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Echocardiographic evaluation of left ventricular systolic
function by the M-mode lateral mitral annular plane systolic
excursion in patients with Duchenne muscular dystrophy age
0-21 years
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Background and Aims: Duchenne muscular dystrophy (DMD) results in cardiac fibro-
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determining function and can be a valuable tool in patients with poor images. Our

study was performed to evaluate the feasibility of MAPSE and compare it to shorten-
ing fraction (SF) in patients with DMD.

Methods: Lateral M-mode MAPSE was obtained on all echocardiograms performed
on DMD patients aged O to 21 years between October 2013 and April 2015. Retro-
spectively, interobserver and intraobserver variability was determined for these mea-
surements and each measurement was compared to patient characteristics and
measured values of SF.

Results: There was good interobserver (? = .66, P = .0081) correlation. Seventeen of
59 echocardiograms (29%) had abnormal SF while 32 (54%) echocardiograms had an
abnormal M-mode lateral MAPSE Z-score. There was no significant association
between lateral MAPSE Z-score and SF. Age at the time of echocardiogram and time
from diagnosis to echocardiogram both had a significant negative correlation with lat-
eral MAPSE.

Conclusions: Lateral M-mode MAPSE measurements are reproducible in young
patients with Duchenne muscular dystrophy. M-mode lateral MAPSE may worsen
over length of time with Duchenne muscular dystrophy. Further studies are neces-
sary to provide absolute conclusions, but this study shows that lateral M-mode
MAPSE may be a valuable additional tool at routine echocardiogram in these

patients.
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1 | INTRODUCTION

Duchenne muscular dystrophy (DMD) is an X-linked recessive disor-
der that consists of a deficiency in the dystrophin gene. Dystrophin
links actin to the sarcolemma, making it critical for muscle membrane
stability and the contraction-relaxation process. Progressive mem-
brane damage, muscle necrosis, and muscle fibrosis eventually occur,
resulting in cardiac dysfunction and poor long-term cardiovascular
1-3 (SF) and

(EF) measured by echocardiography are routinely used to monitor car-

outcomes. Shortening fraction ejection fraction
diac function. However, many patients with DMD have poor acoustic
windows making accurate evaluation of left ventricular systolic func-
tion difficult, since SF and EF measurements require adequate visuali-
zation of the endocardial border.* While subjective evaluation of left
ventricular function by experienced echocardiography readers has
been validated,® an objective parameter is helpful for guiding medical
treatment.

Mitral annular plane systolic excursion (MAPSE) evaluates left
ventricular longitudinal shortening and has been shown to correlate
well with EF in adult and pediatric patients.®” It is a quantitative mea-
surement with reproducible results in both children and adults®” and
does not require high imaging quality for accurate measurements due
to the high echogenicity of the mitral annulus.® In fact, it has been rec-
ommended as a measurement in adult patients with poor acoustic
windows in whom SF and EF cannot be obtained.” Our study sought
to determine the feasibility and value of MAPSE in the evaluation of
patients age O to 21 years with DMD.

2 | METHODS

This study is a retrospective analysis of clinically indicated echocar-
diograms and M-mode lateral MAPSE measurements between
October of 2013 and April of 2015, assessing the MAPSE in
patients with Duchenne muscular dystrophy. The study also sought
to evaluate any correlation between patient characteristics and SF
with lateral M-mode MAPSE measurements. This study was
approved by the University of Texas Southwestern Internal Review
board. Informed consent was obtained from patients and/or their

guardians.

21 | Subjects

Patient-enrollment criteria included the following: age 0 to
21 years and diagnosis of Duchenne muscular dystrophy confirmed
by skeletal muscular biopsy or genetic analysis. The echocardio-
grams were obtained as part of routine clinical assessment and not
for the purpose of this study. Exclusion criteria included the pres-
ence of other hemodynamically significant cardiac abnormalities
not typically encountered in patients with Duchenne muscular dys-
trophy (ie, ectopy, arrhythmias, heart block, and thinning of the left

ventricle wall).1°

2.2 | Demographics
Patient data, including age, height, weight, body surface area, medica-

tions, age at diagnosis, and comorbid conditions were recorded.

2.3 | Echocardiograms and analysis

Routine transthoracic echocardiograms were performed and lateral
MAPSE was measured by a blinded reader in the four-chamber apical
view via M-mode across the mitral valve annulus corresponding to the
lateral left ventricular wall segments.

The distance from the lowest point at end-diastole to the highest
point during mitral valve closure was measured to demonstrate the
systolic excursion of the mitral annulus (Figure 1). A second blinded
reader performed each measurement for 10 patients to calculate
interobserver variability. A three-beat average was obtained and
recorded for each measurement. Left ventricular SF was measured by
M-mode in the short axis at the level of the papillary muscles. Using
previously described cut offs, SF was determined to be abnormal and
assigned a 1 if the value was equal to or less than 28% and deter-
mined to be normal with an assigned number of O if the value was
greater than 28%.1%12

For those subjects between the ages of O and 19 years, lateral
MAPSE Z values were determined based on previously described
Z values.'® A Z score value < —2 was considered abnormal.

24 | Statistical analysis

Interobserver and intraobserver variability was calculated using the
coefficient of determination of Pearson correlation coefficients and
paired t test respectively. Pearson correlation coefficients and coeffi-
cient of determinations were computed to examine the correlation
between SF vs each actual MAPSE value, age at diagnosis, and time
from diagnosis to echocardiogram. Chi-square analysis was performed
to determine any association between lateral MAPSE and binary SF
values.

3 | RESULTS
Fifty-six patients and 67 echocardiograms were included in the study.
The median age at echocardiogram was 12 years (1-20 years). The
median age at diagnosis was 5 years (0-16 years). The median time
from diagnosis to echocardiogram was 8 years (0-16 years). All but
one patient had genetic confirmation of DMD. Thirty six patients
(64%) were on heart failure medications, consisting of an angiotensin
converting enzyme inhibitor, beta blocker, and/or spironolactone.
Forty patients (71%) were on prednisone. Not all patients on heart
failure medications were also on prednisone.

Ten MAPSE measurements were obtained by two separate

blinded observers and compared using a coefficient of determination
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FIGURE 1 Four chamber -
echocardiographic image M-mode across =
the lateral edge of the mitral valve
annulus. The red letter “x” marks the
position of the lateral wall at end diastole
and at its highest point at the time of
mitral valve closure. The height between
these two positions is MAPSE.

MAPSE, mitral annular plane systolic
excursion; mm, millimeter

TABLE 1 Number of
echocardiograms by lateral MAPSE Z
score measurement and shortening
fraction

Total

Normal shortening fraction

Abnormal shortening fraction

Open Access

Z score <—2 Z score >—2 Total

21 (35%) 21 (36%) 42 (71%)
11 (19%) 6 (10%) 17 (29%)
32 (54%) 27 (46%) 59 (100%)

Note: There was a trend toward MAPSE measurements being more frequently abnormal than shortening

fraction measurements.

Abbreviation: MAPSE, mitral annular plane systolic excursion.

(r®) of the Pearson correlation coefficient (r) to determine inter-
observer variability. Significant correlation in the lateral MAPSE mea-
surement was seen (r? = .66, P = .0081) between the two observers.
There was no significant difference between intraobserver measure-
ments when 10 measurements from the same patient and same
observer were compared (mean difference —0.004 + 0.073, P = .860).
Coefficient of determination (r?) of the Pearson correlation coefficient
for absolute M-mode lateral MAPSE value and SF was 0.18
(P =.0003).

Forty-five patients and 59 echocardiograms were performed in
patients 18 years old or less. These M-mode lateral MAPSE measure-
ments were therefore able to be standardized by previously defined
Z-score values.'® The M-mode lateral MAPSE Z score tended to be
abnormal more frequently than the shortening fraction. Seventeen of
59 echocardiograms (29%) had abnormal SF while 32 (54%) echocar-
diograms had an abnormal M-mode lateral MAPSE (Table 1). There
was no significant association between lateral MAPSE Z-score and SF

by Chi-Square analysis. Of the 32 echocardiograms with an abnormal
M-mode lateral MAPSE Z score, 21 (66%) had a normal SF. There was
no significant difference in age between those with an abnormal
Z score with normal SF and those with an abnormal SF (P = .9).

Both time from diagnosis to echocardiogram and age at the time
of echocardiogram had significant negative correlations to both
MAPSE and SF (Table 2).

4 | DISCUSSION

Our study demonstrated that MAPSE measurements can be obtained
in a reproducible manner in a population with DMD and also that the
M-mode lateral MAPSE tended to be abnormal more frequently than
SF. However, our data showed a low correlation between lateral M-
mode MAPSE and SF. It is not known the factors that determine dif-
ferent rates of progression of cardiac dysfunction among patients
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TABLE 2 Coefficient of determination of negative Pearson
correlation coefficients for time since diagnosis

r? P
Time from diagnosis to echo (MAPSE) 140 .0019
Age at time of echo (MAPSE) 063 04112
Time from diagnosis to echo (SF) 257 .0001
Age at time of echo (SF) 139 .0017

Note: Time from diagnosis and age at the time of echocardiogram had sig-
nificant negative correlations with both M-mode lateral MAPSE and short-
ening fraction.

Abbreviations: MAPSE, mitral annular plane systolic excursion; SF, short-
ening fraction.

*P < .05 is significant.

with Duchenne muscular dystrophy. More striking, brothers with
identical mutations can have dissimilar rates of progression and
responses to therapy.* MAPSE measurements evaluate shortening of
left ventricular longitudinal fibers and the poor correlation could be
related to different responses to medications or different rates of pro-
gression of dysfunction of the longitudinal fibers. The finding of
abnormal function by MAPSE with normal SF emphasizes that possi-
bility. Our study was not designed to answer this question but it raises
the possibility that MAPSE can be an adjunct in evaluation of left ven-
tricular function in DMD.

Overall, this may indicate that the lateral MAPSE Z score provides
an earlier indicator of abnormal function compared to SF, and there-
fore might demonstrate an abnormal value in patients who may not
otherwise demonstrate an abnormal SF. Additional support for this
possibility is that both time from diagnosis to echocardiogram and age
at the time of echocardiogram negatively correlated with lateral M-
mode MAPSE. In other words, this correlation may indicate that the
longer a patient has the diagnosis with time to develop cardiac fibro-
sis, the higher the possibility that the lateral M-mode MAPSE will be
diminished. In order for SF to become abnormal, it requires a longer
time from diagnosis to echocardiogram and presumably, worse cardiac
fibrosis. This suggestion is in agreement with the study by Duboc et al
that supports placing patients on angiotensin converting enzyme
inhibitors before documentation of an abnormal left ventricular func-
tion by echocardiography.®® In opposition to this theory is that there
was no difference in age between those patients with a normal
SF/abnormal MAPSE and abnormal SF/abnormal MAPSE. This may be
due to low numbers in our study and certainly indicates that our data
is not conclusive of abnormal lateral MAPSE as early evidence of poor
function.

We found high inter and intraobserver correlation, indicating that
the measurements are accurate and reproducible by multiple investi-
gators. This is consistent with previous reports of ease of tech-
nique.”? These findings suggest a role for lateral M-mode MAPSE in
assessing patients with Duchenne muscular dystrophy. The best treat-
ment strategy in this population has not been defined. The finding of
an abnormal lateral M-mode MAPSE in the presence of normal ven-

tricular function assessed by SF might indicate the need for more

aggressive medical treatment. Therefore, as MAPSE can be obtained
in a reproducible manner even in patients with poor acoustic win-
dows, it can be of assistance in decision making about drug therapy
for cardiac dysfunction.

A recent prospective multicenter controlled cross-sectional study
demonstrated that strain is frequently present despite normal left
ventricle function in patients with Duchenne muscular dystrophy.*®
Additionally, late gadolinium enhancement, indicating fibrosis by car-
diac MRI, has been shown to occur early and be associated with pro-
gressive cardiac disease.r”* In fact, Tandon et al has demonstrated a
2.2 + 0.31% per year decline in left ventricle EF when late gadolinium
enhancement was present vs when it was not present.*® Due to its
ability to detect early cardiac fibrosis, cardiac MRI with late gadolin-
ium enhancement may be considered for routine testing in Duchenne
muscular dystrophy patients.2”2! With further studies to verify its
efficacy in this patient population, lateral MAPSE may similarly be
considered for routine testing in Duchenne muscular dystrophy
patients. A study evaluating lateral M-mode MAPSE's relationship to
strain or fibrosis found by late gadolinium enhancement on MRI may
be of value.

5 | LIMITATIONS

Limitations to this study include a small patient cohort in a single cen-
ter study. The size of the study and single center nature limits the
conclusions that can be made and the majority of findings are trends.
In addition, lateral M-mode MAPSE measures longitudinal function

and may not account for dysfunction in other axes.

6 | CONCLUSIONS

Our study demonstrates that in a population of patients with
Duchenne muscular dystrophy, lateral MAPSE Z score was repro-
ducible and tended to be abnormal more frequently than SF. This
may indicate that lateral MAPSE is another indicator of cardiac
dysfunction and might have a role in helping define the best
treatment strategy for this population. Further studies are
needed to confirm its value in detecting early cardiac dysfunc-
tion, its relationship to fibrosis, and for helping guide medical

management.

CONFLICT OF INTEREST

The authors have no conflict of interest to disclose.

AUTHOR CONTRIBUTIONS

Conceptualization: Melissa K. Webb, Poonam P. Thankavel, Claudio
Ramaciotti

Data Curation: Melissa K. Webb, Poonam P. Thankavel, Claudio
Ramaciotti

Investigation: Melissa K. Webb, Poonam P. Thankavel, Claudio

Ramaciotti



WEBB ET AL

Health Science Reports

_WILEY_l_5°*

Methodology: Melissa K. Webb, Poonam P. Thankavel, Claudio
Ramaciotti
Project Administration: Melissa K. Webb, Poonam P. Thankavel,
Claudio Ramaciotti
Writing - Original Draft Preparation: Melissa K. Webb, Poonam
P. Thankavel, Claudio Ramaciotti
Writing - Review & Editing: Melissa K. Webb, Poonam P. Thankavel,
Claudio Ramaciotti

All authors have read and approved the final version of the
manuscript.

Dr. Melissa Webb had full access to all of the data in this study
and takes complete responsibility for the integrity of the data and the
accuracy of the data analysis.

TRANSPARENCY STATEMENT

Dr. Melissa Webb affirms that this manuscript is an honest, accurate,
and transparent account of the study being reported; that no impor-
tant aspects of the study have been omitted, and that any discrepan-
cies from the study as planned have been explained.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID
Melissa K. Webb

Poonam P. Thankavel

https://orcid.org/0000-0002-1652-2351
https://orcid.org/0000-0002-3274-0519

REFERENCES

1. Petrof BJ. Molecular pathophysiology of myofiber injury in deficien-
cies of the dystrophin-glycoprotein complex. Am J Phys Med Rehabil.
2002;81:5162-5174.

2. Chun JL, O'Brien R, Berry SE. Cardiac dysfunction and pathology in
the dystrophin and utrophin-deficient mouse during development of
dilated cardiomyopathy. Neuromuscul Disord. 2012;2:368-379.

3. Quinlan JG, Hahn HS, Wong BL, Lorenz JN, Wenisch AS, Levin LS.
Evolution of the mdx mouse cardiomyopathy: physiological and mor-
phological findings. Neuromuscul Disord. 2004;14:491-496.

4. Power A, Poonja S, Disler D, et al. Echocardiogrpahic image quality
deteriorates with age in children and young adults with Duchenne
muscular dystrophy. Front Cardiovasc Med. 2017;4(82):1-6.

5. Nascimento R, Pereira D, Freitas A, et al. Comparison of left ventricu-
lar ejection fraction in congenital heart disease by visual versus algo-
rithmic determination. Am J Cardiol. 1997;80:1331-1335.

6. Matos J, Kronzon |, Panagopoulos G, Perk G. Mitral annular plane sys-
tolic excursion as a surrogate for left ventricular ejection fraction.
J Am Soc Echocardiogr. 2012;25:969-974.

7. Hensel KO, Roskopf M, Wilke L, Heusch A. Intracbserver and inter-
observer reproducibility of M-mode and B-mode acquired mitral
annular plan systolic excursion (MAPSE) and its dependency on echo-
cardiographic image quality in children. PLoS One. 2018;13(5):
e0196614.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Open Access

Hu K, Liu D, Herrmann S, et al. Clinical implication of mitral annular
plane systolic excursion for patients with cardiovascular disease. Eur
Heart J Cardiovasc Imaging. 2013;14(3):205-212.

Hu K, Liu D, Niemann M, et al. Methods of assessment of left ventric-
ular systolic function in technically difficult patients with poor imaging
quality. J Am Soc Echocardiogr. 2013;26:105-113.

Allen HD, Thrush PT, Hoffman TM, Flanigan KM, Mendell JR. Cardiac
management in neuromuscular diseases. Phys Med Rehabil Clin N Am.
2012;23:855-868.

Johnson JT, Eckhauser AW, Pinto NM, Weng HY, Minich LLA,
Tani LY. Indications for intervention in asymptomatic children with
chronic mitral regurgitation. Pediatr Cardiol. 2015;36:417-422.
Buddhe S, Du W, Walters HL, et al. Predictors of left ventricular rem-
odeling after aortic valve replacement in pediatric patients with iso-
lated aortic regurgitation. Congenit Heart Dis. 2013;8:167-173.
Koestenberger M, Nagel B, Ravekes W, et al. Left ventricular long-
axis function: reference values of the mitral annular plan systolic
excursion in 558 healthy children and calculation of z-score values.
Am Heart J. 2012;164:125-131.

Pettygrove S, Lu Z, Andrews JG, et al. Sibling concordance for clinical
features of Duchenne and Becker muscular dystrophies. Muscle
Nerve. 2014;49(6):814-821.

Duboc D, Meune C, Lerebours G, Devaux JY, Vaksmann G,
Bécane HM. Effect of perindopril on the onset and progression of left
ventricular dysfunction in Duchenne muscular dystrophy. J Am Coll
Cardiol. 2005;45:855-857.

Amedro P, Vincenti M, De La Villeon G, et al. Speckle-tracking echo-
cardiography in children with Duchenne muscular dystrophy: a pro-
spective multicenter controlled cross-sectional study. J Am Soc
Echocardiogr. 2019;32:412-422.

Hor KN, Taylor MD, Al-Khalidi HR, et al. Prevalence and distribution
of late gadolinium enhancement in a large population of patients with
Duchenne muscular dystrophy: effect of age and left ventricular sys-
tolic function. J Cardiovasc Magn Reson. 2013;15:107.

Tandon A, Villa CR, Hor KN, et al. Myocardial fibrosis burden predicts
left ventricular ejection fraction and is associated with age and ste-
roid treatment duration in Duchenne muscular dystrophy. J Am Heart
Assoc. 2015;4:e001338.

McNally EM, Kaltman JR, Benson DW, et al. Contemporary cardiac
issues in Duchenne muscular dystrophy. Circulation. 2015;131:1590-
1598.

Puchalski MD, Williams RV, Askkovich B, et al. Late gadolinium
enhancement: precursor to cardiomyopathy in Duchenne muscular
dystrophy? Int J Cardiovasc Imaging. 2009;25(1):57-63.

Wexberg P, Avanzini M, Mascherbauer J, et al. Myocardial late gado-
linium enhancement is associated with clinical presentation in
Duchenne muscular dystrophy carriers. J Cardiovasc Magn Reson.
2016;18:61.

How to cite this article: Webb MK, Thankavel PP,

Ramaciotti C. Echocardiographic evaluation of left ventricular
systolic function by the M-mode lateral mitral annular plane
systolic excursion in patients with Duchenne muscular
dystrophy age 0-21 years. Health Sci Rep. 2020;3:188.
https://doi.org/10.1002/hsr2.188



https://orcid.org/0000-0002-1652-2351
https://orcid.org/0000-0002-1652-2351
https://orcid.org/0000-0002-3274-0519
https://orcid.org/0000-0002-3274-0519
https://doi.org/10.1002/hsr2.188

	Echocardiographic evaluation of left ventricular systolic function by the M-mode lateral mitral annular plane systolic excu...
	1  INTRODUCTION
	2  METHODS
	2.1  Subjects
	2.2  Demographics
	2.3  Echocardiograms and analysis
	2.4  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  LIMITATIONS
	6  CONCLUSIONS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  TRANSPARENCY STATEMENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


