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BACKGROUND: Chronic respiratory failure and heart involvement may occur in Duchenne muscular dystrophy. We aimed to
assess the prognostic value of the right ventricular (RV) systolic dysfunction in patients with Duchenne muscular dystrophy.

METHODS AND RESULTS: We studied 90 genetically proven patients with Duchenne muscular dystrophy from 2010 to 2019,
to obtain respiratory function and Doppler echocardiographic RV systolic function. Prognostic value was assessed in terms
of death and cardiac events. The median age was 27.5years, and median forced vital capacity was at 10% of the predicted
value: 83 patients (92%) were on home mechanical ventilation. An RV systolic dysfunction was found in 46 patients (51%). In
patients without RV dysfunction at inclusion, a left ventricular systolic dysfunction at inclusion was associated with a higher
risk of developing RV dysfunction during follow-up with an odds ratio of 4.5 (P=0.03). RV systolic dysfunction was significantly
associated with cardiac events, mainly acute heart failure (62%) and cardiogenic shock (23%). In a multivariable Cox model,
the adjusted hazard ratio was 4.96 (95% CI [1.09-22.6]; P=0.04). In terms of death, we found a significant difference between
patients with RV dysfunction versus patients without RV dysfunction in the Kaplan—-Meier curves (log-rank P=0.045).

CONCLUSIONS: RV systolic dysfunction is frequently present in patients with Duchenne muscular dystrophy and is associated
with increased risk of cardiac events, irrespective of left ventricular dysfunction and mechanical ventilation.

REGISTRATION: URL: https://www.clinicaltrials.org; unique identifier: NCT025010883.
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ited myogenic disorder due to mutations in the

dystrophin gene on chromosome Xp21.1." Left
ventricular (LV) systolic dysfunction is a usual com-
plication in DMD, and abnormal myocardium may be
present earlier in the pediatric population.! Cardiac
drugs including angiotensin-converting enzyme inhib-
itors and respiratory support using home mechanical
ventilation have improved clinical outcomes in DMD.??

Duohenne muscular dystrophy (DMD) is an inher-

However, the prognosis remains determined by respi-
ratory failure and heart failure.* The use of noninvasive
mechanical ventilation is often performed in DMD, but
may affect the right ventricular (RV) systolic function.
On the other hand, most cases of DMD exhibit simul-
taneously a restrictive respiratory failure. The right ven-
tricle acts in a low-pressure system and is sensitive to
cardiac loading.® Hypoxemia and hypercapnic acido-
sis may affect RV performance by inducing increased
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CLINICAL PERSPECTIVE
What Is New?

e Right ventricular systolic dysfunction is frequent
in patients with Duchenne muscular dystrophy.

e Right ventricular systolic dysfunction is associ-
ated with increased risk of cardiac events in pa-
tients with Duchenne muscular dystrophy.

e A left ventricular systolic dysfunction is a risk
factor for developing right ventricular dysfunc-
tion in Duchenne muscular dystrophy.

What Are the Clinical Implications?

e |t is essential to search systematically for a right
ventricular systolic dysfunction in patients with
Duchenne muscular dystrophy.

e A closer ultrasound, right and left ventricular
function ultrasound monitoring, is essential par-
ticularly in patients with left ventricular systolic
dysfunction.

Nonstandard Abbreviations and Acronyms

DMD Duchenne muscular dystrophy

TAPSE tricuspid annular plane systolic
displacement

pulmonary resistance.®’ In addition, hypercapnia and
positive end-expiratory pressure level may affect RV
function.? In this context, the RV function may be af-
fected in DMD, particularly in patients with restrictive
pulmonary failure and on home mechanical ventila-
tion.? In this study, we aimed to evaluate the prevalence
of RV systolic dysfunction, to assess factors associ-
ated with RV dysfunction and to assess the impact of
the RV dysfunction on death and cardiac events in pa-
tients presenting with DMD.

METHODS

All data and supporting materials have been provided
with the published article.

Subjects

We reviewed from our database all patients present-
ing with DMD and followed at the Home Mechanical
Ventilation Unit of the Raymond Poincare University
Hospital (tertiary neuromuscular center) between 2010
and 2019. We included 90 consecutive genetically
proven DMD patients who benefited from an echocar-
diographic examination that included an RV systolic
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function assessment. Genetic data were extracted
from the UMD-DMD-France database'® maintained
in the Genetics and Molecular biology lab, Cochin
Hospital, Paris.

We excluded patients without RV function analysis
(n=19), patients with other neuromuscular diseases
(n=25), and patients without genetically proven DMD
disease (n=10).

We systematically collected clinical and genetic
characteristics, biological findings that included blood
gas exchange, hepatic enzyme, creatinine level, albu-
min, hemoglobin, and lymphocytes. During follow-up,
death and cardiac events were systematically as-
sessed. We also recorded the last available LV systolic
function and RV systolic function available during fol-
low-up. The study was performed in compliance with
the ethical principles formulated in the declaration of
Helsinki and was approved by the comité de protection
des personnes and the commission nationale de I'in-
formatique et des libertés. Informed consent was ob-
tained from patients. The UMD-DMD-France database
was approved by the French ethical committees in-
cluding Comité Consultatif sur le Traitement de I'Infor-
mation en matiere de Recherche dans le domaine de
la Santé No. 08-413/2008 and commission nationale
de linformatique et des libertés No. 1326937/2009.
This study is registered as clinical trial NCT02501083.

Echocardiographic Doppler Analysis

Al transthoracic echocardiographic examinations
were performed using a Siemens CV70 device
(Siemens Medical Solutions USA, Mountain View, CA).
All measurements were performed according to the
recommendations' and were averaged over 3 cardiac
cycles. Several 2-dimensional views were routinely re-
corded: parasternal long-axis view; parasternal short-
axis view; and apical 2-, 3-, and 4-chamber views. The
following 2-dimensional measurements were routinely
assessed: (1) end-diastolic measurements of the inter-
ventricular septum, posterior wall, and left ventricle;
(2) left atrial diameter; (3) LV mass; and (4) LV ejec-
tion fraction using Simpson’s method. The following
Doppler parameters were routinely determined: (1) E
and A waves of the mitral inflow; (2) aortic velocity; (3)
systolic tricuspid regurgitation velocity, allowing to cal-
culate the systolic pulmonary arterial pressure®#: and
(4) peak systolic velocity from the septal insertion site
of the mitral leaflet (septal s’), peak of early and late
diastolic velocity from the septal insertion site of the
mitral leaflet (septal e’ and septal a').'®

The following RV systolic function was system-
atically assessed: (1) tricuspid annular plane sys-
tolic displacement (TAPSE) recorded from the apical
4-chamber view using the M-mode cursor positioned
at the free wall angle of the tricuspid valve annulus'?;
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and (2) tricuspid RV s’ wave (RV s’ velocity) by tissue
Doppler imaging from an apical 4-chamber view. RV
systolic dysfunction was defined as the presence of a
TAPSE <17 mm or a peak RV s'<10 cm/s."?

Genetic Analysis

DMD diagnosis was based on DMD gene analysis.
Semiquantitative fluorescent multiplex polymerase
chain reaction using genomic DNA was used to de-
tect large exonic deletions and duplications in the
DMD gene. Other types of mutations were detected
by direct sequencing of the entire DMD gene exons or
preceded by the analysis of muscle dystrophin mRNA
by reverse transcription polymerase chain reaction. For
each patient, we recorded the type of mutation and
the exons of the gene involved; we also determined the
most distal dystrophin domain theoretically involved by
the DMD gene mutation and beyond which the pro-
tein is truncated if any dystrophin is produced. The
dystrophin protein is composed of several functional
domains, that is, the N-terminal domain, rod domain
(composed of 3 subdomains separated by 4 hinges
[H1, H2, H3, and H4], which we respectively indicated
as <H2, H2-H3, and >H3), cysteine-rich domain, and
C-terminal domain.

Respiratory Function Analysis

Spirometry variables and lung volumes were meas-
ured routinely using a V.., 229 SensorMedics System
(Yorba Linda, CA) according to standard guidelines.
The pulmonary function tests with spirometry were
performed according to standard guidelines while the
patient was sitting comfortably.”® Vital capacity meas-
urements during the slow volume measurement ma-
neuver was recorded for each patient. We recorded
diurnal pH, diurnal excess basis, diurnal pco,, and
nocturnal time with oxygen saturation <90% from noc-
turnal oximetry (performed with a Covidien Nellcor oxi-
meter [Medtronic, Dublin, Ireland]).

Mechanical Ventilation Setting

Ventilator setting parameters were collected and in-
cluded tidal volume (expressed both as raw value
and indexed to ideal body weight), daily duration of
mechanical ventilation, and positive end-expiratory
pressure. Bilevel ventilation was used in patients with
nocturnal mechanical ventilation. Patients with per-
manent ventilation were ventilated using a volumetric
mode. Invasive ventilation was defined by permanent
ventilation using tracheostomy. Ventilation was consid-
ered efficient with no nocturnal hypoventilation accord-
ing to Eagle et al criteria,'® validated by our group in this
population of patients.”
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Outcomes

Vital status was systematically recorded at the end of fol-
low-up. Death was defined as all-cause death. Cardiac
events were reported and included acute heart failure,
cardiogenic shock, supraventricular arrhythmia, ven-
tricular arrhythmia, and complete atrioventricular block.
Acute heart failure was defined as the rapid onset
or rapid worsening of signs and symptoms of heart fail-
ure.'”® Cardiogenic shock was defined as the onset of
acute heart failure associated with prolonged arterial
hypotension <90 mmHg or the need for vasopressors.'®

Statistical Analysis

Continuous variables were expressed as median (in-
terquartile range) because of a nonnormal distribution.
Categorical variables were expressed as number (per-
centage). We assessed the difference between groups
using non-parametric comparison when appropriate.
Regarding continuous variables, normality was as-
sessed using Shapiro-Wilk tests. Normally distributed
variables were compared using t tests, while nonnor-
mal variables were compared using Mann-Whitney
tests. Regarding categorical variables, proportions
were compared using Fischer’s exact test. Cox regres-
sion survival models were constructed to assess the
association between clinical events (cardiac events or
death) and independent variables (after transforma-
tion because of linearity requirements). Because of the
small number of events, the selected dependent vari-
ables were chosen on the basis of clinical relevance,
and significant association in univariate comparison
analysis. Analyses were adjusted on clinically relevant
variables, known to be associated with the specified
outcome (here, RV dysfunction). When possible, other
variables were put into the multivariable model; these
additional variables were retained on the basis of their
association in the presented data set in regression
analyses. Cardiac events were censored at 5years of
follow-up. The time O in the Kaplan—Meier curves is the
time of the initial Doppler echocardiography. A P value
<0.05 was considered significant. Figures and statisti-
cal analyses were performed using SPSS version 25.0
(IBM, Armonk, NY).

RESULTS

Study Population

Ninety adult patients with genetically proven DMD were
included in this study (Table 1). The median age was
27.5years, and 99% of patients were wheelchair-bound.
Dystrophin  mutations were mainly exonic deletion
(62%), followed by exonic duplication (12%), stop muta-
tion (12%), small deletion (11%), intronic mutation (7.8%),
small insertion (3.3%), and missense (1.1%). Patients had
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Table 1. Clinical, Biological, and Genetic Data of 90
Patients With DMD

90 patients with DMD
Parameters Medianor N | IQR or %
Age, y 275 23 to 33
Body mass index, kg/m? 17 14.510 22
Body surface area, m? 1.4 1.24 t0 1.64
Wheelchair bound 89 99
Systolic blood pressure, mmHg 107 96 to 116
Diastolic blood pressure, mmHg 64 59to 75
Heart rate, bpm 84 75t0 97
Angiotensin-converting enzyme 84 93
inhibitors
Beta blockers 56 62
Mineraloreceptor antagonists 6 6.7
Loop diuretics 4 4.4
Steroids 8 9
Left bundle branch block 3 3.7
LV ejection fraction <560% 44 49
Pulmonary vital capacity, % 10 61to 17
Home mechanical ventilation 83 92
Home mechanical ventilation 24h/24h | 51 57
Invasive ventilation 36 40
Tidal volume, mL 550 468 to 650
Tidal volume indexed to IBW, mL/kg 9.25 7.79t0 10.9
Positive end-expiratory pressure, 2 Oto4
cmH,0
Diurnal Pco,, mmHg 39.5 32.6t0 45
pH 7.41 7.38t0 7.46
Excess basis -0.4 -2.2t02.25
% Nocturnal oxygen saturation <90% 0 0to 0.2
Biological markers
ALT, w/L 39 26 to 47
AST, u/L 29 2410 33.8
GGT, w/L 27 17.2t0 48.8
ALP, u/L 85 64 to 109
Creatinine, umol/L 14 81020
Hemoglobin, g/dL 13.6 12.8t0 14.4
Lymphocytes/mm? 1810 1200 to 2080
Albuminemia, g/L 39.5 37 to 42
Total bilirubin, umol/L 8 6to 13
Genetic results
Rod domain (H2—-H3) 43 49
Rod domain (<H2) 20 23
Rod domain (>H3) 13 15
N terminal 8 9
Cysteine-rich domain 4 4.5

ALP indicates alkaline phosphatase; ALT, alanine transaminase; AST,
aspartate transaminase; DMD, Duchenne muscular dystrophy; GGT,
gamma-glutamyl transpeptidase; IBW, ideal body weight; IQR, interquartile
range; and LV, left ventricular.
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chronic restrictive lung disease with a median forced
vital capacity at 10% of the predicted value. All the pa-
tients were ventilated at home or in a social health care
institution independently to the duration of mechanical
ventilation. Eighty-three patients (92%) were under me-
chanical ventilation. Among them, 51 (57%) were venti-
lated 24 hours/24 hours. Fifteen (17%) of them remained
under noninvasive ventilation by using a mask interface
during the nighttime and a mouthpiece during the day-
time, whereas 36 patients (40%) were tracheostomized
and permanently ventilated. Ventilation was considered
efficient with no nocturnal hypoventilation. The median
diurnal arterial Paco,) was 39.5mmHg.

Table 2 represents the echocardiographic charac-
teristics of the population.

RV Dysfunction and Associated Factors
An RV systolic dysfunction was found in 51% of pa-
tients (n=46). Tables 3 and 4 describe the character-
istics of the study population according to RV systolic
function. Patients with RV systolic dysfunction had re-
duced basal septal tissue Doppler imaging velocities.
Liver enzyme levels and renal function (creatinine) were
not associated with RV dysfunction. There was no as-
sociation between genetic factors and RV dysfunction
(chi-squared test P=0.54).

Left and Right Ventricular Systolic Outcomes

We did not find any significant difference regarding
the onset of new LV dysfunction in patients with RV

Table 2. Echocardiographic Data of 90 Patients With DMD

Echocardiographic parameters Median IQR

LV end-diastolic diameter, mm 44 38-49
Interventricular septal end-diastolic 7 6-7.3
thickness, mm

Posterior wall end-diastolic thickness, mm 7 7-8.7
LV ejection fraction, % 50 40-59.8
Left atrial diameter, mm 19.5 15.5-23
Mitral E/A ratio 1.68 1.4-2.16
DTl septal e’ velocity, cm/s 9 8-12
DTl septal s’ velocity, cm/s 9 6-10
DTl septal a’ velocity, cm/s 9 6-10
DTI RV e’ velocity, cm/s 12 10-15
DTI RV a’ velocity, cm/s 10 9-12
TAPSE, mm 15 13-18
DTI RV s’ velocity, cm/s 12 10-14
Systolic pulmonary arterial pressure, mmHg 24 20-26.8

DMD indicates Duchenne muscular dystrophy; DTI, tissue Doppler
imaging; LV, left ventricular; RV, right ventricular; and TAPSE, tricuspid
annular plane systolic displacement.
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Table 3. Comparison Between Patients With and Without RV Systolic Dysfunction

Right Ventricular Function in Muscular Dystrophy

Normal RV function RV dysfunction

Parameters (n=44) (n=46) P value
Age, y 27 (2210 32.5) 28.5 (23 to 35) 0.83
Body mass index, kg/m? 16.8 (14.8 to 21) 17.5 (14.4 10 22.9) 0.65
Body surface area, m? 1.4 (1.3 t0 1.6) 1.4 (1.2t0 1.7) 0.92
Wheelchair bounded 44 (100) 45 (97.8) 0.99
Systolic blood pressure, mmHg 108 (99 to 118) 106 (96 to 116) 0.3
Diastolic blood pressure, mmHg 65 (59 to 75) 60 (59 to 75) 0.99
Heart rate, bpm 87 (76 to 100) 82 (70 to 94) 0.37
Angiotensin-converting enzyme inhibitors 41 (93.2) 43 (93.5) 0.99
Beta blockers 23 (562.3) 33 (71.7) 0.08
Mineraloreceptor antagonists 2 (4.5) 4(8.7) 0.68
Loop diuretics 1(2.3) 3(6.5) 0.62
Steroids 2 (4.5) 6 (13) 0.27
Left bundle branch block 24.9) 124 0.99
Pulmonary forced vital capacity, % 11 (6 to 20) 9.5 (5to 14) 0.61
Home mechanical ventilation 24 h/24h 24 (54.5) 27 (60) 0.67
Tracheostomy 18 (40.9) 18 (39.1) 0.99
Diurnal Pco,, mmHg 37.5 (29.5 t0 43.5) 42 (35.5t0 45.5) 0.24
pH 7.42 (7.4 10 7.5) 7.39 (7.4 t0 7.4) 013
Excess basis, mmol/L 0.35(-2.3t0 2.5) -0.5(-2.2t02.2) 0.66
ALT, w/L 36.5 (26 to 45) 42 (28 to 48) 0.52
AST, w/L 28 (2310 33) 30.5 (24 to 34.5) 0.3
GGT, w/L 25 (15 to 49) 35 (20 to 48) 0.79
ALP, u/L 90 (64 to 115) 85 (65 to 105.5) 0.89
Creatinine, umol/L 12.5 (7 to 20) 14 (8 to 20) 0.9
Hemoglobin, g/dL 13.25 (12.6 to 14.2) 13.75 (13.1 to 14.5) 0.29
Lymphocytes/mm? 1780 (1190 to 2040) 1845 (1405 to 2135) 0.85
Albuminemia, g/L 39 (37 to 42) 40 (37 to 42) 0.99
Total bilirubin, umol/L 8 (7 to 13) 8 (6to 14) 0.82

Data expressed as median (IQR) or N (%). ALP indicates alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-

glutamyl transpeptidase; and RV, right ventricular.

dysfunction versus patients without RV dysfunction. In
patients with previous RV dysfunction, the follow-up
LV ejection fraction was 45% (interquartile range, 35—
56) versus 48% (interquartile range, 45-55) (P=0.26).
However, in patients without RV dysfunction at inclu-
sion (n=44), an LV ejection fraction <560% at inclusion
was associated with more risk of developing RV dys-
function during follow-up (12/20 [60.0%)] versus 6/24
patients [25%]; odds ratio, 4.5 [95% ClI, 1.28-14.4];
P=0.03).

Impact of RV Dysfunction on Clinical
Events

Cardiac events occurred in 13 patients (14.4%). Cardiac
events were distributed as follows: 8 cases of acute
heart failure (62%), 3 cases of cardiogenic shock (23%),
2 cases of supraventricular arrhythmia (1 atrial fibrillation

J Am Heart Assoc. 2023;12:e027231. DOI: 10.1161/JAHA.122.027231

and 1 atrial flutter) (15%). Eleven events (23.9%) oc-
curred in patients with RV systolic dysfunction versus
2 events (4.5%) in patients without RV dysfunction
(P=0.008). Table 5 summarizes cardiac events in pa-
tients with RV dysfunction versus patients without RV
systolic dysfunction. RV dysfunction was significantly
associated with cardiac events (Figure 1). Three vari-
ables were put into the model due to clinical and statis-
tical significance: LV ejection fraction, RV dysfunction
and home mechanical ventilation 24 hours/24 hours. In
the multivariable Cox model, for RV dysfunction, the
adjusted hazard ratio (aHR) was 4.96 (95% ClI, 1.09-
22.6; P=0.04) and for LV ejection fraction, aHR for each
percentage difference compared with reference, 0.93
(95% Cl, 0.88-0.97; P=0.003).

Death occurred in 7 patients (7.8%). Most of the pa-
tients died from cardiogenic shock and advanced heart
failure (n=5). All the patients with DMD who experienced
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Table 4. Comparison of Echocardiographic Parameters Between Patients With and Without RV Systolic Dysfunction

Parameters Normal RV function (n=44) RV dysfunction (n=46) P value
LV ejection fraction, % 50 (41.5-60) 48.5 (40-55) 0.69
LVEDD, mm/m? 30.37 (24-35.8) 30.07 (26.3-36.3) 0.99
IVS, mm 7(6-7) 7 (6-8) 0.5
PW, mm 8 (6.5-9) 7 (7-8) 0.99
Mitral E/A ratio 1.9 (1.3-2.6) 1.64 (1.4-2.1) 0.69
LA diameter, mm 18.5 (16.5-21) 20.5 (14-24) 0.7
Peak e’ RV, cm/s 13 (10-15) 11.56 (10-14) 0.19
Peak a’ RV, cm/s 10 (9.5-13) 9.5 (5-12) 0.43
Peak s’ septal, cm/s 10 (8-11) 8 (6-9) 0.008
Peak e’ septal, cm/s 10 (9-12) 9 (8-11) 0.22
Peak a’ septal, cm/s 9.5 (6-10) 8 (56.5-9.5) 0.26
TAPSE, mm 20 (18-23) 14 (12-15) <0.001
DTI RV s’ velocity, cm/s 13 (11-15) 10.5 (8.5-13) 0.04
Systolic pulmonary arterial pressure, mmHg 24.5 (20-28) 24 (19-26) 0.96

Data expressed as median (IQR). DTl indicates Doppler tissue imaging; VS, interventricular septum end-diastolic thickness; LA, left atrial; LVEDD, left
ventricular end diastolic diameter; LVEDDI, indexed left ventricular end diastolic diameter; LV, left ventricular; PW, posterior wall end-diastolic thickness; RV,

right ventricular; and TAPSE, tricuspid annular plane systolic displacement.

the onset of cardiogenic shock died during follow-up.
No ventricular arrhythmia was documented. Six pa-
tients died in the group with RV systolic dysfunction
(13%) versus only 1 patient in the group without RV
dysfunction (2.3%). There was a significant difference
between the 2 groups in the Kaplan—Meier curves (log-
rank P=0.045; Figure 2); however, this difference did
not translate in Cox survival analysis (P=0.08).

DISCUSSION

This study highlighted 3 main findings. First, the preva-
lence of RV systolic dysfunction is high, reaching 51%
in adults with DMD. Second, this RV systolic dysfunc-
tion is associated with increased risk of cardiac events
independently of LV dysfunction. Third, patients with
DMD with LV systolic dysfunction are at risk of devel-
oping RV dysfunction.

Our data are in agreement with the observations
by Melacini et al,'® reporting RV systolic impairment in
52% of patients with Becker muscular dystrophy. On
the other hand, preserved RV systolic function has been

Table 5. Cardiac Events in Patients With RV Dysfunction
Versus Patients Without RV Systolic Dysfunction

described in pediatric DMD populations.' In a study that
included patients with DMD aged 15.5years and with
nearly preserved pulmonary function, an association be-
tween RV ejection fraction and vital capacity was found.®
In our study that included patients with DMD with severe
respiratory dysfunction, we did not find this association,
probably because of the respiratory severity of the pa-
tients and the fact that the majority of the patients were
on home mechanical ventilation.

=+ No RVD group =+ RVD group

0.75

0.50

0.25

Survival without cardiac events (%)

Cardiac events

RVD group (n=46)

No RVD group (n=44)

arrythmia

AHF 7 (15) 1(2.3)
Cardiogenic 3(6.5) 0 (0)
shock

Supraventricular 1.2 1.9

P=0.0075
0.00

0 365 730 1095 1460 1825

Time in days

Number at risk

RVD group{ 46 36 31 24 13 10
0 365 730 1095 1460 1825

Time in days

Figure 1. Long-term cardiac events in patients with DMD

Data expressed as N (%). AHF indicates acute heart failure; RV, right
ventricular; and RVD, right ventricular systolic dysfunction.
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with RVD or without RVD.
DMD indicates Duchenne muscular dystrophy; and RVD, right
ventricular systolic dysfunction.
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Figure 2. Long-term survival in patients with DMD with
RVD or without RVD.

DMD indicates Duchenne muscular dystrophy; and RVD, right
ventricular systolic dysfunction.

RV dysfunction in DMD may be due to multifacto-
rial parameters. The right ventricle may be intrinsically
affected, due to dystrophin deficiency, since the ab-
sence of dystrophin can cause myocardial damage via
a disruption of the dytrophin—glycoprotein complex.?°
Pathophysiological aspects involved in the cardiomy-
opathy of patients with DMD are complex. Calcium
dysregulation, due to excessive calcium influx through
activation of plasma membrane channels is known to
play a key role with a high activity of the ryanodine re-
ceptor?! as well as inflammation. Recently, we found
that a nicotinamide adenine dinucleotide defect is a
major feature in this disease and that it is involved in
the pathophysiology of cardiac disease in DMD.??

Mechanical ventilation affects the RV because it
causes a decrease in preload but may increase the
RV afterload.?® Conversely, a hypoventilated state can
induce an increase in pulmonary vascular resistance,
related to acidosis and hypercapnia.?® The RV after-
load may be increased because of hypoxemia, since
hypoxemia can induce pulmonary vasoconstriction.?
Similarly, RV afterload may be increased because of
a higher positive end-expiratory pressure, a situation
known in critical care patients.® However, in our group
of patients with DMD on home mechanical ventilation,
positive end-expiratory pressure level was not ele-
vated, with a median at 2cmH,O, and RV afterload
was not high, attested by a median systolic artery pul-
monary pressure at 24 mmHg. Tidal volume is known
to affect RV after loading in a cyclic manner in venti-
lated patients.?® Even if we did not find any significant
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relationship between tidal volume and RV dysfunction
in our study, we cannot exclude a long-term deleteri-
ous impact of the cyclic increase of RV impedance with
tidal volume in this group of patients with DMD. In addi-
tion, skeletal muscle status may affect RV loading be-
cause RV volume is increased in athletes,?®?” whereas
RV end-diastolic volume is reduced in patients with
DMD.® Finally, the splanchnic venous system affects
venous return and hemodynamics, depending on the
inspiratory descent of the diaphragm.?® Since dia-
phragm dysfunction is frequent in patients with DMD,
the impact of the vascular zone condition of the abdo-
men may contribute to RV preload.

The absence of elevated pulmonary pressure in
these patients with a severe restrictive lung pattern
is related to continuous mechanical ventilation that
decreases hypercapnia and LV diastolic pressures.?®
Furthermore, in our study, patients were properly venti-
lated without nocturnal oxygen desaturation and with-
out daytime hypercapnia.

RV function depends on preload, afterload, RV con-
tractility, interaction with the left ventricle, pericardial
state, and intrathoracic pressure.®® RV dysfunction
may be related to RV pressure overload, or RV volume
overload. In our study, no patients disclosed significant
tricuspid regurgitation that excluded volume overload.
Conversely to spontaneous ventilation that decreases
intrathoracic pressure, mechanical ventilation increases
intrathoracic pressure and right atrial pressure.®' This
phenomenon affects venous return, which is a key de-
terminant of cardiac output. Tidal volume ventilation
is known to increase RV afterload.® In the context of
cardiomyopathy related to absence of dystrophin, this
phenomenon may worsen cardiac function and may
predispose the patient with DMD to the onset of re-
duced cardiac output and cardiogenic shock in the
long term. Our study highlights the importance of the
LV function. In fact, the presence of previous LV dys-
function in DMD exposes the patient to the onset of
RV dysfunction with an odds ratio of 4.5 (P=0.03). This
finding emphasizes the interplay between left ventricle
and right ventricle, since the 2 cavities share oblique
fibers within the interventricular septum.®® The LV sys-
tolic function is known to contribute to the RV systolic
function via the systolic ventricular interaction.33

Our results regarding the impact on death and
prognosis in patients with DMD are similar to findings
reported in other cardiomyopathies, which empha-
size the clinical importance of diagnosing RV systolic
dysfunction in patients with DMD. In our study, death
was mainly related to advanced heart failure and car-
diogenic shock in patients with RV systolic dysfunction.
This underscores the importance of RV echocardiog-
raphy analysis in term of searching for RV systolic im-
pairment in patients with DMD, particularly in patients
with LV systolic dysfunction. In the case of RV systolic
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dysfunction onset, closer cardiac monitoring should be
mandatory and optimal therapy addressed.

Limitations

The main limitation of our single-center study is its
limited number of patients and number of events.
However, this disease is particularly uncommon, and
patients were referred in our reference center with a
definitive diagnosis of DMD. A second limitation is the
echocardiographic evaluation of the RV function in
these patients. In our echocardiography laboratory, for
the RV function analysis, we analyzed at least 1 of the
following parameters: TAPSE, RV peak systolic myo-
cardial velocity, RV fractional area change, according to
guidelines.®® RV fractional area change may be difficult
to obtain in patients with DMD because of wheelchair-
bound status and chest deformities. In contrast, meas-
urement of RV peak systolic myocardial velocity is easy
to perform with tissue Doppler imaging as well as the
TAPSE. Since we mostly used simplified criteria for the
diagnosis of RV systolic dysfunction such as TAPSE
and tissue Doppler imaging RV s’ velocity. A cardiac
magnetic resonance study focusing on the right ven-
tricle could be of interest and more accurate, but a
systematic cardiac investigation by cardiac magnetic
resonance is difficult in patients with DMD and severe
respiratory failure requiring permanent mechanical
ventilation. Finally, inferior vena caval data are lacking
in this study, and we did not have data regarding the
venous pressure that may hamper the relevance of the
pulmonary pressure.

CONCLUSIONS

The coexistence of LV systolic dysfunction and restric-
tive pulmonary failure is well described in patients with
DMD. In the present study, we clearly demonstrated
that RV systolic impairment is also present in half of
patients with DMD and that this feature is associated
with increased risk of cardiac events. DMD patients
with LV systolic dysfunction are at risk of developing
RV systolic dysfunction.
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