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Abstract

Aims Duchenne muscular dystrophy (DMD) is characterized by respiratory and heart involvements. In the context of
permanently wheelchair bound and on mechanical ventilation (MV) patients, the clinical presentation of acute heart failure
(AHF) syndrome may be atypical. We sought to describe clinical and genetic profiles and to determine prognosis of DMD
and Becker muscular dystrophy (BMD) patients on home MV (HMV), hospitalized for AHF.

Methods and results We included genetically proven DMD and BMD patients on HMV admitted for AHF. A total of 13 patients
(11 DMD and 2 BMD) fulfilled the inclusion criteria. Median age was 34.0 [interquartile range (IQR) 26.0; 40.0] years. Median
pulmonary vital capacity was 9.0% (6.0; 15.0) of predicted value. Long-term invasive ventilation was performed in 69% of
patients. All the 11 DMD patients carried out-of-frame DMD gene mutations. At admission, dyspnoea was present in 46%,
lipothymia in 23%, and abdominal discomfort in 38.4% of patients. A total of 53.8% of patients showed anasarca. Cardiogenic
shock presentation was found in six patients (46%). Ejection fraction was severely altered [median 25% (IQR 20; 30)]. Intra-
hospital mortality rate was 30%, reaching 53.8 % after 1 year. Previous episodes of AHF > 2 were associated with intra-hospital
mortality (P = 0.025). In patients with cardiogenic shock, intra-hospital mortality rate was 66.6%, reaching 83.3% after 1 year.
Conclusions In adult DMD and BMD patients with severe ejection fraction alteration and on HMV, admitted for AHF, right
cardiac signs are frequent. The intra-hospital and 1 year mortality rate was high and was associated with previous episodes of
AHF > 2.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-linked recessive
genetic disorder, caused by mutations in the DMD gene and
affects 1 of 3500 male births.* The DMD gene is the largest
gene known in humans (2.3Mb of genomic DNA). Depending
on the presence or the absence of the translational reading
frame, mutations in the DMD gene lead to DMD in case of
out frame mutations. Conversely, the milder form, Becker

muscular dystrophy (BMD), results from in-frame DMD
mutations.”™ In DMD, the underlying gene mutations cause
the absence of dystrophin, a protein located on the inner side
of the skeletal and the cardiac muscle cells, linking the internal
cytoskeleton to the extracellular matrix.” Beside the functional
limitation due to the involvement of the skeletal muscles,
respiratory and cardiac muscles involvements in DMD patients
had the main impact on the life expectancy. Over the last few
decades, the possibility to support the pulmonary function
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with mechanical ventilation has radically improved the
survival of DMD patients.®” In the meantime, the support of
this vital function has allowed the clinical emergence of
advanced cases of heart failure. In this context of severely
affected patients, usually wheelchair bound and on
mechanical ventilation, the clinical presentation of acute heart
failure (AHF) syndrome may be atypical and the assessment of
its severity a difficult task. Some of these patients are admitted
to Intensive Care Unit (ICU), but clinical pictures and outcomes
of such patients are poorly reported. In this study, we sought
(i) to describe clinical profiles and genetic pattern and (ii) to
determine intra-hospital mortality rate and 1 year mortality
rate of patients with DMD and BMD on home mechanical
ventilation (HMV), hospitalized in ICU for AHF.

Materials and methods
Study setting

The ICU of the Raymond Poincaré University Hospital is a
reference centre that specializes in respiratory and cardiac
management of neuromuscular disorders at advanced stages.
In this unit, neuromuscular patients are followed on annual
basis in a multidisciplinary consultation that includes cardiac
and pulmonary assessment in the home ventilation unit
because of restrictive respiratory failure.

Study design

Since 2006—16, a total of 137 admissions of patients suffering
from dystrophinopathies (DMD and BMD) were notified into
this unit. For the present study, we included genetically
proven DMD and BMD patients on HMV because of
significant chronic respiratory insufficiency and with chronic
cardiomyopathy and admitted in the ICU of the Raymond
Poincaré University Hospital for AHF.

We retrospectively reviewed the medical records of these
patients and collected clinical setting, electrocardiogram data,
left ventricular ejection fraction (EF) from echocardiography,
B-type natriuretic peptide, and blood creatinine level from
blood results at admission, intra-hospital mortality, and
mortality within 1 year. Doppler echocardiographies were
performed by the same experienced cardiologist (A.F.) with
a Siemens CV70 device (ACUSON), according to the guidelines
issued by the American Society of Echocardiography.
Spirometry variables and lung volumes were routinely
measured using a Vmax 229 SensorMedics System (Yorba
Linda, CA, USA) according to standard guidelines.

The study was performed in compliance with the ethical
principles formulated in the declaration of Helsinki and was
approved by the French regulatory board (Commission

Nationale de I'Informatique et des Libertés). The study was
registered in ClinicalTrials.gov (identifier: NCT02685215 ).

Clinical definitions

AHF is defined as a gradual or rapid change in heart failure
signs and symptoms requiring urgent therapy.® Cardiogenic
shock is a life-threatening emergency and is defined by
persistent hypotension and tissue hypoperfusion due to
cardiac dysfunction in the presence of adequate intravascular
volume and left ventricular filling pressure.

Genetic analysis

Semi-quantitative fluorescent multiplex PCR using genomic
DNA was performed for detecting deletions and duplications.’
Other types of mutations were detected by sequencing all
DMD gene exons or by the analysis of muscle dystrophin mRNA
(reverse transcription (RT)-PCR).° For each patient, we
recorded the mutation type and the involved gene exons.
The dystrophin protein contains several functional domains,
including the N-terminal, the rod domain, the cysteine-rich
domain, and the C-terminal. The rod domain is composed of
three subdomains separated by four hinges (H1, H2, H3, and
H4), subdomains that we respectively indicated as <H2, H2—
H3, and >H3 in Table 1. For each patient, we determined the
most distal dystrophin domain theoretically involved by the
DMD gene mutation and beyond that which the protein is
truncated if any dystrophin is produced. Therefore, the more
distal is the mutation, less are the affected domains if any
residual dystrophin is synthesized. For instance, out-of-frame
mutations involving the N-terminal affect theoretically all the
dystrophin domains while out-of-frame mutations involving
the C-terminal spare the N-terminal and the entire rod domain.

Statistics

Continuous variables were described by median +
interquartile range (IQR) and compared by Wilcoxon test;
dichotomous or categorical variables were described by
number of subjects and percentage and compared by Fisher’s
exact test. Statistical analysis was performed using R® (http://
www.R-project.org/).

Results
Study population (Table 1)

Among the 137 admitted patients, 13 (11 DMD and 2 BMD)
fulfilled the inclusion criteria of our study. Median age was
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34.0 (IQR 26.0; 40.0) years. At baseline, all patients were
wheelchair bound and disclosed chronic restrictive
respiratory failure needing HMV. The two BMD patients
(nos. 11 and 12) respectively lost ambulation at 23 and 19
years old, thus falling into the severe BMD spectrum.
Gastrostomy was present in four patients out of 13 (30.7%).
Median pulmonary vital capacity was 9.0% (6.0; 15.0) of
predicted value. Long-term invasive ventilation was
performed in nine of 13 patients (69%). Eleven patients were
already treated with angiotensin-converting enzyme
inhibitors (ACEI), 11 with beta-blockers and 10 with diuretics.
Eight patients had previous hospitalizations for AHF; among
them, three patients had >2 episodes of previous
hospitalization for AHF. Two patients had an elevation of liver
transaminases (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) >2-fold the upper limit of the normal
range), and six patients showed a >2-fold elevation of the
gamma-glutamyl transpeptidase.

Genetic results

Genetic results regarding the 13 patients are shown in Table 1.
Mutations in the DMD gene were identified in all the 13
patients. The two BMD patients (nos. 11 and 12) carried
respectively an in-frame large duplication of exons 14-47
and intron 2 acceptor splice site mutation (c.94 — 1G > T) that
probably lead to in-frame exon skipping. Unfortunately, no
muscle biopsy was available for mRNA analysis in this latter
patient. However, muscle mRNA analysis in another patient
carrying the same intronic mutation clearly showed exon 3
skipping at the mRNA level making this skipping likely in
patient 12. In all the 11 remaining DMD patients, we identified
out-of-frame mutations including large exonic deletions (six
patients) and duplications (three patients), one nucleotide
insertion in exon 3 (one patient), four nucleotides deletion in

Figure 1 Distribution of symptoms and clinical signs at admission

exon 40 (one patient), and a premature stop codon in exon
30 (one patient). The exons 52-79 deletion found in patient
8 encompassed the DMD gene and involved contiguous genes
(at least NROB1 and GK genes) resulting in mental retardation,
congenital adrenal hypoplasia, and glycerol kinase deficiency.
Five of these mutations involved all the dystrophin domains
from the N-terminal domain (patients 1, 4, 7, 10, and 12),
one spared the N-terminal domain (patient 11), six spared
the N-terminal and <H2 domains (patients 2, 3, 5, 6, 9, and
13), and one spared the N-terminal and <H2 and H2-H3
domains (patient 8).

Clinical presentation of AHF at admission

Regarding symptoms at admission, dyspnoea was present in
six patients (46%), lipothymia in three patients (23%), and
abdominal discomfort in five patients (38.4%) (Figure 1).

Among clinical signs, hypotension with systolic blood
pressure <80 mmHg was present in seven patients. Fluid
overload signs were frequent as six patients (46%) presented
ascites and leg oedema, and seven patients (53.8%) showed
anasarca. Cardiogenic shock presentation was found in six
patients (46%) and was associated with anasarca in four
patients. Complete left bundle branch block (LBBB) was
present in eight patients (61%).

On echocardiography, EF was severely altered [median
25% (IQR 20; 30)]. Median B-type natriuretic peptide level
was 1199.0 (414.0; 3685.0) pg/mL, and a blood creatinine
level >20 umol/L was found in six patients.

Intra-hospital and 1 year mortality

Intra-hospital mortality rate in patients admitted for AHF was
30% in the study population (4/13 patients). One-year
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mortality rate, after hospitalization for AHF, was high,
reaching 53.8% (7/13 patients). Mortality rate was notably
high in patients with previous admission for AHF. In patients
with cardiogenic shock, intra-hospital mortality rate was
66.6%, reaching 83.3% after 1 year.

Clinical and genetic parameters associated 1 year
mortality

Along patients that died during the year after hospitalization
for AHF, 42.9% disclosed mutations that theoretically affect
all the dystrophin domains (i.e. N-terminal) while 40%
showed mutations that theoretically involve one or several
parts of the rod domain without reaching the significance
threshold. However, the fact that there was no patient with
AHF carrying the mutations sparing the N-terminal and rod
domains (i.e. those affecting only C-terminal) may suggest
that involvement of the N-terminal, and the rod domains is
more deleterious for the cardiac function than the
involvement of the C-terminal. The presence of >2 previous
episodes of AHF was associated with intra-hospital mortality
(P = 0.025). Tables 2 and 3 summarize clinical and genetic
factors associated with intra-hospital and 1 year mortality.

Discussion

Cardiomyopathy is a classical complication in patients with
DMD and affects the prognosis of these patients. In the

Table 2 Genetic and clinical factors associated with intra-hospital
mortality

Intra-hospital

non-survivors Intra-hospital

(n=4) survivors (n = 9) P
Age (years) 28.5[24.5; 35.5] 38.0[27.0; 40.0] 0.486
VC (% predicted) 12 [7;19] 9 [6; 15] 0.698
Previous episodes 3 (75.0) 0 (0.0) 0.025
AHF > 2 (n, %)
Rod domain (n, %) 2 (50.0) 5 (55.6) 1.00
N-terminal 1(25.0) 4 (44.4) 0.962
domain (n, %)
Ascites + leg 2 (50.0) 4 (44.4) 1.00
oedema (n, %)
Dyspnoea (n, %) 3 (75.0) 3(33.3) 0.431
SBP < 80 mmHg 4 (100.0) 3 (33.3) 0.105
(n, %)
Creatinine > 3 (75.0) 3(33.3) 0.895
20 umol/L (n, %)
Liver enzymes 2 (50.0) 4 (44.4) 1.00
> 2 ULN (n, %)
LBBB (n, %) 3 (75.0) 5 (55.6) 0.962
EF (%) 20 [19; 22] 29 [20; 30] 0.270

AHF, acute heart failure; EF, left ventricular ejection fraction (%); LBBB,
left bundle branch block; SBP, systolic blood pressure; VC, vital capacity.
Liver enzymes > 2 ULN: AST, aspartate aminotransferase; ALT, alanine
aminotransferase; and/or GGT, gamma glutamyl transferase; elevated
more than two-fold the upper limit of the normal range (ULN).

Table 3 Genetic and clinical factors associated with 1 year
mortality

1 year non-

survivors 1 year survivors

(n=7) (n =5) P
Age (years) 26.0 [24.5; 34.5] 38.0[34.0; 40.0] 0.142
VC (% predicted) 15[10; 18] 6 [6; 9] 0.289
Previous episodes 3(42.9) 0 (0.0) 0.310
AHF > 2 (n, %)
Ascites + leg 4 (57.1) 2 (40.0) 1.00
oedema (n, %)
Dyspnoea (n, %) 4 (57.1) 2 (40.0) 1.00
SBP < 80 mmHg 6 (85.7) 1(20.0) 0.092
(n, %)
Creatinine > 20 3(42.9) 2 (40.0) 1.00
umol/L (n, %)
Liver enzymes 3(42.9) 3 (60.0) 1.00
> 2 ULN (n, %)
Rod domain (n, %) 3(42.9) 3 (60.0) 1.00
N-terminal 3(42.9) 2 (40.0) 1.00
domain (n, %)
LBBB (n, %) 4 (57.1) 3 (60.0) 1.00
EF (%) 20 [18; 24] 30 [25; 35] 0.068

AHF, acute heart failure; EF, left ventricular ejection fraction (%);
LBBB, left bundle branch block; SBP, systolic blood pressure; VC,
vital capacity.

Liver enzymes > 2 ULN: AST, ALT, and/or GGT elevated more than
two-fold the upper limit of the normal range (ULN).

general cardiologic population, heart failure exacerbation is
classically associated with volume overload and/or low
cardiac output. The clinical presentation of AHF in patients
with DMD may be atypical®® for several reasons: patients
with advanced DMD have an extensively reduced possibility
of perform any effort, being wheelchair-bound, and may thus
not present effort-related symptoms. Furthermore,
respiratory symptoms like dyspnoea may be hampered,
because their respiration is supported mechanically because
of the disease-related restrictive respiratory failure, and
mechanical ventilation protect against high left ventricular
filling.'* Because of cardiomyopathy associated with
dystrophinopathies, we did not observe de novo heart failure.
Also, we did not observe AHF with hypertensive setting.
Indeed, most of the patients were already treated with
angiotensin-converting enzyme inhibitors and beta-blockers
and in practice tended to have hypotension. In our study,
patients ventilated with duration of 24 h/24 h disclosed
mainly right signs of AHF. Conversely, patients with
intermittent HMV experienced dyspnoea related to high left
ventricular filling as AHF clinical presentation.

As a consequence of limited mobility, symptoms are often
absent in DMD patients with stable cardiomyopathy. In the
study by Nigro et al.,*? only 28% of patients aged <18 years
disclosed symptoms. In adult DMD patients with permanent
mechanical ventilation, peripheral oedema, and ascites are
classical and are associated with pleural effusion mainly in
end-stage disease.’® The predominant right signs and
peripheral oedema in patients with chronic mechanical
ventilation are explained by the positive intra-thoracic
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pressures that impede the venous return,*® and by the impact
of mechanical ventilation on haemodynamic. Mechanical
ventilation increases intra-thoracic pressure leading to a
decrease of the venous return and an increase of the caval
vein pressure,** which corresponds to a decrease of the
preload of the right ventricle. In the meantime, the positive
intra-thoracic pressure increases the after load of the right
ventricle, resulting in a global adverse effect on the right heart.
On the left heart side, mechanical ventilation has a favourable
effect on the heart performance, decreasing the transmural
pressure of the left ventricle and thus the after load.

Prognosis of AHF episodes depends on degree of
congestion (wet or dry) and adequacy of perfusion (warm
or cold).* In our study, intra-hospital global mortality rate
in patients admitted for AHF was 30% in the whole studied
population, reaching 53.8% after 1 year. Mortality rate was
high in the subgroup of patients with previous admission
for AHF and those with cardiogenic shock on admission.
Indeed, cardiogenic shock™ is associated with 16.8%
mortality in the general cardiologic population, according to
the OFICA study.'® Left ventricular EF has been reported to
be a predictive factor for mortality in DMD.'” Also, LBBB is
associated with heart failure and poor prognosis.’® The
mortality we observed in our population lies well higher than
that of the general cardiologic population. This could be due
to some particularities of the DMD-associated end stage
cardiomyopathy (mean left ventricular EF at 25% in our
study). The majority of patients was invasively ventilated
and had severe motor impairment and morbidity. In DMD,
adult patients disclose a severe dilated cardiomyopathy with
fibrosis. The mortality rate in ICU is notably high in this
situation, and cardiac resynchronization therapy has been
used as an invasive electronic treatment for rescue therapy
in some selected patients with severe heart failure and
complete LBBB.*®

Adult patients with DMD are at high risk of AHF because of
cardiomyopathy due to the lack of dystrophin.?° Dystrophin
has four main regions: an N-terminal actin-binding domain,
a central rod domain formed by 24 spectrin-like repeats
and four hinges, a cysteine-rich domain, and a carboxy-
terminal domain.?* Dystrophin acts as a scaffolding protein
for other proteins and protects sarcolemma from contraction
muscle stress.> The lack of dystrophin leads to progressive
fibre damage and membrane leakage, resulting in a
progressive muscle wasting and weakness of variable
distribution and severity.2%%? Genotype-phenotype
correlation is challenging in dystrophinopathies. Deletions in
the hotspot region (exons 45-55) seem to be associated with
a milder disease picture.”® Kaspar et al.’* reported dilated
cardiomyopathy particularly in BMD with mutations affecting
exons 2-9, corresponding to the actin—binding amino-
terminal of dystrophin. In dystrophinopathies patients,
lefferies et al.®® reported heart involvement mainly in
patients with mutation located from exon 12 to exon 17. As

a more general rule, it has been demonstrated that
cardiomyopathy severity in BMD patients is linked to the
structure of dystrophin.?® In our study, we did not find a
significant relationship between genetic and clinical patterns.
The absence of positive correlation between genetic pattern
and clinical phenotype in our study may be explained by
the small number of patients and the fact that all mutations
are truncated leading to absence of dystrophin. However,
the fact that all of the 13 patients that fulfilled our inclusion
criteria harboured DMD mutations involving at least the N-
terminal and rod domains may suggest that involvements of
these two domains had a higher deleterious effect on cardiac
function.

Renal failure is a classical complication in cardiogenic
shock. The GFR (glomerular filtration rate) is often reduced
in patients with advanced chronic heart failure and renal
function is a powerful independent predictor of prognosis in
heart failure.?” In DMD, because of muscle loss and
impairment, it is difficult to assess renal injury level using
only creatinine level dosage in blood. In our study, blood
creatinine levels >20 umol/L were found in 46% of patients
with AHF. It is possible that a number of patients develop
cardio-renal syndrome despite a ‘normal’ creatinine level in
blood. Serum cystatin C could be more appropriate to assess
acute renal injury.?®

Finally, the higher intra-hospital and 1 year mortality of
adult DMD patients with cardiogenic shock complicating
end stage cardiomyopathy raises ethical questions regarding
the place for potential left ventricle assist device (LVAD).
However, in the general population, LVAD implantation
exposes the patient to complications that include thrombo-
embolic events, stroke, bleeding, and sepsis and right
ventricular failure. We also know that DMD patients disclose
a specific pattern that include respiratory restrictive pattern
(rib cage stiffness, kyphoscoliosis, and thoracic reduced
compliance),” digestive impairment (gastric dilatation and
risk of pseudo intestinal obstruction), osteoporosis, fragile
tissue in relation with steroid long-term treatment, small
body surface area, and denutrition. An Italian group reported
recently data about LVAD as destination therapy in young
DMD patients.?® However, morbidity and mortality remain
higher because of per-operative and post-operative
complications.”® Thus, in the light of our results, we
recommend that such a procedure should be discussed
within interdisciplinary heart failure teams specialized in the
management of severe DMD with end-terminal heart failure
in connection with caring physicians and patient family.

The main strength of our study consists in its original
approach in this group of neuromuscular disease and the
description of genetic and cardiac patterns and prognosis.

We acknowledge limitations regarding our results.
Although relying on the long-term experience of a reference
centre for neuromuscular disease, the number of described
patients remains rather small, limiting the power of statistical
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comparisons, and our study is retrospective. The recruitment
of our centre is another bias. In fact, the patients admitted in
ICU are particularly severe with baseline tracheotomy,
gastrostomy, and severe heart failure.

failure signs. In DMD and BMD patients with severe left
ventricular dysfunction admitted to the ICU for AHF, the
intra-hospital mortality rate was 30%, and the 1 year
mortality 53%. In case of cardiogenic shock, intra-hospital

mortality rate was notably high (66%), reaching 83.3%

at 1 year.
Conclusions

AHF is a life-threatening complication in DMD, but its
recognition may be difficult, because clinical presentation

may be atypical and often limited to anasarca or right cardiac  None declared.
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