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Abstract

Andersen-Tawil syndrome (ATS) is a rare inherited
disorder linked to multiple mutations in distinct regions
of KCNJ2, a gene that encodes potassium channels.
ATS is characterized by extremely variable expression
of a triad of phenotypes associated with KCNJ2 gene
mutations: periodic paralysis, cardiac arrhythmias and
developmental dysmorphisms. More recent clinical
investigations have also identified neurocognitive
deficits associated with ATS. Randomized, controlled
clinical trials of potential therapeutics for ATS are limit-
ed to date, although case reports of antiarrhythmics,
carbonic anhydrase inhibitors and calcium channel
blockers as pharmacological candidates are emerging.

Introduction

Andersen-Tawil syndrome (ATS), also known as
Andersen syndrome or long QT syndrome 7, is a disorder
that causes episodes of muscle weakness (periodic
paralysis), changes in heart rhythm (arrhythmia) and
developmental abnormalities (1, 2). ATS was first
described by Andersen and colleagues in 1971 (3), and
while its incidence is still relatively unknown, the clinical
description of this rare inherited disorder continues to
evolve as more affected families come to light. ATS has
been linked to mutations in the KCNJ2 gene which codes
for a voltage-gated potassium channel, leading to the
classification of ATS as a channelopathy. This review
summarizes the clinical aspects of ATS along with the
genetic and molecular basis of the disease and an update
on current therapeutic developments.

Pathophysiology and genetics

ATS is inherited in an autosomal dominant pattern
and exists as two types, defined by genetic cause: type 1

accounts for about 60% of all cases and is caused by
dominant negative mutations in the KCNJ2 gene (4, 5);
the remaining 40% of cases are designated as type 2, the
cause of which is unknown.

The KCNJ2 gene encodes the inward-rectifying
potassium channel known as K;2.1. This channel trans-
ports positively charged potassium ions across plasma
membranes at negative voltages, aiding regulation of the
resting membrane potential in neurons, cardiac and mus-
cle myocytes (6). KCNJ2 also encodes the main compo-
nent of the inward-rectifier current (IK,), which is involved
in late-phase repolarization during the cardiac action
potential (7). Loss of function of KCNJ2 reduces IK,,
causing prolongation of the action potential duration
(APD) in cardiac myocytes and increasing the potential
for arrhythmias (5, 8, 9). In contrast, gain-of-function
mutations in KCNJ2 increase IK,, reduce APD and may
cause the short QT syndrome or atrial fibrillation (10).

Multiple mutations have been identified in distinct
regions of KCNJ2 in ATS patients (4, 11-14). Mutations in
the KCNJ2 gene alter the usual structure and function of
potassium channels or prevent the channels from being
inserted correctly into the cell membrane. Many muta-
tions prevent binding of KCNJ2 to the second messenger
phosphatidylinositol-4,5-bisphosphate (PIP2), an essen-
tial process for activation of the ion channel and stabiliza-
tion in its open state (13). These changes disrupt the flow
of potassium ions in skeletal and cardiac muscle, leading
to periodic paralysis and irregular heart rhythm, symp-
toms characteristic of ATS.

Clinical characteristics of ATS

Clinical variability of ATS was first described by Tawil
and colleagues in 1994 (15), characterized by extreme-
ly variable expression of a triad of phenotypes associat-
ed with KCNJ2 gene mutations: periodic paralysis, car-
diac arrhythmias and developmental dysmorphisms.
Heteromerization of the mutant K; 2.1 with the other sub-
units K, 2.2 and K,2.3, which are also found in the
human heart, has been proposed to contribute to the
variability of patient phenotypes (16). The Office of Rare
Diseases and the Rare Diseases Clinical Research
Network are currently undertaking a multicenter study
across the U.S., Canada and the U.K. to better charac-
terize ATS (17).
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Dysmorphic features

Dysmorphic traits are often the first clue to ATS diag-
nosis and typically affect the head, face and limbs. The
most common dysmorphic features found on clinical
examination are broad forehead, hypoplastic mandible,
hypotelorism (abnormally close eyes), low-set ears,
abnormal curvature of the fingers (clinodactyly), fusion of
2-3 toes (syndactyly) and abnormal smallness of the
head (microencephaly). Additional findings include
abnormal or absence of lateral incisors, high-arched
palate, cleft palate, short stature, abnormal curvature of
the spine (scoliosis) and small hands and feet. These
abnormalities are relatively consistent among patients;
however, less apparent is the mechanism by which muta-
tions account for the typical facial and skeletal abnormal-
ities (1-3, 18-20).

Periodic paralysis

One of the earliest presenting symptoms of ATS is
episodic muscular weakness, or periodic paralysis, that
can last for hours or days and can arise spontaneously,
although it more commonly occurs following a period of
intense/prolonged physical activity. The reported preva-
lence of periodic paralysis in ATS patients is 64-83%, with
onset usually recorded during adolescence and evidence
for a reduction in the frequency and severity of episodes
with age. Periodic paralysis does not appear to be relat-
ed to serum potassium levels, as hyperkalemia,
hypokalemia and normal serum potassium levels have all
been recorded during episodes of periodic paralysis (1,
15, 21, 22).

Katz and colleagues have proposed that an electro-
diagnostic ‘exercise test’, based on the measurement of
compound muscle action potential amplitudes immedi-
ately after 2-5 min of intermittent voluntary contraction
(23), could be used to diagnose periodic paralysis in ATS
(24).

Cardiac manifestations

The most common changes affecting the heart in ATS
are ventricular arrhythmia (disruption in the rhythm of the
heart’s lower chambers), which occurs in 84% of patients,
long QT syndrome (recharging of the cardiac muscle is
prolonged between heart beats), which has been report-
ed to occur in 50% of patients, and bidirectional ventricu-
lar tachycardia (heart beat originating from alternate left
and right ventricles), occurring in 32% of patients. If
untreated, irregular heartbeats can lead to discomfort,
fainting (syncope) or cardiac arrest (1). Some studies
have demonstrated that men are less prone to develop
ATS-associated cardiac events compared to women or
adolescents (18, 25). It has been suggested that sec-
ondary mutations can exist in ATS, which augment repo-
larization reserves but reduce depolarization forces. A
reduced sodium channel current due to an SCN5a loss-
of-function mutation has been proposed to antagonize Q-
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T prolongation normally caused by reduction in IK,, but
aggravates arrhythmogenesis by reducing excitability and
conduction (26).

In the majority of ATS patients there is also a pro-
longed terminal T wave downslope, a wide T-U wave and
a biphasic and large U wave, all reflecting abnormalities
in repolarization (9, 14, 27-29).

Neurocognitive deficits

A recent prospective study has identified deficits in
neurocognition in ATS patients aged 8-45 years com-
pared with their unaffected siblings. Although assessment
of verbal or visual memory, EEGs and 1Q scores were
similar between the two groups, ATS patients reported
more difficulties at school. Detailed neurocognitive testing
showed that ATS patients had decreased scores on tests
of executive functioning, matrix reasoning, mathematics
and reading (30).

Treatment

There are limited data from randomized, controlled
studies of potential therapeutics for ATS; to date, the
majority of published investigations focus on case stud-
ies. Because of differences in cardiac and skeletal mus-
cle physiology, drugs that may have a beneficial effect on
cardiac function may have a detrimental effect on skele-
tal muscle, and vice versa (1).

A case report of a young woman with ATS (R218W
mutation on the KCNJ2 gene) observed that both amio-
darone (an antiarrhythmic) and acetazolamide (a carbon-
ic anhydrase inhibitor used to treat glaucoma, epileptic
seizures and benign intracranial hypertension) can pro-
vide marked and long-lasting improvement of cardiac and
muscular symptoms (31).

The favorable antiarrhythmic action of flecainide has
also been demonstrated in a single case study of a
young woman with ATS, demonstrating elimination of
sustained bidirectional ventricular tachycardia over a 4-
year period (32), as well as in a study of 2 siblings with
ATS (33).

The calcium channel blocker verapamil has been
shown to suppress ventricular arrhythmias symptomatic
of ATS following oral administration in a case study con-
ducted in a 65-year-old woman (34). Intravenous infusion
has also yielded positive results in a case study of a
13-year-old girl (eliminating bidirectional ventricular
tachycardia at a dose of 1 mg) (35) and in another case
study conducted in an 18-year-old woman with ATS
(2.5 mg) (36).

Finally, two multicenter, randomized, double-blind,
placebo-controlled, crossover trials have demonstrated
that dichlorphenamide (DCP, Daranide), a potent carbon-
ic anhydrase inhibitor, can significantly reduce the rate of
periodic paralysis attacks in patients with hypokalemia
and in potassium-sensitive periodic paralysis patients
(37), indicating that dichlorphenamide may be a potential
therapeutic candidate for ATS.
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