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Facioscapulohumeral Muscular Dystrophy: Evidence for Selective,
Genetic Electrophysiologic Cardiac Involvement

WILLIAM G. STEVENSON, MD, FACC, JOSEPH K. PERLOFF, MD, FACC,
JAMES N. WEISS, MD, FACC, THOMAS L. ANDERSON, MD

Los Angeles, California

Facioscapulohumeral muscular dystrophy is an autosomal
dominant disorder with an incidence of 3 to 10 cases per
million. The only type of cardiac involvement ascribed to
this neuromuscular disorder is a unique form of heart
disease-permanent atrial paralysis. However, reported
cases of facioscapulohumeral muscular dystrophy probably
represented instead what is now recognized as phenotypi
cally similar Emery-Dreifuss dystrophy. Cardiac involve
ment, therefore, has not been convincingly reported in
facioscapulohumeral muscular dystrophy, but because of
the clinical similarity of that disorder to Emery-Dreifuss
dystrophy and its genetic variants, a prospective investiga
tion of the electrophysiologic properties of the atria and
atrioventricular (AV) node and infranodal conduction was
undertaken in 30 rigorously documented cases of facioscap
ulohumeral muscular dystrophy. All patients had a 12 lead
surface electrocardiogram (ECG), 22 had a 24 h ambula
tory ECG, 15 patients had two-dimensional echocardio
graphic/Doppler studies and 10 patients underwent 12
intracardiac electrophysiologic investigations.

Critical evaluation of reports of cardiac involvement in
facioscapulohumeral muscular dystrophy 0-3) led us to
conclude that the neuromuscular disorders so diagnosed
were examples of what is now recognized as phenotypically
similar Emery-Dreifuss dystrophy (4-9). Cardiac involve
ment in Emery-Dreifuss dystrophy and its genetic variants
takes the form of permanent atrial paralysis, atrial arrhyth
mias and abnormalities of atrioventricular (AV) conduction
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Left atrial, right atrial or biatrial P wave abnormalities
were present in 60% of the surface ECGs. Evidence of
abnormal AV node or infranodal conduction was present
on intracardiac electrophysiologic·study or surface ECG in
27% of patients. Atrial flutter or fibrillation was induced by
single atrial extra stimuli in 10 of the 12 intracardiac
electrophysiologic studies. Sinus node function was abnor
mal in three patients.

This investigation provides the first secure evidence of
cardiac involvement in facioscapulohumeral muscular dys
trophy. The involvement is represented by relatively high
susceptibility to induced atrial flutter or fibrillation during
electrophysiologic study, together with less frequent evi
dence of abnormal sinus node function and abnormal AV
node or infranodal conduction. It is hypothesized that the
genetic marker for facioscapulohumeral muscular dystro
phy may result in a comparatively benign form of analo
gous cardiac involvement in phenotypically similar Emery
Dreifuss dystrophy and its variants.

(J Am Coil CardioI1990;15:292-9)

(4-9). We sought to determine whether analogous electro
physiologic involvement occurred in facioscapulohumeral
muscular dystrophy. Our data from rigorously documented
cases provide the first evidence of selective genetic electro
physiologic cardiac involvement in this rare neuromuscular
disorder.

Methods
Study patients. Thirty patients with facioscapulohumeral

muscular dystrophy were sequentially and unselectively
recruited from the Carl M. Pearson Clinic for Neuromuscu
lar Disease at the University of California, Los Angeles
(Table 1). The study was approved by the Human Subject
Protection Committee, and informed consent was in accor
dance with the Committee's guidelines. Thirteen patients
were female and 17 male, aged 10 to 78 years (mean 34.6).
There was one sibling pair (Cases 12 and 13) and five pairs of
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Table 1. Summary of Studies in 30 Cases of Facioscapulohumeral
Muscular Dystrophy

Case Age (yr)1
No. Gender ECG Holter EPS ECHO

1 32/F + + + +
2 241M + + + +
3 58/F + + + +
4 401M + + + +
5 381M + + + +
6 511M + + + +
7 78/F + + + +
8 351F + + + +
9 16/F + + + +

10 38/F + + + +
11 181M + +
12 211M + +
13 231M + +
14 291M + +
15 161M + +
16 151M + +
17 39fF + +
18 311M + + +
19 661M + + +
20 19/F + +
21 26/F + + +
22 641M +
23 151F + +
24 551F +
25 24/F +
26 351M +
27 57/M +
28 391M +
29 201M +
30 1OfF + + +

ECG = surface electrocardiogram; ECHO = two-dimensional echocar
diogramlDoppler; EPS = electrophysiologic study; F = female; Holter =
24 h ECG; M = male; += done; - = not done.

parent and offspring (Cases 2 and 3, 4 and 11, 15 and 17, 1
and 16,9 and 28). Diagnoses were based on rigorous clinical
criteria that distinguished facioscapulohumeral muscular
dystrophy (11) from Emery-Dreifuss dystrophy or its vari
ants (6,8,9). Criteria for the diagnosis of facioscapulohu
meral dystrophy included autosomal dominant inheritance,
characteristic facial involvement, scapular/deltoid muscle
weakness greater than biceps/triceps weakness (Fig. 1) and
myopathic changes on skeletal muscle biopsy and electro
myogram. Exclusionary criteria included elbow contrac
tures, absence of scapular winging and X-linked heredity.

All 30 patients had a 12 lead surface (ECG). A 24 h
ambulatory ECG was obtained in 22 patients, echocardio
graphiclDoppler studies in 15 patients and intracardiac elec
trophysiologic studies in 10 patients. The assessments were
not identical in all patients because of the problem of consent
in physically handicapped subjects.

Scalar electrocardiogram. In the 12 lead ECG, left atrial
abnormalities were based on the P wave direction, duration,

notching and interval between initial and terminal compo
nents (that is, delay in terminal component). Right atrial
abnormalities were based on an amplitude >2 mm of the
initial component of the P waves in leads II and VI'

Evidence for AV node or infranodal conduction defects was
based on the PR interval, the frontal plane QRS axis and the
QRS duration. The 24 h ambulatory ECG was analyzed by a
semiautomated technique (Del Mar Avionics).

The 12 intracardiac electrophysiologic investigations
were performed in 10 patients, aged 16 to 78 years (mean
41.3). In Patients 1 and 4, electrophysiologic studies were
repeated at intervals of 56 and 55 months, respectively
(subsequently designated la and 4a). The 10 patients who
underwent electrophysiologic investigation had 24 h ambu
latory ECGs and echocardiographiclDoppler studies.

Programmed electrical stimulation. After mild sedation
with intravenous diazepam or midazolam, local anesthesia
was achieved with 2% mepivacaine hydrochloride. Three
multipolar electrode catheters were inserted percutaneously
into the femoral veins and positioned in the right atrium,
across the tricuspid valve in location to record the His
bundle electrogram and in the right ventricular apex. Atrial
stimulation and mapping were performed with a quadripolar
catheter (1 cm interelectrode spacing) that was also used as
a roving catheter for atrial mapping and electrical stimulation
at multiple right atrial sites. Left atrial stimulation by means
of the coronary sinus was successful in 5 of the 10 patients.
Three to five surface ECG leads were recorded with intra
cardiac electrograms at paper speeds of 100 to 150 mm/s on
an Electronics for Medicine VR-12 recorder. Electrical
stimulation was achieved by a programmable stimulator
(Bloom, Ltd.). All stimuli had a pulse width of 2 ms and an
amplitude of twice the late diastolic threshold, which was
always <2.5 rnA.

The stimulation protocol was as follows:
1) Determination of sinus node recovery times after

pacing from the high right atrium for 30 s at cycle lengths of
600, 500 and 400 ms. Three determinations were made at
each cycle length.

2) Single stimuli at the high right atrium scanned atrial
diastole in 10 to 20 ms decrements after each eighth sinus
beat.

3) Single stimuli at the high right atrium scanned atrial
diastole in 10 ms decrements after eight beats of a paced
atrial drive of 600, 500 and 400 ms cycle lengths.

4) Incremental atrial pacing was performed starting at a
cycle length slightly faster than sinus rhythm and stopping at
a cycle length of 300 ms to determine the pacing cycle length
at which AV conduction failed.

5) The atrial catheter was then positioned alternately at
the low lateral right atrium, low septal right atrium, high
septal right atrium and in the coronary sinus. Atrial stimu
lation with scanning single stimuli during paced drives of
600, 500 and 400 ms was performed at each site.
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Figure 1. Case I. A32 year old woman
with facioscapulohumeral dystrophy.
a, Winging of the scapulae (arrows) is
exaggerated by pressing the extended
arms against a resisting surface. b,
Typical myopathic facies with dimpling
at the comers of the mouth.

Standard definitions of sinus node recovery time, cor
rected sinus node recovery time and AH and HV intervals
were used (12). The sinoatrial conduction time was calcu
lated from the single stimulus method (13). Electrophysio
logic properties of the ventricles were not studied apart from
infranodal conduction.

Atrial conduction. Atrial conduction delay was assessed
as follows:

l. The PA interval measured from the beginning of the
surface ECG P wave or high right atrial electrogram (which
ever was earlier) to the atrial electrogram recorded from the
His bundle catheter at the low septal right atrium.

2. During high right atrial pacing at each cycle length, the
interval between the atrial electrogram recorded from the
proximal electrodes of the pacing catheter and the atrial
electrogram recorded from the His bundle catheter at the
low septal right atrium was measured for the last beat of the
basic drive.

3. During high right atrial pacing and delivery of extra
stimuli, the zone of delay was defined as the stimulus
coupling interval over which additional delay in conduction
of the impulse from the high right atrium to the low septal
right atrium (recorded from the His bundle catheter) oc
curred. That is the 8182 interval over which the AIA2
interval in the low septal right atrium exceeded the AIAz
interval recorded from the pacing catheter in the high right
atrium. The maximal delay in conduction was defined as the
longest interval between the high right atrial electrogram
(Az) and low septal right atrial electrogram observed with
extrastimuli.

Control group. The results of atrial stimulation (atrial
conduction, refractory periods and initiated arrhythmias)

were compared with the results of stimulation in a group of
18 control subjects (mean age 39 ± 17 years; 12 female and
6 male) who underwent programmed right atrial stimulation
with an identical protocol for evaluation of Wolff-Parkinson
White syndrome (7 patients), AV node reentrant tachycardia
(3 patients) or syncope that was subsequently considered to
be noncardiac in origin (8 patients). Each patient with
facioscapulohumeral muscular dystrophy who underwent
electrophysiologic investigation (excluding Patient 6, in
whom persistent atrial fibrillation initiated by catheter place
ment precluded atrial pacing) was matched for age and
gender with two control subjects who had no evidence of
heart disease by physical examination, history (except for
syncope or palpitation), ECG, echocardiogram and chest
X-ray study and no history of atrial fibrillation or flutter.

Definitions. Effective refractory period: the longest stim
ulus coupling interval that failed to elicit a propagated
response or (in the case of the AV node) the longest AA
interval that failed to propagate through the AV node.

Functional refractory period: the shortest AA interval
(for the atrium) or VV interval (for the ventricle) elicited by
premature stimuli.

Atrial fibrillation: a chaotic atrial rhythm lasting>1 s.
Atrial flutter: atrial tachycardia at a rate between 240 and

320 beats/min with organized atrial electrograms and lasting
>1 s.

Repetitive responses: induced atrial arrhythmias lasting
<1 s.

Induced sustained atrial arrhythmia: an arrhythmia initi
ated by programmed electrical stimulation lasting>30 s.

Nonsustained atrial arrhythmia: an arrhythmia with a
duration ~1 sand :::;30 s.
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LA = left atrial; LVCD = left ventricular conduction delay; RA = right
atrial; RBBB = right bundle branch block; RVCD = right ventricular
conduction delay.

Statistical analysis. For comparison of continuous vari
able, the mean value for each of the two control patients was
compared with that value in the facioscapulohumeral mus
cular dystrophy group using paired t tests with Bonferroni's
correction as appropriate. Discontinuous variables were
compared with a two-tailed Fisher's exact test. To further
compare the risk of inducible arrhythmias for each step in
the pacing protocol, a life table type of curve of the cumu
lative risk of initiation of atrial fibrillation or flutter was
constructed by the methods described previously (14,15).

Results
Scalar electrocardiogram (Table 2). P wave abnormalities

were present in 60% of the 30 patients. Left atrial abnormal
ities were present in 43%. Most frequent were terminal P
wave components in ECG lead VI>1mm deep and>1mm
broad or prolonged, bifid P waves (delayed terminal compo
nents), sometimes strikingly so. Right atrial abnormalities
were present in 10% of patients. Biatrial P wave abnormal
ities occurred in 7%. Fourteen of the abnormal P waves were
in patients <45 years of age. Of the four older patients, two
had left atrial P wave abnormalities and two had right atrial
abnormalities.

Infranodal conduction defects were present in seven
patients (24%). Three had minor peripheral intraventricular
conduction delays (two right, one left) that were within or
just beyond normal limits. One patient (Case 3, age 58 years)
had left anterior fascicular block (QRS axis -45°) and two
had complete right bundle branch block (Case 2, age 24 years
and Case 29, age 20 years). The 24 year old patient (Case 2)

Table 2. Scalar Electrocardiograms in 30 Cases

No.
Entirely normal
Rhythm

Sinus bradycardia
Abnormal P wave

LA abnormality
RA abnormality
Biatrial abnormality

AV conduction
Long PR (0.20 to 0.26 s)

QRS axis
Left «-45°)
Vertical (2:100°)

QRS duration
RVCD (minor)
RBBB
LVCD (minor)

ST segments and T waves
Abnormal ST segments
Abnormal T waves

30
4

5
18
13
3
2

3

2
2
I

o
o

with complete right bundle branch block also had a PR
interval of 0.26 s. The 58 year old patient (Case 3) with left
anterior fascicular block was his mother. One patient (Case
13, age 23 years) had a QRS axis of +100° that may have
represented left posterior fascicular block (no electrophys
iologic investigation).

Echocardiography. In the 15 patients so studied, ventric
ular size, function, wall motion and wall thickness were
normal. Left and right atrial sizes were normal in all 15
patients, including 12 with left or right atrial P wave abnor
malities on the surface ECG (Table 2). One patient fulfilled
criteria for the isolated echocardiographic diagnosis of mitral
valve prolapse (16). Auscultatory signs were not present, but
the patient was unable to perform provocative physical
maneuvers. With this one exception, structural heart disease
was absent on the basis of two-dimensional echocardio
graphic/Doppler studies.

Twenty·four hour ambulatory electrocardiograms. Sinus
rhythm was predominant in the 22 patients so studied. There
were no episodes of atrial fibrillation or flutter or atrial
standstill. No significant disturbances in rhythm or conduc
tion were recorded. Sinus bradycardia present on the surface
ECG from five patients (Table 2) was not recorded on the
ambulatory ECG.

Sinus node function (Table 3). Abnormal sinus node func
tion was demonstrated on programmed atrial stimulation in
Patients 5, 10 and 4a. Patient 5 had a prolonged sinoatrial
conduction time (>125 ms). Patient 10 had a prolonged
corrected sinus node recovery time (>550 ms). In Patient 4,
the sinus node recovery time and corrected sinus node
recovery time were normal at initial study, but markedly
prolonged at repeat study 55 months later (Case 4a).

AV conduction (Table 3). The AH interval was normal (60
to 130 ms) in eight patients and at the upper limit of normal
(130 ms) in one patient. The HV interval was at the upper
limit of normal (55 ms) in five patients and prolonged (60 ms)
in one patient (Table 3), but infranodal conduction block was
not observed during incremental atrial pacing or single
stimuli. Patient 2, whose HV interval was 60 ms, had a PR
interval of 0.26 s and complete right bundle branch block on
the surface ECG. His mother (Case 3) had normal AV node
conduction and a normal HV interval on electrophysiologic
study, but showed left anterior fascicular block on the
surface ECG. In Patient 9, the right bundle branch refractory
period, measured during atrial pacing at a basic drive of 600
ms, was prolonged to 410 ms.

Atrial conduction (Table 4). The PA interval was pro
longed (>60 ms) only in the second study of Patient 4 (that
is, Case 4a). Conduction time between the high right atrium
and low septal right atrium, the range ofcoupling intervals in
response to premature stimuli (delay zone) and the maximal
conduction delay did not differ between the patients with
muscular dystrophy and control subjects, although the delay
zone tended to be longer in the dystrophy group. The
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Table 3. Sinus Node Function and Atrioventricular (AV) Conduction in 12 Studies in 10 Cases*

Case AVWB AVN
No. SNRT CSNRT SACT AVB* AH CL ERP HV

I 60 55
la 1,060 170 65 410 <280 55
2 1,240 400 123 130 470 <400 60
3 1,300 520 110 70 400 270 45
4 1,380 420 101 70 300 380 45
4a 2,400 1,130 116 70 410 55
5 1,340 510 209 55 340 300 55
6
7 1,100 380 108 100 310 280 40
8 1,350 500 99 80 330 270 55
9 1,250 440 116 80 360 350 50

10 1,600 580 127 70 500 360 55

*From 24 h ambulatory electrocardiographic recording. All value are in ms. AH = atrium-His interval; AVB =
atrioventricular block; AVN = atrioventricular node; AV WB = atrioventricular Wenckebach block; CL = cycle
length; CSNRT = corrected sinus node recovery time; ERP = effective refractory period; HV = His-ventricle
interval; SACT = sinoatrial conduction time; SNRT = sinus node recovery time.

JACC Vol. 15, No.2
February 1990:292-9

interatrial conduction time in Patient 2 was >2 SD above from those of the control subjects. The maximal dispersion
control values and was comparable with that reported in the of atrial refractoriness, defined as the difference between
presence of left atrial conduction delay (17-19). Thus, slow the longest and shortest effective refractory periods mea-
atrial conduction, as judged by a prolonged PA interval or a sured during pacing from three or more atrial sites at a
long P to distal coronary sinus electrogram time, was present cycle length of 500 ms, was relatively small (20 to 60 ms)
in two patients, but right atrial conduction times measured and similar to that in patients without atrial arrhythmias
during atrial stimulation were not significantly different from studied by Luck and Engle (20) using an identical stimulation
those of the control group. protocol.

Atrial refractoriness (Table 5). The atrial effective and Atrial arrhythmias (Table 5). Atrial fibrillation or flutter
functional refractory periods were not statistically different was induced in 8 of the 10 patients during electrophysiologic

Table 4. Atrial Conduction in 10 Cases*

Delay Maximal
Case
No. P-A P-CSd S-LSRA S-LSRA S-LSRA Zone Zone Zone Delay Delay Delay

PCL 600 500 400 600 500 400 600 500 400
1 40 93
1a 45 60 55 70 35 60 80 100 120 110
2 60 125 63 55 60 20 70 30 30 80
3 50 65 60 65 60 30 60 40
4 55 20 10 20 10 10 0 25 10 20
4a 99 70 70 110
5 50 85 30 20 20 30 50 30 65 30 30
6
7 20 50 10 20 10 250 110 30 40 50 40
8 45 45 80 80
9 32 25 50 46 20 210 50 50 75 70
10 30 93 40 30 25 10 10 50 10 10 65
Avg 43 85 39 38 37 53 69 47 51 46 63
SD 13 26 19 19 21 71 61 26 27 34 29

Control subjects (n = 18)
Avg 43 85 41 40 42 28 38 40 69 72 72
SD 11 10 20 17 15 18 27 16 25 31 26

*All values are in ms. Avg = average; P-A = pulmonary to atrial electrogram interval; PCL = paced cycle length (see text for details); P-CSd = pulmonary
to distal coronary sinus; S-LSRA = stimulus to low septal right atrium; SD = standard deviation.
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Table 5. Atrial Refractoriness and Arrhythmias in to Cases*

Case
No. ERP ERP ERP FRP FRP FRP ERP A Fib AFI Sust

PCL 600 500 400 600 500 400 DISP
I
la 220 210 210 250 240 240 40
2 220 180 180 250 210 220 60
3 200 200 200 270 210 250 20
4 240 240 210 260 260 260 30 I
4a 1
5 200 200 200 255 260 255 50 I
6 It
7 220 220 220 260 240 250 40
8 200 250 I
9 220 210 200 260 250 230 20 0
10 310 310 240 320 320 270 30
Avg 256 221 207 264 249 247 36
SD 32 37 16 21 33 15 13

Control subjects (n = 18) 2 0
Avg 230 217 206 253 244 232
SD 26 27 18 21 27 18

*All values are in IDS. tInitiated by catheter. A Fib = atrial fibrillation; A FI = atrial flutter; DISP = dispersion; ERP = effective refractory period; FRP =
functional refractory period; PCL = paced cycle length; Sust = sustained; other abbreviations as in Table 4.

1.00

Figure 2. Cumulative incidence of initiation of atrial fibrillation
(AFib) or flutter (AFI) for each step in the pacing protocol in the
patients with facioscapulohumeral (crosses) muscular dystrophy and
the control patients (triangles). Steps 1 to 3 are high right atrial
pacing at cycle lengths of 600, 500 and 400 ms. Step 4 is pacing at the
same cycle lengths at additional right atrial sites (see text for
discussion) .

Discussion
Facioscapulohumeral muscular dystrophy is an autoso

mal dominant neuromuscular disorder with an incidence of 3
to 10 cases per million (11,21). The disease typically be
comes clinically overt in late childhood or adolescence, is
slowly progressive but variable in expression even within a
single family, and is characterized in part by facial (facio)
and shoulder/arm (scapulohumeral) weakness and atrophy

study. In Patients I and 4, atrial fibrillation or flutter was
induced in both the initial and the second study. These
arrhythmias were provoked by a single atrial extrastimulus
during high right atrial pacing in five patients and by a single
stimulus delivered at other right atrial sites in two additional
patients. In one patient (Case 6), catheter manipulation in
the atrium induced sustained atrial fibrillation that precluded
atrial pacing. The atrial fibrillation or flutter was sustained in
five patients and nonsustained (l to 6 s) in three patients. The
sustained arrhythmias terminated within I h, either sponta
neously or after administration of digoxin in four patients
and of procainamide in the fifth patient. The control group
underwent atrial stimulation at the same three paced cycle
lengths with a single atrial extrastimulus. Nonsustained
atrial fibrillation was initiated in one patient and nonsus
tained atrial flutter was initiated in two patients. Sustained or
nonsustained atrial arrhythmias were initiated significantly
more frequently in the patients with facioscapulohumeral
muscular dystrophy than in the control group (78% versus
17%, respectively, p < 0.01). The cumulative incidence of
initiation of atrial fibrillation or flutter with each step of the
atrial stimulation protocol is shown for the patients with
muscular dystrophy and the control subjects in Figure 2.
Considering only the first three steps in the stimulation
protocol, which were performed identically in both groups,
atrial arrhythmias were initiated more commonly in the
patients with muscular dystrophy (55% versus 17%, respec
tively, p = 0.07).
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(Fig. 1) (11,21). Infrequently, the disease expresses itself in
infancy and runs a rapid course that leads to death in
adolescence (22). Asymptomatic or minimally affected par
ents may have severely affected offspring with the infantile
form of the disease (22).

Previous studies. Nineteen years after permanent atrial
paralysis was first described (10), this unique electrophysio
logic abnormality was reported in a patient believed to have
had facioscapulohumeral muscular dystrophy (1). Shortly
thereafter, two additional publications (2,3) purported to
confirm a connection between this disorder and permanent
atrial paralysis. The presence of atrial standstill was con
vincingly established in these reports, but we believe that the
diagnoses of facioscapulohumeral muscular dystrophy are
open to question. The patients were all male (appropriate for
X-linked transmission); bicep/tricep muscular weakness was
greater than weakness of scapular/deltoid muscles; facial
involvement was not mentioned and presumably not
present. A limitation inherent in drawing conclusions from
investigations of cardiac involvement in systemic neuromus
cular diseases is the relative security of the neuromuscular
diagnoses.

After publication of those reports (1-3), a phenotypically
similar but genetically different disorder-Emery-Dreifuss
muscular dystrophy (5-9)-was distinguished from facios
capulohumeral muscular dystrophy, and genetic variants of
the former were described (23,24). Permanent atrial paraly
sis, ectopic atrial rhythms, atrial fibrillation and abnormali
ties of infranodal conduction were convincingly linked to
Emery-Dreifuss dystrophy (5,6,25,26), as well as to its
genetic variants (23,24). If the cases of permanent atrial
paralysis reported by others (1-3) were, as we believe,
associated with Emery-Dreifuss dystrophy, then our data
provide the first evidence of cardiac involvement in fa
cioscapulohumeral muscular dystrophy.

Evidence for selective electrophysiologic cardiac involve
ment. The electrophysiologic abnormalities in our cases of
facioscapulohumeral muscular dystrophy were represented
by a high susceptibility to inducible atrial arrhythmias and
relatively common sinus node dysfunction in patients with
no clinically overt cardiac disorders apart from that on the
surface ECG. An exception may have been Patient 3 (Table
1), who had a history of recurrent palpitation and in whom
nonsustained atrial flutter was induced by a single atrial
premature beat during electrophysiologic investigation (Ta
ble 5). The 24 h ambulatory ECG in our patients did not
predict susceptibility to inducible atrial arrhythmias, but the
P waves in the scalar ECG disclosed atrial electrical abnor
malities in 60% of patients. Atrial fibrillation or flutter was
initiated by a single atrial stimulus in 80% ofour cases. In the
control subjects, these atrial arrhythmias were induced in
only 17%, a low incidence that is in accord with other reports
(18,20,27-31). Atrial fibrillation or flutter was sustained in
50% of our study patients, but terminated spontaneously

within 9 s in all of the control subjects with inducible
arrhythmias.

P wave abnormalities were relatively common on the
surface EeG (Table 2) and were unrelated to atrial size on
echocardiography or to an increase in the jugular venous A
wave as judged at the bedside. Broad bifid P waves or
prolonged P terminal components in ECG lead VI (left atrial)
or increased amplitude of the initial component of the P
wave in lead II (right atrial) imply abnormalities of intraatrial
conduction. Nevertheless, only two patients (Cases 2 and
4a) in whom intraatrial recordings were obtained exhibited
prolonged intra- or interatrial conduction time appropriate
for an atrial conduction delay. A higher incidence of delayed
interatrial conduction might have been identified if left atrial
recordings from the coronary sinus had been obtained during
all of the electrophysiologic studies.

Abnormal sinus node function was demonstrated in 10%
ofpatients. One of the two patients who underwent restudy
had progression from a normal sinus node to clearly demon
strable sinus node dysfunction and slowing of intraatrial
conduction 55 months later.

Electrophysiologic abnormalities outside of the atria
were less common (27% ofpatients). Evidence for AV node
or infranodal conduction disturbances were represented by
1) PR interval prolongation of0.20 to 0.26 s in three patients,
2) complete right bundle branch block on the surface EeG
(two patients), 3) a prolonged right bundle branch refractory
period during atrial pacing at a basic drive of 600 ms (one
patient), 4) left anterior fascicular block (one patient), and 5)
a QRS axis of +1000 that may have represented left posterior
fascicular block (one patient). The ECG evidence of alter
ations in infranodal and AV node conduction together with
the high incidence of induced atrial fibrillation or flutter
during electrophysiologic study support our hypothesis that
cardiac involvement in facioscapulohumeral muscular dys
trophy may represent an analogous but relatively benign
form of the heart disease found in Emery-Dreifuss dystrophy
and its genetic variants.

We found no discernible relation between patient age or
progression of the systematic neuromuscular disease and the
cardiac expressions of facioscapulohumeral muscular dys
trophy. Our patients spanned an age range of 10 to 78 years,
and 20% were teenagers at the time of study.

Conclusions. We believe that the permanent atrial paral
ysis originally reported in facioscapulohumeral muscular
dystrophy (1-3) occurred in patients with phenotypically
similar Emery-Dreifuss dystrophy (4,6). Assuming the valid
ity of this contention, our data provide the first evidence of
cardiac involvement in facioscapulohumeral muscular dys
trophy. That involvement is represented by a relatively high
susceptibility to induced atrial fibrillation or flutter during
electrophysiologic study, less frequent abnormalities of AV
node or infranodal conduction, and abnormalities of sinus
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node function. The clinical significance of the abnormalities
that we report is unclear.

We hypothesize that the genetic marker in facioscapulo
humeral muscular dystrophy may result in a comparatively
benign form of the electrophysiologic cardiac involvement in
phenotypically similar Emery-Dreifuss dystrophy and its
genetic variants. Why the genetic markers in this group of
systemic neuromuscular diseases target specific cardiac
electrophysiologic properties is unknown.
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