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Abstract

Background—Patients with Duchenne muscular dystrophy (DMD) require frequent imaging to 

assess left ventricular (LV) function. Poor imaging windows can limit the diagnostic utility of 

echocardiography. Cardiac MRI (CMR) is the gold standard for assessment of LV function but has 

not been universally adopted in DMD patients. The study objectives were: 1) evaluate 

reproducibility of echocardiographic measures of LV function; 2) evaluate which 

echocardiographic methods correlate best with CMR LVEF; 3) evaluate whether CMR provides 

additional value compared with echocardiography.

Methods—28 DMD participants prospectively underwent echocardiography and CMR. Two 

blinded readers measured: fractional shortening (FS) from M-mode and 2-dimensional images and 

LV ejection fraction (LVEF) using 4-chamber, biplane Simpson, 5/6 area-length, and 3-

dimensional methods. Speckle tracking echocardiography was used to analyze circumferential 

strain. Readers subjectively rated function and segmental wall motion. Agreement was assessed 

using intraclass correlation coefficient, Bland-Altman plots, Spearman correlation, and weighted 

Kappa.

Results—2-dimensional FS and 5/6 area-length LVEF had the best combination of 

reproducibility and correlation with CMR LVEF, though both misclassified approximately 20% as 

either normal or abnormal function. Other measures of LV function were less reproducible with 

worse correlation to CMR LVEF. 37% of segments not visible on echocardiography were felt to 

have wall motion abnormalities by CMR.
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Conclusions—2-dimensional FS and 5/6 area-length LVEF represent the most accurate and 

reproducible echocardiographic measures of LV function in patients with DMD. CMR should be 

considered when neither of these techniques are measurable or when it is necessary to detect more 

subtle cardiovascular changes.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) affects 1 in 4700 live male births and leads to loss of 

ambulation and cardiomyopathy.[1] Boys with DMD can have rapid progression of left 

ventricular (LV) dysfunction without symptoms, making accurate assessment of cardiac 

function integral to their routine care. Current recommendations call for initial cardiac 

evaluation starting at 6 years of age with at least biannual evaluation until 10 years of age, 

then at least annual evaluation with more frequent evaluations after development of cardiac 

imaging abnormalities.[2, 3]

Echocardiography is the most frequently used test to assess ventricular function in patients 

with DMD.[4, 5] However, patients with DMD have notoriously poor acoustic windows, due 

in part to adiposity and scoliosis.[6] Recent evaluations in patients with DMD have 

demonstrated moderate reproducibility of echocardiographic measures of LV function and a 

correlation coefficient of only 0.67 between fractional shortening (FS) by echocardiography 

and left ventricular ejection fraction (LVEF) by cardiac magnetic resonance imaging (CMR).

[7, 8] Echocardiography and CMR have been compared in other disease processes and, in 

patients with myocardial infarction, echocardiography underestimates LV volumes and 

LVEF and is less sensitive in the detection of focal wall motion abnormalities.[9] CMR 

provides superior delineation of the border between the blood pool and endocardium and 

image quality is not affected by external factors such as body habitus. It also allows for 

accurate volumetric measurements, subjective and objective assessment of wall motion 

abnormalities, and tissue characterization by methods such as late gadolinium enhancement 

(LGE). For these reasons, CMR has become the gold standard for the assessment of 

ventricular function in patients with cardiomyopathy.[10] Citing many of these advantages, a 

recent DMD cardiovascular working group emphasized the importance of CMR for 

evaluation of LV function in this population.[11]

Despite the advantages of CMR in patients with DMD, CMR is not available in all centers 

and many still support echocardiography as the standard modality for DMD functional 

imaging.[4] Clinical and research assessments of cardiac function require accurate and 

precise measures. Given the clinical and research implications of inaccurate LV functional 

assessment in this population and the known limitations of echocardiography in DMD, a 

study comparing the accuracy and reproducibility of echocardiography to CMR is essential. 

In addition, the increasing difficulty of obtaining insurance approval for medical testing 

requires that all medical testing demonstrate “value added” in order to obtain authorization. 
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Therefore, an evaluation of the reproducibility and accuracy of echocardiographic measures 

of LV function, and a comparison with CMR, is integral for clinical care and research in 

patients with DMD. The objectives of this study were the following: 1) evaluate the 

reproducibility of multiple echocardiographic measures of LV function in the DMD 

population, 2) evaluate which echocardiographic methods correlate best with CMR LVEF, 

and 3) evaluate whether CMR provides additional value compared with echocardiography.

METHODS

This study was approved by the institutional review board and all participants signed the 

appropriate consent or assent documents. DMD participants were prospectively enrolled 

from the multidisciplinary Neuromuscular-Cardiology Clinic. Inclusion criteria included: 1) 

diagnosis of DMD by clinical phenotype and either skeletal muscle biopsy or genetic 

testing, 2) age 8 years or older and able to undergo CMR without sedation. Exclusion 

criteria were: 1) muscular dystrophy other than DMD and 2) CMR and echocardiography 

performed greater than 30 days apart. Consent was obtained directly from participants 18 

years of age or older. Those under 18 signed age-appropriate assent forms while their 

parents completed the informed consent documents. Additional pertinent data were 

recorded.

Echocardiography

All echocardiograms were performed by 1 of 4 research sonographers with experience 

imaging patients with DMD. Whenever possible, echocardiograms were performed in a 

supine position; in a minority of participants unable to transfer to a supine position, 

echocardiograms were performed in a reclined wheelchair. Images were de-identified using 

Showcase (Trillium Technology Inc., Version 5.3.0.0) and placed into the DICOM viewer 

under unique study identification numbers.

Blinded analysis was performed on Xcelera workstations (Philips Medical Systems, Best, 

The Netherlands) by two independent readers (JS and DP). Readers were asked to grade the 

echocardiographic quality on a scale of 1 to 5 defined as the following: 1 inadequate (very 

poor image quality with inability to visualize endocardial borders or visualize most cardiac 

structures; no or very little objective data obtainable), 2 Poor (poor image quality with only 

marginal delineation of endocardial borders in some views and limited assessment of atrial 

sizes and valves; only some objective data obtainable), 3 Average (average image quality 

with adequate delineation of endocardial borders in most views and adequate visual 

assessment of atrial sizes and all valves but the tricuspid valve; approximately half of 

objective data obtainable), 4 Good (at least adequate delineation of endocardial borders in all 

views with good delineation of endocardial borders in most views and good visualization of 

atrial sizes and all valves; all objective data obtainable), 5 Excellent (excellent delineation of 

endocardial borders in all views and excellent visualization of all other cardiac structures 

assessed; all objective data obtainable). A subset of 10 echocardiograms was re-analyzed by 

one blinded reader (JS) 3 months after the initial analysis to assess intra-observer variability.

Echocardiographic assessments were performed as described in the American Society for 

Echocardiography guidelines[12, 13] and included the following: 1) FS measured from M-
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mode images obtained in either the short axis or long axis planes, 2) FS measured from 2-

dimensional images obtained in the short axis at the level of the papillary muscles, 3) single 

plane LVEF measured in the apical 4 chamber view, 4) modified Simpson’s biplane LVEF 

measured in the apical 4 chamber view and 2 chamber view, 5) 5/6 area-length LVEF 

measured from the short axis and apical 4 chamber views, and 6) 3-dimensional LVEF 

measured using dedicated software (4D LV analysis, TomTec Imaging Systems, 

Unterschleissheim, Germany). When image quality allowed, measurements were averaged 

over multiple beats. Using the standard AHA 17-segment model, one blinded reader 

determined which segments were visible and, if visible, which segments had wall motion 

abnormalities.[14] Lastly, readers subjectively graded the global systolic function on a scale 

of 0–6 ranging from normal to severely depressed (Table 1).

Speckle tracking echocardiography was used to measure peak myocardial circumferential 

strain (εcc) in the short axis at the level of the papillary muscles. Analysis was performed by 

two blinded readers with expertise in speckle tracking analysis (JS, MS) using dedicated 

software (Cardiac Performance Analysis, TomTec Imaging Systems, Unterschleissheim, 

Germany). One reader (JS) repeated analysis of 10 subjects at least 3 months after the initial 

analysis to assess intra-observer variability.

Cardiac magnetic resonance imaging

CMRs were performed on a 1.5 Tesla Siemens Avanto (Siemens Healthcare Sector, 

Erlangen, Germany) with an 8 channel cardiac coil. Functional assessment was performed as 

previously described with breath-held, electrocardiogram-gated, balanced steady-state free 

precession (bSSFP) cine imaging obtained in 10–16 contiguous slices in the short axis.[15] 

Myocardial grid tagging was performed with a breath-hold in the short axis at the base, level 

of the papillary muscles, and apex with typical imaging parameters: FOV 340×350mm2, 

matrix 256×192, slice thickness 8mm, voxel size 1.3×1.8×8mm3, minimal echo and 

repetition times, parallel imaging (GRAPPA) with an acceleration factor of 2. LGE imaging 

was performed 10 minutes after injection of Gd-DTPA contrast (gadopentate dimeglumine, 

Magnevist®, Bayer Healthcare Pharmaceuticals, Wayne, NJ, USA) through a peripheral 

intravenous line (PIV) at a dose of 0.2mmol/kg. LGE was assessed using single shot and 

segmented inversion recovery bSSFP imaging with an inversion recovery to optimally null 

myocardium as well as phase sensitive inversion recovery bSSFP with an inversion time of 

300ms. All patients were able to perform adequate breath-holds for functional analysis; 

when necessary, slices with respiratory artifact were repeated as per our standard CMR 

protocol.

Image processing

The endocardial and epicardial borders at end-diastole and end-systole were manually 

contoured and used to calculate left ventricular volumes, mass, and ejection fraction using 

the Leonardo Workstation (Siemens Healthcare Sector, Erlangen, Germany). One reader (JS) 

performed all CMR analyses. The same reader who qualitatively assessed for segmental wall 

motion abnormalities by echocardiography also assessed wall motion abnormalities by 

CMR. A random subset of 10 CMRs was re-analyzed by a second reader (DP) to evaluate 

inter-observer variability. One reader (JS) repeated analysis in 10 subjects at least 3 months 
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after the initial analysis to assess intra-observer variability. Peak global εcc was measured in 

the short axis at the level of the papillary muscles using harmonic phase (HARP) analysis 

(Diagnosoft Inc., Morrisville, NC) as previously described.[16] In brief, a mesh was created 

by contouring the epicardial and endocardial borders of the tagged images. Peak strain 

values were then generated by the software program. Two readers evaluated LGE sequences 

independently for presence or absence of LGE in each segment. In segments where the 

readers did not agree, the two readers reviewed the images together and formed a consensus.

Statistical analysis

The choice of statistic used to summarize agreement depended on whether the comparison 

was being made for variables measured in the same units and whether the variables were 

continuous or categorical. Intra- and inter-observer variability of continuously-measured 

echocardiographic and CMR measures of function were estimated using intraclass 

correlation coefficients (ICC), and graphical comparisons were made using Bland-Altman 

plots.[17] Agreement between readers for subjective evaluation of function on a 5-point 

scale was estimated using a weighted Kappa. Spearman’s rho was used to estimate the 

correlation between measures of fractional shortening and CMR LVEF. The correlations 

between echocardiographic measures of LVEF and CMR LVEF were estimated using ICC 

and Bland-Altman plots. We used bootstrapping to estimate 95% confidence intervals for the 

ICC, Spearman's rho, and weighted Kappa.

Analyses were performed with the statistical programming language R, version 2.14.1 (R 

Development Core Team, Vienna, Austria) or IBM SPSS statistics, version 23.0 (Armonk, 

NY: IBM Corp). Study data were collected and managed using REDCap (Research 

Electronic Data Capture) electronic data capture tools hosted at Vanderbilt.[18]

RESULTS

Demographics

A total of 28 DMD participants were enrolled. The average age of participants was 14.7 

years (Table 2). The mean LVEF by CMR was 51% (Table 3). Based on indexed left 

ventricular end diastolic volumes, the majority of participants did not have left ventricular 

dilation. The median number of days between echocardiograms and CMRs was 0 (all but 3 

echocardiograms were performed the same day as the CMR).

Image Quality and Intra- and Inter-observer Variability

Correlation of subjective assessment of image quality was strong (r=0.84, p<0.001). Reader 

1 rated 60.7% of studies as average or better while reader 2 rated 64.3% as average or better. 

The median rating of echocardiogram quality was average for both readers. At least 3 

objective measures of function were measureable by both readers on 18 of the participants’ 

studies (21 for reader 1 and 20 for reader 2). Echocardiogram quality was negatively 

correlated to age, with a significant decrease in quality in older participants (r=−0.63, 

p<0.001). Intra- and inter-observer variability is demonstrated in Table 4. The most 

reproducible measures were 2-dimensional FS (ICC=0.86, 95% CI[0.69, 0.94]), 5/6 area-

length LVEF (ICC=0.87, 95% CI[0.45, 0.97]) and 3-dimensional LVEF (ICC=0.88, 95% 
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CI[0.61, 0.96]) (Figure 1). Notably, M-mode FS and 4-chamber LVEF both had relatively 

low reproducibility. Intra-observer agreement was above 0.8 for most echocardiographic 

measurements (Table 4). Inter-observer agreement was highest for CMR LVEF (ICC=0.94, 

95% CI[0.85, 0.98]).

Correlation Between Echocardiography and CMR

Correlation between echocardiographic and CMR measures of function are demonstrated in 

Table 5. 2-dimensional FS and 5/6 area-length LVEF correlated well with CMR LVEF 

(r=0.75, 95% CI[0.41, 0.91] and ICC=0.75, 95% CI[0.24, 0.95], respectively) (Figure 2). M-

mode FS, 4-chamber LVEF, and 3-dimensional LVEF had relatively low correlation, while 

biplane LVEF did not correlate with CMR LVEF. 2-dimensional FS was measurable in 79% 

of participants while 5/6 area-length was only measurable in 50%. When using the cut-offs 

of <28% for abnormal FS and <55% for abnormal LVEF, both readers misclassified 

approximately 20% of participants with measurable 2-dimensional FS values (Figure 3). For 

5/6 area-length LVEF, functional status was misclassified frequently (approximately 20% 

and 40%) depending on the reader. All echocardiographic measures of LV function had a 

tendency to underestimate function, though this was more pronounced in measures of LVEF 

than FS (Figure 3). There was no systematic bias to suggest that error changed with 

increasing or decreasing LVEF.

The weighted Kappa of subjective assessment of echocardiographic function to CMR was 

0.65 (95% CI[0.39, 0.82]) for reader 1 and 0.86 (95% CI[0.73, 0.93]) for reader 2. Although 

the subjective assessment agreed well statistically, graphical assessment suggests average 

accuracy with a tendency to underestimate function compared with CMR (Figure 4).

Wall Motion Abnormalities

A total of 471 of 476 segments were seen well by CMR. The 5 that were difficult to 

visualize were due to susceptibility artifact from dental braces, though endocardial borders 

at end systole and diastole were seen well enough to contour. Only 334 of 476 segments 

(70%) were visible by echocardiography. A total of 142 CMR segments (30%) were 

subjectively assessed as having wall motion abnormalities by CMR. By echocardiography, 

87 segments (26%) were felt to have wall motion abnormalities. Of the 142 segments not 

visible by echocardiography, 53 (37%) were felt to have wall motion abnormalities by CMR.

The segments that were most difficult to visualize were the anterolateral and anterior basal 

segments, the anterolateral and anterior mid-LV segments, and the lateral and anterior apical 

segments. The segments most likely to have wall motion abnormalities on CMR were: mid 

inferolateral (53.6%), basal inferolateral (53.6%), mid inferior (50%), basal anterolateral 

(46.4%), basal inferior (42.9%), and mid anterolateral (39.3%).

Late Gadolinium Enhancement

Gadolinium was not administered in 3 participants. Of the 25 participants with LGE 

imaging, 19 (76%) had positive LGE. Seven of 13 (54%) participants with normal CMR 

LVEF had positive LGE. Of the 11 participants with normal 2-dimensional FS, 5 (45%) had 
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positive LGE. Of the 4 participants with normal 5/6 area-length LVEF, 1 (25%) had positive 

LGE.

Strain

A total of 27 participants had CMR tagging performed at the level of the papillary muscles; 

only 20 participants (71%) had adequate imaging for assessment of circumferential strain by 

speckle tracking echocardiography. The CMR and speckle tracking echocardiographic 

circumferential strain correlated moderately well (r=0.64, p=0.018). Interestingly, 

echocardiographic strain correlated more strongly with CMR LVEF than CMR strain (r=

−0.66, p=0.001 and r=−0.46, p=0.016). CMR strain was reduced in patients with LGE 

(CMR strain: −16.7% ± 3.4 vs −13.2% ± 3.0, p=0.042) and there was a trend towards 

reduced echocardiographic strain in patients with LGE (−19.4% ± 3.1 vs −15.9% ± 3.7, 

p=0.089).

DISCUSSION

We prospectively evaluated objective echocardiographic measures of LV function in DMD 

participants and found that 2-dimensional FS and 5/6 area-length LVEF have the lowest 

inter-observer variability and the highest correlation with CMR LVEF. The other 

echocardiographic methodologies evaluated were less reproducible and had a lower 

correlation with CMR. Subjective assessment varied significantly between readers. 

Objective and subjective echocardiographic measures had a tendency to underestimate LV 

function as compared with CMR, likely due to suboptimal delineation of endocardial 

borders by echocardiography. These data are integral to the care of patients with DMD, as 

echocardiography comprises the majority of cardiac testing in this patient population. These 

data also reinforce the difficulty inherent in quantitative echocardiographic assessment of 

patients with DMD and suggest that, when quantitative data are necessary, CMR should be 

considered.

Based on these data, we recommend obtaining alternate imaging modalities when either or 

both of these echocardiographic methods (2-dimensional FS and 5/6 area-length LVEF) are 

not measurable due to image quality. This is especially important in older patients, as the 

imaging quality correlated inversely with age. Of note, 2-dimensional FS was measurable in 

almost 80% of participants while 5/6 area-length LVEF was measurable in only half. While 

the correlation was strong for both measures (r=0.75 and ICC=0.75), it must be emphasized 

that it was not excellent. The clinical and research implications of small variations in cardiac 

function must be weighed closely when determining the best imaging modality. In the 

setting of satisfactory imaging windows, both methods should be more than adequate for 

routine functional evaluation and screening. However, in situations where more subtle 

changes need to be detected, especially in research studies where the primary outcome is 

cardiac function, CMR remains the best option.

Given the significant variability between readers and the tendency to underestimate function, 

we recommend against subjective assessment of ventricular function. We hypothesize that 

the variability between readers is due to the inherent subjectivity of “eyeballing” function in 

patients with limited imaging windows. Some of this variability may also have been related 
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to one reader having more experience reading DMD echocardiograms, as this reader had a 

stronger correlation with CMR LVEF. This leads us to suggest that, in cases where objective 

data are unavailable and CMR cannot be obtained, the same reader should perform serial 

subjective functional assessments.

All objective echocardiographic measures in this cohort seemed to underestimate LV 

function compared with CMR LVEF. Interestingly, previous comparisons between 

echocardiography and CMR in adult patients with various disease processes have 

demonstrated results ranging from underestimation to overestimation of LVEF.[9, 19–21] It 

is possible that the underestimation in this study is due to poor visualization of the 

endocardial borders. Of note, there was no correlation between image quality and the 

difference between CMR LVEF and echocardiographic measures of LVEF, suggesting 

minimal bias related to image quality.

A previous study evaluated the echocardiographic reproducibility of FS and biplane LVEF in 

DMD patients;[7] our data are similar, though our study evaluates more echocardiographic 

methods to determine LV function. That study found lower intraclass correlation coefficients 

for both FS and 4-chamber LVEF than in our study. It is possible that the decreased 

variability we describe is related to the fact that both readers were from the same institution 

and presumably have similar methods of performing functional analysis. The inter-observer 

reproducibility in this study is similar to that found by Margossian et al. in a cohort of 

pediatric cardiomyopathy patients, which also demonstrated the highest reproducibility for 

5/6 area-length LVEF.[22]

One prior study has also evaluated FS and its correlation to CMR LVEF and found a similar 

correlation between M-mode FS and CMR LVEF. However, this study did not assess the 

other echocardiographic methods of LV functional assessment.[8] In our study, we found a 

higher correlation between 2-dimensional FS and CMR LVEF than that of M-mode FS.

As in the prior study by Brunklaus et al, a significant number of participants in this study 

with normal function by echocardiography had LGE on CMR. Our study also demonstrated 

that a significant number of segments with abnormal wall motion by CMR were not visible 

by echocardiography. Finally, the correlation of strain calculated by speckle tracking 

echocardiography with strain by tagging was adequate. Echocardiographic strain also 

correlated with CMR LVEF, though not strongly. We only analyzed the short axis at the level 

of the papillary muscles based on previously published literature.[16] These findings suggest 

the potential added value of CMR in this patient population, especially CMR with contrast.

There are disadvantages to CMR, including claustrophobia, patient discomfort, and length of 

study. These must also be considered when evaluating the optimal methodology. While 

contrast provides valuable information, we have found that a non-contrast study to determine 

LV function in patients with poor echocardiographic windows is feasible, shorter in 

duration, and can limit many of these drawbacks.
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Limitations

This study was performed at a single institution, though our institution has a broad 

catchment area of DMD patients, minimizing this limitation. Although 3-beat averages 

improve intra- and inter-observer variability,[22] we chose not to require 2 or 3-beat 

averages for measurements due to the poor imaging windows in this patient population. 

Requiring multiple beat averages may have improved our reproducibility, but it also would 

have significantly decreased the number of measurable studies and would not have 

accurately reflected the clinical workflow currently employed for these patients in our 

institution. We do not use anesthesia or sedation for CMR in patients with DMD and the 

minimum age for unsedated CMR in our institution is 8 years of age. Therefore, by 

necessity, the youngest participants were 8 years old. Although we expect that the 

correlation would improve in younger patients with better imaging windows, this study was 

designed to assess the accuracy and reproducibility in DMD participants with a higher 

likelihood of LV dysfunction. Many of the echocardiographic methods were not 

measureable in all participants, decreasing the sample size available for analysis. Evaluation 

of this question as part of a larger, multi-center trial would provide more adequate numbers.

Conclusions

Based on these data, 2-dimensional FS and 5/6 area-length LVEF represent the most 

accurate and reproducible objective echocardiographic measures of LV function in patients 

with DMD. In cases where neither of these techniques is measurable, or in cases where only 

one measure of LV function is possible due to image quality, clinicians should consider an 

alternate imaging modality such as CMR. In addition, CMR has added value for wall motion 

assessment and LGE. Based on these data, CMR should be strongly considered when 

quantitative assessment is necessary to monitor disease progression or evaluate the efficacy 

of therapy.
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CMR cardiac magnetic resonance imaging

DMD Duchenne muscular dystrophy

FS fractional shortening

ICC intraclass correlation coefficient

LGE late gadolinium enhancement

LV left ventricular

LVEF left ventricular ejection fraction

εcc circumferential strain
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Highlights

- We evaluated the reproducibility of echo measures of LV function in DMD

- Echo measures of LV function compared to LVEF from contemporaneous 

cardiac MRI (CMR)

- In DMD, 2-dimensional FS and 5/6 area-length are the most accurate and 

reproducible

- CMR has added value for wall motion assessment and late gadolinium 

enhancement

- CMR is preferable when subtle cardiovascular changes must be detected
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Figure 1. 
Bland-Altman plot evaluating inter-observer variability of echocardiographic measures of 

left ventricular function.
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Figure 2. 
Bland-Altman variant with gold-standard cardiac magnetic resonance imaging (CMR) left 

ventricular ejection fraction (LVEF) plotted on x-axis and difference between 

echocardiographic measures of LVEF and CMR LVEF plotted on y-axis.
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Figure 3. 
Scatter plots of measured values of echocardiographic left ventricular function for both 

readers plotted against cardiac magnetic resonance imaging (CMR) left ventricular ejection 

fraction (LVEF). A) Fractional shortening (FS) measured on M-mode, B) FS measured on 2-

dimensional images, C) biplane LVEF, D) 4 chamber LVEF, E) 5/6 area-length LVEF, F) 3-

dimensional LVEF. Dotted lines represent the cut-off for normal fractional shortening (28%) 

and LVEF (55%).
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Figure 4. 
Scatter plot comparing the readers’ subjective assessment of left ventricular (LV) function 

and the objective measure based on cardiac magnetic resonance imaging (CMR). Values 

from CMR LVEF converted as follows: ≥55% = 0, ≥50%–<55% = 1, ≥45%–<50% = 2, 

≥40%–<45% = 3, ≥35%–<40% = 4, ≥30%– <35% = 5, <30% = 6.

Soslow et al. Page 16

J Am Soc Echocardiogr. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Soslow et al. Page 17

Table 1

Subjective Assessment of Left Ventricular Function

Subjective Score Corresponding LVEF1

  0 - Normal ≥55%

  1 - Borderline Depressed <55% and ≥50%

  2 - Mildly Depressed <50% and ≥45%

  3 - Mild-moderately Depressed <45% and ≥40%

  4 - Moderately Depressed <40% and ≥35%

  5 - Moderate-markedly Depressed <35% and ≥30%

  6 - Markedly Depressed <30%

1
Left ventricular ejection fraction (LVEF)
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Table 2

Demographics

N=28

Age (years) 14.7 ± 4.8 (6.9–27.5)

Height (cm) 149 ± 15 (114–178)

Weight (kg) 54 ± 17 (28–86)

Body surface area (m2) 1.49 ± 0.28 (0.99–2.0)

Body mass index (kg/m2) 24 ± 6.7 (14–39)

Ambulatory 4 (14%)

Positive pressure ventilation (nocturnal or continuous) 7 (25%)

  Continuous positive pressure ventilation 3 (11%)

Race

  Caucasian 25 (89%)

  African American 2 (7%)

  Asian 1 (4%)

Hispanic/Latino 4 (14%)

Medical Therapy at time of CMR§

  ACEi1 16 (57%)

  ARB2 5 (18%)

  β-blocker 10 (36%)

  Corticosteroids 17 (61%)

  Mean corticosteroid duration (years) 4.4 ± 2.8

Data are mean +/− SD (range), median (range), or N (%).

1
Angiotensin converting enzyme inhibitor (ACEi)

2
Angiotensin receptor blocker (ARB)
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Table 3

Measures of Cardiac Function

CMR1 Functional Measures N=28

  CMR LVEF2 (%) 51 ± 9.3 (33–66)

  CMR indexed LVEDV3 (ml/m2) 66 ± 14 (42–104)

  CMR indexed LVESV4 (ml/m2) 33 ± 12 (17–70)

  CMR RVEF5 (%) 54 ± 5.3 (42–66)

  Late gadolinium enhancement (N=25) 19 (76%)

CMR εcc
6 (%) −14.1 ± 3.3 (−7.8–−20.1)

Median Days between CMR and Echocardiogram 0 (0–22)

Mean Echocardiographic Functional Measures

  M-mode FS7 (%) 27.0 ± 5.3

  2-Dimensional FS (%) 26.5 ± 6.1

  Biplane LVEF (%) 51.1 ± 5.4

  4 chamber LVEF (%) 47.7 ± 7.4

  5/6 area-length LVEF (%) 50.8 ± 8.4

  3-Dimensional LVEF (%) 44.5 ± 10.2

Echocardiographic εcc (%) −16.2 ± 4.4 (−5.1–−23.0)

1
Cardiac magnetic resonance imaging (CMR)

2
Left ventricular ejection fraction (LVEF)

3
Left ventricular end diastolic volume (LVEDV)

4
Left ventricular end systolic volume (LVESV)

5
Right ventricular ejection fraction (RVEF)

6
Circumferential strain (εcc)

7
Fractional shortening (FS)
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Table 4

Inter-observer and Intra-observer Variability of Echocardiographic Measures of Function

Inter-observer variability

Echocardiographic measures ICC1 95% CI

  M-mode FS2 (N=22) 0.66 (0.18, 0.87)

  2-Dimensional FS (N=22) 0.86 (0.69, 0.94)

  Biplane LVEF3 (N=12) 0.77 (0.47, 0.94)

  4 chamber LVEF (N=17) 0.60 (0.09, 0.88)

  5/6 area-length LVEF (N=14) 0.87 (0.45, 0.97)

  3-Dimensional LVEF (N=14) 0.88 (0.61, 0.96)

  εcc
4 (N=20) 0.84 (0.61, 0.94)

CMR5

  LVEF (N=10) 0.94 (0.85, 0.98)

Intra-observer variability

Echocardiographic measures (N=10) ICC 95% CI

  M-mode FS 0.93 (0.75, 0.98)

  2-Dimensional FS 0.80 (0.30, 0.96)

  Biplane LVEF 0.80 (0.48, 0.93)

  4 chamber LVEF 0.69 (−0.18, 0.90)

  5/6 area-length LVEF 0.99 (0.96, 0.99)

  3-Dimensional LVEF 0.94 (0.53, 0.97)

  εcc 0.90 (0.47, 0.98)

CMR (N=10)

  LVEF 0.98 (0.92, 0.99)

  εcc 0.97 (0.87, 0.99)

1
Intraclass correlation coefficient (ICC)

2
Fractional shortening (FS)

3
Left ventricular ejection fraction (LVEF)

4
Circumferential strain (εcc)

5
Cardiac magnetic resonance imaging (CMR)
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Table 5

Comparison of Echocardiographic and Cardiac Magnetic Resonance Imaging (CMR) Measures of Left 

Ventricular function

Echocardiographic Measures N Correlation 95% CI

Average Values CMR LVEF1

  M-mode FS2 22 (79%) 0.583 (0.09, 0.82)

  2-Dimensional FS 22 (79%) 0.753 (0.41, 0.91)

  Biplane LVEF 12 (43%) 0.174 (−0.36, 0.60)

  4 chamber LVEF 17 (61%) 0.564 (−0.10, 0.83)

  5/6 area-length LVEF 14 (50%) 0.754 (0.24, 0.95)

  3-Dimensional LVEF 14 (50%) 0.564 (0.00, 0.85)

  εcc
5 20 (71%) −0.663 (−0.29, −0.88)

1
Left ventricular ejection fraction (LVEF)

2
Fractional shortening (FS)

3
Spearman Correlation

4
Intraclass Correlation Coefficient

5
Circumferential strain (εcc)
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