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Chapterr 4 

Abstract t 

Wee evaluated the course of cardiac involvement in 27 previously reported patients 
withh Becker Muscular Dystrophy (BMD), originating from nine kindreds. Since 
almostt all affected individuals of each kindred were included, intrafamilial variabil-
ityy could be studied. We also attempted to identify associations between cardiac 
involvement,, functional ability and mutations at DNA level. The mean follow-up 
periodd was 12.5 years. 
Thee proportion of patients with electrocardiographic abnormalities progressed 
fromm 44% to 71%. Dilated cardiomyopathy (DCM) with or without congestive 
heartt failure was now present in 33% as compared to 15% in the previous study. In 
addition,, 22% developed borderline echocardiographic abnormalities. Six patients 
(22%)) became symptomatic and four patients died of congestive heart failure. In all 
familiess cardiac abnormalities were found. There was no association between DCM 
andd mutation type. Despite equal functional motor ability, there was a considerable 
intrafamiliall  variability regarding cardiac involvement, even in brother pairs. 
Wee conclude that cardiac abnormalities are the rule and not the exception in BMD 
andd are progressive over time. Left ventricular dilation may begin at any moment in 
thee course of BMD and the rate of progression is unpredictable. A substantial part 
off  patients will develop an incapacitating and life threatening DCM. 
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Introduction n 

Beckerr muscular dystrophy (BMD) and Duchenne muscular dystrophy (DMD) are 
X-linkedd recessive disorders caused by mutations in the dystrophin gene. DMD 
showss a more or less uniform clinical picture, patients becoming wheelchair-bound 
beforee the age of 12 and mostlyy not surviving above 20 years of age, whereas BMD 
iss a more heterogenous disease. The distribution of muscle weakness resembles 
DMD,, but progression is usually much slower. In recent years, various other phe-
notypess have been described which are caused by mutations in the dystrophin 
gene.. ' ' ' The clinical spectrum oftheseXp21-dystrophinopathies also includes 
veryy mild phenotypes without apparent weakness like myalgia, cramps after effort 
orr episodes of myoglobinuria ' , and intermediate types with clinical severity 
betweenn DMD and BMD.89'101 

Cardiacc involvement is known to play a major role in the dystrophinopathies. In 
DMDD many studies have revealed evidence of cardiac involvement (see for a 
review:: Emery, 1993). In BMD estimates of the prevalence of abnormal cardiac 
findingss vary from 17% to 74%#

20'2!,23>24>99,102'103 Dilated cardiomyopathy (DCM) in 
BMDD is independent of age and of severity of muscle weakness.20,21'23'24'102'104 It can 
evenn be the only clinical manifestation13'14'105"108, hence adding another phenotype of 
dystrophinopathyy to the already known spectrum. Electrocardiographic (ECG) 
changess similar to those seen in DMD can be found in 41%-74% of BMD 
patients.. Echocardiographic abnormalities, including global hypokine-
siaa , left ventricular dilation or DCM20,23,24102, right ventricular dilatation24, 
hypertrophicc cardiomyopathy74'103,110 and other wall motion abnormalities23,24'102 are 
seenn in 17%-67% of patients. ' Despite the high proportion of DCM in 
BMD,, symptomatic patients are not common. The occasional patient with severe 
DCMM necessitating cardiac transplantation or with a lethal outcome has been 
ii - i j 104,106,108,111,112 

described. . 
Inn recent years, the correlation between cardiac involvement and the defect at DNA 
levell  has been studied. ' ' ' T o date, several mutations have been described 
whichh may give rise to DCM. Some investigators have found a possible correlation 
betweenn cardiac impairment and deletions encompassing exon 49, deletions of 
exonss 2-7, exons 45-46, exon 47 and exon 48_24'103'105,106,11 *m Deletions in the 
promoterr region of the dystrophin gene are presumed to cause DCM without 
musculoskeletall  manifestations.1 ',4'106,115116 

Mostt of the studies which evaluated cardiac impairment in BMD patients are cross-
sectional,, or have a follow-up period of four years at the most, except for one.74 

Nigroo et al. (1995) assessed diagnoses of cardiac involvement in a group BMD 
patientss on a yearly basis. They found an increase in clinically evident cardio-
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myopathyy with increasing age during a mean follow up period of eight years. We 
weree able to evaluate the course of cardiac involvement in 29 previously reported 
individuall  patients with BMD, originating from nine kindreds , with a mean 
follow-upp period of 12.5 years. Since almost all affected individuals of each kindred 
weree included, intrafamilial variability could be studied. We also attempted to 
identifyy associations between cardiac involvement, functional ability and mutations 
att the DNA level. 

Patientss and methods 

Thirty-threee patients with BMD of whom involvement of the heart was assessed 
previouslyy in 1980 and 1981, were contacted again for participation in a follow-up 
studyy in 1994. Of the originally reported 33 patients, 28 were still alive. Twenty-
fourr patients, originating from nine kindreds, agreed to be seen again. A clear 
X-linkedd recessive mode of inheritance was found in seven kindreds. In five of 
thesee families and in one of the two remaining families, a mutation was found. The 
clinicall  pattern and laboratory data in one sporadic patient, in whom no mutation 
couldd be detected in the dystrophin gene, were consistent with BMD according to 
previouslyy described diagnostic criteria, except that no muscle tissue was available 
forr dystrophin analysis.1 

Nineteenn patients were seen by one of us (WGdV). Five patients were seen by other 
cardiologistss for various reasons. 
Alll  24 patients underwent physical examination, ECG, M-mode, two-dimensional, 
andd color-flow doppler echocardiographic examination. Twenty-one patients were 
subjectedd to 24 -hour ambulatory Holter-monitoring. Most of the patients also had 
aa chest radiograph carried out. Of five patients who died during follow-up, we tried 
too establish the cause of death by studying the medical reports or autopsy data. 
Whenn available, the ECG and echocardiographic findings of the last examination 
beforee death were also included in the evaluation. 
Cardiacc involvement on ECG examination was assessed by using the following 
criteria:: (1) increased R-wave in lead VI (> 4 mm), increased R/S ratio in VI (> 1) 
inn the absence of (in) complete right bundle branch block (RBBB), or (2) patho-
logicall  Q-waves (> 0.2 mV) in lateral (I, AVL, V6) or inferior leads (II, III , AVF), or 
(3)) complete or incomplete left or complete right bundle branch block. 
Thee QT/PQs ratio was calculated as described by Nigro et al74'118 to establish its 
utilityy as an marker of early cardiac involvement. 
Echocardiographicc evidence for DCM consisted of an enlarged end-diastolic left 
ventriclee corrected for the body surface area (BSA) with impaired systolic 
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function.. If the BSA was not established an end-diastolic diameter > 60 mm was 
consideredd pathologic. Impaired systolic function was found if fractional shorten-
ingg was less than 25% and/or global hypokinesia on two-dimensional echocardio-
graphicc examination. Hypertrophic cardiomyopathy was diagnosed on the basis of 
thickeningg of the interventricular septum (IVS) and of the left ventricle posterior 
walll  (LVPW) > 15 mm (symmetric), or an increased ratio of IVS and LVPW >1.5 
(asymmetric).. Regurgitation abnormalities were established with color-flow 
dopplerr examination. We identified four groups of patients: (1) a group with no 
abnormalitiess as assessed by al the previously mentioned techniques, (2) a group 
withh only ECG abnormalities, (3) a borderline group with abnormalities at echo-
cardiographicc examination of uncertain significance, (4) a group with DCM as 
definedd before. 
Thee motor performance of all patients was scored by using the Swinyard grading 
systemm of functional ability. 
DNA-analysiss was performed in all families. DNA was isolated from peripheral 
bloodd cells by use of a salt precipitation protocol. Screening for deletions in the 
dystrophinn gene was performed by use of two Multiplex PCR kits, according to 
previouslyy described methods.53'54 Genomic DNA from all patients was also 
analysedd by Southern blotting and cDNA hybridisation utilising cDNA probes 
acrosss the dystrophin gene. 
Too investigate possible associations between variables Fischer exact tests are 
performed. . 

Results s 

Onee patient with a thorax deformity which hampered ECG interpretation and one 
patientt who had suffered a myocard infarction were left out of analysis. None of the 
patientss had a history of hypertension. From four deceased patients medical reports 
weree obtained. One patient was not seen again by a cardiologist prior to death. 
Becausee he had been diagnosed as having severe DCM in 1980 and he had died 
suddenlyy at home after an attack of dyspnea in 1984, we included him in the study. 
Therefore,, twenty-two living patients and five deceased patients, altogether 
277 patients, were available for analysis. 
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Tablee 1 Clinical characteristics and cardiac data of 27 patients with BMD 

familyy age functional-

ability y 

cardiacc involvement 

ECGG Echo ECG G Echo o 

A-1 1 

2 2 

3 3 

4 4 

5 5 

B-1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

C-1 1 

2 2 

3 3 

D-1 1 

2 2 

E-1 1 

F-1 1 

2 2 

G-1 1 

2 2 

3 3 

H-1 1 

J-1 1 

43 3 

17 7 

53 3 

56 6 

53 3 

39 9 

21 1 

36 6 

44 4 

46 6 

47 7 

40 0 

29 9 

28 8 

33 3 

26 6 

22 2 

60 0 

39 9 

27 7 

37 7 

40 0 

32 2 

35 5 

37 7 

43 3 

33 3 

1980 0 

2 2 

1 1 

1 1 

2 2 

3 3 

1 1 

1 1 

1 1 

1 1 

3 3 

1 1 

1 1 

1 1 

2 2 

2 2 

2 2 

1 1 

4 4 

2 2 

1 1 

3 3 

1 1 

1 1 

1 1 

1 1 

6 6 

3 3 

1994 4 

5 5 

1 1 

5 5 

6 6 

4 4 

1 1 

1 1 

2 2 

6 6 

3 3 

5 5 

4 4 

2 2 

4 4 

3 3 

5 5 

5 5 

6 6 

4 4 

3 3 

5 5 

5 5 

2 2 

1 1 

1 1 

6 6 

6 6 

1980c c 

a a 

n n 

n n 

n n 

a a 

a a 

n n 

a a 

n n 

a a 

a a 

a a 

n n 

n n 

a a 

a a 

a a 

a a 

n n 

n n 

n n 

a a 

n n 

n n 

n n 

n n 

n n 

1980d d 

n n 

n n 

n n 

n n 

n n 

DCM M 

n n 

DCM M 

n n 

n n 

n n 

n n 

n n 

n n 

DCM M 

n n 

n n 

DCM M 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

1994e e 

R,, Qlat 

n n 

n n 

LBBB,, ST 

LBBB B 

R,, RS, Qlat, ST 

NA A 

R,, RS, Qinf 

n n 

Qlat t 

R,, RS, Qlat 

R,, Qlat 

R,, Qlat 

R,, RS, Qlat, ST 

NA A 

Qlat t 

Qlat t 

LBBB B 

NA A 

R R 

n n 

R,, RS 

LVH,, ST 

ST T 

n n 

R,, RS, Qinf 

Qinf,, LVH 

1994f f 

n n 

n n 

n n 

LVd i l ,, FSi 

LVV di l , GH 

LVd i l ,, GH 

LVd i l ,, FSi 

LVV di l , FSi 

GH H 

n n 

LVV di l , GH 

LVd i l ,, GH 

LVdi l l 

LVd i l l 

NA A 

n n 

n n 

NA A 

n n 

n n 

n n 

inf.. hypokin. 

LVd i l l 

LVd i l l 

n n 

n n 

n n 

diagnosis8 8 

aa ECG 

n n 

n n 

CHF F 

CHF F 

DCM M 

CHF F 

CHF F 

borderline e 

aa ECG 

DCM M 

DCM M 

borderline e 

borderline e 

CHF F 

aa ECG 

aa ECG 

CHF F 

n n 

aa ECG 

n n 

borderline e 

borderline e 

borderline e 

n n 

aa ECG 

aa ECG 

pro--

gres--

sion n 

no o 

no o 

no o 

yes s 

yes s 

no o 

yes s 

yes s 

yes s 

no o 

yes s 

yes s 

yes s 

yes s 

yes s 

no o 

no o 

yes s 

no o 

yes s 

no o 

yes s 

yes s 

yes s 

no o 

yes s 

yes s 

death h 

1993 3 

1989 9 

1991 1 

1984 4 

1984 4 
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Legendd to table 1 

aAgee at time of examination or age prior to death. 

Functionall ability was scored by using a scale designed by Swyniard" (grade 1: walks with 

waddlingg gait and marked lordosis. Climbs stairs without assistance; grade 2: needs support for 

stairs;; grade 3: cannot climb stairs, but can achieve erect posture from standard height chair; 

gradee 4: unable to rise from a standard height chair; grade 5: wheelchair independence. Good 

posturee in the chair. Can perform all activities of daily living from chair; grade 6: wheelchair 

dependence:: can roll chair but needs assistance in bed and wheelchair activities). 
CECGG examination in 1980. a: abnormal; n: normal 

Echo;; echocardiographic examination in 1980. n: normal investigation; DCM: dilated car-

diomyopathy. . 
eECGG examination in 1994 or in the period preceding death. R: high R wave in V I ; Qlat: Q 

wavess in lateral leads; n: normal ECG; LBBB: Left Bundle Branch Block; ST: non-specific ST 

segment;; RS: R/S ratio >1 in V I ; Qinf: Q waves in inferior leads; NA: Not available; LVH: left 

ventriclee hypertrophy 

Echocardiographicc examination in 1994 or in the period preceding death, n: normal echocar-

diography;; LVdi ! : left ventricle dilatation; FSi: diminished fractional shortening; GH: Global 

Hypokinesia;; NA: Not available; inf. hypokin.: infero lateral hypokinesia, 

^diagnosis,, a ECG: abnormal ECG; n: norma! investigation; CHF: congestive heart failure; 

DCM:: dilated cardiomyopathy; borderline: borderline abnormal echocardiographic echocar-

diographicc examination. 
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ClinicalClinical characteristics 
(tablee 1) The mean age of the 27 patients who participated in our study was 37.5 
yearss (range 17-60 years) at time of the examination (22 patients), at the last ex-
aminationn before death (4 patients) or at time of death (1 patient). Mean follow-up 
periodd was 12.5 years, median 13.7 years. (SD 3.0; range 2.7- 14.0 years). 
Fifteenn patients (56 %) were still able to walk (functional ability grades 1-4; mean 
agee 34 years, range: 17-46). Twelve patients were wheelchair-bound (functional 
abilityy grades 5 and 6; mean age 42, range: 22-60 years). Eleven of those (41%) had 
beenn able to walk in 1980. 
Physicall  examination and chest radiograph examination in 22 patients did not 
reveall  additional information. One patient had shown symptoms of congestive 
heartt failure prior to the present investigation, but he was now asymptomatic on 
medication.. In four deceased patients physical examination and chest radiograph 
examinationn in the period preceding death, revealed signs of congestive heart 
failuree (CHF). 

Electrocardiography Electrocardiography 
Inn 21 patients an ECG was performed and from three deceased patients the most 
recentt electrocardiographic data were obtained (tables 1 and 2). Seventeen patients 
(71%)) had one or more abnormalities as defined in the methods section and two 
patientss (8%) had non-specific ECG changes. In half of these individuals, the 
abnormalitiess had not been present in 1980. 
Inn three patients (11%) LBBB was found, always in concomitant presence with 
severee congestive heart failure. 
Fivee patients (21%) had incomplete RBBB. An increased QT/PQs ratio was found 
inn eight patients (33%). 
Twenty-onee individuals underwent 24-h ECG monitoring. One of them had had 
periodss of atrial fibrillation, otherwise no abnormalities were found. 

EchocardiographyEchocardiography (tables 1 and 2) 
Twenty-twoo patients underwent an echocardiographic investigation and the most 
recentt echocardiographic data were obtained from three deceased patients. Seven 
(288 %) of these patients had echocardiographic evidence of DCM and six (24 %) 
patientss showed borderline echocardiographic abnormalities including left 
ventricularr dilatation with normal systolic function (four patients), mild hypokine-
siaa in the inferolateral part of the heart (one patient) and global hypokinesia 
withoutt left ventricle dilatation (one patient). When regurgitation abnormalities 
weree present these were only mild. Hypertrophic cardiomyopathy was not found. 
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Tablee 2 Distribution of ECG abnormalities in 27 BMD patients with and without echo-

cardiographiccardiographic abnormalities 

Echocardiography y 

normall borderline abnormal not performed total 

ECGG normal 4 1 0 0 5 

non-specificc abnormality 0 2 0 0 2 

specificc abnormality 7 (3)a 3(1) 6(4) 1 17 

nott performed 1 0 1 1 3__ 

totaltotal 12(3) 6(1) 7(4) 2 27 
alnn parentheses the number of patients with an increased QT/PQs ratio are given. 

EvolutionEvolution of cardiac abnormalities 
Onlyy five (18.5 %) of the 27 patients had a completely normal investigation of the 
heart.. In all families cardiac involvement was established. Seventeen (63 %) indi-
vidualss showed progression of cardiac abnormalities during follow up (e.g. from 
normall  to abnormal ECG, abnormal ECG to congestive heart failure, congestive 
heartt failure to death, table 1). Seven (26 %) patients had an abnormal ECG, but no o 
echocardiographicc abnormalities. In nine (33%) patients DCM with or without 
congestivee heart failure was present (table 1 and 3). 
Tenn of 15 patients who were ambulatory at the second evaluation had developed 
borderlinee echocardiographic abnormalities or DCM and one patient who was 
wheelchairboundd developed DCM when he was still walking (table 3; 69 %). Four 
off  11 patients (36 %) who were wheelchairbound had DCM or borderline abnor-
malities.. This difference was not statistically significant (p =0.13). 
Sixx patients (22 %) had symptoms of congestive heart failure at the follow-up 
examination.. In one, the symptoms had already been present at the first examina-
tion. . 
Fivee patients from four families (A, B, C, D) died during the follow-up period, one 
becausee of an intestinal bleeding, four (15 %) because of congestive heart failure. 
Threee of these four were still able to walk at time of death. Mean age of these four 
patientss was 42 years (range 21-60). Mean survival after the first examination was 
6.33 years (range 2.7-10.3 years; SD 3.5). 

DNA-studies DNA-studies 
AA mutation was found in six of nine families. In five families a deletion was present 
(familyy A: exons 2-5, families D and E: exons 45-47, family F: exons 3-6, family G: 
exonss 45-55) and in one family a duplication (family B: exons 16-34). 
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Tablee 3 Association between functional ability and cardiac abnormality in 

2727 BMD patients 

Cardiacc status 

ambulatory y 

wheelchair-bounda a 

total total 

normal l 

3 3 

2 2 

5 5 

abnormal l 

ECG G 

2 2 

5 5 

7 7 

Borderlinee echo-

cardd iographic 

findings s 

4 4 

2 2 

6 6 

DCMb b 

6 6 

3 3 

9 9 

total total 

15 5 

12 2 

27 27 
aOnee patient developed DCM before he became wheelchair-bound 
bDCM:: dilated cardiomyopathy 

Discussion n 

Inn a cross-sectional study conducted by us in 1980, it was shown that nearly half of 
patientss had ECG changes and 15% had DCM.20 Our findings have been confirmed 
byy others.23,24'74'102'03 In the present study with a mean follow-up of 12.5 years, 
cardiacc abnormalities had progressed in 63% of patients. Specific ECG abnormali-
tiess progressed from 44 to 71% and DCM was now present in 33% of patients. In 
addition,, 22% of patients developed borderline echocardiographic abnormalities. 
Thesee had not been present in 1980, but the significance of these findings is at yet 
uncertain.. Fifteen percent of patients died during follow-up as a consequence of 
congestivee heart failure. Cardiac involvement was established in all nine families. 
Wee found a high proportion of ECG abnormalities which is in accordance with 
others.23'244 The most frequently observed abnormalities consisted of high R-waves 
andd pathological Q-waves. Studies in Duchenne muscular dystrophy have shown 
thatt these abnormalities most likely originate in the posterobasal and inferior wall 
off  the left ventricle.42'121123 Indeed in seven cases these ECG abnormalities were 
foundd in patients with either congestive heart failure, DCM, left ventricle dilation 
orr hypokinesia of the inferolateral part of the left ventricle wall. Twice however, left 
ventriclee dilation was found together with unspecific ECG findings, i.e., abnormal 
ST-segments.. In seven patients high R-waves or deep Q-waves were present with-
outt involvement of the left ventricle on echocardiography, suggesting that in BMD 
thiss is the first sign of left ventricle involvement, as is also the case in DMD. 
Notwithstandingg the fact that in four patients in whom these abnormalities were 
alreadyy present in 1980, no left ventricular dilation has developed over a period of 
155 years. 
Wee found incomplete RBBB in five patients. It can be found in healthy persons as 
well,, but its prevalence is higher as compared to the normal population (18.5% vs 
2.4%).. The origin of conduction disturbances might well be explained by multifo-
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call  areas of degenerative changes in the conduction system and defective dystro-
phinn localisation at the membrane surface of the Purkinje fibre.125 A severe conduc-
tionn disorder such as LBBB, was found only in the advanced cases. These patients 
alll  died of congestive heart failure. In the patients who underwent 24-hour ECG 
monitoring,, no rhythm disturbances were seen. We suppose that LBBB, and there-
foree the risk to develop lethal rhythmical disorders, only occurs in the end-stage 
casess of cardiac involvement, where the dystrophic process has destroyed the whole 
heart. . 
Nigroo et al have used the QT/PQs ratio on ECG to detect early cardiac involve-
ment.. ' We were not able to confirm this observation since this feature was 
onlyy present in three of 12 patients with normal findings at echocardiography. 
Nigroo et al also found an increase in clinically evident cardiomyopathy with 
increasingg age during a mean follow up period of eight years. Furthermore, they 
reportedd a high percentage of DCM (49%) in advanced cases of BMD designated as 
"walkingg patients not able to perform Gowers maneuver" as compared to the 
wheelchair-boundd patients. We also found that patients who could still walk 
(functionall  ability 1-4), more often had borderline echocardiographic abnormali-
tiess or DCM than the wheelchair-bound patients. However, this did not reach 
statisticall  significance (p=0.13). It would suggest an unexplained association 
betweenn mobility and occurrence of DCM. More follow-up is needed to further 
evaluatee this observation. 
Althoughh the group of families is relatively small, we did not find an association 
betweenn mutation type and DCM, confirming previous observations that muscle 
weaknesss in concomitant presence with cardiac abnormalities might be due to 
mutationss in every part of the dystrophin ge ne

 24'102103106'n3'n4 Therefore we conclude 
thatt cardiac involvement, and especially DCM, is the rule and not the exception in 
BMD. . 
Theree is a remarkable interfamilial and intrafamilial variability regarding time at 
onset,, severity and progression of cardiac abnormalities, as is also the case with 
muscularr involvement.102'126,127 Variability of cardiac and muscle involvement 
betweenn families carrying the same mutations might in part be explained by differ-
entt locations of deletion breakpoints relative to the intron-exon boundaries.102 

Intrafamiliall  variability of cardiac abnormalities, even in brother pairs with the 
samee functional ability, may be very prominent. For example, in family A, in one 
53-year-oldd wheelchair-bound patient (A-3) the heart appeared to be unaffected, 
whereass his 56-year-old brother who is also wheelchair-bound developed conges-
tivee heart failure (A-4). In family B, the cardiac status of one individual (B-2) 
evolvedd from normal to a severe congestive heart failure. He died awaiting cardiac 
transplantationn at age 21 years. In contrast, one of his two elder brothers (B-l), 
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whoo had already been diagnosed as having DCM at the first examination, is still 
asymptomatic.. The other brother (B-3) has been stable for several years on medica-
tion.. All three had only mild musculoskeletal involvement. It remains enigmatic 
whyy DCM, once it has been established, can be stable and remains asymptomatic 
forfor many years or evolves rapidly to cardiac failure, sometimes leading to sudden 
death. . 
Inn BMD patients therapeutic interventions as regards cardiomyopathy are scarce. 
Overr the past few years cardiac transplantation has been carried out in a number of 
patientss with an end-stage congestive heart failure and relatively mild muscle 
weakness.104'108,111'112'1288 Supportive measures and vasodilator therapy should be 
standardd treatment in all BMD patients with congestive heart failure. Up to now, 
treatmentt of asymptomatic DCM has not received much attention. Among patients 
withh asymptomatic left ventricular dysfunction from other cause, the angiotensin-
converting-enzymee inhibitor enalapril has proven to reduce the incidence of heart 
failuree and the rate of related hospitalizations. Only 9.5% of the patients in this 
studyy had an idiopathic DCM, but the favourable effect of therapy appeared to be 
independentt of the cause of heart failure. There also was a non-significant reduc-
tionn of cardiovascular mortality.129 Since DCM in BMD is often progressive, early 
onsett of therapy with enalapril could be considered in asymptomatic patients with 
DCM. . 
Wee conclude that cardiac involvement in Becker muscular dystrophy is progressive 
inn the majority of patients. Left ventricular involvement may begin at any moment 
inn the course of the disease and the rate of progression is unpredictable. A substan-
tiall  part of patients will develop dilated, incapacitating and life-threatening DCM. 
Inn ambulatory patients timely heart transplantation should then be considered. 
Therefore,, we advocate that BMD patients have an ECG at regular intervals. 
Cardiacc involvement in BMD first becomes manifest as ECG abnormalities which 
aree usually characteristic but sometimes only subtle changes can be found. If the 
ECGG is normal, DCM is not very likely, but as soon as the ECG turns abnormal 
carefull  cardiological follow-up is needed, e.g. yearly echocardiographic evaluation. 
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