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Summary. Electron microscopic studies of muscle biopsies from clinically
unaffected sibs in a family with normo-hyperkalaemic periodic paralysis with variable
myotonia have revealed dilatation of the sarcoplasmic reticulum similar to that ob-
served in affected members. This supports the view that such dilatation is not
only a significant and likely primary ultrastructural change but that it may precede
clinical manifestations and represent an anatomical marker of the genetic trait.

Identical dilatation of the sarcoplasmic reticulum was found in the clinically un-
affected father ofthe affected and unaffected grandchildren ofthe propositus. This
raises the possibility that this non-consanguineous member contributed to the gene-
tic trait or its manifestations in the grandchildren of the index patient since similar
dilatation of the sarcoplasmic reticulum was not observed in the muscles of healthy
control subjects.
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FIG. 1. Family pedigree: 1.2 died of 'flu', 1.3 and L.4 of heart disease, 11.5 diec
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Clinical and ultrastructural observations in a kindred with normo-hyperkalaemic periodic paralysis 21

Periodic paralysis, spontaneous without hyper-
kalaemia or induced by increasing the serum potas-
sium, in a 59-year-old caucasian male with interictal
percussion myotonia of the tongue led to a search for
other affected family members. Observations in
the patient, in one of his two daughters who was
affected, and in four of her five affected and in her
two clinically unaffected children are presented
here. Dilatations of the sarcoplasmic reticulum
evident in skeletal muscle on electron microscopy
were present not only in affected but also in un-
affected children of the affected daughter of the
propositus as well as in her clinically unaffected
husband.

Materials and methods
Inquiries were made in re prodromata, symptoms,

signs, and aggravating and prophylactic variables in
affected and unaffected offspring of the propositus and
other kin. An endocrine-metabolic evaluation was then
performed in the propositus, in his daughter and in her
husband, and in four of their affected and two clinically
unaffected children. Also, samples of quadriceps
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femoris muscle obtained by needle from six affected and
two unaffected members of the kindred with periodic
paralysis, from the husband of the propositus' daughter,
and from 20 healthy laboratory workers were fixed in
osmic acid, embedded in Maraglas, and prepared for
electron microscopy (Philips EM 200). The techniques
employed in this and the other observations are discussed
below.

Results
The family (Fig. 1). The propositus (II.6) re-

ported that his mother (I.2), one or possibly both of
his two maternal uncles (I.3, I.5), and his only
maternal aunt (I.4) had paralytic episodes. Infor-
mation on his maternal and paternal grandparents is
lacking.
Of three sisters of the propositus, one 'with a

spinal problem' (II.5) died in her third decade, an-
other was well (II.2) but data on her offspring are
lacking, and the third one (II.4) has periodic paraly-
sis which has decreased with ageing. II.4 has five
sons (III.6, III.7, III.9, III.10, III.11) and one
daughter (III.4) and of her offspring (III.4, III.6,
III.9) who have children, each reports paralytic
seizures in one or more of them.
One (III.18) of the two daughters of the proposi-

tus is entirely well and so are her three children.
The other, III.17, has periodic paralysis and so do

Definitely affected Li ) Probably affected

Deceased K Sex unknown < Sex and number of
sibs unknown

IV.9 died at 2 days and IV.17 was congenitally abnormal and died at 10 weeks.
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Danowski, Fisher, Vidalon, Vester, Thompson, Nolan, Stephan, and Sunder

TABLE I
PERIODIC PARALYSIS IN THE PROPOSITUS, HIS DAUGHTER, AND HIS GRANDCHILDREN

11.6 III.17 IV.18 IV.19 IV.20 IV.21 IV.24

Sex M F M F F F F
Present age (yr) 57 35 16 15 13 12 4
Onset age (yr) 9 2-3 3 2-3 2-3 2 2
Frequency (per yr) 2-3 1-2 2-3 2-3 2-3 12 2-3
Duration 7 days 7 days 1-2 days 1-4 days 1-4 days 1-4 days 2 hours

Muscle weakness
Initial Neck Neck Arms Fingers Neck Legs Legs
Most marked Legs Legs Legs Legs Legs Legs Legs

PreciPitating factors
Infection, fever 0 0 + + + 0 0
Exercise 0 0 0 0 0 0 0
Inclement weather 0 + 0 + 0 0 0
Anxiety + + + + ? ? 0
Food Sauerkraut Cantaloupe Oranges 0 0 0 0
Drugs Pentothal Cortisone

Relieved by
Walking + + + + + + ?
Drugs ? Chlorothiazide ? ? ? ?

Myotonia
Percussion, thenar 0 + + + + + + ?
Percussion, tongue + + + + + +
Percussion, arms 0 + + + + +
Cold to eyelids 0 + + + + +

Recording ergometry* Grossly abnormal Poor Poor Poor Poor Poor

Other conditions Myocardial infarction;
liver disease

* Hand compression of rubber bulb at 1-sec intervals for 105 seconds (Green et al, 1961).

five (IV.18, IV.19, IV.20, IV.21, IV.24) of her seven
children. Her husband (III.16) is entirely well;
there is no evidence of consanguinity in this mar-
riage.

Clinical manifestations. Muscle atrophy,
generalized but most marked in the thighs, was pre-
sent only in the index patient who reported a sub-
stantial and consistent alcohol intake which did not
impair his employability. Performance on record-
ing hand ergometry (Green, Rideout, and Shaw,
1961) was distinctly impaired only in him, but an
inability to synchronize in this test the compression
of the rubber bulb at intervals of 1 sec for 105 sec
was noted in all affected members.
Many features of the episodes of paralysis were

the same in the six other subjects. Thus, the
initial episodes occurred before the age of 10 years
and each patient reported one to 12 severe episodes
per year in addition to mild attacks at weekly or
monthly intervals. The severe attacks began in the
morning and lasted from 2 hours to 7 days. The
mild attacks usually occurred during the day and
lasted only a few hours. Severe as well as mild
attacks were often preceded by a heavy feeling and/
or vague sensory disturbances in the extremities.

Weakness was most marked in the legs but the initial
manifestations could be in the legs, arms, fingers, or
neck (Table I). Precipitating factors were variable
or non-existent. Thus, three reported onset during
febrile repiratory illnesses, at least four indicated that
anxiety or fear could trigger an attack, and two
stated that inclement weather preceded some of the
severe episodes. A particular food, ie, sauerkraut,
cantaloupes, or oranges, was offered as a precipitat-
ing factor by three of the members. Pentothal
anaesthesia had preceded one or more severe attacks
in the propositus and administration of cortisone to
IV.19 for poison ivy dermatitis was immediately
followed by paralysis. It is to be noted that none
indicated that exercise or rest after exercise ever
precipitated a severe or a mild attack and all stated
they could 'walk off' an impending attack.

Percussion myotonia of the tongue was always
present in the family members tested. Other myo-
tonic manifestations, ie, inability to raise the eyelids
after application of ice or persistence of muscle
contractions on percussion of the forearm or the
thenar eminence were demonstrable between
paralytic episodes in most of the affected members
who were tested (Table I).
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Clinical and ultrastructural observations in a kindred with normo-hyperkalaemic periodic paralysis 23

Blood and serum solutes and other laboratory indices.
Potassium administration with resultant hyper-
kalaemia (increase in serum K+ from 4-4 to 6-3
mEq/l.) produced a paralytic attack in the pro-
positus but this test was not performed in the other
clinically affected or clinically unaffected family
members. Other blood and serum solutes measured
between attacks were usually normal in him and in
the other affected and two unaffected family mem-
bers (methods as described by Danowski et al,
1949), but possible clustering of certain values was
noted (Table II). Thus, serum chloride levels
tended to be high-normal in affected as well as un-
affected members. The fasting blood glucose
level (Hagedorn and Jensen, 1923) was low, ie, 63
and 59 mg%, in two affected members. Alpha-i
globulin was probably low in the serum protein
electropherogram of one affected member (0-1 g%
in IV.19) and in one of those not affected (0 09 g%
in IV.22). Also, plasma ll(OH)corticosteroids
(Mattingly, 1962) were 5, 7, 6, and 8 y% in the
morning in four of the affected subjects and hence
lower than is usually observed in a control popula-
tion (Table II).
Serum CPK levels (Danowski et al, 1968) were

definitely increased in three clinically affected
members (II.6, IV.20, IV.21) and serum aldolase

(Harris, 1958) was above the upper limit of normal
(3 0 units) in five of six affected members. The in-
creases in alkaline phosphatase (Kind and King,
1954) above adult ranges occurred in affected and un-
affected children but were within the normal range
for that age group (Table II). Serum lactic acid de-
hydrogenase (LDH) was above the upper range of
normal, ie, 225 units, only in the propositus
(Hochella and Weinhouse, 1965); but serum gluta-
mic oxalacetic transminase (SGOT) (Henry et al,
1960) was above the upper limit of normal, ie, 50
units, in all but one of the affected members.
Though not a member of the family, the same

laboratory observations were made in III.16 (Table
II). The laboratory findings in III.16 were all
within the normal range.

Electron microscopy of muscle biopsies. Using
techniques cited earlier and criteria described in
previous studies (Fisher, Cohn, and Danowski,
1966), electron microscopic examination of skeletal
muscle fibres from six clinically affected members
(the propositus, his daughter, and four of her five
affected children) revealed mild to moderate dila-
tation of sarcoplasmic reticulum. One example
from IV.19 is shown in Fig. 2. This alteration was

TABLE II
LABORATORY FINDINGS IN AFFECTED AND UNAFFECTED SUBJECTS

Index
Affected Subjects* Unaffected Subjects

II.6 III.17 I IV.19 IV.20 IV.21 IV.24 III.6tf IV.22 IV.23

Serum
Sodium (mEq/l.) 146 145 143 141 142 139 143 139 140
Chloride (mEq/l.) 105 107 106 106 104 105 106 105 107
Potassium (mEq/l.) 3-9 3-9 4-8 4-3 4-6 4 0 4-6 4-2 3-8
Calcium (mg?o) 8-8 9 7 10-0 9-8 10-6 10-1 10-6 9-8 10-1
P04 (mg%o) 3-5 3-8 4-2 5-3 4 9 5-3 3-6 4-7 4-5

Blood glucose (mg%0) 98 63 59 70 80 71 81 85 82

Serum creatinine (mg0o) 1-2 0 9 0 9 0-8 0-8 0 7 1-0 0 7 0 7

Plasma 1l(OH)
corticosteroids (y%O) 5 14 13 7 6 8 24 29 17

Serum
CPK (IU) 109 12 34 153 134 15 12 8 12
Aldolase (U) 4-7 1-3 3.9 6-0 4-3 4-3 1-3 0(9 1-7
Alkaline phasphatase (KA U) 11 6 9 35 34 25 6 28 32
LDH (U) 287 112 160 224 221 205 149 186 199
GOT (U) 136 37 74 86 103 72 41 54 54

Proteins
Total (g%) 6-2 6-8 6-8 6-9 6-5 6-8 6-5 70
Albumin (go') 3-7 4-3 4-0 4-3 3-8 4-6 4-1
Globulin (g00)

Alpha-i 0-16 0.11 0-23 0-15 0-15 0-12 0 09
Alpha-2 0*66 0-76 0*78 0*65 0*80 0*80 0*85
Beta 0-86 0-91 0-78 1-12 0-80 0-92 0-96
Gamma 0-86 0-98 0-83 0-73 0 50 0-60 0 90

* Similar data and muscle biopsy are not available for the oldest affected child, IV. 18.
t Clinically normal son-in-law of the propositus, husband of III.17, and father of IV.19, IV.20, IV.21, IV.22, IV.23, IV.24, and IV.18 (not

shown).
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FIG. 2. Portion of muscle from IV.19 revealing dilatation of sarco-
plasmic reticulum (arrow) and mitochondrial changes. (x 1145.)

FIG. 3. Intense glycogen infiltration of myofibres of the propositus.
Lipid (L) and lipofuscin (Li) droplets are present but changes in
organelles in this area are not prominent. ( x 7920.)

FIG. 4. Portion of muscle from a clinically unaffected member ofthe
family (IV.23). There is variation in size of mitochondria, some of
which appear vacuolated. The sarcoplasmic reticulum (arrow) is
more conspicuous than normal. An occasional lipid (L) droplet is
present. ( x 7920.)
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Clinical and ultrastuctural observations in a kindred with normo-hyperkalaemic periodic paralysis 25

FIG.5. DilatationofsarcoplasmicreticuluminIII.16. (x7920.) FIG. 6. Discoid degeneration in muscle of III.16., the clinically
normal son-in-law of the index patient, in whom similar changes were
present. In both subjects, biopsy revealed areas characterized by the
presence ofglycogen particles and organelles in a matrix ofsarcoplasm
which lacks sarcomere differentiation. ( x 18,070.)

quantitatively similar in the other affected members
regardless of the severity of the disease. In addi-
tion, many but not all of these six individuals with a
history of paralysis exhibited focal pleoconial and
megaconial mitochondrial changes of the type evi-
dent in Fig. 2. Glycogen infiltration of myofibres,
particularly beneath the sarcolemmal membrane,
was intense in some of the biopsy samples (Fig. 3).
Lipid and lipofuscin droplets were only occasionally
observed.

Dilatation of the sarcoplasmic reticulum was also
present in the muscle biopsy specimens from IV.22
and IV.23, two of the clinically unaffected children
of the clinically affected daughter, without the
associated ultrastructural changes noted in the
affected members. An example from IV.23 is shown
in Fig. 4. Similar dilatations (Fig. 5) were found in
the biopsy specimen from the clinically normal
husband (III.16) of the affected daughter. Such
dilatation of the sarcoplasmic reticulum was not
found in the muscle biopsy specimens from the 20
healthy controls.

In the index patient, occasional fibres exhibited

discoid degeneration characterized by the presence
of organelles and glycogen particles within a matrix
of sarcoplasm almost or totally devoid of sarcomere
structure. The same type of change was found in
III.16 (Fig. 5), the clinically unaffected son-in-law
of the propositus, in whom sarcoplasmic dilatation
was also present.

Discussion
The clinical manifestations in this family are in

keeping with those reported for normo-hyperkalae-
mic periodic paralysis (Gamstorp, 1956; Gamstorp
et al, 1957; Egan and Klein, 1959; Klein, Egan, and
Usher, 1960; Armstrong, 1962; Layzer, Lovelace,
and Rowland, 1967; Macdonald, Rewcastle, and
Humphrey, 1968; Bradley, 1969; Aubock and
Fladerer, 1970; Jeune, David, and de Villard,
1970; Schnaberth and Summer, 1970; Streeten,
Dalakos, and Fellerman, 1971). However, in other
families, an amelioration of the frequency and
severity of the attacks has been noted in the young
adult years (Gamstorp, 1956; Armstrong, 1962).
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TABLE III
PERIODIC PARALYSIS: USUAL AS WELL AS 'PARADOXICAL' ACTIONS OF THERAPEUTIC AGENTS

Agent Usual Action Hyper- and/or Normo-kalaemic Hypokalaemic

Glucose and/or insulin rx Decreases serum K +; Usually prevents but may Precipitates paralysis
increases cell K + precipitate (Layzer et al,

1967) paralysis

Adrenosteroid rx Decreases serum K + Usually prevents but may Usually precipitates but may
decreases cell K + precipitate (Streeten et al, prevent (de Graeff and

1971) paralysis Lameijer, 1965) paralysis

Diuretics: thiazides Decrease serum K + * Prevent paralysis Precipitate paralysis
decrease cell K +

Carbonic anhydrous inhibitors Decrease serum K + ; Prevent paralysis Prevent paralvsis (Resnick et al,
(acetazoleamide) decrease cell K + 1968; Griggs et al, 1970)

This to date has not been true of our patients but
was reported in the sister of the propositus. It
should be noted, however, that in the propositus
ethanolism may have contributed to the myopathy
and precluded amelioration. The foods suggested
as possible antecedents of a paralytic episode are of
course high in potassium and could serve as a trigger.
The episode which followed cortisone therapy

could have represented a chance association but
others have described the paradox of paralysis in the
hyperkalaemic type following adrenosteroids or
ACTH (Streeten et al, 1971). Assuming that the
action of these two agents was mediated solely by the
decrease which they produce in extracellular and in
body potassium, one would expect them to prevent
rather than precipitate paralysis. This and other
paradoxical effects in hypokalaemic and normo-
hyperkalaemic periodic paralysis of agents which
affect body potassium are summarized in Table III.
The latter include the occasional precipitation
rather than prevention of paralysis by glucose and/or
insulin therapy in the hyper-normokalaemic type
(Layzer et al, 1967), the occasional prevention rather
than precipitation of paralysis by adrenosteroid
therapy in the hypokalaemic group (de Graeff and
Lameijer, 1965), and quite consistent prevention
rather than precipitation of hypokalemic paralytic
episodes by acetazolamide (Resnick et al, 1968;
Griggs, Engel, and Resnick, 1970). These para-
doxes suggest that the occurrence or non-occurrence
of paralytic episodes in the various forms of periodic
paralysis is not solely dependent on the levels of
potassium.

Moreover, other consistent and inconsistent
findings can be cited in the hypokalaemic, hyper-
normokaelemic, and the Eulenberg subgroups (1886)
of paralytic-myotonic muscle disorders. Thus,
paralysis can occur in the familial hyperkalaemic
form without an elevation of serum potassium
(Armstrong, 1962; Bradley, 1969; Jeune et al,

1970). Also, Gamstorp's description of adynamia
episodica hereditaria with consistent hyperkalaemia
does not include a single instance of myotonia
(Gamstorp, 1956) or perhaps one, cited by Drager,
Hammill, and Shy (1958) whereas this has been
variably present in other kindreds with familial
hyperkalaemic periodic paralysis (Layzer et al,
1967; Odor, Patel, and Pearce, 1967, Macdonald
et al, 1968). Such myotonia may also occur in
hypokalaemic patients (Resnick and Engel, 1967).
Similarly, periodic paralysis need not be a feature of
Eulenberg's type with myotonia (Woolsey, Nelson,
and Rossini, 1969), but, when paralysis does de-
velop, characteristic or consistent serum potassium
patterns have not been identified (Drager et al,
1958). This variability establishes that manifesta-
tions in these disorders are not consistently and
exclusively present in a one or another type of
periodic paralysis and may thereby complicate
attempts at classification.
Our data based on electron microscopic findings

in a family with normo-hyperkalaemic paralysis
presented here, together with comparable studies
by others in normokalaemic and in hypokalaemic
periodic paralyses (Drager et al. 1958; Engel et al,
1965; Engel, 1966 and 1970; Gross, Dexter, and
Roth, 1966; Howes et al, 1966; Odor et al, 1967;
Macdonald et al, 1968 and 1969; Biczyskowa,
Fidzianska, and Jedrzejowska, 1969; Bradley, 1969;
Brody and Dudley, 1969; Schutta and Armitage,
1969; Aubock and Fladerer, 1970; Bergman et al,
1970a and b; Dunkle et al, 1970; Gordon, Green,
and Lagunoff, 1970; Hofmann and Smith, 1970;
Schnaberth and Summer, 1970; Ionescu, Radu,
and Nicolescu, 1971; Weller and McArdle, 1971),
reveal a similarity of ultrastructural changes in all
types. Dilatation of the sarcoplasmic reticulum is
common to the hyper-, normo-, and hypokalaemic
forms and to Eulenberg's paramyotonia with paraly-
sis and potassium fluctuations. This alteration was
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Clinical and ultrastructural observations in a kindred with normo-hyperkalaemic periodic paralysis 27

only moderate in the individuals with and without
clinical evidence of periodic paralysis comprising
this study. The pronounced cisternal dilatation of
sarcoplasmic reticulum (Engel, 1970; Howes et al,
1966; Ionescu et al, 1971), dilatation of the T
system (Biczyskowa et al, 1969), or deposits of
calcium noted by others (Schutta and Armitage,
1969; Weller and McArdle, 1971) was not observed
in our patients. Mitochondrial alterations quali-
tatively similar to those observed in this pedigree of
periodic paralysis have been observed in muscle
biopsies of normal controls of comparable age.
However, they are quantitatively less striking in the
latter population. Also, the frequency as well as
quantity ofglycogen infiltration appears to be greater
in these individuals with periodic paralysis than in
controls.
Our data also establish that dilatation of the sarco-

plasmic reticulum can be present in clinically normal
siblings of persons affected by periodic paralysis.
The significance of such dilatations is not clear but
they may represent forme fruste examples of the
disorder.
The finding of dilatation of the sarcoplasmic re-

ticulum and discoid degeneration in the muscle
biopsy of III.16, the son-in-law of the propositus,
ie, the husband of the affected daughter and the
father of her five clinically affected and two clinically
normal children, suggests that he may have con-
tributed to the genetic transmission of the paralytic
trait or to its clinical manifestations. This possi-
bility is strengthened by the fact that such dilatation
of the sarcoplasmic reticulum was not encountered
in any of our 20 control subjects.

Ionescu et al (1971) and others (Engel, 1966;
Macdonald et al, 1968; Brody and Dudley, 1969)
have commented on whether or not dilatation of the
sarcoplasmic reticulum is the initial lesion in various
types of periodic paralysis. Also, it has been indi-
cated that the number and size of the sarcoplasmic
reticulum vacuoles increases with the duration of the
disease (Engel, 1966). Irrespective of whether or
not such sarcoplasmic dilatation is the initial lesion,
it is clear that all samples of muscle from patients
with familial or sporadic periodic paralysis and all of
those with associated thyrotoxicosis do manifest this
change. We have found only one published excep-
tion, a patient with a history of massive licorice in-
gestion, who did not have dilatation of sarcoplasmic
reticulum (Gross et al, 1966). Our finding that
such dilatation may also be present in clinically
unaffected members of a family supports the view
that dilatation of the sarcoplasmic reticulum may
well be the initial anatomical lesion.

It may be that the myotonia which occurs in

periodic paralysis results from the greatly expanded
intralumenal volume of the endoplasmic reticulum.
This increase could interfere with removal ofcalcium
from the muscle, a point of view supported by the
presence of increased muscle calcium (Engel et al,
1965) and calcium (hydroxyapatite) in vacuoles in
the sarcoplasmic reticulum of muscle from patients
with periodic paralysis reported by others (Schutta
and Armitage, 1969; Weller and McArdle, 1971).
Since troponin inhibits muscle contraction and the
calcium ion cancels this inhibition (Hoyle, 1970),
such excesses of calcium could be responsible for
the myotonia.
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