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Abstract
Background  In quantifying left ventricular (LV) diameter, which position for echocardiographic measurements, mitral valve 
tip level (MV-tip) or LV mid level (LV-mid), more accurately represents the LV volume is unclear. Furthermore, which factor 
affects the measurement error also has not been elucidated.
Methods  We enrolled 150 patients without myocardial infarction and local asynergy who underwent echocardiography and 
cardiac magnetic resonance imaging (CMRI). Echocardiographic LV diastolic diameter (LVDD) and LV systolic diameter 
(LVDS) were measured at both MV-tip and LV-mid, and the LV end-diastolic volume (LVEDV) and end-systolic volume 
(LVESV) were quantified using CMRI. We quantified the degree of aortic wedging as the angle between the anterior wall 
of the aorta and the ventricular septal surface (ASA).
Results  The average LVDD was smaller and average LVDS larger when measured at the MV-tip than at the LV-mid. In 
regression analyses, the correlation coefficient between LVDD and LVEDV was larger at LV-mid (R = 0.89) than at MV-tip 
(R = 0.82), and the correlation coefficient between LVDS and LVESV also larger at LV-mid (R = 0.93) than MV-tip (R = 0.87). 
ASA, Valsalva diameter, left atrial diameter, patient height, and LV mass significantly affected the echocardiographic 
measurement error, but no factor affected the measurement error when quantifying LVDD at the LV-mid level.
Conclusions  The echocardiographic LV diameter measured at LV-mid has a stronger correlation with LV chamber size 
derived from CMRI than measurements at MV-tip. The LVDD measured at the LV-mid level is not affected by other factors.

Keywords  Left ventricular diastolic diameter · Left ventricular systolic diameter · Transthoracic echocardiography · The tip 
of mitral valve · The mid left ventricle · Sigmoid septum

Introduction

Left ventricular (LV) diastolic diameter (LVDD) and LV 
systolic diameter (LVDS) derived from transthoracic 
echocardiography are crucial information in the diagnosis 
of LV dysfunction, estimating the prognosis of patients with 
heart diseases [1–7], and the surgical indications in valvular 
heart disease [8]. LVDD and LVDS are used as simplified 
substitutions for LV end-diastolic volume (LVEDV) and 
LV end-systolic volume (LVESV). The guidelines of 
the American Society of Echocardiography recommend 
measuring LVDD and LVDS at the level of the tip of the 
mitral valve (MV-tip) [9]. In the case of ventricular sigmoid 
septum, the guidelines recommend assessing the diameter 
at one point distal from the discrete upper septal thickening 
[10]. However, whether the measurement of LV diameter 
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at the MV-tip level is inappropriate in sigmoid septum has 
not been confirmed, or the appropriate point to measure 
LV diameter in the sigmoid septum and the definition of 
sigmoid septum. Furthermore, we sometimes experience 
other inappropriate shapes for measuring the LV diameter 
at the MV-tip level, such as a round LV and hamstring of the 
posterior wall of the left atrium. Including these cases, the 
proper position for echocardiographic quantification of the 
LV diameter seems debatable, possibly suggesting that the 
middle level of the LV (LV-mid) is better than the MV-tip 
level [11]. Therefore, the purpose of the current study 
was to investigate which level, MV-tip or LV-mid, more 
accurately represents the LV volume in echocardiographic 
quantification of LVDD and LVDS and which factors 
affected the measurement error in quantifying LV diameter.

Materials and methods

Study population

We retrospectively screened 168 consecutive patients who 
underwent cardiac magnetic resonance imaging (CMRI) 
between January 2019 and October 2020 at Nagoya City 
University Hospital. Of these patients, we excluded 13 
who had local asynergy with a history of old myocardial 
infarction, 3 who underwent new onset decompensated heart 
failure (1 patient) or cardiac-specific therapy (2 ablations 
for atrial fibrillation) between echocardiography and CMRI, 
and 2 who did not undergo echocardiographic examination 
at our institution. Finally, 150 patients were eligible for 
the current study (Fig. 1). This retrospective study was 
approved by the Institutional Review Board of Nagoya City 
University and carried out following the principles of the 
Helsinki Declaration. The institutional review board waived 
directly informed consent for this retrospective study. The 

information is available on the Nagoya City University 
website, and the patients had the opportunity to withdraw 
from the study.

Echocardiographic measurements

A cardiologist (T.N.) measured LVDD and LVDS using 
the parasternal long-axis view at both the MV-tip level and 
LV-mid level. The LV-mid level was defined as the largest 
LV diameter level within 10 mm of the papillary muscle 
level in the end-diastolic phase (Fig. 2). Valsalva diameter 
and left atrial diameter were measured according to the 
American Society of Echocardiography’s guidelines [9]. We 
quantified the degree of aortic wedging as an alternative for 
sigmoid septum as the angle between the anterior wall of the 
aorta and the ventricular septal surface (aorto-septal angle; 
ASA) (Fig. 2) [12, 13].

Measurements by CMRI

LVEDV and LVESV were measured by CMRI by a 
radiologist (K.O.) using the SYNAPSE VINCENT system 
(Fujifilm Co., Tokyo, Japan) by tracing all endocardial 
surfaces of the serial short axis sections from the level of 
the mitral valve to the apex (Fig. 3).

Factors possibly affecting LV measurements

As we quantified the LV measurements using a parasternal 
axis view, we analyzed the parameters that comprise 
the parasternal axis view to determine if they affect the 
measurement error. The frequency of conventionally defined 
sigmoid septum is too small (1.5–7%) [14, 15] to statistically 
assess it in the current study. Furthermore, the conventional 
definition “protruding toward the inside of the LV cavity” is 
the same as what we quantified for the measurement error. 

Fig. 1   A flowchart of the 
inclusion and exclusion process 
in this study
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Therefore, we used ASA [12, 13], specifically aorta wedging, 
for the alternative parameter of the sigmoid septum.

Assessments between LV overload and each LV 
measurement

LV diameter is the alternative for LV volume, and 
increased LV volume means decreased net LV contractility 

[16–18] and results in greater wall stress [19–21]. As 
B-type natriuretic peptide (BNP) is one of the markers for 
LV overload [22], we compared the plasma BNP level and 
each level of LV diameter to assess whether the LV-mid 
level diameter, indicating the maximum LV volume, more 
accurately reflected the hemodynamic LV overload.

Fig. 2   Representative images of the echocardiographic measurements 
of LV diameter at the MV-tip level (yellow arrows) and LV-mid level 
(blue arrows) (a), left atrial diameter (b), and valsalva diameter (c). 
Representatives of the measurements of each level of diameter in 

patients with normal geometry (d) and aortic wedging (e), and the 
angle between the anterior wall of the aorta and the ventricular septal 
surface in patients with normal geometry (f) and aortic wedging (g)

Fig. 3   Representative images of the process of quantifying LV chamber size by cardiac magnetic resonance imaging
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Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation and were compared by paired t test. Categorical 
variables were expressed as numbers and (%) and compared 
using the Chi-square test.

In the current study, we evaluated the accuracy of each 
level of echocardiographic measurement using the following 
methods. First, regression analyses were performed between 
both levels of echocardiographic LV diameter and MRI-
derived LV volume. Second, to assess the dispersion of 
each regression analysis, we calculated the distance between 
the MRI-derived volume and the equation curve of the 
regression analysis (Fig. 4). This distance was calculated as 
the absolute value of the difference (|MRI-derived volume − 
echocardiographically estimated volume|). We did not intend 
to estimate LV volume by echocardiography. The equation 
curve and echocardiographically estimated volume were 
only used to assess the dispersion of the association between 
MRI-derived LV volume and each level of the LV diameter. 
Therefore, the regression equations used in this study cannot 
be used to estimate LV volume in other cohorts. Third, the 
Bland–Altman plots were used to compare the differences in 
the two levels of measurement between MRI-derived volume 
and echocardiographic estimated volume.

The regression analyses were also used to identify the 
factors influencing the difference between MRI-derived 
volume and echocardiographic-estimated volume. We chose 
ASA, Valsalva diameter, and left atrial diameter as possible 
influencing factors because they contribute to the same 
surface of the parasternal long-axis view, and chose patient 
height, weight, BMI, and LV mass as possible factors having 
a physical impact.

In the regression analyses, the cubic formula 
was appl ied when analyzing one-dimensional 
variables (e.g., diameter and angle-degree) and three-
dimensional variables (e.g., volume and weight), and 
the linear formula was applied when analyzing the same 
dimensional variables.

We compared the plasma BNP level (logarithmic 
conversion) and each level of LV diameter to assess 
which level of the diameter reflected the hemodynamic 
LV overload. T tests were used to compare between the 
two dependent correlations.

The inter-rater reliability of LVDD and LVDS at both 
levels was evaluated by T.N. (cardiologist of 13 years) and 
Y.S. (cardiologist of 9 years) using the last 32 patients’ 
data with intraclass correlation coefficients (ICCs). An 
ICC ≥ 0.80 was considered the preferred level of reliability 
[23].

Two-sided P < 0.05 was considered significant. All 
analyses were performed using SPSS ver. 26 (IBM Corp., 
Armonk, NY, USA).

Results

Patient characteristics and echocardiographic 
measurements at each level

The characteristics and measurements of the 150 patients 
enrolled in the present study are summarized in Table 1. 
The average age and body mass index were 60.5 years and 
22.6 kg/m2. The average LVDD was smaller and average 
LVDS larger at the MV-tip level than at the LV-mid 
level. The mean date interval between echocardiographic 

Fig. 4   Graphical representation of the difference between MRI-
derived volume and echocardiographic-estimated volume. Each arrow 
indicates the difference for a pair of measurements

Table 1   Basic patient data and LV measurements

MRI magnetic resonance imaging, MV mitral valve, LV left 
ventricular, BMI body mass index, DD diastolic diameter, EDV end 
diastolic volume, DS systolic diameter, ESV end systolic volume, EF 
ejection fraction

n = 150 MRI MV-tip level LV-mid level P value

Age, years 60.5 ± 17.6
Male, n (%) 77 (51.3%)
Hight, cm 160.2 ± 9.6
Wight, kg 58.3 ± 16.3
BMI 22.6 ± 5.2
LVDD, mm – 49.8 ± 9.5 51.8 ± 10.2  < 0.001
LVEDV, ml 155.7 ± 67.9 – –
LVDS, mm – 39.9 ± 11.7 38.9 ± 13.4 0.021
LVESV, ml 94.0 ± 70.6 – –
LVEF, % 45.7 ± 19.9 – –
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examination and CMRI was 8 days (interquartile range, 
2–45 days).

Comparison between each echocardiographic LV 
diameter and CMRI volume

The regression plots of echocardiographic LVDD and LVDS 
at each level and CMRI-derived LVEDV and LVESV are 
presented in Fig. 5. The correlation coefficient between 
LVDD and LVEDV was larger at the LV-mid level (R = 0.89, 
F = 184.00) than the MV-tip level (R = 0.82, F = 154.62), and 
the correlation coefficient between LVDS and LVESV was 
also larger at the LV-mid level (R = 0.93, F = 293.92) than 
at the MV-tip level (R = 0.87, F = 153.90).

The mean absolute values of the difference between the 
CMRI-derived volume and echocardiographic-estimated 
volume are presented in Table  2. For both LVEDV 
and LVESV, the absolute values of the difference were 
significantly smaller at the LV-mid level than the MV-tip 
level (LVEDV, 24.5 ± 19.0 vs. 29.2 ± 25.1, P = 0.014; 
LVESV, 19.6 ± 17.9 vs. 24.4 ± 24.5, P = 0.004). The 

Bland–Altman plots showed that both LVEDV and LVESV 
had a narrower 95% confidence interval at the LV-mid level 
than the MV-tip level (Fig. 6).

Factors influencing the difference 
between MRI‑derived volume 
and echocardiographic‑estimated volume

The correlations between each possibly influential factor 
(ASA, Valsalva diameter, left atrial diameter, patient 

Fig. 5   Regression plots of the echocardiographic LVDD and LVDS at each level and the CMRI-derived LVEDV (a and b) and LVESV (c and d)

Table 2   Differences between the MRI-derived volume and 
echocardiographic-estimated volume

The values sandwiched between || represent absolute values
LV left ventricular, EDV end diastolic volume, ESV end systolic 
volume, EF ejection fraction, MV mitral valve, MRI magnetic 
resonance imaging

n = 150 LVEDV P value LVESV P value

| MRI ˗ MV-tip level | 29.2 ± 25.1 0.014 24.4 ± 24.5 0.004
| MRI ˗ LV-mid level | 24.5 ± 19.0 19.6 ± 17.9
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height, body weight, body mass index, and LV mass) 
and each absolute value of the difference between MRI-
derived volume and echocardiographic-estimated volume 

are summarized in Table 3 (regression plots are presented 
in Figs. 7, 8, 9, 10, 11, 12, 13). When LV diameter was 
measured at MV-tip level, four factors (ASA, left atrial 

Fig. 6   Bland–Altman plots of the CMRI-derived LV volume and 
the echocardiographic-estimated LV volume calculated using LV 
diameters at the MV-tip level (a and b) and the LV-mid level (c and 

d). The middle line indicates the mean value, and the upper and 
bottom lines indicate 95% confidential interval

Table 3   Associations between 
potential influencing factors and 
the absolute value of difference 
calculated from each level of 
LV diameter

LV left ventricular, EDV end diastolic volume, ESV end systolic volume, ASA the angle between the 
anterior wall of the aorta and the ventricular septal surface (aorto-septal angle)

| MRI ˗ MV-tip level | | MRI ˗ LV-mid level |

LVEDV LVESV LVEDV LVESV

P R P R P R P R

ASA 0.026 0.22 0.003 0.28 0.10 0.18 0.011 0.24
Valsalva diameter 0.092 0.21 0.031 0.24 0.69 0.10 0.045 0.23
Left atrial diameter 0.017 0.26 0.27 0.16 0.17 0.18 0.26 0.16
Height 0.019 0.23  < 0.001 0.31 0.70 0.07 0.005 0.26
Body weight 0.36 0.08 0.34 0.08 0.48 0.05 0.21 0.10
Body mass index 0.62 0.11 0.63 0.11 0.60 0.11 0.81 0.08
LV mass (MRI) 0.001 0.28 0.001 0.27 0.52 0.05 0.013 0.20
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diameter, patient height, and LV mass) significantly 
correlated with the absolute value of the difference between 
MRI-derived LVEDV and echocardiographic-estimated 
LVEDV, and four factors (ASA, Valsalva diameter, patient 
height, and LV mass) significantly correlated with the 
absolute value of the difference between MRI-derived 
LVESV and echocardiographic-estimated LVESV. However, 
when LV diameter was measured at LV-mid level, no factor 
was associated with the absolute value of the difference 
between MRI-derived LVEDV and echocardiographic-
derived LVEDV, but four factors (ASA, Valsalva diameter, 
patient height, and LV mass) significantly correlated with 
the absolute value of the difference between MRI-derived 
LVESV and echocardiographic-estimated LVESV.       

Each level of echocardiographic LV diameter 
and BNP level

The correlation coefficients between each level of LV diameter 
and Log BNP are presented in Table 4. Log BNP had greater 
R values in LVDD and LVDS at the LV-mid level than the 
MV-tip level (LVDD, 0.29 vs. 0.23; LVDS, 0.41 vs. 0.36). The 
differences between R values were not significant (LVDD-Log 
BNP, P = 0.12, T = 1.56; LVDS-Log BNP, P = 0.052, T = 1.96).

The inter‑rater reliability for measuring LV diameter 
at each level

The ICCs for inter-rater reliability of LVDD and LVDS were 
0.99 (0.98–1.00) and 0.98 (0.92–0.99) at the MV-tip level and 
0.95 (0.91–0.98) and 0.99 (0.97–0.99) at the LV-mid level, 
respectively (Table 5).

Fig. 7   Regression plots between aorto-septal angle (ASA) and each absolute value of difference calculated from each level of the LV diameter
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Discussion

We demonstrated that the LV diameter measured at the 
LV-mid level represents the LV volume more accurately than 
when measured at the MV-tip level. We also verified that 
ASA, Valsalva diameter, left atrial diameter, patient height, 
and LV mass affected the measurement error; however, none 
of these factors affected the measurement error only when 
quantifying LV diameter at LV-mid level. We confirmed 
a high level of inter-rater reliability in measuring LVDD 
and LVDS at the LV-mid level, as well as the MV-tip 
level. As the LV diameter is easy to measure and is one of 
the most crucial parameters for a patient’s prognosis and 
therapeutic strategy, we should always consider whether the 
other method is better than the current one. However, LV 
measurement at the MV-tip level does not always reflect 
the maximum LV volume, but the MV-tip level was used 

in recent research and the current guidelines because of 
its clear definition and good reproducibility. Therefore, we 
should use the LV diameter at the MV-tip level in current 
clinical practice until the LV measurement method is 
updated.

Morphological reasons for misestimating LV 
diameter

The presence of the sigmoid septum also results in an 
underestimation of the LV diameter at the MV-tip level. 
We could share experiences with many physicians in 
which the quantification of LV diameter by transthoracic 
echocardiography at the MV-tip level often seems incorrect 
in patients with sigmoid septum. Sigmoid septum is 
considered to be associated with aortic atherosclerosis, 
hypertension, or thickening and calcification of the aortic 

Fig. 8   Regression plots between valsalva diameter and each absolute value of difference calculated from each level of the LV diameter
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or mitral valve [24–26], which are known changes with 
age that lead to worse prognosis. We quantified ASA as 
an alternative for sigmoid septum. ASA was an exactly 
representative parameter of aortic wedging, which is an 
age-related change with aortic calcification and elongation 
[27–29]. Valsalva dilatation, as well as aortic root dilatation, 
is associated with aortic atherosclerosis and contributes to 
aortic wedging and sigmoid septum. Furthermore, Valsalva 
dilatation is a risk factor for poor clinical prognosis [30, 
31]. Although the clinical importance of sigmoid septum 
has not been fully elucidated, recent studies have reported 
some associations between a smaller ASA and poor clinical 
outcomes [12, 32]. Accordingly, the LV diameter should not 

be underestimated in patients with aortic wedging associated 
with cardiovascular risks.

We also tried to investigate the conventionally defined 
sigmoid septum. Previous studies used the ratio of basal to 
mid-interventricular septal diameter (B-M ratio) to diag-
nose sigmoid septum. However, the frequency of diagnosed 
sigmoid septum was small in those studies: 1.5% met the 
criteria of an upper septal thickness ≥ 14 mm and a B–M 
ratio ≥ 1.3 [14], or 7% met the criteria of an upper septal 
thickness ≥ 13 mm in men or ≥ 12 mm in women and a B–M 
ratio ≥ 1.5 [15]. In our cohort, only 2.7% (n = 4) and 1.3% 
(n = 2) of patients fulfilled the above criteria, and it was dif-
ficult to assess its impact statistically. When we compared 
the average absolute values of the difference (|MRI-derived 

Fig. 9   Regression plots between left atrial diameter and each absolute value of difference calculated from each level of the LV diameter
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volume – echocardiographically estimated volume|) with 
and without sigmoid septum, no significant differences were 
observed (P = 0.26 for the former criteria, P = 0.16 for the 
latter criteria).

Furthermore, hamstring of the posterior wall of the 
left atrium, which is usually accompanied by chronic 
atrial fibrillation and giant left atrium, could cause 
underestimation of the LV diameter at the MreV-tip level 
because the basal LV posterior wall is placed inward to 
the inside of the LV by the extended left atrium [33, 34]. 
The presence of the left atrial dilatation [35, 36], as well 
as secondary atrial functional mitral regurgitation [37–39], 
has been recognized as an independent risk factor for poor 
cardiovascular outcomes. In addition, a round-shaped 
LV is sometimes observed in non-ischemic and ischemic 
cardiomyopathy, and LV diameter seems to be shorter at 

the MV-tip level than that at the LV-mid level in patients 
with a round LV. LV dilatation at the LV-mid level could 
also cause mitral valve tethering, leading to secondary mitral 
regurgitation. Thus, underestimating the LV diameter in 
these patients could also mislead the prognosis (Fig. 14).

In our cohort, greater patient height was associated with 
more significant measurement errors at both levels of LVDD 
and MV-tip level of LVDS. Patient height was associated 
with LV size as typified by MRI-LVEDV (Fig. 15), and 
LVEDV significantly correlated with the difference between 
MRI-derived volume and echocardiographic-estimated 
volume (Fig. 16). We suggest that these correlations can 
explain the mechanisms by which the patient’s height 
influenced the measurement error.

We also investigated the difference between MRI-derived 
volume and Teichholz-calculated volume [40]. The mean 

Fig. 10   Regression plots between patient’s height and each absolute value of difference calculated from each level of the LV diameter
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absolute value of the difference in LVEDV was significantly 
smaller at the LV-mid level than the MV-tip level (LVEDV, 
30.5 ± 22.7 vs. 39.5 ± 32.1, P < 0.001; LVESV, 24.0 ± 21.3 
vs. 26.7 ± 29.0, P = 0.097) (Table  6). The correlations 
between each possibly influential factor and each absolute 
value of the difference between MRI-derived volume and 
Teichholz-calculated volume are presented in Table 7. ASA 
affected the measurement error when quantifying LV diam-
eter at MV-tip level, and greater LV mass was associated 
with a larger measurement error in general.

Misestimation of the LV diameter may not be due to 
a single reason; however, we should be aware of these 
underlying morphological mechanisms because many 
of them unfavorably impact a patient’s prognosis. On the 
contrary, the measurement of LVDD at the LV-mid level 
does not seem to be affected by morphological changes such 
as those given above.

Hemodynamical meaning of quantifying LV size

LVEDV is the preload that works to produce the LV stroke 
volume. When the net LV contractility is reduced, the 
chamber size of the LV usually increases according to the 
Frank–Starling law to maintain the LV output enough for the 
systemic circulation [16–18]. On the other hand, increased 
preload can be mechanically forced by regurgitative valvular 
diseases and shunt diseases. Increased LVEDV should pro-
voke increased LVESV and pressure associated with arterio-
LV coupling, resulting in decreased energy efficiency [41]. 
Furthermore, the greater the LV chamber size, the more wall 
stress to which the LV is exposed according to Laplace’s law 
[19–21]. The primary reason for quantifying LV chamber 
size is to estimate the net LV contractility and/or load; how-
ever, LV diameter at the MV-tip level may be fixed by the 
aortic and mitral valvular annulus and pushed inward by an 

Fig. 11   Regression plots between patient’s weight and each absolute value of difference calculated from each level of the LV diameter
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elongated ascending aorta with atherosclerosis, especially in 
cases with sigmoid septum. In the current study, though the 
differences were not significant (LVDD-Log BNP, P = 0.12, 
T = 1.56; LVDS-Log BNP, P = 0.052, T = 1.96), the correla-
tion coefficients between Log-converted plasma BNP level 
and LVDD and LVDS were higher at the LV-mid level than 
the MV-tip level (Table 4), suggesting that the LV diameter 
at LV-mid level represented LV load more accurately. As the 
statistical difference was close to reaching significance, it is 
expected that a larger cohort will prove this.

Limitations

The current study has several limitations. The sample size 
was small, and this study was performed retrospectively 
at a single center. Although we used regression equations 
to assess the dispersion of each difference between 
MRI-derived volume and echocardiographic-estimated 
volume, we must note that the regression equations are 
not available in the other cohort due to the possibility 
of overfitting because the model was not evaluated in an 
external cohort. Myocardial infarction was an exclusion 
criterion, but all patients required CMRI, suggesting 

Fig. 12   Regression plots between patient’s body mass index and each absolute value of difference calculated from each level of the LV diameter
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that the clinical presentations of enrolled patients were 

relatively suspicious of cardiomyopathy. Therefore, 
we could not apply the current results to the healthy 
population and patients with myocardial infarction. 

We also could not report the results in the normal 
population because this was a retrospective study and 
CMRI was performed in patients who needed CMRI 

clinically. The posture differences between CMRI and 

Fig. 13   Regression plots between left ventricular mass and each absolute value of difference calculated from each level of the LV diameter

Table 4   Associations between each level of echocardiographic LV 
diameter and Log BNP

BNP brain natriuretic peptide, LV left ventricular, DD diastolic 
diameter, DS systolic diameter, MV mitral valve

n = 148 LVDD LVDS

R value P value R value P value

MV-tip level 0.23 0.005 0.36  < 0.001
LV-mid level 0.29  < 0.001 0.41  < 0.001

Table 5   Inter-rater reliability for LV diameter at both MV-tip level 
and LV-mid level

LV left ventricular, ICC intraclass correlation coefficients, LVDD left 
ventricular diastolic diameter, LVDS left ventricular systolic diameter

n = 32 ICC (95% CI)

LVDD at MV-tip level 0.99 (0.98–1.00)
LVDS at MV-tip level 0.98 (0.92–0.99)
LVDD at LV-mid level 0.95 (0.91–0.98)
LVDS at LV-mid level 0.99 (0.97–0.99)
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echocardiography may affect the results in some types of 
cardiac disease [42–46]. The impact of posture change 
on transthoracic echocardiographic LV measurements 
should be investigated by combining echocardiography 
with CMRI. The variable date interval between the date 
of echocardiographic examination and CMRI is another 
limitation. A prospective observational study with a 
large cohort undergoing echocardiography and CMRI 
on the same day in various cardiac diseases and normal 
populations at multiple centers is needed to confirm the 
theory this study proposed. Finally, the current research 
aimed to advocate a better LV measurement position for 
future research and guidelines; we should quantify LV 

Fig. 14   The representative images of round-shaped LV (a) and 
hamstring of the posterior wall of the LA (b). LV diameter at the 
MV-tip level seems smaller than that at the LV-mid level in patients 
with round-shaped LV (a). The giant LA lifts up the LV basal-

posterior wall, resulting in a smaller measurement of LV diameter at 
the MV-tip level in patients with hamstring of the posterior wall of 
the LA (b)

Fig. 15   Regression plots for patient height and MRI-derived LVEDV
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diameter at the MV-tip level when referring to the latest 
guidelines in current clinical practice.

Conclusion

The echocardiographic LV diameter measured at the 
LV-mid level had a stronger correlation with LV chamber 
size derived from CMRI than measurements at the MV-tip 
level. ASA, Valsalva diameter, left atrial diameter, patient 
height, and LV mass affected the measurement error, 

Fig. 16   Regression plots for MRI-derived LVEDV and each absolute value of difference calculated from each level of the LV diameter

Table 6   Differences between the MRI-derived volume and Teichholz-
calculated volume for each measurement level

The values sandwiched between || represent absolute values
LV left ventricular, EDV end diastolic volume, ESV end systolic 
volume, EF ejection fraction, MV mitral valve, MRI magnetic 
resonance imaging

n = 150 LVEDV P value LVESV P value

| MRI ˗ MV-tip level | 39.5 ± 32.1  < 0.001 26.7 ± 29.0 0.097
| MRI ˗ LV-mid level | 30.5 ± 22.7 24.0 ± 21.3
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whereas LVDD at LV-mid level was not influenced by 
these factors.
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