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ABSTRACT

Background : Echocardiographic quantification of left ventricular (LV) volume and ejection fraction (EF) 
is widely used in the pediatric population. However, there is no consensus on the most 
accurate method of quantifying ventricular volumes and systolic function.

Purpose : The purpose of this study is to compare two commonly used echocardiographic methods 
for the evaluation of LV volume and quantification of EF, the five‑sixth area‑length (5/6 
AL) and the modified biplane Simpson (BS), to cardiac magnetic resonance (CMR) 
imaging in children.

Methods : CMR studies were paired with echocardiograms and retrospectively analyzed in children 
18 years of age and younger. Studies performed more than 3 months between modalities, 
patients with congenital heart disease, and patients who had changes in medication 
regimen between corresponding CMR and echocardiograms were excluded. LV volumes 
and EF were calculated using the 5/6 AL and BS methods and compared to volumes and 
EF measured on corresponding CMR studies. Subgroup analyses were conducted based 
on LV function, pathology, and weight.

Results : We retrospectively analyzed 53 CMR and corresponding echocardiogram studies (23 
studies for myocarditis and 30 studies for cardiomyopathy) in 46 patients. LVEF derived 
by both echocardiographic methods showed a good correlation to CMR (5/6 AL r = 0.85 
and BS r = 0.82). However, both echocardiographic methods overestimated LVEF and 
underestimated LV volumes when compared to CMR.

Conclusion : Left ventricular volumes and EF, as measured by echocardiography, correlate well with 
CMR measurements. Echocardiography underestimates LV systolic and diastolic volumes 
and overestimates LVEF. While echocardiography is a good surrogate for estimating 
LVEF, CMR should be considered in patients for whom accurate measurements are 
needed for critical clinical decision‑making.
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INTRODUCTION

Estimating left ventricular (LV) systolic function, or 
ejection fraction (EF), is a vital component of any 
echocardiographic examination in patients with acquired 
or congenital heart disease. Diagnosis, management, 
and prognosis of sick children oftentimes depend on 
appropriate and accurate quantification of LV volumes and 
systolic function.[1,2] Cardiac magnetic resonance (CMR) 
imaging is the current gold standard for assessment of 
ventricular size and systolic function.[3] CMR allows direct 
measurements of cardiac chambers from high-resolution 
imaging obtained without limitations of acoustic windows 
and eliminates the need for geometric assumptions 
regarding chamber shape, thus providing an accurate 
cardiac assessment.[4] Although CMR is a desirable 
reference, echocardiography is much more accessible 
and routinely utilized for cardiac evaluation. Various 
echocardiographic two-dimensional (2D) imaging planes 
are utilized to obtain ventricular dimensions and area by 
planimetry at end-diastole and end-systole. Volumetric 
estimation of the LV can then be performed using the 
five-sixth area-length (5/6 AL) and modified biplane 
Simpson (BS) method of disc summation, both of which 
are dependent on geometrical assumptions. While the 
reproducibility of each method has been extensively 
reported, data on the accuracy of these two methods 
are lacking in the pediatric-age population.[5] Therefore, 
we conducted a single-center retrospective analysis 
comparing these two common 2D echocardiographic 
measures for ventricular size and systolic function 
against the gold standard of CMR among children with 
acquired heart diseases.

METHODS

The study was approved by our Institutional Review 
Board (s20-01511, approved October 14, 2020). Being 
a retrospective study, patient consent was waived by 
the Institutional Review Board. Echocardiographic 
measurements were performed retrospectively by an 
experienced echocardiographer who was blinded to the 
results of CMR. CMR measurements were performed 
retrospectively by a pediatric cardiologist experienced 
in CMR and blinded to echocardiography results.

Population

Children younger than 18 years of age who underwent 
a CMR study between January 2015 and February 
2021 were identified. CMR studies with corresponding 
echocardiograms were included for analysis from 
31 hospital-admitted patients and 22 from nonadmitted 
patients, all with segmentally normal hearts. All 
corresponding echocardiographic studies were performed 
under the same anesthetic conditions as CMR studies. 
Children with congenital heart disease, suboptimal 

echocardiographic or CMR images, and CMR studies that 
did not have a corresponding echocardiogram within 
3 months were excluded. Subjects were also excluded if a 
change in inotropic or heart failure medication regimen 
was made between the CMR and the corresponding 
echocardiographic study [Supplementary Figure 1].

Echocardiography

Echocardiographic studies were performed using 
either an IE33 or Affinity (Phillips Medical Systems, 
Andover, MA) ultrasound machine using multiple 
frequency transducers. All data were digitally stored 
using Syngo Dynamics Software (Siemens Healthineers, 
Munich, Germany). Echocardiographic measurements 
were retrospectively performed by an experienced 
echocardiographer (ET) using Syngo Dynamics 
workstation. Each echocardiographic study chosen was 
closest in time to the corresponding CMR study. Images 
required for systolic function and volumetric analysis 
were obtained from the standard 2D parasternal short 
axis at the mid-LV (papillary muscle) level, 2D apical 
four-chamber, and 2D apical two-chamber (A2C) 
views [Figures 1a-d and 2a-d]. Studies were excluded 
if endocardial borders were unable to be detected for 
accurate measurements, appropriate apical or parasternal 
views were not obtained, or A2C views were not obtained. 
Left ventricular end-diastolic volume (LVEDV) and LV 
end-systolic volume (LVESV) were calculated using the 
5/6 AL and the modified BS methods, as recommended 
by the American Society of Echocardiography.[6] Volumes 
and EF were calculated using the following equations:[6,7]

LV volume (mL) by modified BS method = ( )π ∑ L*   ai x bi *  
4 n

LV volume (mL) by 5/6 AL = 

         

( )
( )

25 * (  *
6

)

LV short axis endocardial area  cm

LV length  cm

LVEF (%) = 
( ) ( )  LVEDV mL - LVESV mL

LVEDV mL
 *100%

( )

Cardiac magnetic resonance imaging

CMR imaging was performed on a Siemens 1.5T magnetic 
resonance imaging machine (Avanto; Siemens Medical 
Systems, Germany) with ECG gating. Briefly, our CMR 
protocol for ventricular size and systolic function, 
details of which have been described previously, 
was a standard short-axis cine balanced steady-state 
free precession acquisition during expiratory breath 
holding or respiratory suspension (if under general 
anesthesia).[8,9] The endocardial borders of the LV at 
each slice were traced at end-diastole and end-systole 
to calculate LVEDV and LVESV utilizing standard manual 
offline analysis using CVI software (Circle Cardiovascular 
Imaging, Alberta, Canada). The compacted myocardium 



Bhansali, et al.: Compare echocardiography to cardiac MRI in children

30 Annals of Pediatric Cardiology / Volume 17 / Issue 1 / January-February 2024

was used to calculate volumes; papillary muscles and 
trabeculations were excluded. All CMR measurements 
were performed retrospectively by a single pediatric 
cardiologist experienced in CMR (PB) who was blinded 
to the echocardiographic measurements.

Statistical analysis

Statistical analysis was performed using Microsoft 365 
Excel (Microsoft Corporation, 2020, Redmond, WA, 
USA) and IBM Statistical Packages of the Social Sciences 
Program for Windows, version 26.0 (IBM Corporation, 
Armonk, NY, USA). LVEDV and LVESV measured by 
echocardiography were compared to corresponding 
volumes measured by CMR. LVEF was calculated based 
on the 5/6 AL method and modified BS method and 
compared to corresponding LVEF by CMR. Subgroup 
analysis was conducted for patients based on LV 
dysfunction, pathology, and weight cutoffs. Pearson 
correlation coefficient and Bland–Altman methods 
were used to compare LVEF, LVEDV, and LVESV by two 
echocardiographic methods versus CMR. To account for 
the wide range of ages and, therefore, vastly differing 
ventricular volumes, bias was calculated and reported 
as a mean percent difference for Bland–Altman analysis 
for LVEDV and LVESV. LVEF results are shown as an 
absolute difference.

RESULTS

Subjects

Forty-six subjects with normal segmental cardiac 
anatomy who underwent CMR met the inclusion criteria. 
Of these, 20 subjects were diagnosed with myocarditis, 

and 26 had cardiomyopathy. A total of 53 CMR studies 
and corresponding echocardiograms were analyzed. Of 
the 53 echocardiographic studies, 40 had adequate A2C 
images to obtain volumes by the modified BS method. 
In aggregate, the median age at the time of CMR was 
15.5 years (interquartile range = 12.6–17.5), and the 
mean age was 13 years. On average, the CMR study 
was completed within 7 days of the corresponding 
echocardiographic study in patients being evaluated 
for myocarditis and within 12 days in patients being 
evaluated for cardiomyopathy; median times for each 
were 1 day. Patient demographics are summarized in 
Table 1.

Comparison of left ventricular systolic function

LVEF was overestimated by both echocardiographic 
methods [Table 2 and Figure 3]. Compared to CMR, the 
modified BS and the 5/6 AL methods overestimated LVEF 
by a mean difference of 8.3% and 7.0%, respectively. 
Good correlations were observed using both the 5/6 AL 
and modified BS methods [Supplementary Figure 2 and 
Table 2].

Comparison of left ventricular volumes

Both echocardiographic methods significantly 
underestimated LVEDV and LVESV. Figures 4 and 5 
show the Bland–Altman analysis using the percent 
difference between echocardiography and CMR for 
all subjects. Tables 3 and 4 show the results of the 
analysis separated by subgroups. The modified BS 
method underestimated LVEDV (bias −43.2% ±27.5%) 
and LVESV (bias −54.4% ±35.6%), more than the 
5/6 AL method LVEDV (bias −12.0% ± 26.5%) and 
LVESV (bias −21.6% ± 40.1%). Better correlations were 

Figure 1: (a‑d) Echocardiographic measurements using 
the modified biplane Simpson method. (a) Left ventricular 
end‑diastolic volume in apical four‑chamber view, (b) Left 
ventricular end‑systolic volume in apical four‑chamber view 
(c) Left ventricular end‑diastolic volume in orthogonal apical 
two‑chamber view, (d) Left ventricular end‑systolic volume in 
apical two‑chamber view and calculated ejection fraction. LV: Left 
ventricle, LA: Left atrium

a

c d

b

Figure 2: (a‑d) Echocardiographic measurements using the 
five‑sixth area‑length method. (a) Left ventricular end‑diastolic 
length in apical four‑chamber view, (b) Left ventricular end‑systolic 
length in apical four‑chamber view, (c) Left ventricular end‑diastolic 
endocardial area by parasternal short‑axis view, (d) Left ventricular 
end‑systolic endocardial area by parasternal short‑axis view and 
calculated ejection fraction. RA: Right atrium, RV: Right ventricle, 
LV: Left ventricle, LA: Left atrium

a b

c d
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observed using the 5/6 AL method for LVEDV and LVESV 
than the modified BS method [Supplementary Figures 3, 
4 and Tables 3, 4].

Comparison of left ventricular systolic function and 
volumes by pathology

LVEF was overestimated by both methods in patients 
with myocarditis and cardiomyopathy [Table 2]. The 5/6 
AL method showed better agreement with CMR than the 
modified BS method in the LVESV and LVEDV analysis for 
patients with myocarditis and cardiomyopathy. Results 
are shown in Tables 3 and 4.

Comparison of left ventricular systolic function and 
volumes by LV dysfunction

Subgroup analyses for function and volumes were 
conducted by separating patients with LVEF <50% 
and those with LVEF >50% calculated by CMR. Both 
echocardiographic methods overestimated function more 
in patients with LVEF <50% by CMR than in patients with 
LVEF >50% [Table 2].

Volumetric analysis by echocardiography was also 
affected in patients with LV dysfunction. LV volumes 
were better estimated by both methods in patients with 
LVEF <50% by CMR than in patients with LVEF >50%. 
The 5/6 AL method showed better agreement against 
CMR than the modified BS method. LVESV was more 

underestimated by the modified BS method than the 5/6 
AL method [Tables 3 and 4].

Comparison of left ventricular systolic function and 
volumes by weight cutoff

Excluding patients with weight >95th percentile for age, 
no significant differences were noted by either the 5/6 
AL method or the modified BS method in comparing LV 
volumes or systolic function [Tables 2-4].

DISCUSSION

Pediatric patients with heart disease require frequent 
cardiac evaluation to assess ventricular size and 
function. CMR is the noninvasive gold standard for 
cardiac assessment of anatomy, function, chamber size, 
and deformation. However, higher costs, the need for 
dedicated radiology and anesthesia personnel, and 
transportation may limit its use in children.[10,11] Due 
to these constraints, echocardiography has remained 
the mainstay for routine evaluation of cardiac chamber 
size and function. Both American and European 
echocardiography consensus groups recommend the 
modified BS and 5/6 AL methods for LV chamber 
quantification.[1,6] Both methods rely on accurately 
defining the endocardial border, precise orthogonal 

Figure 3:  Bland–Altman analysis of left ventricular ejection fraction 
between cardiac magnetic resonance and echocardiography. Solid 
line represents the mean absolute bias. Dotted lines represent 
limits of agreement. Five‑sixth area‑length mean absolute 
bias = 7.0% ± 13.6%. Modified biplane Simpson mean absolute 
bias = 8.3% ± 12.2%. LVEF: Left ventricular ejection fraction, CMR: 
Cardiac magnetic resonance

Figure 4: Bland–Altman analysis of left ventricular end‑diastolic 
volume between cardiac magnetic resonance and echocardiography. 
Solid line represents the bias (average percent difference). Dotted 
lines represent limits of agreement. Five‑sixth area‑length mean 
bias = −12.0% ± 26.6%. Modified biplane Simpson bias = −43.2% ± 
27.5%. LVEDV: Left ventricular end‑diastolic volume, CMR: Cardiac 
magnetic resonance
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image alignment, and geometric assumptions. Given the 
assumption that accurate echocardiographic assessment 
of ventricular dimensions is prone to error, we evaluated 
these two echocardiographic methods of estimating LV 
volume and EF compared to CMR in children.

Studies in adults have compared various methods of 
echocardiographic LV size and functional analysis to 

CMR, reporting the underestimation of ventricular 
volumes and the overestimation of LVEF by the modified 
BS method.[3,6,12-17] One study in adult patients with heart 
failure demonstrated significant underestimations of 
LVEDV (bias of −133 mL) and LVESV (bias of −99 mL) 
measurements when compared to CMR despite relatively 
good correlation.[12] They reported a comparison 

Table 2: Left ventricular ejection fraction
n Bias (%) Lower LOA (%) Upper LOA (%) R P

5/6 AL versus CMR
All subjects 53 7.0 −6.6 20.5 0.85 <0.01
Myocarditis 23 6.2 −6.0 18.4 0.82 <0.01
Cardiomyopathy 30 7.5 −7.1 22.2 0.86 <0.01
CMR LVEF <50% 19 10.3 −1.2 21.8 0.85 <0.01
CMR LVEF >50% 34 5.1 −8.3 18.5 0.51 <0.01
Weight <95th percentile 40 7.3 −7.2 21.7 0.85 <0.01

Modified BS versus CMR
All subjects 40 8.3 −3.9 20.5 0.82 <0.01
Myocarditis 19 8.6 −3.8 21.0 0.81 <0.01
Cardiomyopathy 21 6.9 −7.4 21.2 0.83 <0.01
CMR LVEF <50% 14 9.6 −2.6 21.8 0.76 <0.01
CMR LVEF >50% 26 7.5 −4.6 19.7 0.54 <0.01
Weight <95th percentile 27 8.3 −5.1 21.6 0.83 <0.01

Number of studies analyzed (n). Bias (mean difference) between echocardiography and CMR. Correlation (R) and P‑values. CMR: Cardiac magnetic 
resonance, LVEF: Left ventricular ejection fraction, LOA: Limits of agreement, BS: Biplane Simpson, 5/6 AL: Five/sixth area‑length

Table 3: Left ventricular end‑diastolic volumes
n Bias (%) Lower LOA (%) Upper LOA (%) R P

5/6 AL versus CMR
All subjects 53 −12.0 −38.5 14.6 0.85 <0.01
Myocarditis 23 −6.8 −30.5 17.0 0.89 <0.01
Cardiomyopathy 30 −16.0 −42.2 10.3 0.89 <0.01
CMR LVEF <50% 19 −6.7 −26.5 13.2 0.96 <0.01
CMR LVEF >50% 34 −15.2 −43.5 13.2 0.80 <0.01
Weight <95th percentile 40 −11.4 −37.4 14.7 0.89 <0.01

Modified BS versus CMR
All subjects 40 −43.2 −70.7 −15.7 0.79 <0.01
Myocarditis 19 −39.7 −74.3 −5.1 0.73 <0.01
Cardiomyopathy 21 −46.4 −64.0 −28.8 0.92 <0.01
CMR LVEF <50% 13 −42.0 −66.0 −18.0 0.84 <0.01
CMR LVEF >50% 27 −44.1 −73.7 −14.5 0.80 <0.01
Weight <95th percentile 27 −43.8 −67.5 20.1 0.86 <0.01

Number of studies analyzed (n). Bias (mean percentage difference) between echocardiography and CMR. Correlation (R) and P‑values. CMR: Cardiac 
magnetic resonance, LVEF: Left ventricular ejection fraction, LOA: Limits of agreement, BS: Biplane Simpson, 5/6 AL: Five/sixth area‑length

Table 1: Demographics
All Subjects

Total number of patients analyzed 46
Males (%) 65
Total number of CMR studies 53
Mean age of all subjects (years) 13
Median age (IQR) (years) 15.5 (12.6–17.5)
Mean number of days between CMR and echo (days) 9
Median number of days between CMR and echo (IQR) (days) 1 (0–5.5)

Myocarditis Cardiomyopathy
Number of patients 20 26
Number of CMR studies 23 30
Average age (years) 14.5 12.5
Median age (IQR) (years) 16.4 (13.1–17.6) 14.3 (11.9–16.8)
Age range 1–18 0–18
Median time between CMR and echocardiogram (IQR) (days) 1 (0–2) 1 (0–8)
Average LVEF by CMR (%) 50 55

IQR: Interquartile range, CMR: Cardiac magnetic resonance, LVEF: Left ventricular ejection fraction
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of LVEDV and LVESV by BS method to CMR, which 
revealed very wide limits of agreement (52–216 ml 
and 11–188 ml, respectively), similar to our results.[12] 
Extrapolating these data to the pediatric population has 
limitations, given a higher prevalence of ventricular 
dysfunction in adults.[17] We demonstrate here the 
degree to which echocardiography, irrespective of the 
method used, systematically underestimates LV volumes 
and overestimates LV systolic function compared to 
CMR in children. To our knowledge, ours is the first 

pediatric study to compare the 5/6 AL and the modified 
BS methods to CMR and further quantify the degree to 
which both methods differ from CMR measurements. Our 
data suggest that volumes measured using the 5/6 AL 
method showed less bias [Figures 4 and 5] against CMR 
than the modified BS method. However, both methods 
may equally be prone to error, and neither can be used 
interchangeably with CMR.

The reproducibility and validity of echocardiographic 
and CMR measures of LV size and LVEF have been 
extensively reported in pediatric and adult patients and, 
thus, were not reassessed in this study.[3,5,8,15] In keeping 
with findings from previous studies, however, our data 
also suggest that both the 5/6 AL and the modified BS 
method have limitations when assessing LV size and EF 
compared with CMR in children. Our data add to prior 
studies by providing the degree to which ventricular 
size and function may be misrepresented in children 
with pathology and ventricular dysfunction.[8,17] One 
explanation of these findings is that obtaining accurate 
measurements may be hindered by the inability to 
obtain good endocardial definition resulting from poor 
parasternal or apical windows. In our study, 25% of 
the echocardiographic studies did not have sufficient 
imaging to obtain measurements for the modified BS 
method. Furthermore, calculations for echocardiographic 
methods also assume that the LV shape is perfectly 
conical, which is not typically the case. Congenital and 
acquired heart disease, cardiomyopathy, abnormal 
hemodynamic states, infections, hydration status, drugs, 
and genetics may all affect the structure and geometry 
of the LV, leading to inaccurate 2D measurements.[18,19] 
Errors in LVEF or volumetric estimation may be amplified 
with small variations in individual 2D measurements.

Obesity is thought to result in poor acoustic windows, 
potentially affecting the accuracy of 2D echo 
measurements. Interestingly, however, we found that 
excluding patients with weight >95th percentile did not 
significantly alter our results. There was no significant 

Table 4: Left ventricular end‑systolic volumes
n Bias (%) Lower LOA (%) Upper LOA (%) R P

5/6 AL versus CMR
All subjects 53 −21.6 −61.6 18.5 0.89 <0.01
Myocarditis 23 −16.2 −50.3 18.0 0.89 <0.01
Cardiomyopathy 30 −25.7 −68.6 17.1 0.98 <0.01
CMR LVEF <50% 19 −16.0 −57.0 25.0 0.95 <0.01
CMR LVEF >50% 34 −24.7 −64.0 14.6 0.70 <0.01
Weight <95th percentile 40 −20.3 −60.4 19.8 0.91 <0.01

Modified BS versus CMR
All subjects 40 −54.4 −90.0 −18.8 0.62 <0.01
Myocarditis 19 −45.6 −108.8 18.2 0.49 0.03
Cardiomyopathy 21 −55.8 −83.8 −27.8 0.78 <0.01
CMR LVEF <50% 13 −55.0 −87.9 −22.1 0.60 0.02
CMR LVEF >50% 27 −54.1 −91.7 −16.5 0.54 <0.01
Weight <95th percentile 27 −57.4 −85.3 −29.7 0.72 <0.01

Number of studies analyzed (n). Bias (mean percentage difference) between echocardiography and CMR. Correlation (R) and P‑values. CMR: Cardiac 
magnetic resonance, LVEF: Left ventricular ejection fraction, LOA: Limits of agreement, BS: Biplane Simpson, 5/6 AL: Five/sixth area‑length

Figure 5:  Bland–Altman analysis of  lef t  ventr icular 
end‑systolic volume between cardiac magnetic resonance and 
echocardiography. Solid line represents the bias (average percent 
difference). Dotted lines represent limits of agreement. Five‑sixth 
area‑length bias = −21.6% ± 40.0%. Modified biplane Simpson bias 
= −54.4% ± 35.6%. LVESV: Left ventricular end‑systolic volume, 
CMR: Cardiac magnetic resonance
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change in the bias or correlation for volume or functional 
assessment from a clinical standpoint. We acknowledge 
that our sample size for patients above the 95th percentile 
in weight was quite small, and further studies with a 
larger sample size may be necessary to confirm these 
findings.

Recent advances in three-dimensional technology and 
the use of contrast-enhancing agents have opened new 
avenues in improving image quality and accuracy of 
measurements by echocardiography. One pediatric study 
demonstrates that LV size measured by three-dimensional 
echocardiography strongly correlates and agrees with 
CMR for LVEDV (r = 0.8) and LVESV (r = 0.9).[20] This 
relationship was similar to our results. However, routine 
use of three-dimensional echocardiography may still be 
limited by additional time, specific probes appropriate 
for patient size, and postprocessing analysis software 
to track the borders adequately. For these reasons, 
three-dimensional echocardiographic studies, similar to 
CMR, may not be readily accessible in all institutions and 
other resource-limited settings. Contrast-enhanced studies, 
while more widely accessible, require the placement of 
an intravenous catheter and carry their inherent risks. 
Severe allergic reaction and anaphylaxis provide an 
additional barrier in patients with known perflutren, sulfur 
hexafluoride, or blood product allergies.[21,22]

Based on our findings and those of prior reported 
studies,[23] it must be noted that in cases requiring 
accurate volumetric or functional analysis, the limitations 
of echocardiography should be taken into account. While 
our institution prefers the use of the 5/6 AL and modified 
BS methods to estimate ventricular volumes and function, 
we routinely consider the use of CMR for more accurate 
assessments.[24]

Limitations and future studies

The relatively small sample size limits this study, 
although statistically significant results were obtained. 
A prospective trial or larger sample size for each cohort 
is recommended to draw more robust conclusions. 
Additional cohorts of patients with congenital heart 
diseases that distort the LV size, muscle thickness, and 
shape may be considered for future studies. The concept 
of indexed versus nonindexed volumes may also be 
considered for future studies. Volumes indexed to body 
surface area require accurate measurements of patient 
height and weight. Inaccuracy in measuring either of 
these introduces a new potential source of measurement 
error. Comparison of CMR with three-dimensional 
echocardiography also provides additional avenues of 
research in the pediatric population.

CONCLUSIONS

While echocardiography is suitable for estimating left 

ventricular systolic function, it routinely overestimates 
LVEF and underestimates LV volumes as compared 
to CMR. Our findings suggest that CMR improves the 
accuracy of LV volumetric measurements, perhaps 
due to direct chamber measurements and the use of 
three-dimensional volumetric analysis. Therefore, we 
recommend increased scrutiny for patients in whom 
echocardiographic results do not support clinical 
findings or more accurate measurements are required.
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Supplementary Figure 2:  Correlation of left ventricular ejection 
fraction measured by echocardiography versus cardiac magnetic 
resonance (CMR). Five‑sixth area‑length versus CMR (r = 0.85, 
P < 0.01). Modified biplane Simpson versus CMR (r = 0.82, P < 0.01). 
LVEF: Left ventricular ejection fraction, CMR: Cardiac magnetic 
resonance

Supplementary Figure 1: Patient cohort. 5/6 AL: Five‑sixth 
area‑length, BS: Biplane Simpson, CMR: Cardiac magnetic 
resonance

Supplementary Figure 4:  Correlation of left ventricular end‑systolic 
volume measured by echocardiography versus cardiac magnetic 
resonance (CMR). Five‑sixth area‑length versus CMR (r = 0.89, 
P < 0.01). Modified biplane Simpson versus CMR (r = 0.62, P < 0.01). 
LVESV: Left ventricular end‑systolic volume, CMR: Cardiac 
magnetic resonance

Supplementary Figure 3: Correlation of left ventricular end‑diastolic 
volume measured by echocardiography versus cardiac magnetic 
resonance (CMR). Five‑sixth area‑length versus CMR (r = 0.85, 
P < 0.01). Modified biplane Simpson versus CMR (r = 0.79, P < 0.01). 
LVEDV: Left ventricular end‑diastolic volume, CMR: Cardiac 
magnetic resonance


