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Summary. The first German family with autosomal
dominant Emery-Dreifuss syndrome (EDS) is de-
scribed, with electrophysiologic and myopathologic
results providing evidence of a primary neurogenic
disease. According to classification of the scapulo
peroneal syndrome without cardiomyopathy, we con-
clude that there are two variants of EDS: one myo-
pathic, the other neurogenic in origin. Therefore, the
term Emery-Dreifuss muscular dystrophy should be
avoided. Instead, each case of EDS should be classi-
fied as myopathic or neurogenic with X chromosome
recessive or autosomal dominant inheritance.
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Introduction

Dreifuss and Hogan (1961) and Emery and Dreifuss
(1966) first described a particular X-linked muscular
disorder with early contractures and cardiomyopathy.
Most further cases reported showed predominant
atrophy of the scapulo humero peroneal muscles.
Despite contradictory myopathic and neuropathic
findings obtained by electromyography (EMG) and
muscle histology, Rowland et al. (1979) proposed the
term Emery-Dreifuss muscular dystrophy (Emery-
Dreifuss disease) to define the unique clinical fea-
tures and the X-linked recessive inheritance.
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Chakrabarti and Pearce (1981) first noted a simi-
lar syndrome with autosomal dominant inheritance,
and nine cases within four families with that transmis-
sion have been examined and described in detail to
date. On the basis of conventional EMG and muscle
histology most of these cases were classified as myo-
pathic origin.

We report the results of an electrodiagnostic and
myopathologic study on three members of the first
German family with autosomal dominant Emery-
Dreifuss syndrome (EDS).

Materials and Methods

The pedigree of the investigated family with EDS, showing
autosomal dominant inheritance, is listed in Fig. 1.

Case 1 and 2 are brothers, case 3 is the son of case one. The
father of cases 1 and 2, his sister and brother and one son of
this brother died in middle age of sudden heart death. This son
had a pacemaker implanted 6 months before his death because
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Fig. 1. Pedigree of the investigated family with Emery-Dreifuss
syndrome (EDS). Symbols: Circle = female, square = male,
light symbols = normal members, dark symbols = patients
with EDS, ? = EDS possible, I-3 = investigated patients
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Table 1. Clinical data of three patients with EDS
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Case 1 Case 2 Case 3°
Age 47 43 17
Sex Male Male Male
Age of onset (decade) First Third Second
Distribution of weakness Humeroperoneal*** Humeroperoneal** No weakness
Contractures Elbows, ankles, neck**** Elbows, ankles** Elbows***
Creatine kinase (normal < 80 U/l) Elevated (80-295 U/l) Normal (39 U/) Elevated (312 U/1)
Cardiology AV-block III AV-block III Normal
1983 pace-maker 1986 pace-maker
9/86 heart transplant
* Very mild
** Mild

*** Moderate
*¥%% Severe
 Son of case 1

of an AV-block III. Because of a progressive therapy-resistant
myocardiac insufficiency case 1 received a heart transplant in
September 1986. The clinical findings of the three cases are
summarized in Table 1. For further details see Baur et al.
(1987).

Conventional EMG, including motor unit potential analy-
sis, single fiber EMG and turns/s versus amplitude/turn analy-
sis in at least 10 recording sites according to the method de-
scribed by Stalberg et al. (1983) was done in the m. biceps
brachii in all three cases, and additionally in the m. tibialis
anterior in cases 1 and 2. The motor and sensory nerve conduc-
tion velocity (NCV) of the median nerve, the motor NCV of
the peroneal nerve, and the visual (VEP) and somatosensory
evoked potentials (SEP) of the median and tibial nerves were
measured in all cases. The EMG and NCV studies were per-
formed using a Medelec Mystro device, the VEP and SEP with
a Nihon Kohden Neuropac 8. A muscle specimen was taken
from the m. biceps brachii in cases 1 and 2. Standard histologic
stains and histochemical preparations were used on deep
frozen material. Histometric analysis with regard to fiber type
distribution and calculation of atrophy and hypertrophy factors
were performed (Brooke and Engel 1969 a and b; Brenni et al.
1981; Dubowitz 1985).

Table 2. Results of concentric needle EMG

Results

Electrodiagnostic Results

Motor and sensory NCV of the median nerve, motor
NCV of the peroneal nerve, SEPs of median and ti-
bial nerves, and VEPs were within normal ranges in
all three cases.

Concentric Needle EMG. The results of the concen-
tric needle EMG-recorded motor unit potentials in
the m. biceps brachii (cases 1 to 3) and the m. tibialis
anterior (cases 1 and 2) are given in Table 2.

With low effort innervation the activity pattern
had a low amplitude and relative full appearance,
suggesting early recruitment of motor unit potentials,
whereas with increasing effort there was a lack of
further recruitment, showing mostly reduced inter-
ference patterns at maximum effort with increased
amplitudes.

Case 1 Case 2 Case 3
Biceps Tibialis Biceps Tibialis Biceps
brachii anterior brachii anterior brachii
Spontaneous activity Fibrillation potentials (+), — — — —
complex repetition discharges (+)
Motor unit potential analysis:
Mean duration 8.9 ms 6.3 ms 8.1ms 10.3 ms 6.4 ms
Range 3.6-19.6 ms 4.3-11.5ms 3.4-15.4ms 5.5-16.9ms 2.8-13.4ms
Polyphasic potentials 55% 65% 60% 60% 35%
Interference Reduced Full Reduced Full Reduced
Pattern High amplitude Low High
amplitude amplitude
— Missing

(+) Occasionally
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Fig. 2a and b. Amplitude/turn versus turns/s analysis in case 1
(m. biceps brachii). a Medium effort; normal values. b Maxi-
mum effort; increase in amplitude/turn in 5 of 10 recording
sites, suggesting a neuropathic lesion

Automatic Analysis of the EMG Interference Pattern.
Turns/s versus amplitude/turn were analyzed at 10
different recording sites of the m. biceps brachii in
all cases and in m. tibialis anterior in cases 1 and 2
with medium and high voluntary effort. Abnormal high
amplitudes/turn are seen in neurogenic diseases, ab-
normal low amplitudes/turn and an increased ratio of
turns/s are typical findings for a myopathic lesion.
With medium effort, normal values were seen in
all tests. An increase in amplitude/turn above the
normal range occurred during high voluntary effort
in all examined muscles. An increase of turns/s with
normal amplitude was seen rarely. In none of the 60
registration sites within the investigated muscles

Table 3. Results of single-fiber EMG

Case 1 Case 2 Case 3
Biceps brachii
MCD 71 ps 68 us 78 us
Blocking + (+) +
Fiber density 23 2.8 2.8
Tibialis anterior:
MCD 36 us 45 us Not done
Blocking - + Not done
Fiber density 23 2.8 Not done
— Missing
(+) Rarely
+ Frequent
MCD, mean consecutive difference
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Fig.3. Example of a single-fiber electromyography (EMG)
recording in m. tibialis anterior of case 2. Markedly increased
jitter of at least 4 different fibers, frequent blocking and high
fiber density, as typically seen in chronic denervation

Table 4. Myopathologic and histometric results of muscle biop-
sy in case 1 (left m. biceps brachii) and case 2 (right m. biceps
brachii)

Case 1 Case 2

Fiber size variation + +
Type-I atrophy ++ ++
Type-II hypertrophy + +
Group atrophy (+) +
Fiber type grouping - +
Increased internal nuclei (+) -
Necrotic fibers - -
Connective tissue proliferation (+) -
Target fibers (+) (+)

— Missing
(+) Mild

+ Moderate
++ Severe
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Fig.5a and b. Case 2, NADH reaction, m.biceps brachii.
Fiber type-1 dark, fiber type-II light. a small and large group
atrophy of fiber type-I, pathologic grouping of type-I fibers
(120x). b Small group atrophy, single target fibers, type-II
hypertrophy (200 x). + Muscle spindle

there was a reduced amplitude/turn. A typical ex-
ample is shown in Fig. 2.

Single-fiber EMG. Single-fiber EMG recordings
were carried out in the m. biceps brachii in all three
cases, additionally in the m. tibialis anterior in cases 1
and 2. In the m. biceps brachii significantly increased
jitter and moderate blocking were seen in all cases. In
the m. tibialis anterior, only case 2 showed increased
jitter in 4 of 20 single-fiber recordings. Fiber density
was moderately increased in all muscles. For details
see Tables 3 and Fig. 3.

Histologic Results

The histopathologic and morphometric results of a
muscle biopsy performed near the site examined in
the EMG from the right m. biceps brachii in cases 1
and 2 are summarized in Table 4. Case 3 refused a
muscle biopsy. Histometric analysis of fiber type dis-
tribution and the calculation of atrophy and hyper-
trophy factors is shown in Fig.4. Figure 5a and b
represent typical histological findings. In both cases
examined histologically the most striking findings
were marked fiber type-I atrophy along with fiber
type-II hypertrophy and scattered small group atro-
phy. Additionally a slight predominance of type-I
fibers was seen. Degenerative fiber anomalies and in-
terstitial connective tissue proliferation were only
minor findings.
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Discussion

Emery-Dreifuss syndrome is a well-defined clinical
entity with slow progressive scapulohumeroperoneal
atrophic paresis, early contractures, and severe
cardiomyopathy. The majority of the cases reported
followed a X-linked transmission (Merlini et al.
1986), autsomal dominant inheritance of the syn-
drome is a rare finding. Rotthauwe et al. (1972) and
Camman et al. (1974) reported two German families
with X-linked EDS, we present a quantitative elec-
trodiagnostic and myopathologic study of the first
German family with autosomal dominant EDS (Baur
et al. 1987).

All three cases showed typical features of the syn-
drome to varying degrees. Two cases suffered from
severe cardiomyopathy with conduction heart block.
Because of progressive heart failure a heart trans-
plant was done in case 1 in autumn 1986. Pathologic
investigation of the explanted heart showed a dilata-
tive cardiomyopathy with marked fibrosis of the mus-
cle, especially in the septum of the ventricles. The
macroscopic and microscopic findings were the same
as those in common dilatative cardiomyopathy (Baur
et al. 1987). More than 1 year after heart transplanta-
tion this patient is clinically in good condition.

In the literature the origin of the disease is regard-
ed to be myopathic. Most authors suggest classifying
the disease as a certain type of the muscular dys-
trophies (Emery and Dreifuss 1966; Rotthauwe et al.
1972; Thomas et al. 1972; Camman et al. 1974; Row-
land et al. 1979; Hopkins et al. 1981; Fenichel et al.
1982; Miller et al. 1985). However, the EMG results
described do not strictly correspond to a myopathy.
Some authors described a mixed or even a pure
neurogenic EMG pattern (Emery and Dreifuss 1966;
Mawatari and Katayama 1973; Takahashi et al. 1974;
Waters et al. 1975; Rowland et al. 1981; Sulaiman et
al. 1981; Hopkins et al. 1981; Fenichel et al. 1982;
Takamato et al. 1984; Petty et al. 1986; Witt et al.
1987). Most reports only included a qualitative EMG
report of motor unit potentials and activity patterns,
quantitative methods were only seldom used (Thomas
et al. 1972; Rowland et al. 1979; Lin 1982). We also
found a reduced mean duration and an increased rate
of polyphasic motor unit potentials, findings regard-
ed to suggest a myopathic disease. Surprisingly,
quantitative analysis of the activity pattern showed
normal values for amplitudes per turn and turns per
second with medium innervation; but with strong in-
nervation, amplitudes per turn were significantly in-
creased, suggesting neurogenic muscular changes. In
all cases the m. biceps brachii showed a reduced in-
terference pattern, also indicating a neurogenic type
of disease. Similar findings — myopathic motor unit

potentials in combination with reduced recruitment
with maximum effort with high amplitudes — have
been described several times and usually regarded as
mixed pattern (Takahashi et al. 1974; Rowland et al.
1979; Sulaiman et al. 1981; Chakrabarti and Pearce
1981; Takamoto et al. 1984). According to Engel
(1975), brief, small, and abundant motor unit action
potentials are not pathognomonic for a myopathy,
but can also be found in certain primary neurogenic
situations, e.g., in acquired selective fiber type-I
atrophy. It is well-known that type-I fibers fire first
with light voluntary effort (Warmolts and Engel
1972). So, our findings of so-called myopathic motor
unit potentials with low effort and neurogenic activity
pattern can be explained by the histologically proven
selective fiber type-I atrophy.

Increased jitter and fiber density in the single-
fiber EMG was a nonspecific result, which is found in
neurogenic and myopathic disorders. However, with
respect to the histologically well-preserved muscle
tissue with lack of dystrophic changes and fiber split-
ting these results may better be interpreted as a sign
of a neurogenic lesion. In particular the increased
fiber density can be explained by fiber type-I atro-
phy. The entirely normal motor and sensory conduc-
tion velocity tests and the unimpaired evoked poten-
tial latencies disclose a demyelinating neuropathy as
previously described (Rotthauwe et al. 1972; Row-
land et al. 1979; Fenichel et al. 1982; Miller et al.
1985; Hara et al. 1987). The histologic and myo-
pathologic results with marked fiber type-I atrophy,
slight fiber type-II hypertrophy, small group atrophy,
and fiber type grouping are strong arguments for a
primary chronic, slow progressive neurogenic disease
(Sulaiman et al. 1981). The pathologic fiber type
grouping together with the rare incidence of target
fibers indicates an accompanying reinnervation pro-
cess.

Finally, fiber type-I atrophy and myopathic mus-
cle unit potentials have also been described in the
neurogenic scapuloperoneal syndrome of type Kaeser
(Ricker et al. 1968; Scarlato et al. 1978; Mercelis et
al. 1980; Reiter et al. 1984), a neuromuscular dis-
order, generally accepted to be a variant of spinal
muscular atrophy on the basis of autoptic investiga-
tions of the spinal cord (Kaeser 1964, 1975; Probst
et al. 1977). To date the histologic results of postmor-
tem examination of the spinal cord in four patients
with clinically proven EDS have been published
(Takahashi et al. 1974; Charkabarti and Pearce 1981;
Kudo et al. 1982; Hara et al. 1987), and the results
are contradictory. Whereas Charkrabarti and Pearce
(1981) and Hara et al. (1987) disclosed no abnormal-
ity of the spinal cord, Tagahashi et al. (1974) de-
scribed a large number of lipofuscin granules in the



anterior horn cells with no reduction in the total
number of these cells. Kudo et al. (1982) reveiled
focal neuronal and axonal changes in lower cervical
and lumbar spinal segments in combination with a re-
duction in the number of anterior horn cells.

On the basis of the presented electrodiagnostic
and myopathologic data, we conclude, that there are
two variants of autosomal dominant transmitted
EDS, one myopathic, the other neurogenic in origin.
This concept corresponds to the classification of the
scapuloperoneal syndrome without cardiomyopathy
and contractures, where a spinal scapuloperoneal
muscular atrophy with dominant inheritance (type
Kaeser) is established. For the EDS further postmor-
tem examinations of the spinal cord are necessary to
confirm this hypothesis. In agreement with Serratrice
and Pouget (1986) we suggest avoiding the term
Emery-Dreifuss disease. Instead, each case of EDS
should be classified as myopathic or neurogenic EDS
with X chromosome recessive or autosomal domi-
nant inheritance.
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