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Abstract 

In adults, calculation of left ventricular mass (LVM) has been shown to give higher values when 

based on M-mode measurements obtained by the second-harmonic imaging (SHI) technique than 

with the older fundamental imaging (FI) technique. No information is available in paediatric 

subjects. This study, therefore, compares LVM calculated from measurements obtained with SHI 

and FI in 14 children, aged 6.9-13.0 years. M-mode tracings were obtained in accordance with 

American Society of Echocardiography (ASE) recommendations. Three experienced 

sonographers performed measurements on each subject with both SHI and FI. The mean value 

was used in all calculations. LVM was calculated according to ASE convention and indexed by 

body surface area. LVM mean values were 58.9±9.7 g/m2 for SHI and 57.8±8.2 g/m2 for FI 

(p=0.45). This preliminary study in a small group of paediatric subjects demonstrates no 

systematic differences between FI and SHI modalities in calculation of LVM. The likely 

explanation the left ventricular endocardial border is usually well visualised with SHI as well as 

with FI.  
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Introduction  

The introduction of second harmonic imaging (SHI) has greatly improved visualisation of the left 

ventricular (LV) endocardial border. This technique is now applied in routine echocardiography. 

One study in adults has shown that calculation of left ventricular mass (LVM) gives higher 

values when based on M-mode measurements obtained with (SHI) than with the older 

fundamental imaging (FI) technique (Mansencal et al., 2003). Another study found no difference 

(Graham et al., 2001). Validation of the equations for calculation of LVM has been based on FI 

M-mode recordings (Devereux & Reichek, 1977; Devereux et al., 1986). Determination of LVM 

based on M-mode SHI recordings has not been validated. In children, reference values of LVM 

are based on measurements using FI tecnique (Henry et al., 1978; Daniels et al., 1988; Huwez et 

al., 1994). No study has compared LVM based on M-mode measurements obtained with SHI and 

FI in paediatric subjects. Thus the purpose of this study was to compare LVM measurement 

obtained using M-mode SHI with those using FI in children. 

 

Methods 

Subjects 

Fourteen children (11 boys and 3 girls), age 6.9-13.0 years, participated. All were healthy 

volunteers recruited among children of hospital staff. Subjects were included after informed 

consent was obtained from the parent or legal guardian. The local human research ethics 

committee approved the study. 

Anthropometric assessment  

Height and weight were measured in the laboratory with the child dressed in light clothing. 

Height was measured to the nearest cm using a fixed stadiometer. Weight was measured to the 
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nearest kg with a standard scale. Body surface area  (BSA) was calculated as (height in cm)0.725 x 

( weight in kg)x0.425 x 0.00718 (Du Bois & Du Bois, 1916). 

Echocardiographphy 

Echocardiographic examination was performed with subjects in the left lateral supine position 

with Sonos 2500 and Sonos 5500 (Philips, the Netherlands). Transducers with 3 Mhz were used 

for both machines. The Sonos 2500 is only equipped with FI whereas the Sonos 5500 is equipped 

with both FI and SHI. The rationale of using separate machines was that it forced the sonographer 

to reposition the probe in between measurements. Studies were performed with 2-dimensional (2-

D) guided M-mode echocardiography obtained in the parasternal short-axis view, in accordance 

with American Society of Echocardiography (ASE) recommendations (Sahn et al., 1978). Three 

experienced sonographers performed two measurements from separate cardiac cycles on each 

subject with both echo machines. The mean value was used in all calculations. The following 

variables were measured: end-diastolic inter-ventricular septum (IVS), end-diastolic posterior 

wall (PW) and end-diastolic LV diameter (LVDD). LVM was calculated using ASE convention 

and the formula described by Devereux and co-worker (Devereux et al., 1986); LVM= 0.83 x 

[(LVDD+IVS+PW)3 – LVDD3]+ 0.6 (measurements in cm). LVM was indexed both to BSA 

(LVM/BSA) and also calculated as LVM divided by height2.7 (in meters; LVM/H2.7) (De Simone 

et al., 1992), which are the most common methods to adjust LVM measurement for body size. 

Statistics 

All statistical analyses were performed using Statistica (Microsoft Inc). Means and standard 

deviations (SD) were calculated for all variables. Paired Student’s t-test was used to analyse 

differences between means. Bland-Altman analysis (Bland & Altman, 1986) was used to identify 

the limit of agreement between FI and SHI. Univariate correlation was evaluated with Pearson 

correlation coefficient. A value of p<0.05 was regarded as a statistically significant difference. 
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Results 

Successful measurements were obtained from all subjects. Basic characteristics of the study 

population: age 10.3±1.8 years, height 144±10 cm, weight 37.4±8.4 kg and BSA 1.2±0.2 m2. A 

summary of the echocardiographic examination is shown in Table 1. Small, but statistically 

significant differences were found in the measurements of IVS and LVDD with the two 

techniques. We observed a strong correlation between LVM/m2 mean values obtained with FI 

and those obtained with SHI (Figs. 1 and 2). There were no significant differences between the 

LVM as calculated from measurements using SHI or FI.  

 

Discussion 

This preliminary study in a small group of paediatric subjects demonstrates no systematic 

differences between LVM determined by SHI and FI. There were small differences between SHI 

and FI in the measurement of LVDD and IVS. This did not affect the calculation of LVM 

because the slightly thicker IVS by SHI was matched by a slight decrease in LVDD. The 

difference in LVM index for SHI and FI remained the same, disregarding of method for adjusting 

the LVM measurements for differences in body size. The likely explanation for our finding is that 

the left ventricular endocardial border is usually well visualised in children and the use of either 

modality therefore does not affect the calculation of LVM. 

 

The sole purpose of this study was to evaluate if there existed a fundamental difference in the two 

imaging techniques. A strength of our study is that three separate sonographers independently 

performed measurements on separate echo machines which reduces the variability in calculation 

of LVM. One shortcoming of the present study was that all measurements were not obtained in a 
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blind fashion. Also, we used the ASE convention only (Sahn et al., 1978), whereas other methods 

have been proposed (Devereux & Reichek, 1977). However, the ASE convention is the most 

commonly used. In addition, we only evaluated the effect of M-mode calculations and not any 

possible effect that might exist, if using 2-D calculations (Schiller et al., 1989).  

 

The main purpose for the development of SHI was for use with contrast agents (Lindner et al., 

1997). SHI has been shown to improve visualization of endocardial border in comparison with FI 

because of reduction in side-lobe artefacts, which lead to a darker ventricular cavity and brighter 

walls (Kornbluth et al., 1998; Rubin et al., 2000). Image quality is substantially improved and 

SHI is now fully incorporated in routine echocardiography. All published equations for 

calculation of LVM have, however, been validated using fundamental M-mode imaging and 

should not be applied uncritically to measurements with SHI. Our small pilot study suggests that 

there in no need for revision of these equations and the data obtained with SHI can indeed be 

used in equations derived from FI technique. One difficulty, when measuring LVM, is to avoid 

overestimation of LV wall thickness because of the inclusion of paraseptal and posterior wall 

structures (Keren et al., 1985). One reason for the reported differences in LVM values between FI 

and SHI techniques could be that with SHI, structures adjacent to the LV wall give clearer echoes 

that are difficult to separate from the echoes deriving from the LV wall itself. Our small study 

suggests that these problems of differentiating different LV wall structures may not apply in 

paediatric subjects and the likely explanation for this is that optimal acoustic window is almost 

always present.  

 

Acknowledgement: The author is grateful to Ingrid Andersson, Anita Eriksson and Ewa Ericsson 

for performing excellent echocardiographic examinations. 
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Table 1. Summary of echocardiography findings. Second Harmonic Imaging (SHI) in 

comparison with Fundamental Imaging (FI) in all children (n=14). Mean values ± standard 

deviation. 

 
                                  

 SHI FI p-value 
IVS (mm) 
 

5.4±0.8 5.2±0.5 0.04 

PW (mm) 
 

6.4±0.8 
 

6.2±0.6 
 

0.25 ns 

LVDD (mm) 
 

42.9±3.8 43.8±3.8 0.01 

LVM (g) 
 

73.1±20.5 
 

71.6±17.7 0.41 ns 

LVM/BSA (g/m2)
 

58.9±9.7 
 

57.8±8.2 0.45 ns 

LVM/H2.7 (g/m2.7) 34.7±6.5 
 

34.0±5.2 
 

0.40 ns 

 
 
 
 
 
 
 
Figure legends; 

Fig 1. Comparison between LVM/BSA (g/m2) derived from Second Harmonic Imaging (SHI) 

versus Fundamental Imaging (FI).  

 

Fig 2. Bland-Altman diagram of the difference between LVM/BSA (g/m2) from Second 

Harmonic Imaging (SHI) versus Fundamental Imaging (FI). 
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Fig 1. 
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Fig 2. 

 


