Myotonia Fluctuans
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\s=b\ Autosomal-dominantly inherited nondystrophic myotonic disorders are an interesting group of muscle diseases that
provide considerable opportunity for future molecular genetic studies to identify
the genes responsible for specific membrane functions. A family with such a my-

otonic disorder is described with features
that are distinctly different from myotonia
congenita and paramyotonia congenita.
Five members were affected in three generations. The myotonia fluctuated to an
unusual degree. It did not worsen with cold
but increased markedly with potassium
loading. Muscle weakness never occurred. Analysis of the contraction force
of the flexor digitorum muscle showed a
unique type of myotonia, namely, exercise-induced delayed-onset myotonia. Microelectrode studies done on one muscle
biopsy specimen revealed a normal chloride conductance of the muscle fiber membrane.
(Arch Neurol. 1990;47:268-272)

ralysis is less certain and there
continues to be a discussion as to the
best means to separate these two
disorders.5 Regarding myotonia con¬
genita and paramyotonia congenita, it
has been suggested that there might be
additional autosomal-dominant disor¬
ders with different clinical and elec¬
trophysiologic characteristics.1 We de¬
scribe a family with such a type of dis¬
order. Characteristically, there was an
unusual fluctuation in severity of the
myotonia, and for this reason the dis¬
order has been named "myotonia fluctuans." To identify the specific differ¬
ences, patients with myotonia congen¬
ita and paramyotonia congenita have
been included in the report for com¬
parison.

REPORT OF CASES

Myotonia Fluctuans (Fig 1, Top Left)
Case -3.—A 22-year-old man had occa¬
sionally experienced stiffness in his legs
during prolonged jogging during the previ¬

several years. On a few occasions the
stiffness had caused him to stumble and
fall. Most of the time he had no difficulty
performing this amount of exercise. On one
occasion he had swum vigorously for some
while and had no symptoms. He laid in the
sun to relax for about 20 minutes, and was
then unable to arise due to generalized
muscle stiffness. After some minutes while
he struggled to get up, the stiffness gradu¬
ally disappeared and he had no weakness.
Over a period of several months the
patient would have 2 or 3 days during which
he would experience the following symp¬
toms. He would have momentary stiffness
of the sternocleidomastoid muscle when he
turned his head rapidly. Muscle stiffness
would occur following forceful biting or
chewing, and for an instant he would be
unable to open his mouth. If he wanted to
turn his eyes rapidly to the side, he would
have a momentary lag in the movement. He
also observed transient stiffness in his legs
or arms. During the intervening time he
would remain free of symptoms.
The patient had well-developed muscula¬
ture without signs of hypertrophy or atro¬
phy. He had a lid lag and had paradoxical
eyelid myotonia after repeated forceful eye
closure. He had slight thenar myotonia fol¬
lowing percussion, but there was no grip
myotonia. He could arise with normal speed
from a squat and there was no evidence of
myotonia in the legs. Results of routine
blood studies including measurement of
electrolytes were normal. The creatine ki¬
nase level was normal (<80 U/L). Needle
ous

1977, Becker1 raised the possibility
that there might be considerable
heterogeneity for the autosomal-dominant nondystrophic myotonic disor¬
ders. The classic myotonic diseases of
this type are myotonia congenita of
Thomsen and paramyotonia congeni¬
ta. It is now well established that both
of these disorders are distinct diseases
with specific clinical and electrophysi¬
ologic abnormalities. The gene lesion
responsible for each of these diseases
has not yet been discovered. However,
in myotonia congenita there is a de¬
crease in chloride conductance of the
muscle fiber membrane,2 while in
paramyotonia congenita there is an
increased conductance of sodium fol¬
lowing exposure to cold.3'4 Another au¬
tosomal dominant disorder that in
some families produces mild signs of
myotonia is hyperkalemic periodic pa¬
ralysis (adynamia episodica). The dis¬
tinction between paramyotonia con¬
genita and hyperkalemic periodic paAccepted for publication July 19, 1989.
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electromyographic (EMG) investigation
was performed in the abductor policis
brevis, flexor digitorum, and the right and
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left biceps muscles. All muscles demon¬
strated typical runs of myotonic dis¬
charges. Motor unit potentials appeared
normal.
Cooling of the right hand and forearm
(see "Special Investigations" section) did
not produce clinical stiffness or weakness.
Following ingestion of 120 mmol of potas¬
sium, severe generalized myotonic stiffness
developed over a period of 20 minutes. The
patient was unable to rise from the chair.
There was no weakness. The serum potas¬
sium level was 5.4 mmol/L at the peak of the
symptoms. Biopsy of the biceps muscle re¬
vealed no abnormalities on histochemical
examination. Electron microscopic study
showed a few subsarcolemmal vacuoles be¬
lieved to represent a nonspecific enlarge¬
ment of the tubular system.
Case III-2.—A 23-year-old man had, for 4
to 5 years, noticed on several occasions
stiffness in his hands and legs that was un¬
related to changes in temperature. Some¬
times his eyes would be difficult to open.
Once during a track meet he had attempted
to run a 50-m dash, and, after taking some
steps, became too stiff to complete the race.
He had spent most of one summer day
working to repair a tread on a tank. In the
afternoon he developed marked flexion of
his fingers due to stiffness and felt that he
could not release the heavy hammer that he
was using. His trunk and legs were also
stiff. Usually, the patient made long trips by ·
bicycle and had no muscle stiffness.
He had no hypertrophy or atrophy of his
muscles. On the initial assessment there
was no lid lag or grip myotonia. A mild
paradoxical myotonia developed with force¬
ful eye closure. On a subsequent examina¬
tion 5 months later there was pronounced
lid lag and a definite grip myotonia.
Results of routine blood studies were
normal. The creatine kinase level was 258
U/L and 266 U/L on repeated measure¬
ment. An EMG of the hypothenar and
flexor digitorum muscles revealed myotonic
runs.

The patient did not develop stiffness and
weakness after local cooling. After inges¬
tion of 80 mmol of potassium he developed
generalized myotonic stiffness and required
12 seconds to climb nine steps. Before po¬
tassium ingestion he needed 3 seconds,
which is normal.
Case HI-1.—A 26-year-old man could not
recall having any neuromuscular symp¬
toms. His muscles had a normal appear¬
ance. There was a lid lag. There was no par¬
adoxical myotonia following forceful eye
closure, and no grip myotonia. The EMG of
the hypothenar muscles revealed myotonic
runs.

Case II-l.—A 58-year-old woman re¬
called that on several occasions while load¬
ing hay on a wagon with a pitchfork, she
developed stiffness in her fingers, arms, and
sometimes in her legs. During one of her
pregnancies she stumbled and fell, and
subsequently for several minutes was un¬
able to arise because of generalized muscle
stiffness.
She had normal muscle strength and de¬
velopment. There was no lid lag or grip my¬
otonia. After forcefully closing her eyes
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1
m

2É

-y
3É

I

IV

1

4Ò

so

10O

eÛ

VI

\ ~

11aÉ 11bÉ

IV

a

Vili

IX

3*

4B5B

3·

VI

VII

myotonic discharges. There was no his¬

tory of cataracts in any of the members of

4

OD

1
if d

Fig 1.—Top left, Family tree of the patients with myotonia fluctuans. Bottom, Myotonia congenita
kindred of Dr Asmus Thomsen (IV-4). Top right, Paramyotonia congenita. The numbering in the
bottom and top right corresponds to the complete family trees published by Becker.'6 Arrows in¬
dicate propositi.

the family.

Myotonia Congenita
(Thomsen's Disease)
Case VIII-1.—A 43-year-old man was a
member of the original Thomsen's disease
kindred (Fig 1, bottom). The pedigree has
been discussed previously.11"81 He had a his¬
tory of generalized myotonia, the degree of
which had remained constant throughout
his life. For example, after sitting at. his
desk, it took a few moments of effort for him
to rise. He was then able to move normally.
The severity of his myotonia had not varied
with temperature. He had participated in
sports, such as soccer.
He had well-developed muscles, a lid lag,
and grip myotonia, which disappeared after
two repeated contractions. His creatine ki¬
nase level was 60 U/L. The EMG of the
flexor digitorum showed myotonic runs.
The history and findings were similar for
the patient's sister (VIII-2). However, his
9-year-old son (IX-1 ) had much more severe
myotonia. After resting for 15 minutes, the
son required 16 seconds to climb nine steps,
whereas his father (VIII-1) needed 5.5 sec¬
onds.

Paramyotonia Congenita

(Fig 1, Top Right).—A 20had the classic form of the
disease, and his family has been described
in detail by Becker.611*8' Since early child¬
hood he had developed stiffness of the face
or fingers following exposure to the cold. If
he exercised his forearm muscles when they
were stiff due to exposure to the cold, they
would become very weak. It would take sev¬
eral hours to recover strength. In a warm
environment he was free of symptoms. He
never had any weakness in the absence of
exposure to the cold.
The patient had well-developed muscles.
There was mild lid lag and paradoxical my¬
otonia following several forceful eye clo¬
sures but no grip myotonia. He required 3.2
seconds to climb nine steps. His creatine
kinase level was 110 U/L. The EMG of the
flexor digitorum muscle showed myotonic
Case Vl-lla

year-old

man

runs.

SPECIAL INVESTIGATIONS

Recording Isometric Muscle
Strength and Electromyographic
Activity From the Flexor
Digitorum Profundus Muscle

Fig 2.—Recording of the maximum isometric contraction of the flexor digitorum muscle in patient
III-3 with myotonia fluctuans. Upper cross marks 90%; and lower cross, 10% of the average max¬

imum force. The time required for the force to decline from 90% to 10% was measured as relax¬
ation time. Left, Baseline conditions, with normal relaxation time. Right, Severe myotonia, with re¬
laxation time highly prolonged.

three times she could open them only
slowly. The EMG of the hypothenar mus¬
cles showed myotonic runs.
Case 1-1.—An 86-year-old woman was in
good medical health except for a memory
disturbance. Other family members could
not recall her complaining of any neuro-

muscular symptoms. She had no muscle
weakness or myotonic signs. However, the
EMG of the hypothenar muscles showed

typical myotonic discharges.

The husband and the sister (II-2) of

patient II-l had electromyographic studies
of the hypothenar muscles and there were
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The forearm and hand of the patient were
placed in supination with the fingers flexed
so that the distal phalanges were in touch

with the force transducer. The forearm and
hand were fixed in such a way to allow
muscle contraction under isometric condi¬
tions. Two wire electrodes were placed in
the flexor digitorum muscle 10 mm apart to
record EMG activity. Each patient was in¬
structed to make a maximum voluntary
contraction and to maintain this effort for
2 seconds. The protocol for "exercise" con¬
sisted of maximum contraction for 60 sec¬
onds, interrupted by two 10-second rests.
The equipment allowed the recording to be
carried out in a water bath. The forearm

Fig 3.—Recording of electromyography (top) and contraction force (bottom) of the flexor digito¬
rum muscle in patient III-2 with myotonia fluctuans. Time scale in seconds. Left, Completion of ex¬
ercise; middle, 2 minutes later, and right, 10 minutes later. There is delayed onset of electrical and
mechanical

myotonia

after exercise.

Fig 4.—Maximum contraction force (top) and
relaxation time (bottom) of the flexor digitorum
muscle in patient III-2 with myotonia fluctuans.

Fig 5.—Diagram according to Fig 4 showing local muscle cooling of the forearm. Arrows indicate
completion of exercise of the cooled muscle. For myotonia congenita (MC; patient VIII-1), A indi¬
cates two contractions at room temperature; B, after 30 minutes of cooling; C, completion of ex¬
ercise and 1 minute later; and D, after 10 minutes. For paramyotonia congenita (PC; patient VI11a), A indicates room temperature; B, after 15 and after 30 minutes of cooling; C, completion
of exercise; D, after 10 minutes; and E, 2 hours later. For myotonia fluctuans (MF), at left (patient
III-2), A indicates room temperature; B, after 30 minutes of cooling; C, completion of exercise; D,
2 minutes later; and E, 10 minutes later. At right (patient III-3), A indicates room temperature; B,
after 30 minutes of cooling; C, completion of exercise; D, After 1 minute, 4 minutes, and 5 min¬
utes; and E, after 10 minutes.
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A indicates two contractions at a 15-second
interval at baseline conditions; B, completion of
exercise and 15 seconds later; C, 2 minutes
later; D, 7 minutes later; E, 14 minutes later;
and F, 20 minutes later.

abnormality after cooling. After
the completion of exercise the delayedonset myotonia appeared in a similar
pattern to normal temperature.
The patient with myotonia congen¬
ita had no abnormality of his relax¬
ation time during cooling. In the pa¬
no

tient with paramyotonia congenita,
the relaxation time became highly pro¬
longed. After cooling and exercise the
paramyotonic muscle showed a severe
and long-lasting weakness. Contrac¬
tion force decreased to approximately
10%, compared with 100% force with
normal muscle temperature.
A peculiar form of abnormal spon¬
taneous EMG activity has been ob¬
served recently in paramyotonia con¬
genita during cooling.8 This spontane¬
ous muscle fiber activity resembles the
pattern of dense fibrillation activity.
This abnormal activity, as expected,
was observed in the patient with
paramyotonia congenita, but also in
the two patients with myotonia fluc¬
tuans.

Effect of Potassium

(Fig 6)

severe increase in myotonia de¬
veloped in the two patients with myo¬
tonia fluctuans following the ingestion
of potassium (see case reports). There
was a pronounced prolongation of
muscle relaxation time. Exercise of the
flexor digitorum muscle normalized
the relaxation time (Fig 6, right). How¬
ever, after 15 seconds of rest, the re¬
laxation time increased again. The ab¬
normality in the relaxation time per¬
sisted until the serum potassium
concentration returned to baseline.
There was no weakness of contraction
force.

A

Fig 6.—Diagram according to Fig 4 showing potassium loading in myotonia fluctuans. At left (pa¬
tient III-3), A indicates serum potassium concentration of 3.6 mmol/L (two contractions at a 15second interval); B, potassium level of 5.6 mmol/L (three contractions within 20 seconds); C, 20
minutes later; and D, 32 minutes later. At right (patient III-2), A indicates potassium level of 3.9
mmol/L (two muscle contractions); B, potassium level of 5.1 mmol/L; C, completion of exercise
(arrow) and 15 seconds later; D, after 2 minutes; and E, after 7 minutes.
muscles were cooled with water at 14°C to
15°C for 30 minutes.
Quantitation of
Mechanical Myotonia

recordings of muscle contraction
were analyzed by a computerized technique.
Relaxation time (which equals mechanical
myotonia) was measured as the time re¬
quired for the force to decline from 90% to
The

10% of the average maximum force of
contraction (Fig 2).
In Vitro

a

Investigations

Patient III-3 gave informed consent to a
muscle biopsy. A specimen of the biceps
brachii was excised under local anesthesia
and kept at 37°C in gassed solution.47 The
solution contained 1 /¿mol of tetrodotoxin

(TTX)

to suppress

spontaneous activity.

The specimen was dissected into bundles of
about 2 mm in diameter. Resting and action
potentials were recorded by means of ca¬
pacity-compensated microelectrodes from
resealed fiber segments.7 Voltage-clamp ex¬
periments were performed with three
microelectrodes.1

RESULTS
Mechanical and Electrical Myotonia

Patients III-2 and III-3 with myoto¬
nia fluctuans displayed no abnormality
in relaxation time in their baseline
studies. Under certain conditions, elec¬
trical myotonic after-activity and me¬
chanical myotonia (which equals
prolonged relaxation time) became
prominent (Figs 3 and 4): a short con¬
traction performed 20 seconds after
completion of exercise had a normal
relaxation time. Two minutes later,
when the contraction was repeated,
there was a marked prolongation of
the relaxation time. With further rest
followed by another contraction, the
relaxation time increased even more.
This pattern of increasing prolonga¬
tion of relaxation time was termed
"exercise-induced delayed-onset myo¬
tonia."
Effect of

In the two

Cooling (Fig 5)

patients with myotonia

fluctuans, the relaxation time showed
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In Vitro

Investigations

The mean resting membrane poten¬
tial of the resealed fiber segments was
normal, measuring —80.0 ± 6.0 mV
(n 20). Similar values have been
measured in both intact intercostal
muscle fibers9 and resealed fiber
segments7 from normal subjects.
When TTX was removed from the
bathing solution, some fibers showed
=

repetitive (myotonic) activity.
The steady-state current-voltage re¬
lationships were similar to those of

normal fibers. The mean membrane
conductance value of the fibers was 280
microsiemens/cm2, which is within the
range for normal fibers.7 To determine
the component conductances, the cur¬

rent-voltage relationships

were

re¬

corded in a chloride-free solution con¬
taining TTX. The remaining mem¬
brane conductance represents the
potassium conductance, which in these
fibers was 66 microsiemens/cm2. This
value is within the range of a normal

potassium conductance. The calcu¬
lated resting chloride conductance of
the membrane (214 microsiemens/
cm2) represents 76% of the membrane
conductance, which is normal.7
COMMENT

In contrast to the relatively consis¬
tent degree of myotonic stiffness ob¬

served in patients with myotonia con¬
genita, the patients with "myotonia
fluctuans" experienced only occasional
episodes of intermittent generalized
myotonic stiffness. A few of these ep¬
isodes were of considerable severity. In
addition to fluctuation, the type of my¬
otonia is different in myotonia fluctu¬
ans than in myotonia congenita.
Becker,1 in his description of the
Thomsen kindred, emphasized that a
fluctuating course does not occur. It
should be noted that the patient with
myotonia congenita in our report is a

direct descendent of Dr Asmus Thom¬
sen, who observed this type of myoto¬
nia in himself and his family. "Knowl¬
edge of the disease picture in this
original kindred is a prerequisite «for

considering heterogeneity."1

The essential characteristic of clas¬
sic paramyotonia congenita is the de¬
velopment of muscle stiffness with ex¬
posure to cold and the subsequent de¬
velopment of weakness following
exercise in the cold.6 The patients with
myotonia fluctuans differed in two fun¬
damental ways from those with para¬
myotonia congenita. They did not de¬
velop an abnormality of muscle relax¬
ation time with cooling, and there was
no decline in muscle contraction force
after cooling and forearm exercise.
Some patients with hyperkalemic

periodic paralysis (adynamia episodi¬
ca) show mild signs of myotonia. They
are very sensitive to potassium loading
and develop attacks of generalized
weakness. However, they do not show
a significant prolongation of muscle
relaxation time with elevated serum
potassium concentration.10 The pa¬
tients with myotonia fluctuans were
also very sensitive to potassium chal¬
lenge, but they developed severe myo¬
tonic stiffness (which equals prolonga¬
tion of muscle relaxation time) with¬
out muscle weakness. These findings
clearly differentiate myotonia fluctu¬
ans from hyperkalemic periodic paral¬

ysis.

A distinct feature of

tuans appears to be

myotonia fluc¬
phenomenon

a

that might best be termed exercise-in¬
duced delayed-onset myotonia. The na¬
ture of this phenomenon can be appre¬
ciated by a comparison with the classic
grip myotonia seen in Thomsen's dis¬
ease. Patients with myotonia congen¬
ita consistently display grip myotonia.

grip myotonia decreases follow¬
ing repeated muscle contractions, and
gradually returns after 5 to 15 minutes
of rest. The delayed-onset myotonia,
however, is only brought about by ex¬
ercise. It does not appear immediately,
but only with a certain delay after ex¬
ercise. During a variable period of
This

time, after exercise, the muscle is in a
state capable of producing myotonia.
Exercise-induced delayed-onset my¬
otonia should not be confused with
paradoxical myotonia. Paradoxical
myotonia is frequently observed in pa¬
tients with paramyotonia congenita
when the muscle has been cooled
slightly. With repeated contractions at
short intervals, the myotonia in¬
creases with each contraction (the
muscle relaxation time is increasing).
In the patient with myotonia fluctuans
the muscle relaxation time at the com¬
pletion of exercise is normal, but after
a delay of sometimes several minutes a
single contraction might produce se¬
vere

myotonia.

As with other myotonic disorders,
there is likely to be a defect in the
muscle membrane that accounts for
the symptoms in myotonia fluctuans.
In myotonia congenita2 and in autoso¬
mal recessive myotonia,11 there is a
decrease in the conductance of chlo¬
ride. In the one patient with myotonia
fluctuans studied so far, the chloride
conductance was normal, and the spe¬
cific type of membrane defect is un¬
known.
For unknown reasons, the patients
with myotonia fluctuans have a
marked sensitivity to potassium. With
exercise there is a physiologic local
rise in the extracellular concentration
of potassium around the muscle
fibers.1213 However, exercise also
causes a transient increase in intracellular hydrogen ion concentration,
and this decrease in intracellular pH is
known to exert a stabilizing effect on
the muscle membrane.1415 This might
explain why these patients with myo¬
tonia fluctuans do not develop myoto¬
nia during exercise. Maybe some time
after exercise the increase in extracel¬
lular potassium cannot be effectively
counterbalanced by the intracellular
pH, and a period of myotonia occurs.
Furthermore, exercise stimulates the
release of hormones locally in the tis¬
sue bed as well as provoking the re¬
lease of adrenergic hormones into the
systemic circulation. The effects of
these hormones may contribute in
some unknown way to the phenomenon
of exercise-induced delayed-onset my¬
otonia. It should be mentioned in this
connection that fenoterol, an a-adrenergic drug, is capable of severely in¬
creasing myotonia in some myotonic

Downloaded From: by a Mount Sinai School of Medicine User on 07/23/2018

Future electrophysiologic
muscle fiber studies and DNA analysis
should clarify the mechanisms in my¬
otonia fluctuans in terms of the molec¬
ular membrane defect and the gene le¬
sion.

patients.16
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