig. 1).
Following the guidelines, we measured 6 RV linear diam-
eters as follows: basal RV inflow diameter (maximal trans-
verse diameter in the basal third of the RV: RVD1), mid-
cavity diameter (transverse diameter in the middle third of
the RV, approximately at the level of the papillary muscles:
RVD2) and longitudinal diameter (distance from midpoint
of the tricuspid annular plane to the apex: RVD3) in the api-
cal four-chamber view; proximal RV outflow tract (RVOT)
diameter in the parasternal long-axis view (L-RVOT,,);
and proximal and distal RVOT diameters in the parasternal
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Fig.1 Measurement of aorto-septal angle. The angle between the
right ventricular surface of the interventricular septum and the ante-
rior wall of the aorta, i.e., the aorto-septal angle (ASA), was meas-
ured in the parasternal long-axis view at end-diastole

short-axis view (S-RVOT ., and RVOTy;g,) [11]. In addi-
tion, we also measured RV end-diastolic area in the api-
cal four-chamber view, which was not described in the text
page but listed in the Table for the RV measurements of the
ASE/EACVI guidelines [11]. A single-beat 3DE image was
obtained during end-expiratory breath hold using the same
echocardiographic machine with a 4Z1c matrix phased-
array (1.5 to 3.5 MHz) transducer. The ultrasound sector
size and depth were adjusted to cover the whole RV. After
the examination, the RV end-diastolic volume (RVEDV) was
measured in each patient using software mounted on the
machine (Fig. 2).

Statistical analysis

The statistical analysis was performed with standard statis-
tical software (IBM SPSS ver. 25 for Windows, IBM Co.,
Armonk, NY, USA). All numerical data are presented as
means + SD. Differences between the SS and NSS groups
were tested by the Student’s #-test. Fisher’s exact test was
used when comparing categorical data. Relationships
between pairs of parameters were assessed by linear correla-
tion and regression analysis. A stepwise multivariate regres-
sion analysis was performed to find independent determi-
nants of the 2D echocardiographic measurements of RV size
among multiple parameters. For all statistical tests, a p-value
of <0.05 was considered significant. The reproducibility of
RVEDV measured using 3DE was studied in 15 patients
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Fig.2 Measurements of 6

RV linear diameters and RV
end-diastolic area. Proximal
right ventricular (RV) outflow
tract (RVOT) in the parasternal
long-axis view (L-RVOT,,,.,)
(A), proximal and distal RVOT
diameters in the parasternal
short-axis view (S-RVOT,,
and RVOT ) (B), maximal
transverse diameter in the
basal third of the RV (RVD1),
maximal transverse diameter
in the middle third of the RV,
approximately at the level of
the papillary muscles (RVD2),
maximal longitudinal diameter
from the tricuspid annulus to
the apex (RVD3), and end-
diastolic area (RVEDA) in the
apical four-chamber view (C),
and RV end-diastolic volume
measured by single-beat three-
dimensional echocardiography
D)

randomly selected from the subjects of the present study,
and intraclass correlation analysis was performed for the
intra-observer comparison (K.O.) and for the inter-observer
comparison (K.O. and S.K.).

Results

Patient characteristics and echocardiographic
measurements

The patient characteristics and standard echocardio-
graphic parameters of the study subjects are summarized
in Table 1. The median value of the ASA was 120 degrees;
thus, the study subjects were subdivided into 35 with SS
(ASA <120°) and 35 without SS (ASA > 120°). Other differ-
ences between the SS and NSS groups are shown in Table 1.
Age was greater in the SS group than in the NSS group
(72.2+10.4 vs. 63.0+9.7 years, p<0.001). Whereas LV
end-diastolic diameter, interventricular septal thickness, and
LV posterior wall thickness did not differ between the two
groups, LV mass index was significantly greater in the SS
group than in the NSS group. The prevalence of hyperten-
sion, diabetes, and dyslipidemia did not differ between the
groups.

L-RVOTprox

52 bpi

Differences in echocardiographic RV size parameters
between subjects with SS and those without

The RVEDV and RV end-diastolic area did not differ
between SS and NSS groups (Fig. 3). Among the 6 RV linear
diameters, L-RVOT,, S-RVOT,, ., RVOT;,, and RVD1
were greater in the SS group than in the NSS group, whereas
RVD2 and RVD3 did not differ between groups (Fig. 4).

Relationships between the 2D echocardiographic RV
size parameters and 3D RVEDV

The relationships of the 6 RV linear diameters and RV end-
diastolic area to RVEDV are shown in Table 2 and Fig. 5.
In the 35 SS patients, RVD2, RVD3, and RV end-diastolic
area significantly correlated with RVEDV, but L-RVOT,,,,
S-RVOT,,, RVOTjg,, and RVDI did not. On the other
hand, in the NSS group, all of the 6 RV linear diameters and
RV end-diastolic area significantly and modestly correlated
with RVEDV. In all the 70 study patients, all 6 RV linear
diameters and the RV end-diastolic area significantly corre-
lated with RVEDYV, but the correlations of the L-RVOT,,,
S-RVOT,,,, and RVOT g, with RVEDV were weak. In each
of the above 3 analyses, RV end-diastolic area was most

strongly correlated with RVEDYV, followed by RVD2.
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Table 1 Patient characteristics and standard echocardiographic parameters

Parameters All subjects (n=70) NSS group (n=35) SS group (n=35) p

Clinical characteristics
Age (years) 67.6 +11.0 63.0 +9.7 722 +10.4 <0.001
Male/female 32/38 14/21 18/17 0.47
Body surface area (m?) 1.60 + 0.18 1.60 + 0.19 1.59 £ 0.18 0.64
Systolic blood pressure (mmHg) 127 + 15 127 + 15 127 + 14 0.83
Diastolic blood pressure (mmHg) 73+ 11 73+ 11 73+ 10 0.90
Heart rate (bpm) 63+9 63+9 63 + 10 0.98
Hypertension (n [%]) 59 [84%)] 28 [80%] 31 [89%] 0.51
Diabetes (n [%]) 10 [14%] 5 [14%] 5 [14%] 1.00
Dyslipidemia (n [%]) 39 [56%] 18 [51%] 21 [60%] 0.63

Echocardiographic parameters
LV end-diastolic diameter (mm) 463 +3.7 46.0 +£3.3 46.7+4.1 0.43
LV end-systolic diameter (mm) 28.6 +4.0 28.1+3.6 29.0+4.4 0.36
LV ejection fraction (%) 65.6 +4.7 659 +4.1 653 +5.2 0.58
Interventricular septal thickness (mm) 93+ 1.1 9.1+ 1.1 95+1.0 0.11
LV posterior wall thickness (mm) 8.5+09 84+09 8.7+0.8 0.18
LV mass index (g/m?) 86.3 +11.0 82.6 + 10.0 90.1 £10.9 0.004
Left atrial diameter (mm) 36.0 £ 6.5 354+53 36.5+7.5 0.46
Left atrial volume index (mL/m?) 32.9+9.6 32.1+8.9 33.6+9.2 0.38
E (cm/s) 68.2 +15.5 70.1 +£16.7 66.2 +13.9 0.17
E/A 0.93 +£0.27 1.00 £ 0.28 0.86 + 0.25 0.36
DT (ms) 239 + 55 232 + 49 246 + 61 0.30
e’ (cm/s) 74+19 8.0x2.1 6.7+13 0.007
E/e’ 95+22 9.1+£22 99+20 0.17
TRPG (mmHg) 21.1+3.7 21.1+34 21.1+4.0 0.97
PRPGed (mmHg) 40+13 41+1.0 40+1.5 0.65
Aorto-septal angle (°) 120 £ 15 132 +9 109 = 11 <0.001

LV left ventricle, E peak early-diastolic transmitral flow velocity, E/A the ratio of the E to peak atrial-systolic transmitral flow velocity, DT decel-
eration time of the E, e’ peak early-diastolic mitral annular velocity at septal annulus, TRPG systolic peak gradient across the tricuspid valve
derived from tricuspid regurgitant velocity, PRPGed the end-diastolic pressure gradient across the pulmonary valve derived from pulmonary
regurgitation
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Fig.4 Differences of the RV linear diameters between NSS and SS groups
Abbreviations are the same as those listed in the Figs. 2 and 3 footnotes

Table 2 Relationships of the
6 RV linear diameters and RV
end-diastolic area to RV end-
diastolic volume

Fig.5 Relationship of the RV
end-diastolic area and RV mid-
cavity diameter to the RV end-
diastolic volume. NSS group is
shown with white circles and SS
group with red circles
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All subjects (n="70)

NSS group (n=35)

SS group (n=35)

r p r p r P
L-RVOT,, 0.26 <0.05 0.45 <0.01 0.02 n.s
S-RVOT,, 0.30 <0.05 0.45 <0.01 0.06 n.s
RVOT jigai 0.30 <0.05 0.43 <0.05 0.16 n.s
RVD1 0.45 <0.001 0.56 <0.001 0.32 n.s
RVD2 0.58 <0.001 0.67 <0.001 0.48 <0.01
RVD3 0.47 <0.001 0.52 <0.01 0.42 <0.05
RV end-diastolic area 0.67 <0.001 0.72 <0.001 0.67 <0.001
Abbreviations are the same as those listed in the Fig. 2 footnotes
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Impact of the ASA on the 6 RV linear diameters
and RV area

The relationships of ASA to the echocardiographic measure-
ments of RV size are summarized in Table 3. ASA was sig-
nificantly negatively correlated with L-RVOT,,,,, S-RVOT-
prox» RVOT 4, and RVDI, but not with RVD2, RVD3, RV
end-diastolic area, or RVEDV.

Stepwise multivariate regression analysis using age, LV
mass index, e’, ASA, and RVEDV as explanatory variables
revealed that independent determinants for L-RVOT,,
S-RVOT,,,, and RVDI were ASA and RVEDV; those for
RVOT ;s RVD2 and RV end-diastolic area were RVEDV,
and those for RVD3 were age and RVEDV (Table 4).

Reproducibility of RVEDV measurement using 3DE

The intraclass correlation coefficient was 0.93 (95% confi-
dence interval: 0.80 to 0.98) for the intra-observer compari-
son and 0.72 (95% confidence interval: 0.36 to 0.90) for the
inter-observer comparison.

Table 3 Relationships of the 6 RV linear diameters and RV end-dias-
tolic area to aorto-septal angle (ASA)

vs ASA r p
L-RVOT,,,, —0.49 <0.001
S-RVOT,, —0.45 <0.001
RVOT g -0.26 <0.05
RVDI1 -0.33 <0.01
RVD2 -0.17 n.s
RVD3 -0.03 n.s

RV end-diastolic area -0.13 n.s

RV end-diastolic volume —0.06 n.s

Abbreviations are the same as those listed in the Fig. 2 footnotes

Discussion

We investigated the influence of SS on the measurements of
the 6 RV linear diameters and RV end-diastolic area, which
has been recommended by the ASE/EACVI guidelines in
the light of 3D echocardiographic RVEDV. In this study,
the basal inflow diameter and the outflow tract diameters
were greater in subjects with SS than in those without SS
despite there being no difference in the RVEDV between the
2 groups. Because all of these diameters significantly nega-
tively correlated with ASA, it is considered that the decrease
in ASA (that is, the greater degree of septal deformation
due to SS) was the cause of the apparent increase of these
diameters. On the other hand, the RV end-diastolic area and
mid-cavity diameter were not affected by ASA, and were
well correlated with RVEDV. These results suggest that the
RV end-diastolic area and the mid-cavity diameter should
be preferred to the basal inflow diameter and the outflow
diameters for screening RV dilatation in elderly patients.

Impact of sigmoid septum on RV shape

Several reports have indicated that age, gender, and body
surface area were determinants of RV size in healthy sub-
jects [18-22]. In the present study, we found that the basal
RV inflow and RVOT diameters become greater as the ASA
decreased, independent of RV volume, and the ASA was an
independent determinant of basal RV diameter and RVOT
diameters.

A sigmoid septum (also denoted as ventricular septal
bulge or angled aorta) is considered a normal variant or a
minor abnormality often encountered in echocardiographic
examinations of the elderly [12—15, 23]. Sometimes, distin-
guishing between the SS and hypertrophic cardiomyopathy
can be problematic because SS can cause an LV outflow tract
obstruction [24-28]. It has been also reported that subjects

Table 4 Stepwise multivariate regression analysis to find the determinants of the 2D echocardiographic measurements of RV size among age,
LV mass index, e, aorto-septal angle (ASA), and RV end-diastolic volume (RVEDV) as explanatory variables

Variables L-RVOT,,, S-RVOT,,,, RVOT i RVD1 RVD2 RVD3 RV end-dias-
tolic area
p p p P p P p p p p P p P
Age -0.27 0.014
LV mass index
e/
ASA —-046 <0.001 -0.42 0.001 -0.28 0.016
RVEDV 0.31 0.006 0.35 0.002 0.37 0.003 045 <0.001 057 <0.001 048 <0.001 0.73 <0.001

Corrected R? were 0.29, p<0.001 for L—RVOTp

TOX

0.28, p<0.001 for S-RVOT,

0.12, p=0.003 for RVOTy,: 0.26, p<0.001 for RVDI;

prox>

0.31, p<0.001 for RVD2; 0.33, p<0.001 for RVD3; and 0.52, p<0.001 for RV end-diastolic area

Abbreviations are the same as those listed in the Fig. 2 footnotes
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with SS more frequently have hypertension, greater relative
wall thickness, and LV diastolic dysfunction [15, 23, 29].

The mechanism by which SS develops has not been fully
elucidated. Several investigators have proposed that elonga-
tion of the ascending aorta caused by aging and atheroscle-
rosis compresses the LV, causing a decrease in the ASA and
an alteration of the shape of the interventricular septum [12,
25, 29]. If the above assumption is true, the ventricular myo-
cardium on the opposite side should also be compressed by
the diaphragm and anterior chest wall. Thus, such deforma-
tion of the interventricular septum and RV free wall would
explain the alteration in RV shape seen in the SS patients of
the present study.

Relationship between 2D echocardiographic RV
measurement and 3D RVEDV

There are a few reports describing the relationships between
the 2D echocardiographic RV measurements recommended
by the ASE/EACVI guidelines and the RVEDV derived from
cardiovascular magnetic resonance imaging (CMR) [30-32].
Lai et al. reported that, in both pediatric and adult patients
(4.3—46.5 years) without RV dilatation, the RV end-diastolic
area, RV basal inflow, and mid-cavity diameter significantly
correlated with RVEDV while the other linear diameters
did not, and in patients with repaired tetralogy of Fallot
(3.8—57.3 years) and those with unrepaired atrial septal
defect and/or partially anomalous pulmonary venous con-
nection (0.5—59.7 years), RV end-diastolic area and RVOT
diameters significantly and better correlated with RVEDV
than RV inflow diameters [32]. Kim et al. reported that in
patients with coronary artery disease (59 + 13 years), the
correlation coefficients with RVEDV was greater for the
RV basal diameter (r=0.70) and proximal RVOT diameter
(r=0.68) than the other RV linear diameters [31]. In all the
above studies, the patients were younger than those of the
present study. A study by Shiran et al., involving 40 patients
including older patients (42 + 12, 19—70 years) with differ-
ent causes of pulmonary hypertension, demonstrated that
the correlation with RVEDV by CMR was the best for RV
end-diastolic area (r*=0.78), followed by RV mid-cavity
diameter (r>=0.65), and lowest for RV basal inflow diam-
eter (r*=0.57) [32]. Their results partially accord with ours,
probably because their study subjects included some elderly
patients with SS, but they did not analyze the effect of SS on
the RV measurements. In the present study, recruiting more
elderly subjects, we could clearly demonstrate the effect of
SS on the RV linear diameters and the reason for the rela-
tively good correlations of RV end-diastolic area and RV
mid-cavity diameter with RVEDV. Our results may contrib-
ute to the more accurate evaluation of RV size in routine
echocardiographic practice in elderly patients.

Validity of 3D echocardiographic RV volume
measurement

CMR has been used as a standard method to measure RV
volume and assess RV geometry [9, 33]. However, CMR
cannot be performed in patients with mechanical pros-
thesis, pacemakers, or metallic devices, or those who are
extremely obese or have difficulty staying in small physical
spaces. Recently, RV volume analysis software using 3DE
has emerged, and it has been reported that the RV volume
measured using 3DE is comparable with those using CMR
[34, 35]. Thus, we used 3DE RV volume as the standard for
RV size in the present study. However, only some high-end
echocardiographic machines are equipped with 3DE, and the
procedure may be time-consuming for routine use. Thus, at
present, 2D echocardiography remains the main screening
tool for assessing RV size.

Clinical importance of assessing RV size

RV dilatation is reported to be a powerful predictor of poor
survival in patients with acute pulmonary embolism [4], idi-
opathic pulmonary arterial hypertension [1, 2], and chronic
pulmonary disease [3]. In addition, assessing RV size is also
useful to estimate the extent of RV volume overload due to
tricuspid regurgitation [36, 37] and congenital heart diseases
such as atrial septal defect and pulmonary regurgitation after
the repair of tetralogy of Fallot [36, 38]. RV dilatation can
be caused by post-capillary pulmonary hypertension due to
left heart failure [39], and has been reported to be useful in
predicting outcomes of patients with left heart failure [40].
Thus, an accurate estimation of RV size is important in the
management of patients with a wide range of cardiovascular
diseases.

The present study also showed an increase in RVOT
diameters in subjects with SS. In patients with arrhythmo-
genic right ventricular cardiomyopathy (ARVC), increased
RV size especially in RVOT is considered a characteristic
finding. Task Force guidelines for the diagnosis of the ARVC
listed enlarged RVOT diameters (L-RVOT,,,, >33 mm or
S-RVOT,,, =36 mm) as one of the major criteria of ARVC
[41]. However, in the present study, L-RVOT,, >33 mm
was seen in 22 of the 35 SS patients (63%) and S-RVOT-
prox = 36 mm in 8 of the 35 (23%) SS patients. When detect-
ing increased RVOT diameters in echocardiographic exami-
nation of elderly subjects, the influence of the SS should be
considered before attributing the findings to true RV dilata-
tion due to ARVC.

Limitations

There are several limitations in the present study. First, CMR
was not performed and we could not assess the precise RV
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geometry and the relationship to the surrounding structures.
Second, the data collection of the present study was per-
formed at a single center and the study population was rela-
tively small. A study recruiting a greater number of patients
may be needed to establish the exact methods to measure the
RV size in routine echocardiographic examination.
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