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Abstract - We collected dataon 473 Dutch Duchenne muscular dystrophy patients born and diagnosed
during 1961-1982. Life-time eventswere andysed for birth years 1961- 1974 to avoid possible effects
of downward bias of age a diagnoss resulting from inclusion of birth years 1975-1982. Mean and
medianin certain DMD patientswere calculated for, age a onset: 2.4 and 2.0 years (range 0.5- 7 years),
age a first walking: 1.8 and 1.7 years(range0.8-4.5 years), age at diagnosis: 5.3 and 5.0 years (range
0-10years), diagnosticdelay: 3.1 and 2.7 years (range 0-9.5 years), chairbound age: 9.5 and 9.0 years
(range 6-12 years) and age at desth: 16.7 and 16.8 years (range 3.1-21.3 years). There was a
sgnificant (P<0.001) downward trend in age at diagnosis and diagnostic delay during 1961- 1974. Age
a diagnosisissignificantly (P<0.01) lower in boyswith aretarded devel opment (4.6 years) compared to
boys presenting with locomotor problems (5.8 years). Initia locomotor problemswerefoundin 47.6%
of cases. Coincidental presymptomatic diagnosis was found in 3 cases (1.1%) by devated cregtine
kinase or transaminase activities. Presymptomeatic diagnosisbecause of family history wasmadein 1.5%
of cases. Respiratory insufficiency (25.6%), pulmonary infections (18.6%) and cardiac complications
(30.2%) were the main causes of death. Median surviva was 19.4 years (95%Cl 19.0-19.8 years,
follow-up 1961-1985) for patientswho had reached an age of 10 yearsor more and 23.6% of patients
survived a least 23.3 years. Age of loss & ambulation was corrdated positively with surviva. On
average deceased patients died 7.9 years after becoming chairridden (range 2.6-12.4 years). In 23
unrelated sib pairsmedian age a diagnosisin the second affected boy was significantly (P=0.006) lower
(5.0 years) than in the first affected boy (6.0 years). No sgnificant difference was found in the
digributions of life-time events between 376 patients classfied ascertain DMD and 97 paientsdassfied
as probable or possible DMD, exept for shorter surviva in possible DMD patients.
Previousreportson life-timeeventsin DMD did not correct their resultsfor incompl ete ascertainment of
casesin recent birth yearsand for limited follow- up of the patients. Thismay havelowered the estimates
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of agereated events. Our observation of afal in age at diagnosis and diagnostic delay in a cohort with
high ascertainment is noteworthy. Suggedionsthat astanding regimen, scoliosissurgery and treatment of
pulmonary and cardiac complications prolong the life-span of DMD patients need further evauation.
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I ntroduction

Duchenne muscular dystrophy (DMD) is a progressive crippling X-linked recessive disease, with an
estimated prevaence a birth of 1:3500 maelivebirths DMD may present with delay in reaching motor
milestones.  Subsequently, increasing proxima muscle weekness causes progressive locomotor
difficulties. About 50% of boyswith DMD start walking after 18 months.?

DMD can be detected shortly after birth by determination of serum cregtine kinase (CK) activity. But
diagnosis is mostly made between 3 and 8 years. Waking becomes impossible before the age of 13
years3 Degth usualy occursbefore 25 years. Respiratory infectionsand insufficiency and cardiac fallure
are the main causes of death.*®

Serum CK activities are 50- 100 times higher in patients than the upper norma limit in unaffected young
children. The muscle biopsy shows characteristic dystrophic changes. DNA-andyss reveds gross
rearrangementsin the dystrophin genein 65% of DM D patients.é7 Dystrophin immunocytochemigtry and
immunoblotting show absent dystrophin staining and dystrophin levels below 3% of normal vaues.®

Severd reports give estimates of ages & life-time eventsin DMD.° However, the patientsanalysed in
these studies, were not randomly drawn from the popul ation, but selectively included patientsreferredto
specidized dinics. Furthermore, follow- up information was often not complete on al petients. Therefore,
biases may have been introduced. Before age related events can be andlysed dl patientsfrom acertain
birth year cohort need to be diaghosed. Patients from recent birth years represent abiased sample as
they were diagnosed early. Inclusion of patients from more recent birth years dso lowers estimates of
age at death, because there is a selection for early degths. In order to evaluate the possible effects of
such biases, we compared estimates of age a onset, diagnosis, first walking, loss of ambulation, degth
and survivd indl Dutch DMD petients born during 1961-1974 with those born during 1961- 1982. We
aso compared our results with estimates from other studies.

Material and methods

Cohort definition and methodsfor case finding, diagnostic scoring and estimating ascertainment rate have
been published previoudy and are briefly summarized here?

Cohort definition and follow-up

Our survey aimed at theincluson of al DMD patients born and diagnosed in the period 1961-1982 and
al registered living DMD petients on January 1, 1983in The Netherlands. Adminigtrative follow-up data
were available through the town clerk’s offices of the municipdities where the patients were living until

February 1985.

50



Casefinding

DMD patientswereidentified through: (1) Aninquiry among 698 neurologigts, (2) 567 pedidricians, and
(3) 168 rehabilitation physicians, together comprising morethan 95% of al specidigsin thesefidds; (4)
the Dutch Muscular Dystrophy Association; (5) the Nationd Medical Regidtration, which registers
hospital admissions, (6) the Central Bureau of Statistics, which registers causes of desth and (7) DMD
patients from the department of Medica Genetics in Groningen. This survey identified 496 DMD
patients.

Diagnostic scoring

Evauation of diagnoseswas based on chart review or information from the attending physician. A score
was given for the a Clinical picture. A typicd clinicd picture with (psycho)motor retardation,

progressive muscle weakness starting in the hip and shoulder girdle, pseudohypertrophy of caves and
inability to walk independently before the age of 15 years gave a maximum score of 4 points. If the
patient was not whedchair bound, or if this information was lacking, 3 points were given if the other
clinica information was convincing. Two points were given if the patient had progressive proximd

muscular weakness and little other specific information wasgiven. One point wasgiven for patientswith
progressive proxima muscular weskness and no other clinica information. Patients who still walked
independently after 15 years of agewere assigned as Becker muscular dystrophy. ™ b. Creatine kinase
Serum CK activitiesgave amaximum scoreof 4 pointswith levelshigher than 10 timesthenormal vaue;
3 points were given for levels between 7 and 10 times the normal value; 2 points for values between 4
and 7 the normal vaue or for the statement of the physician that the CK activitieswere very high; 1 point
for vaues between 2 and 4 times the normal vaue. If the norma vaue of the CK could not be traced,
we used an upper vaue of normal of 60 U/1, being 10 units abovethe median vaue of al available upper
limits of norma vaues. The score for CK activities was weighed againgt the age @ which the

determination was done. c.Electromyogram. A myopathic EM G gaveamaximum score of 1 point. d.
Muscle biopsy. The scorefor the muscle biopsy was4 when it was stated to be completely compatible
with DMD. A score of 3 pointswas given when the biopsy showed severe dystrophic changeswith little
regeneration which was congdered dightly atypical by the neurologist. Two pointswere given when the
biopsy finding fitted DM D but dso some atypical featureswerefound. If the muscle biopsy showed only
dight myopathic changes 1 point was given. e. Electrocardiogram. An ECG typica for DMD scored 1
point when present. This score was very rarely used. f. I nheritance. X-linked familial occurrence was
scored between 0 and 4 points. Definite X-linked inheritance gave a maximum score. Affected sbs
without other affected rlativesin maternd line gave a2 point score. Raised CK activitiesin the mother
and sger(s) gave 3 points. Sightly raised CK activities in the mother or ssters gave 1 point. Missing
data, or inconclusive test results were scored zero.

With atota score from 0 - 3 points a patient was scored as possible DMD, from 4- 7 points a patient
was scored as probable DMD and from 8 points on a patient was considered as a definite case of

DMD. When the patient had scored 8 points but amuscle biopsy or CK activitieswere not availableto
us, apositive scorefor X- linked inheritance was needed to consider the diagnosis as definite, otherwise
the patient was consdered having probable DMD. Patients in whom the available information raised
serious doubts about the diagnos's were assigned as not having DMD.

Our survey was done in 1983-1984 and concerned patients born during 1961- 1982, therefore DNA
and dystrophin analysis were not used for confirmation of diagnosis at that time. Subsequently DNA-

andysis was done in 57 of these patients in our Department after 1983. The diagnostic score for the
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patients in whom a dystrophin gene mutation was found was uprated when possible. The DMD birth
prevaence rate in an Italian sample remained unchanged after DNA and dystrophin andysis.*?

Five girls with DMD-like muscular dystrophy were reported during the study period. Autosoma

recessive inheritance was consdered likely in these patients. This means we might aso have included
about 5 boys with autosoma recessve DMD-like muscular dystrophy, which causes a dight over
ascertainment of about 1%0.%° Application d grict dlinicd criteriamake inclusion of Becker muscular
dystrophy unlikdly.*

Origindly, maximum age a becoming chairridden was set at 15 years'! and 496 DMD petients were
identified. For this sudy, the upper limit for age at loss of ambulation was set at 12 years according to
current diagnostic criteria.® Subsequently, 473 patientswere classified as possible (32), probable (65) or
certain (376) DMD.

Selection of cohort for analysis of main events

Asshown earlier estimated ascertainment, using several methods, was more than 95% for Dutch DMD
patientsbornin the period 1961-1974.1° Wetherefore decided to restrict theandysis of life-timeevents
to patients born in this period.

Figure 1. shows the mean age at diagnosis according to year of birth. Thereisastegp declineinageat
diagnosis after 1974. However, also for birth years 1961- 1974 the decline is Sgnificant. Asthe latest
age at diagnosswas 12 yearsin this data-set, we considered to restrict the andysisto birth years 1961-
1971. However, thedownward trend in age a diagnoss remained significant for these birth yearsand a
diagnosisat 12 yearsisvery rare. We therefore decided to stick to the origind choice for birth cohort
1961-1974. We compared our figuresfrom birth years 1961- 1974 with datafrom the biased birth year
cohort 1961- 1982 and with data from the literature.

It is possible that some boys die before the diagnosis of DMD is established14%® To minimize effects of
this sdlection, the surviva analysis was carried out with patients born during 1961- 1974, who attained
minimum age of 10 years.

Satistical analysis
All resultsrefer to patients classified as certain DM D who were born and diagnosed during 1961- 1974,
unlessthisisspecified otherwise. The number of patientsfor theanalysed parametersrefersonly tothose
patients for whom this information was available. Patients for whom information on the andysed age
related event was missing were not counted.

To summarize data on age & onsgt, diagnosis, first walking, loss of ambulation, deeth and surviva we
cd culated means, standard deviations, medians and percentiles. Linear regression analysiswasdoneto
test whether the downward trend in age at diagnosis during the birth years 1961 - 1982 was Sgnificant.
The Wilcoxon rank sum test was used to test whether variables in the first and second born sbina
family have the same digtribution. The Mann-Whitney U test was used for comparing mean age a
diagnosis in boys with retarded development and boys with locomotor problems and age & life-time
events in patients with certain DMD versus those with probable or possble DMD. For evauation of
survivd, the sandard surviva andysis methods were used with the attained age as the survivad time.
These methods induded Kaplan-Meier curves and Cox-modd regression for investigation of possble
rel ations between patient characteristicsand patient survival. In order to investigate the relation of age at
loss of ambulation on surviva, this age was entered in the Cox regression anaysis as atime dependent
covariate. The atidtica testswere carried out at a5% level of significance.
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Results

Table 1. summarizes data.on main eventsin DMD in our seriesand in other studies. In our deta-set we
compared data from patients with certain DMD and dl patients with DMD (certain, probable and
possibleDMD), born during 1961- 1974, which represent the 'unbiased’ samples, with the biased group
born during 1961-1982. No sgnificant difference was found in the digtribution of life-time events
between 376 patients classified as certain DMD and 97 patients classified as probable or possible
DMD, exept for shorter survivd in possble DMD patients. All mean vauesfor the different variablesin
our sudy were dightly lower in the biased group. Mean age at first walking was 0.5 yeer later thanin 2
other studies. Diagnostic delay (time between age at onset and age at diagnosis) in our sudy liesinthe
upper range of what other studies have reported. However, thereisasignificant downward trend in age
at diagnosis during 1961- 1974 with aconcomitant fal in diagnostic deay. All other variablesfell within
therange of mean and median vauesreported in other studies. Age a diagnosisissignificantly lower (P<
0.01) in 113 boys with a retarded development (4.6 years) compared to 120 boys presenting with
locomotor problems (5.8 years).

Four boysdied at or before 10 years. The causes of death in these 4 boyswere: cardiac arrest during
anaesthesia (2), unspecified cardiac complicaion (1), pneumonia (1), and respiratory insufficiency (1).
On average death ensued 8 years after becoming chairridden (range 2.6-12.4 years).

Patients (n=366) born during 1961- 1974 and who lived 10 years or longer had amedian survivd of
19.0years(95%CI 18.4-19.7 years); thefirst quartilewas 16.6 years, thethird quartilewas 21.3 years.
Median surviva was unaffected by inclusion of 4 patientswho were younger than 10 yearsat theend of
follow-up. Patients classified as certain DMD (n=287) had a median survival of 19.4 years (95%Cl
19.0-19.8 years), for "probable DMD" patients this was 18.8 years (95%Cl 17.5-19.5) and for
"possble DMD" patients 16.6 years (95%Cl 15.9-17.1 years), the latter median being significantly
(P<0.01) lower than that for "catain DMD" patients. Further analysis was restricted to the group of
"certain DMD" patients. 23.6% of patients survived until 23.3 years (Figure 2). The age a becoming
chairbound was sgnificantly postively corrdated with surviva (P<0.01). Reative risk of desath
associated with becoming one year earlier chairbound was estimated as 1.22 (95%Cl 1.09-1.36).
Petients who lost the ability to walk before 10 years had a

Tablel. Estimates of mean age at life-time eventsin our study and in other studies with at least 30 informative DMD
patients.

Reference number of mean « median range
cases (years) (vears) (vears) (vears)

Ageat onset

all DMD

this study 1961-1974 - 208 25 1.4 20 057.0

this study 1961-1982 ** 378 24 14 20 0.27.0

certain DMD

this study 1961-1974>* 175 24 1.4 20 057.0

this study 1961-1982 > * 225 23 1.4 20 0.57.0

5 kil 14 0.92.0
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Reference number of mean « median range
cases (years) (years) (years) (years)

2 %6 23 0.7-5.5

77 483 23 15

78 144 26

i) 0 29 15

0] 8 29 13

8l Q 31 2.2

27 64 31 1.8

& 100 32 17

& 58 33 1.8

9 144 33 17

58 675 36 17 1-10

& 105 37 1.9

& 46 38 2.2

Ageat first walking

all DMD

this study 1961-1974 244 19 0.6 17 0845

this study 1961-1982 ° 06 18 0.6 17 0.845

certain DMD

this study 1961-1974 215 18 0.6 17 0.845

thisstudy 1961-1982 ° 276 18 0.6 17 0.84.5

) 3 14 09-2

2 57 14

Ageat diagnosis

all DMD

this study 1961-1974 ° 305 53 2.2 50 012

this study 1961-1982 ° 378 49 2.4 50 012

certain DMD

this study 1961-1974 270 53 22 50 1-10

this study 1961-1982 ° K27 48 2.3 50 010

Ageat diagnosis

2 % 43 1893

20 51 45 0.385

A <! 46 24

5 3l 47 2080

24 * 49

P ] 52 159

2 130 58

Diagnostic delay

all DMD

this study 1961-1974 >° 19 32 2.2 30 095

this study 1961-1982 >° 266 28 2.2 25 095

Certain DMD
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Reference number of mean « median range
cases (years) (years) (years) (years)
this study 1961-1974 >° 191 31 2.2 30 095
this study 1961-1982 >° 216 27 22 25 095
53 152 19
i7) B 20 0-6
2 44 22 0357
18 69 25
5 kil 30 1555
Ageat loss of ambulation
all DMD
this study 1961-1974° 272 95 15 90 612
thisstudy 1961-1982° 286 94 15 20 612
certain DMD
this study 1961-1974° 32 95 1.4 20 612
this study 1961-1982° 245 94 1.4 90 612
27 5% a1 2.0
79 47 9.3 1.9
81 & 94 26
9 120 94 17 85
78 & 95
83 % 96 1.8
80 &8 9.8 15
58 % 98 2.1 516
86 49 9.9 16
77 24 101 1.9
54 3l 103 2.3
84 128 108 1.9
Reference number of mean « median range
cases (years) (vears) (vears) (vears)
Ageat death
all DMD
this study 1961-1974° 139 16.4 31 167 31-231
certain DMD
this study 1961-1974 ° al 16.7 2.9 168 31-213
81 0 14.7 38 823
9 129 163 31 825
86 59 16.6 2.3 1221
80 47 17.8 32 11-29
84 65 180 2.9
77 58 181 33
58 &8 195 36 11-27
4 19701974 63 17.8 3.7 10-29
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1970-1984 176 18.3 3.6 10-29

1980-1984 48 200 3.9 14-28
66 1966-1970 3 15.8 25

1971-1974 R 18.7 38

19751979 126 194 35

1980-1983 134 199 38
Survival
all DMD
this study 1961-1974 (310 years) 366 19.1 190 1024
this study 1961-1974 (no age limit)* 3n 189 190 1A
certain DMD

. 7

thisstudy 1961-1974 (10 years) 87 192 194 10-233
thisstudy 1961-1974 (no age limit) 289 191 194 31-233
54 3 25 025
58 675 25 7.0-27.0

Excluding 34 boyswith an age at onset before 1 year for whom no precise age at onset was given. When these boys are included with an age at onset of 6
months 237 cases give: mean 2.2 years (sd 1.5), median 2.0

Patients born during 1961-1974

Patients born during 1961-1982

Excluding 30 boyswith an age at onset before 1 year for whom no precise age at onset was given. When these boys areincluded with an age & onset of 6
months 205 cases give: mean 2.1 years (sd 1.4), median 2.0

Excluding negative vaues caused by presymptomatic diagnosis

Patients born during 1961-1974 with follow-up until 01-02-1985. Vaues remain unchanged in the 1961-1982 hirth yearsi nterva asno additiona desths
occurred in patients born after 1974.

Patients born during 1961-1974 with follow-up until 01-02-1985 and an attained age of 10 yearsor more.

Patients born during 1961-1974 with follow-up until 01-02-1985andnominimum agefor inclusion.

median survival of 17.3 years(95%Cl 16.7-18.0 years) and those who became chairridden at or after
10 years had a median surviva of 20.1 years (95%Cl 19.4-20.9 years). Cox regression anadysis,
adjugting for age at loss of ambulation showed no effect of the varigblesage at first walking, familia or
nortfamilid DMD on surviva (P>0.1). Age a diagnosis has a significant effect on surviva (P<0.01).
When adjusted for age a becoming chairbound this effect disappears. It was not possible to anayse
whether life-expectancy has improved during 1961-1983 because the follow- up of patientsborn after
1974 was too short.

Table 2. showsthe presenting symptomsin 265 informative patients born and diagnosed during 1961-
1974. Menta retardation was noted in the medicd file of 64 patients (16.4%). Complications during
anaesthesa were found in 3 patients (mdignant hyperthermia 2, cardiac arrest 1).

Table2. Presenting symptomsin 265 DMD patients born and diagnosed during 1961-1974

symptom number of cases | percentage

Abnormal gait 94 355
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symptom number of cases | percentage
Delayed motor milestones 84 317
Psychomotor retardation 15 57
Frequent falls 23 87
Latewalking 18 6.8
Stairclimbing difficulties 9 34
Determination of serum creatine kinase activity because of 4 15
DMD in family

Muscle weakness 7 26
Hypotonia 6 23
Raised liver enzymes found accidentally during hospital 2 038
admission*

High serum creatine kinase activity found accidentally 1 04
during hospital admission 2

Other * 2 08
Total 265 100.0

1 hospitalized for: speech delay (no further information), lymfadenitiscolli.
2 hospitalizedfor: intoxication and dyspepsia(liver enzymesalsoraised).
3 enlarged calves, painin calves

Table 3. shows age at onst, age at diagnosis and diagnostic delay in 23 unrelated pairs of affected
brothers. Each column represents the first and second affected sib in one family. Data of the third
affected sbin 2 families and the third and fourth affected sib in 1 family were not included. Median age
a diagnogis in the second affected boy was significantly (P=0.006) lower (5.0 years) than in the first
affected boy (6.0 years).

Table 4. shows the available causes of death in 43 patients as noted on their death certificates.

DNA-andysisin 57 patientsyielded dystrophin genedd etionsfor 32 (56.1%) and duplicationsfor 2
(3.5%).

Table3. Birth year, age at onset, age at diagnosis and diagnostic delay in years for 23 pairs of sibswith DMD.

first born sib second born sib
birth age at age at diagnostic birth age at age at diagnostic
year onset diagnosis | delay (years) year onset diagnosis | delay (years)
1962 08 5 42 1964 7
1962 2 1966
1962 05 1969
1963 8 1964 30
1963 1965 13 1 0.3

57



first bornsb

seoond born sb

1963
1963
1964
1965
1965
1965
1965
1966
1966
1966
1966
1967
1967
1969
1969
1969
1970
1972

05
20

50
20

12

20

30
05

20
20

25

w o o U1 O N

0 © o N ©

12

w o1 o O

85
50

0.0
40

18

30
89

30
40

05

1965
1969
1966
1966
1967
1968
1969
1968
1969
1968
1970
1969
1970
1971
1973
1974
1974
1974

12 1
7
15 5
15 2
5
5
0.5 2
7.0 7
5
6.5 10
1
1
20 5
13 1

0.2

35

05

15
0.0

35

3.0
0.3

! These 2 first born sibswere diagnosed before 12 months but the exact time was unknown. Onset was set at 6 monthsin these cases.
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Table4. Causesof deathin 43 DMD patients as noted on their death certificates.

causeof death number of cases per centage

Respiratory insufficiency 11 256
Pneumonia 8 186
Cardiomyopathy 8 186
Cardiac insufficiency 5 116
Combination of problems 4 9.3
Other * 7 163
Total 43 100.0

! fever of unknown cause, contusio cerebri, hepatitis A infection of urinary tract, fracture of femur
with fat embolism, vird infection, vetricular tachycardia

Discussion

Duchenne muscular dystrophy (DMD) isasevere progressive crippling X -linked recessive disease. We
edtimated the prevaence at birth a 23.7/100,000 (1:4,215) mae live births yearly and the point
prevalenceis 5.4/100,000 (1:18,496) maesin The Netherlands®

For various reasons, the diagnosis should be established as early as possible. Among them are:
reducing stress for the parents due to long diagnostic delays!”18 and genetic counsdling of thefamily as
soon as possible. 1920 [f an effective therapy emergesin the future, early diagnosisis dso important to
achieve the best possible results?!

Estimation of mean and median age a life-time events in DMD patients is important to evauate
whether diagnosisis made at an earlier age and diagnostic delays have become shorter nowadays and
whether prognosis has improved in recent years. There are, however, some problems in trying to
estimate such effects. We want to address some of these problemsand review theliterature on life-time
eventsin DMD.

Bias
Inclusion of patients from recent birth years may give the false impresson tha age a diagnosis has
decreased. Limited follow-up of patients reducesthe estimated mean age at death, asthe proportion of
early deathsis higher. On the other hand, inclusion of late onset cases and cases becoming chairridden
after 12 years will increase the estimates of age a main events, meaning that strict diagnostic criteria
should be applied. To avidinclusion of patientswith possible other diagnosiswe redtricted analysesto
patients with certain DMD, athough we found no sgnificant difference in the didribution of life-time
events between 376 patients classified ascertain DM D and 97 patients classified asprobable or possible
DMD, which suggests that most of these 97 patients aso had DMD.

We compared andlyses of life-time events in the birth years 1961-1974, with the whole group
concerning birth years 1961- 1982. The redtriction of the andysesto birth years 1961- 1974 minimizes
the bias, which ismost clearly illustrated for mean age a diagnosis, which isreduced from 5.3 yearsfor
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the unbiased group to 4.8 yearsfor the biased group. However, it did not affect median age a diagnoss,
which remained 5.0 years. Thereisasignificant downward trend in age at diagnosisand diagnostic delay
during 1961-1974. Thus there seems to be ared trend to diagnose DMD at an earlier age with a
concomitant shorter diagnostic delay.

As there were ro deasths among patients born after 1974 and followed until 1985, age at death was
unaffected by inclusion of recent birth years. Mean age at first walking was 0.5 year later in our Sudy
compared to two other studies. The mean age of the other age related eventswere lowered about 0.1
year inthe biased group. The dight reduction of the mean vauesfor life-time eventsfor the biased period
can be explained by the fact that the 1961- 1974 interva islonger and contains more casesthan the bias
proneintenal 1974-1983. Thereis, however, adifference of 2.6 years between median age at death of
those deceased (16.8 years) and median survivd (19.4 years).

Severd paperswhich give estimatesfor life-time events concern only smal groups of selected patients
that were followed for a short period of time. This complicates comparisons between these studies
especialy when it concerns mean age at diagnosis and mean age at deeth.

Onset and symptoms

Common dgns that give the firg hint that something is wrong with aboy with DMD are late waking,
waddling gait, never being able to run properly, waking unsteadily with a tendency to fal eesly, toe
waking, difficulty in dimbing stairs, muscle weskness, enlarged caves and inability to rise from thefloor
without using the arms.® These signs are usually noted by the parents between 3 to 5 years of age and
are reason to consult adoctor. Initid locomotor problems were found in 47.6% in our series, whichis
comparableto other but smaller studies.?>2 Although developmenta ddlay isoften noted, it isnot dways
recognized as a presenting sign in DMD by the attending physician.

The precise age at onset isdifficult to assess. In our series 10% of patients presented before 1 yeer,
90% presented before 4.2 years and 99% presented before 7 years. Elevated CK or transaminase
activities were coincidentaly found in 1.1% of our patients, wheress this percentage was 10.5% in
another study.?? Presymptomatic diagnosisbecause of family history wasmadein 1.5%in our sgiesand
may be as high as 33% in asmal series which may have preferentialy included familia cases

Normally on average, children start walking at 13 months and 97% walk at 1.5 years? A ddlay in
darting to walk may be the earlie sgn in DMD. We found amean and median age at first walking of
1.8 and 1.7 years (range 0.8- 4.5 years). Previous studies have shown that more than 50% of boyswith
DMD dat waking after 1.5 years29%2 However, late walking (>18 months) was reported as the
presenting symptom in only 6.8% of our patients, but might partly beincluded in the group with ddayed
motor milestones (31.7%). The oldest age at first walking in our serieswas 4.5 years versus 6 yearsin
the series of Gardner-Medwin.2 Oneboy in our series had never been ableto walk. Hisbrother and two
deceased brothers of hismother dso had DM D. Dubowitz?62” reported apatient who never walked and
died at 12 years. He was considered to have a congenital myopathy. However, as described below,
DMD may rarely present as a congenital myopathy.282° In the same series, Dubowitz aso mentioned
two haf brothers of whom onelost ambulation at 3.5 years, but his brother walked until 14 years. 262
Topdoglu et al* reported a patient who began walking at 6 years, but aready became chairridden 9
months later, without a precipitating event. Muscle power deteriorates rapidly in DMD, even after a
short period of immohilisation and quickens inability to walk, even a a very young age.?62731:32

Pseudohypertrophy of the caf musces might be found in 97% of patients, when looked for.° It was
noted in 77.8% of the boysin our sudy, meaning that this sign was probably underreported. However,
determination of its presence or absenceis very subjective.
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Psychomotor retardation was the presenting sign in the file of 5.7% of the patients in our series.
Speech development is often delayed in DMD. 22433 Despite low verbd intelligence quotient (IQ)
performance |Q isusudly normd.®** The mean IQ in DMD patientsis 82 and 19% have an |Q under
70.° Cognitive impairment is not progressive. %53 Mentd retardation was mentionedin thefile of 16.4%
of our patients, but not vdidated by forma psychometric testing. The cause of intdlectud impairmentin
DMD is ill unknown. Thereisno gpparent relation between intellectua impairment and Ste or Sze of
the mutation, "8 or findings on craniad magnetic resonance imaging.®

DMD may present with generd muscular hypotonia. In an amyotonia congenitafollow- up study 3 of
109 (2.8%0) patientshad DM D.*° Dubowitz® found hypotoniain 2 of 65 patients (3.1%) and hypotonia
wastheinitial symptom in 6 patients (2.3%) in our study. Diminished fetal movements were noticed by
the mother in 7%-12% of cases?**! In the study of Read and Galaska*? most mothers described their
baby as being floppy. Thus, this Ssgn may be a helpful symptom to dert the physician. Rarely, DMD
presents as congenital muscular dystrophy28.2%43 gnd some pati ents diagnosed as Fukuyama congenital
muscular had dystrophin gene mutations*+4°

A lesswell gppreciated early presentation, not reported in our series, isfallureto thrive. 4648 Weight
and length may be normd at birth. Sowing of growth isnoted before 1.5 years. Norma growth resumes
after 3 years. Bone maturation and head circumference are unaffected.

DMD may be associated with anaesthesia-induced complications. These include hyperkalemia,
systemic acidosis, rhabdomyolysis, rend failure, maignant hyperthermiaand cardiac arrest leading to
death?®®® and may bethefirst hint to the diagnosis.®* Anaesthesiarel ated complicationswerefoundin 3
patients in our series and preceded other symptoms of DMD in one boy. One boy born in 1981
deve oped mdignant hyperthermiaduring anaesthesiaa 8 monthsfor correction of bilatera cleft lip and
palate. The second boy was suspected of having DMD. He died at the age of 3 years during amuscle
biopsy under general anaesthesiabecause of maignant hyperthermia. In the third boy, an uncorrectable
cardiac arrest occurred during anaesthesia for correction of equinus deformity of hisfeet.

Diagnosis

Diagnogtic delay in DMD is distressing for parents.''8 Moreover, further affected boys may be born
when the parents are unaware of the disease in their son.>2° Crisp et al®2 noted that parents often had
difficulties convincing the phys ciansthat something waswrong with their sons. Mean age & diagnosisin
their sudy did not differ whether or not the parents had sought early medica atention. Results from a
smdl study suggested that diagnoss was made earlier in boys with a retarded development than in
patients with locomotor problems.? We confirmed this finding in our data- set and found asignificantly
lower mean age at diagnosisin boys with retarded development.

A positivefamily history doesnot dways reduce age at diagnosis®2* Smith et al?* found amean age
at diagnosis of 5.2 years for first cases and 4.3 years for familia cases. We found a mean age a
diagnosis of 6.5 years and 4.2 years in our saies of 23 unrelated pairs of first and second born sibs,
which is asgnificant difference (P=0.006).

Reported mean diagnostic delay usudly varies between 2 and 3 years (range 0-6 years).224253 Ina
survey of 83 families with 93 affected boys, the diagnosis was missed in al 37 cases referred to an
orthopaedic surgeon.® A positive family history was found in 60 boys from that study, *? but only 27
mothers of 30 boyswere aware of thisat the time of conception. Marshal and Galasko>® observed no
improvement in diagnostic delay over the last 20 years for 152 children under the care of the Roya
Manchester Children'sHospital. However, asin our study, it wasfound that diagnosiswas established at
ayounger age during 1953-1983 in asmall study of 33 patients followed at the Mayo dlinic.>
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Death

Respiratory insufficiency and chest infections are the most frequent causes of death in DMD.*® In our
series44.2% of patients died from respiratory insufficiency or chest infectionsand 30.2% from cardiac
complications. Boys with stronger muscles are more likely to die from cardiomyopathy, while most
weaker boys die from respiratory failure> Severe cardiac disease and lower mean age at death were
morefrequent in patientswith dystrophin gene deetionsincluding exons 48- 49 than in other deletions>®

For deceased patients born during 1961- 1974 we observed a median age at death of 16.8 years.
Surviva andyss may be more appropriate for estimating the mean and median life-gpan of DMD
patients than age at deeth of those deceased, as it permits inclusion of follow-up informetion on al
patients, dead or dive. Even patients who have been followed for a short period can contribute
information. Thus, there is no bias toward early desths.> Median survivd for patients that were born
during 1961- 1974 and attained aminimum age of 10 yearswas 19.4 years. Wefound that age at |oss of
ambulation and surviva were positively corrdaed. In our seriesand in other sudiesit wasfound that on
average death ensues about 8 years after becoming chairridden. % However, these figures are
underestimates as they only refer to deceased patients.

The mean age a loss of mohility in DMD patients with absent dystrophin labdling is sgnificantly
lower than in patients who have some labelling.>®° This positive rdationship was aso found for
dystrophin abundance and age a becoming chairbound. However, even in patients with no muscle
dystrophin, age at loss of ambulaion varies from 6-12 years.®!

Very early death is not a known feature of DMD, however, two studies reported a 3 to 5 times
increased rate of mae dillbirths and neonata deaths in DMD families.#*° Vosatka et al'® reported
pleurd effuson in afetus with DMD. Ultrasound at 28 weeks gestetion reveded pleurd effusion and
polyhydramnios which both resolved at 36 weeks. There was no evidence of lung hypoplasa Most
pleura effusons persst and have a poor outcome, especidly when associated with hydropsfetdis. The
authors specuate that effusion could be attributable to early cardiac dysfunction, which may eventudly
leed to pulmonary hypoplasiaand early desth. Four patientsin our seriesdied at or before 10 years, the
youngest being 3 years.

There are conflicting opinions on better survival in DMD over the years. Severd authors found no
significant changesin mortality during different periods of time encompassing 1934- 1983,° 1953-1983 >
and 1969-1989.52 On the other hand, a possible better recent life expectancy of DMD patients hasbeen
suggested by severd authorsasaresult of better treatment of infedtions;*%® scoliosis®>%4% specia care
programs®¢67 or use of respiratorsintermina care.®® However, other studies suggest no beneficid effect
of scoliosis surgery on dedlining respiratory function, %72 and no increased life expectancy. %717

Conclusons

Wefound asignificant tendency towardsareduction in age a diagnosis and diagnostic delay in children
born in the period 1961- 1974. Although this is a pogdtive sgn, further improvement is still needed.
Generd physcians, pediatricians and orthopaedic surgeons should betrained to recognize possible early
symptoms of DMD, like floppiness, delayed motor development and failure to thrive and should
determine serum CK activity in these children. Severd authors recommend that dl boys with
developmentd delay should be screened for DMD by measuring their serum CK activity. 2452 Neonatal
CK-screening is of course the most effectiveway to diagnose al cases early and hasthe highest chance
of preventing the birth of further affected children. However, screening should be done on an informed
consent basis and with availability of adequate facilities for support of the parents.”* "> Estimates of the
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theoretically avoidable proportion of cases by neonatal screering vary between 8.3%-13%.27°

To evduae possible changes in age a certain life-time events in DMD in the future, an unbiased
sample of patients should be taken in whom strict diagnostic criteria have been applied, and who have
been followed long enough.
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