
Abstract: A case of 23 years old man with hypokalemic
periodic paralysis in emergency department is presen-
ted in this article, followed by a review of pathogeny,
clinical features, diagnosis and treatment of the disease.
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A 23 years old man arrives at the emergency de-
partment with paralysis of the limbs, trunk and neck,
without myotonia. He has a serum concentration of
potassium 1,6 meq/l and ECG changes (prolonged PR
and flattening of T waves). The patient is admitted at
the Neurology department and the paralysis improves,
the serum potassium concentration and the ECG
changes become normal after intravenous adminis-
tration of KCl diluted in mannitol.

The onset of the disease was 3 years before with the
patient presenting weakness of the limbs and attacks
of reversible paralysis more frequent in the morning,
when he woke up. The time between attacks was vari-
able and marked by pain and muscle weakness of the
limbs.

The patient was the first in his family with those
symptoms. After evaluation of thyroid hormonal sta-
tus (serum T3, T4 and TSH concentration), the diagnosis
was hypokalemic periodic paralysis (HOKPP).

Between 2000 and 2004, two more patients came to
our emergency department: one with hypokalemic
periodic paralysis and the other having paraparesis due
to secondary hypokalemia (caused by a prolonged
diarrhea).

Since the patients with the afore-mentioned symp-
toms are coming in the first place to the E.D. and the
disease is not frequent, we present the hypokalemic
periodic paralysis. 

HOKPP is an autosomal dominant disorder charac-
terized by episodic attacks of flaccid paralysis associated
with low blood potassium level. If the determination of
blood potassium level is not available, myotonia marks
the distinction between HOKPP (when myotonia is

always absent) and other forms of periodic paralysis
(normo- or hyperkalemic).

The attacks are triggered mainly by carbohydrate
rich meals and by rest after exercises and they cease
after administration of potassium or after exercises.

There are two different forms of HOKPP: the par-
alytic form which is the most common and the myopa-
tic form.

Genetics and pathogeny

HOKPP is an autosomal dominant transmitted dis-
ease. Because the penetrance of some mutations is 100%
in males but reduced in females, an X-linked recessive
inheritance was initially suggested (based on some
pedigree patterns) [1 quoted by 2]. Penetrance: the frac-
tion of individuals with a genotype known to cause a
disease who have any signs or symptoms of the dis-
ease [3].

The penetrance varies with the disease causing mu-
tations. It is 100% for male and low for female with mu-
tation R672H in the sodium channel [4]. For another
mutation (R672G) in same sodium channel, the pene-
trance is 100% for both women and men [5, 6, 7].

Of the patients with mutations in genes for volt-
age gated calcium channels, about 45% of the women
who have the R528H mutation, and 29% of those with
the R1239H are asymptomatic. Of the males having
both mutations, 90% of patients are symptomatic [7].

All seven mutations for the gene encoding the chan-
nels for calcium and for sodium affect the α-subunit
of those channels [8,9,10,11,12,13].

Incidence of HOKPP is about 1:100000 [4].

Structure and function 
of the voltage-gated cation channels

In all types of cells the most important second mes-
senger for intracellular signal transduction is the cal-
cium ion [14]. The intracellular concentration of calci-
um (100 nM in resting cells) must be precisely controlled
at this low level [15], whereas extracellular concen-
tration is about 1 mM. One of the means by which intra-
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cellular calcium concentration is regulated is the influx
from the extracellular space through the calcium chan-
nels [16].

In the ’70 the possible existence of voltage-depend-
ent calcium channels was reported for the first time,
those being initially divided in two classes: high-volt-
age-activated (HVA), and low-voltage-activated (LVA)
[17]. Another classification according to their inacti-
vation properties divided the voltage-gated channels
into transient (T-type) and long-lasting (L-type). Later
HVA were subdivided depending on their tissue
expression pattern and toxin sensitivity in other sub-
types: B (brain), N (neuronal), P (Purkinje cell) and R
(toxin resistant) [18].

L-type is widely distributed in all types of cells
except for platelets [16].

Structure and function

L-type calcium channels are best studied because
of their abundance in skeletal muscle tissue [19]. L-type
channels are sensitive to dyhydropyridines (DHP; e.g.
nifedipine) which has lead to the term dihydropyri-
dine receptor (a misnomer because DHP is an antago-
nist, not an activation ligand) [18].

The calcium channel consists of five different poly-
peptide subunits: α1, α2, β, γ and δ [20,21]. Voltage-ga-
ted calcium, sodium and potassium channels show a
varying subunit composition.

The α-subunit is the main structural component of
the calcium channel because it determines the main
characteristics of the pore. It contents the ion-con-
ducting pore, voltage sensors, gates for the opened and
closed channel states and binding sites for ligands [18].

The α1-subunit contains calcium antagonist bind-
ing sites [22,23] and has four homologous domains.
Each domain has six transmembrane regions (S1 to S6)
connected by intracellular and extracellular loops (the
interlinkers) [22,24]. The S4 transmembrane segment
serves as the voltage sensor of the channel [25] and is
present in all voltage-gated channels [26].

The pore region (the S5-S6 regions) contributes to
the lining of the channel pore and has negative charges
surrounding the external opening of the pore, thus for-
ming the selectivity filter of the channel.

The functions of the L-type calcium channel are
related to the generation of the action potentials and
the signal of the transduction events at the cell mem-
brane [27], also being involved in the process of neu-
rotransmitter secretion of the central nervous system
[28, 29].

Eight different α1 – subunit genes (CACNA to
CACNG) are known in vertebrates. Mutations in the
genes encoding the α1 – subunit (CACNL1A3) account
for most of the cases of HOKPP.

Besides the L-type calcium channel, another impor-
tant channel is expressed in the adult skeletal muscle:
ryanodine receptor (RYR1; sensitive to alkaloid ryan-
odine) which releases calcium from the sarcoplasmic
reticulum (SR) or endoplasmic reticulum (ER). They
are located in the triadic junction of the t-tubular sys-
tem and the SR, respectively, and diseases causing
mutations in the genes encoding both channels have
been described [18].

In the skeletal muscle, L-type channel is not impor-
tant as an ion-conducting channel but functions as a
voltage sensor of the RYR1 that releases calcium from
SR, initiating contraction [30].

Sodium channels

Their basic structure is the same as the one of the
calcium channel. Ten different genes that encode α-sub-
units of the sodium channel are known and they ran-
ge from SCN1A to SCN10A.

Point mutations in the gene encoding the α-subu-
nit of the adult skeletal muscle sodium channel (SCN4A)
are responsible for HOKPP type 2 [7,13,31].

In the SCN4A gene, four mutations for the HOKPP
have been identified. They are also responsible for
other diseases: hyperkalemic periodic paralysis, nor-
mokalemic paralysis, paramyotonia congenitalia and
different types of myotonia [4].

Another rare mutation has been described in a fam-
ily with a rare combination of heat-induced myotonia
and cold-induced paralyis [32]. 

Potassium channels

The pore region of the potassium channel was first
studied using the pore blocking agent tetraethylam-
monium [33].

The under threshold, voltage-gated potassium chan-
nel of the skeletal muscle is shown to contain the MinK-
related peptide 2 (MiRP2) and the pore-forming sub-
unit Kv3.4. A missense mutation in the gene for MiRP2
(KCNE3) has been identified in two families with peri-
odic paralysis and has been proven to segregate with
the disease. Mutant MiRP2-Kv3.4 complexes exhibit
reduced current density and have a diminished capa-
city to set the resting membrane potential [34].

Two further studies invalidate that hypothesis
[35,36].

Pathophysiology

During an attack, the sarcolemma becomes depo-
larised and inexcitable [37].
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The basis of this depolarisation remains speculative,
although changes in ATP-sensitive potassium channels
and in sodium channels have been promoted as direct
precipitants [12,38,39].

Another theory involves the adenosine triphospha-
te sensitive potassium channel (KATP) in the pathogeny
of HOKPP with mutations in the α-subunit of the L-type
calcium channels. KATP is a metabolically regulated
potassium channel present in high density in differ-
ent tissues, including skeletal muscle [40,41,42].

It has been demonstrated in animal models that
individuals with chronic hypokalemia have an abnor-
mally reduced activity of the sarcolemal KATP chan-
nels [43].

Insulin promotes the entry of potassium into skele-
tal muscle and hepatic cells, apparently by increasing
the activity of the Na-K-ATPase pump [44].

In humans affected by HOKPP, insulin produces
fiber depolarisation and muscle paralysis associated
with hypokalemia, while in healthy subjects it pro-
duces fiber hyperpolarization [45].

In patients with HOKPP, not only the pore of the
muscular KATP channel complex is altered, but also
sulfonylurea receptor involved in the activation of the
channel [46]. The KATP channel is functionally coupled
to the Na-K-ATP-ase. In healthy subjects, the insulin
stimulation of the pump leads to an influx of potassi-
um ions inside the muscle, to a transient hypokalemia
and to the activation of the KATP current that hyperpo-
larizes the fibers. In subjects with HOKPP (where there
is no efflux of potassium ion because of the reduced
basal activity of the KATP channels), insulin aggravates
the fiber depolarisation and determines paralysis [47].

In patients with HOKPP, hypokalemia results from
the effect of glucose intake and the release of insulin,
which stimulates the sodium-potassium pump and
shifts potassium ions from the extracellular space into
the intracellular one [48]. In normal subjects, the hypo-
kalemia produces hyperpolarization, but in patients
with HOKPP it causes sustained depolarization of the
fibers which initiates the attack [49]. 

Cathecolamines promote potassium movement
into cells mediated by the β2-adrenergic receptors which
also involves activity of the Na-K-ATP-ase pump. As
a result, transient hypokalemia can be induced when
adrenaline release is enhanced by hypoglycemia or the
stress caused by an acute illness [44] that explains how
triggering factors act.

In HOKPP type-2 (caused by mutations in sodium
channel), the sustained depolarization causes further
inactivation of the mutant sodium channel and through
a positive feedback mechanism it inactivates more and
more normal sodium channels and renders the cell inex-
citable, the patient becoming paralysed. This mecha-
nism is called enhanced inactivation [12, 13].

Clinical manifestation

The clinical polymorphism of HOKPP can be ex-
plained by the multiple mutations responsible for the
disease, the variable penetrance depending on the mu-
tations, as already mentioned above.

For didactic purposes, two different forms of HOKPP
are described: the paralytic form and the myopathic
form, with a slowly progressive myopathy. They may
occur separately or together. The pure paralytic form
is the most common one, the combination of paraly-
tic attacks with progressive myopathy is less common
and the pure myopathic form is very rare [4].

The age of onset for the first attack ranges from one
to 20 years.The highest frequency of the attacks ranges
between 15 and 35 years and it decreases with age [4].

Two patients were described bearing the mutation
in the calcium channel (R528H): a 79-year-old man
which had no paralysis attacks in his lifetime, and a
65-year-old man which had only two paralysis attacks
at 41 and 45 years. The same authors presented four
women with R1239H mutation who experienced only
one paralysis attack in their lifetime after a trigger
event. For two of them, the trigger was a general anaes-
thesia, for one the flu and for the last one an intoxica-
tion [7].

Typically, the attacks occur during the second half
of the night or early in the morning. The triggering
factors consist of carbohydrate-rich meals, rest after
exercises, perfusion with glucose or solutions of NaCl
and various conditions of stress (pregnancy, surgical
operations) [4,50].

Sometimes prodromes can precede the attacks: ex-
cessive hunger or thirst, dry mouth, palpitations, swea-
ting, diarrhoea, nervousness and a sense of weariness
or fatigue [50].

The attack evolves over minutes to hours and, once
established, the weakness lasts hours or days depend-
ing on the severity.

The paralyis is variously distributed and variable.
The extremities are earlier and more severely affect-
ed than the trunk muscles, usually the legs are more
often affected than the arms. The attacks often spare
the following muscles: extraocular, facial, tongue,
pharynx, larynx and diaphragm.

When the attack is at its peak, tendon reflexes are
reduced or abolished and cutaneous reflexes may also
disappear, but sensation is preserved [50].

Rarely, death may be caused by a paralysis of the
respiratory muscle or by a malignant arrhythmia (es-
pecially in the absence of intensive care) [50].

Myotonia is never seen in patients with HOKPP.
Reversible weakness between crisis, postcritic my-

algia and cramps have been reported with variable fre-
quency related to the causative mutation [7].  
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The frequency of attacks is extremely variable: daily,
weekly, monthly, yearly or a single attack in a lifetime
[4].

The frequency of associated myalgias (paracritic
and postcritic) and of permanent muscle weakness are
variable, depending on the mutation [7].

Laboratory findings

By definition, the attacks in hipokalemic periodic
paralysis are accompanied by a decrease of the potas-
sium level in serum. The level of potassium can reach
1,4 meq/l [7], but is usually almost normal or it has
values that do not produce paresis in normal subjects.
The decrease in serum potassium is associated with
little or no increase in the urinary potassium excretion
[50] because Na-K-ATP-ase stimulation leads to the
influx of potassium inside the muscle [47].

The amount of potassium excreted in the urine
declines during major attacks and can serve as a fur-
ther diagnostic marker [51].

Normal subjects do not become weak until their
blood potassium reaches levels lower than 2,5 meq/l
[52 quoted by 51]. Patients with HOKPP are usually
very sensitive to decrease of serum potassium. Every
normal subject can experience weakness due to an im-
portant decrease of serum potassium, but the patients
with HOKPP can experience full weakness even after
a minimal lowering of potassium level.

The determining factor is not the level of the serum
potassium but the condition and response of the pa-
tient. It is not the level itself, but the drop that preci-
pitate the paralytic episode [53 quoted by 51].

Transcellular shifts of potassium are more likely to
produce symptoms than changes in external balance.
The level of the decrease in the plasmatic potassium con-
centration affects the neuromuscular excitability based
on three factors. The mechanism of change (alteration
in external balance versus transcellular shift), the extra-
cellular concentration of calcium and the extracellu-
lar pH [44].

The serum potassium may become normal seve-
ral hours before the weakness begins to resolve and
patients arrive in the emergency department with nor-
mal potassium levels. 

Because the serum potassium is usually normal be-
tween the crises, provocative tests may be helpful for
diagnosis but they must be performed very carefully
especially since other reliable tests are available which
are less aggressive for the patients. 

Provocative tests must be avoided in patients with
any possibility of cardiac involvement [54]. 

A type of provocative test described by Gamstorp
consists in giving 50 g glucose in 150 ml water orally
per hour until the weakness commences. Serum potas-

sium, oxygen levels and cardiac activity must be mon-
itored and the patient must be kept under continuous
observation from the beginning of the test period. A
transient attack of weakness combined with a re-
versible decrease in serum potassium and/or transient
hypopotassemic ECG abnormalities confirm the diag-
nosis [55]. 

A drop in serum potassium may be also be induced
by an insulin provocation test in which the oral admin-
istration of 100 g glucose is combined with 25 IU insu-
lin given subcutaneously. The glucose/insulin test may
also be performed by giving the glucose and the insu-
lin intravenously. Since weakness induced by this test
may occasionally be severe, it is wise to begin only with
glucose, since this is a less potent stimulus and the com-
bined administration of insulin and glucose may pro-
duce life-threatening arrhythmias if the serum potas-
sium drops to very low levels [52]. 

For a correct determination of serum potassium,
the following clues are useful:

Hemolysis when drawing the blood sample has
to be avoided: it will give false-to-high results. The
sample must be delivered to the laboratory and exam-
ined at once to separate cells from serum. Potassium
moves out of the cell and will be falsely high after four
hours [55].

After a tourniquet is applied to obtain a blood sam-
ple, the patient is often instructed to repeatedly clench
and unclench his fist to increase local blood flow and
to make the veins more prominent. This can result in
extracellular potassium shift and an elevation in the
plasma potassium concentration with 1 to 2 meq/l,
leading to errors [56]. For this reason, it is recom-
mended to draw the blood sample without a tourni-
quet, or to release the tourniquet after the needle has
entered the vein and wait for two minutes before
drawing the sample [55].

ECG changes

PR and QT intervals are prolonged. 
QRS complex begins widening at a serum potas-

sium level of about 3 mEq/l.
ST segment may become depressed by 1 mm or

more. 
T waves begin to flatten at a potassium level of about

3 meq/l and continue to be smaller as the U waves that
increase in size and the T/U ratio may be inverted.

At a serum potassium level of about 3 meq/l the U
waves may have the same amplitude as the T waves
and at around 2 meq/l they become higher than T
waves. The U waves get to a “giant” amplitude and fuse
with the T waves at 1 meq/l.

Ventricular arrhythmia (torsade de pointes) may
occur in hypokalemia especially in the presence of di-
gitalis [50, 51, 57].
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Electromyogram

During the attack, the electromyogram (EMG) find-
ings are not specific. EMG demonstrates a reduced
number of motor units (myopathic abnormalities) [4].
Between the attacks, EMG may exhibit myopathic ab-
normalities in patients with fixed myopathy. Between
the attacks, a standardised test elaborated by Mc Manis
is performed. The test is performed on the abductor dig-
iti minimi muscle, with stimulation of the ulnar nerve
at wrist. Compound muscle action potentials (CMAP)
are recorded after supramaximal stimulation and ma-
ximal voluntary isometric exercise. A decrement of
CAMP more than 40% is highly suggestive for periodic
paralysis, but does not differentiate between the pri-
mary and secondary forms of periodic paralysis [58].

Histopathology

Pathology is very useful in the patients with the
myopathic form. Optic or electron microscopy show
some abnormalities on muscle biopsy material.

Vacuoles are predominant in the muscles of pat-
ients carrying calcium channel mutations. The patients
with sodium channel mutations have a myopathy
characterised by tubular aggregates in type II fiber.
Tubular aggregates consist of densely packed double-
walled reticulum [59 quoted by 7]. Those lesions are
found as a minor feature in the skeletal muscle of nor-
mal patients, but also in subacute alcoholic myopathy,
drug myopathy, malignant hypertermia and metabolic
or inflammatory myopathies [60].

The vacuoles remain the morphological hallmark
of the HOKPP in the myopathic stage and may be pre-
sent in patients with no clinical permanent muscle weak-
ness. Rarely electron microscopy detected tubular ag-
gregates among the predominant vacuoles as well.
Electron microscopy can also detect mitochondrial chan-
ges [7], without being necessary for diagnosis of the
disease. 

Molecular genetic testing

Disease causing mutations are localised in genes
encoding the calcium channel (70%), the sodium chan-
nel (12%) and (controversial) the potassium channel.
Molecular genetic testing is clinically available for the
most common seven mutations described for the cal-
cium channel (chromosomal locus 1q32, gene CACNA-
1S, exon11 and 30) and for the sodium channel (chro-
mosomal loci 17q23.1; 17q25.3, gene SCN4A, exon 12).

Molecular genetic testing identifies disease-caus-
ing mutations in the afore-mentioned genes in 80% of
individuals with clinical diagnostic criteria. In 20% of

the patients with clinically diagnosed HOKPP none of
seven most common mutations are found, indicating
possible further allelic heterogeneity and/or genetic
heterogeneity of the disorder [4].

Besides the mutations causing HOKPP, other mu-
tations in the same genes expand the spectrum of dis-
eases of this genes. For the gene of calcium channel
(CACNA1S) the mutation in exon 26 causes malignant
hypertermia susceptibility in an autosomal dominant
manner. For the gene of sodium channel (SCN4A) to the
date more than 20 mutations in other exons have been
shown to cause disease inherited in an autosomal dom-
inant manner, characterised by hyperexcitability of the
sarcoplasmic membrane, which include: normokalemic
or hyperkalemic periodic paralysis, paramiotonia con-
genita, potassium-aggravated myotonia, myotonia fluc-
tuans, myotonia permanens, acetazolamide-responsive
myotonia, hyperkalemic periodic paralysis with or wit-
hout malignant hypertermia susceptibility and succin-
ylcoline-induced masseter muscle rigidity, a compli-
cation of anaesthesia closely related with malignant
hypertermia [4,7,50]. 

Until now, a positive genetic test can prove that a
patient has HOKPP, but a negative result does not rule
out the possibility of the disease.

Differential diagnosis

The main differential diagnosis is mainly consid-
ered with: normokalemic- and hyperkalemic period-
ic paralysis, thyrotoxic periodic paralysis, Andersen
syndrome and secondary hypokalemia (Figure 1).

Normokalemic – 
and hyperkalemic periodic paralysis

In some patients with hyperkalemic paralysis the
serum concentration of potassium decreases at the end
of the attack to a level patognomonic for HOKPP. For
this reason, is is important to measure the serum potas-
sium early in the attack.

The triggering factors of the HOKPP are not found.
The age of paralytic attacks onset is lower and the

duration of the attacks is shorter [61].
Myotonic symptoms e.g. ocular muscle myotonia

(slow opening of the lids after forced active closure of
the eyes) and myotonic discharges on EMG between
attacks are specific [11].

Hyperkalemic periodic paralysis can be provoked
by administration of potassium.

The progressive myopathy may be as common as
it is in HOKPP [62].

Patients were presented with hyperkalemic peri-
odic paralysis who had paralytic episodes in adoles-
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cence precipitated by rest after exercise, cold, alcohol
intake and fasting, the attacks worsening over the
years, occurring daily and spontaneously [63].

Thyrotoxic periodic paralysis

Periodic paralysis with hypokalemia and thyro-
toxicosis have an identical clinical picture with the
hereditary form without hyperthyroidism, but the thy-
rotoxicosis may be mild. Same as HOKPP, the attacks
can be triggered by meals rich in carbohydrates [64].

Spontaneous or induced attacks do not occur in
persons with corrected hyperthyroidism.

The disease is more frequent in men, especially of
Asian origin and possibly people of Latin American
and Afro-American origin [4,65].

It is likely that the Oriental periodic paralysis is pre-
cipitated by one of many factors: abuse of thyroid hor-
mone [66], primary aldosteronism [67], barium poi-
soning (barium blocks the potassium channels in the
cell membrane that normally allow potassium to dif-
fuse into the extracellular fluid) [44] – a side effect of
gosypol (a fertility regulating agent used in China) –,
“hashitoxicosis” (Graves disease and Hashimoto thy-
roiditis) [66].

The assessment of thyroid hormonal status (serum
T3, T4 and TSH concentration) is diagnostic.

The hypothesis that HOKPP and thyrotoxic peri-
odic paralysis are caused by the same mutation was
infirmed. A mutation in KCNE3 gene was identified
in one sporadic case: a patient who experienced epi-
sodic paralysis for two years before developing thy-
rotoxicosis caused by Graves disease [68].

Andersen syndrome

It is a distinct form of periodic paralysis charac-
terised by the triad of periodic weakness, a large QT
interval predisposing to ventricular tachyarrhythmias
and dismorphism (short stature, scoliosis, tapered/cur-
ved fingers, hypertelorism, micrognathia, cleft palate
and missing teeth) [69].

The possibility of Andersen syndrome is suggest-
ed by episodic periodic paralysis in patients with char-
acteristic clinical features and family history of sud-
den death.

To eliminate the suspicion of Andersen syndrome
an ECG or a Holter-ECG recording is necessary be-
tween attacks of weakness. The causative mutation is
situated on the chromosomal locus 17q23, the gene for
potassium channel KCNJ2 [70].

Secondary hypokalemia may be caused by redu-
ced potassium intake, enhanced renal excretion or
digestive loss (for details see references 4 and 44)
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Treatment

The two aims of the treatment are: 1) treatment of
the paralytic crisis and 2) prevention of the attacks.

Treatment of the paralytic crisis
Emergency management

In severe paralysis, swallowing may be compromised
and the gag reflex lost. In that case, place the patient in
the recovery position to avoid aspiration. Monitor ECG
and assess the respiration. In patients with total paral-
ysis of the extremities without difficulties in degluti-
tion and respiration, oral KCl solution can be admin-
istered. If no improvement occurs after 4 to 5 oral
doses, or if nausea or diarrhoea occurs after the oral
KCl intake, the i.v. administration is necessary. I.v.
administration is preferable in patients with attacks,
difficulties in swallowing and impaired breathing [71].

On one hand, the treatment of an attack normalis-
es the serum concentration of potassium and, on the
other hand, shortens the paralytic episode. The inac-
curacy of the treatment is the consequence of the incom-
plete knowledge of the disease mechanism: the admin-
istration of the potassium treats hypokalemia directly,
but the weakness only indirectly. This is why weakness
improves sooner than the serum concentration norma-
lises. Once the muscular weakness ameliorated, the
serum concentration of potassium may normalise sev-
eral hours later.

The electrocardiogram monitoring is very impor-
tant because both hypokalemia and the subsequent
changes in potassium concentration determined by the
treatment may induce cardiac arrhythmia. The patients
must be ECG monitored before, during and after the
treatment and they must have repeated determinations
of serum potassium concentration.

A prominent increase in the amplitude of U wave
on ECG (because of the hypokalemia) is an alarm sig-
nal, because it is associated with a higher susceptibility
to the particular form of ventricular arrhythmia – tor-
sade de pointes [4,50,71]. 

Potassium can be administrated orally or intrave-
nously.

Oral administration is easy, safe and inexpensive.
Is the preferred route for patients with mild hypoka-
lemia and minimal symptoms [72].

Oral administration consist of doses of 0,2-0,4
mmol/kg repeated every 15 to 30 minutes over one
to three hours [73].

For children, the dose is 1 to 4 mmol/kg/24 hours
divided bid or qid [72].

Oral potassium is better tolerated when added to
food. If the KCl solution is not tolerated, another K salt
can be used.

If oral potassium administration is not possible or
if there is no improvement in 1 or 2 hours, KCl may be
given intravenously.

A bolus of 0,05 to 0,1 mmol/kg can be given, fol-
lowed by infusion via peripheral intravenous line or
via central intravenous line.

For the peripheral intravenous line the concentra-
tion should be 20 to 40 mmol/l, 60 mmol/l in excep-
tional circumstances, but local pain and phlebitis can
occur [73]. The dose per hour should be between 0,25
to 0,5 mmol/kg.

Serum potassium concentration must be checked
every 4 hours at 0,25 mmol/kg/hour, every 2 hours
at 0,5 mmol/kg/hour and frequently during aggres-
sive diuresis and correction of acidosis. A cardiac mo-
nitor is required for administration rates higher than
0,25 mmol/kg/hour.

For the central intravenous line the concentration
can be between 0,02 and 0,16 mol/l [74]. 

For children, the dose is 0,25 mmol/kg and must
not exceed 0,5 mmol/kg/hour to a maximum of 30
mmol/h and 200-250 mmol/day [72].

Hypokalemia may be refractory to treatment until
hypomagnesemia is corrected [75].

In patient with HOKPP, the overcorrecting of potas-
sium must be avoided, because this condition is a tran-
scellular maldistribution, not a true deficit. 

Prevention of the attacks

At first the identification and, if it is possible, the
avoidance of triggering factors is necessary.

Preventive therapy consists of low sodium diet (2 g
per day, but 1 g is better if it is possible) and a diet
poor in simple carbohydrates (85 g per day) [76].

The oral intake of potassium salts (10 to 20
mmol/dose, 3 dose per day) can prevent the attacks,
especially if the dose is taken a few hours before the
usual time of the attack (nocturnal dose if crises occur
at awakening) [4].

The potassium citrate or bicarbonate formulas are
better tolerated and absorbed than potassium chloride.

Acetazolamide is highly effective in most patients,
depending on the causative mutation. Acetazolamide
can be ineffective or even have deleterious conse-
quence in patients having some mutations (rare for cal-
cium channel, but frequent for sodium channel) [7,77].
Thus, in some patients with a mutation for the sodi-
um channel, acetazolamide increases the frequency
and severity of attacks [7,77].

Therefore it is desirable to know precisely the muta-
tion before starting the therapy with acetazolamide.

Acetazolamide is most successful when the thera-
py is started at a low dose (125 mg daily) then grad-
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ually increased over a period of a few weeks up to
1000 mg per day divided qid to bid.

Acetazolamide may act by diminishing potassium
uptake by skeletal muscle, an effect that may be medi-
ated by the inhibition of carbonic anhydrase in the
muscle cells [44].

The patients who respond poorly to acetazolamide
or who have adapted to the drug after a long usage may
respond to dichlorphenamide, a more potent but more
expensive inhibitor of carbonic anhydrase. The dosage
is 25 to 200 mg per day.

The patients who fail to respond to carbonic anhy-
drase inhibitors often respond well to the potassium
sparing diuretics: triamterene 50 to 150 mg daily or
spironolactone 25 to 100 mg daily. Both can be used
in addition to acetazolamide or dichlorphenamide [71].

Risks and precautions 

The risks in medical practice are related especially
to the triggers of the paralytic attacks, which must be
avoided during the treatment of the other associated
disease or conditions.

For the surgical interventions, there are, on one hand,
the surgical stress (that can trigger the attack by itself
via adrenaline) and, on the other hand, the local or ge-
neral anaesthesia which have special risks.

Local anaesthesia

The use of local anaesthetics on patients with peri-
odic paralysis involves some unusual challenges. Many
patients report that these agents trigger weakness or
paralysis and some of the patients also report that these
drugs do not produce the desired anaesthesia.

Adrenaline can cause hypokalemia even in normal
subjects and also explains the acute hypokalemia dur-
ing a stress (plasmatic level of potassium with 0,5-0,6
mmol/l lower).When adrenaline is combined with a
local anaesthetic agent, the potassium level falls anoth-
er 1 mmol/l. In this condition in a patient with HOKPP
a paralytic attack can occur. For this reason, adrena-
line must be avoided in those patients.

At first, adrenaline increases the serum potassium.
Subsequently, combined alpha and beta adrenergic re-
ceptor stimulation enhances potassium uptake by mus-
cles and liver and the serum potassium level decreases
[44,47,78].

After an epidural anaesthesia with 2% mepivacaine
with adrenaline the average decrease in serum potas-
sium is 0,4 mmol/l [79].

An axially block, with 1% lidocaine and adrenaline
1:100000, decreases the serum potassium level to 2,9
mMol/l, 30 minutes after the blockade, but insigni-

ficant decrease of the serum level occurs if the patient
receives propranolol 2 mg intravenously, before the
blockade [80].

General anaesthesia

Patients with HOKPP have an increased risk of
malignant hyperthermia, but not as high as those with
true autosomal dominant malignant hyperthermia sus-
ceptibility (MHS) [4].

Malignant hyperthermia is not a disease, but a genet-
ic predisposition of individuals to respond abnormally
when exposed to volatile anaesthetics or depolarising
muscle relaxants (succynilcholine). When exposed to
those triggering agents, a pathologically high increase
of the myoplasmic calcium concentration occurs, leading
to increased muscle metabolism and heat production.
The symptoms consist in muscle rigidity (masseter or
generalised), hyperthermia, acidosis, rhabdomyolysis,
hyperkalemia and hypoxia [81, 82]. The susceptibility of
a patient is determined by an invasive in vitro contrac-
ture test which assesses the response of the viable mus-
cle tissue at the exposure to halothan and caffeine [81].

This test differentiates between clearly MH sus-
ceptibility, MH normal individuals, and the group of
MH equivocal, and showed a sensitivity of 99% and
a specificity of 93,6% [82].

The metabolic alteration usually progresses rapid-
ly and, without treatment, up to 70% of the patients may
die, but early administration of dantrolene [83] (an in-
hibitor of calcium release from the sarcoplasmic retic-
ulum) has reduced the mortality to 10% [18]. 

The initial dosage of dantrolene is 2,5 mg/kg, with
a total dose of 10 mg/kg, although this dose can be
exceeded safely [84].  

MHS is caused by several mutations. The most fre-
quent are in the gene encoding the calcium release chan-
nel (also called ryanodine receptor). Additional muta-
tions are in the α1-subunit of the DHP receptor [85], the
voltage sensor of the ryanodine receptor [18], in SCNA4,
gene encoding alpha subunit of the muscle sodium
channel [86] and maybe in CACNA2, gene encoding
α2/δ – subunit of DHP receptor [87,88]. In conclusion,
MHS is genetically heterogeneous and it was proven
to be allelic to HOKPP (alleles being different forms
of the same gene).

The incidence of MH is estimated at 1:50000 anes-
thetis and 1:5000 to 1:10000 anesthetics for children
[90]. When succinilcholine is used, incidence can reach
1:4500 anesthetics [91]. 

Only two cases of malignant hyperthermia in patients
with HOKPP have been reported to date [92, 93].

Therefore, the general anaesthesia in patients with
HOKPP needs an assessment, a multidisciplinary ap-
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proach and precautions during the drug administra-
tion [94,95]. 

Conclusions

HOKPP is a rare but potentially life threatening dis-
ease.

The diagnosis can be difficult, often needing an in-
terdisciplinary assessment.

The treatment depends on the disease causing mu-
tation and it is not always effective. An aggressive ther-
apy in the Emergency Department is rarely necessary.

All these patients need genetic counseling.
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