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Abstract 

Alström syndrome is a rare autosomal reces-
sive disorder with dilated cardiomyopathy in
60% of patients. Despite the frequency of car-
diac involvement in Alström syndrome, con-
duction system abnormalities or arrhythmias
have not been characterized previously. We
report two siblings with Alström syndrome
with conduction system involvement with left
bundle branch block on electrocardiogram
(ECG). One patient had first degree atrioven-
tricular block in addition to bundle branch
block and underwent pacemaker implantation.
This same patient developed intra-atrial re-
entry tachycardia requiring anti-arrhythmic
medication and eventual trans-catheter abla-
tion. The second patient developed atrial and
ventricular arrhythmias and underwent place-
ment of a bi-ventricular defibrillator. These
findings suggest that cardiac conduction sys-
tem involvement and clinical arrhythmia may
be significant yet under-recognized complica-
tions in patients with Alström syndrome.
Patients should be routinely screened with
ECG and Holter monitoring in addition to
echocardiographic assessment and a cardiolo-
gist experienced with cardiomyopathy should
be an integral part of the care team.

Introduction

Alström syndrome is a rare autosomal reces-
sive disorder. Its hallmark features include
dilated cardiomyopathy, nystagmus and pig-
mentary retinopathy, childhood obesity with-
out hyperphagia, and sensorineural hearing
loss. This disorder has progressive multi-sys-
temic effects with patients developing meta-
bolic syndrome (hypercholesterolemia, hyper-
triglyceridemia, insulin resistant diabetes),
endocrine (thyroid, growth, sex hormone dys-

regulation with hypogonadism), liver, pul-
monary, and renal disease over time.
Individuals can be identified with developmen-
tal delay, which may be due to vision and hear-
ing impairments. It is likely that Alström syn-
drome is underdiagnosed as individuals with
this disorder are frequently followed by various
specialty services, without consideration of a
unifying diagnosis.

Alström syndrome, an autosomal recessive
disorder, is one of a group of disorders of cilia,
collectively termed ciliopathies.1-3 Mutations of
the ALMS1 gene cause Alström syndrome4,5

The role of this gene in disease pathology is
unclear, but it is hypothesized to play a role in
intracellular trafficking.6 Mouse models
(Alms1 -/-) have similar manifestations includ-
ing obesity, hypogonadism, hyperinsulinemia,
retinal dysfunction, and late-onset hearing
loss. In these murine models ALMS1 appears to
have a role in planar cell polarity signaling in
the cochlea, adipogenesis, and rhodopsin traf-
ficking.6-8

The diagnosis of Alström syndrome can be
difficult because of its rarity and similarity to
other syndromic conditions. Bardet-Biedl syn-
drome is another ciliopathy associated with
cone-rod dystrophy, polydactyly, obesity, dia-
betes, and hypogonadism, however cardiomy-
opathy is infrequently associated with this
condition. Kearns-Sayre syndrome is a pro-
gressive mitochondrial disorder associated
with pigmentary retinal degeneration, com-
plete heart block, cardiomyopathy, sen-
sorineural hearing loss, diabetes mellitus, and
renal Fanconi disease that can have a very
similar phenotypic presentation. 

Despite the frequent incidence of dilated
cardiomyopathy reported in patients with
Alström syndrome (60%),6 conduction system
involvement or cardiac arrhythmias have not
been described in this patient population to
date and the longitudinal cardiac features have
been poorly documented. We report two sib-
lings with Alström syndrome whose phenotype
included conduction system involvement and
significant clinical arrhythmias.

Case Reports

Case #1
The first patient is a 20-year-old male who

initially presented to cardiology at the age of
17 years for tachycardia (Figure 1A). Prior to
his evaluation by cardiology, he had been diag-
nosed with retinitis pigmentosa and had
severe visual impairment. Upon presentation
he had moderate ventricular dysfunction with
a shortening fraction (SF) of 23% and mild left
atrial enlargement (Figure 2A). During this
admission, the patient was started on digoxin
for treatment of his tachycardia. At his initial

outpatient follow-up visit, he demonstrated
improved ventricular function with a shorten-
ing fraction of 30%. He was initially diagnosed
with tachycardia-mediated cardiomyopathy.
His cardiac function was thought to likely
improve in time with management of the
arrhythmia. 

Six months later he was noted to have con-
cerning left ventricular (LV) dilation and a pro-
gressive widening of his QRS interval (148 ms
combined; PR interval of 196 ms) with stable
function (Figure 3A). These new electrocardio-
gram (ECG) findings in the context of his previ-
ously noted retinitis pigmentosa raised concern
for Kearns-Sayre syndrome. He was referred to
a pediatric geneticist and a cardiologist with
cardiomyopathy experience. On exam he was
noted to have short stature (2%ile). Additional
testing demonstrated high frequency sen-
sorineural hearing loss and glucose intolerance.
mtDNA testing in blood for common
deletions/duplications including Kearns-Sayre
syndrome was normal. A cardiac biopsy showed
displacement of myofibrils. By electron
microscopy, the intermyofibril spaces were
filled with increased numbers of mitochondria
with striking proliferative features and, in some
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areas, glycogen granules, consistent with a
mitochondrial disorder. He developed progres-
sive first degree AV block, and underwent place-
ment of a dual chamber pacemaker. A skeletal
muscle biopsy was performed while under anes-
thesia for his pacemaker placement. Testing of
the muscle biopsy for deletions, the gold stan-
dard diagnostic test for Kearns-Sayre, was nor-
mal. Given this patient’s constellation of symp-
toms, Alström syndrome was considered. He
was found to have two ALMS1 mutations
(c.7369_7370delGA (p.Asp2457Stop) and
c.7374_7375delGA (p.Asp2459Stop)) which con-
firmed a diagnosis of Alström syndrome.

Over the next two years this patient devel-
oped progressive QRS widening with a left
bundle branch block pattern and was admitted
for atrial flutter which was successfully car-
dioverted. Five months following his device
implantation he developed atrial flutter refrac-
tory to electrical cardioversion or amiodarone
therapy, and required trans-venous ablation of
several intra-atrial reentry circuits (Figure
3B). To date he remains clinically stable in
sinus rhythm with mild LV dysfunction on a
medical regimen of atenolol, lisinopril, met-
formin and lasix.

Case #2
The second patient is a 25-year-old female

(Figure 1B) who initially presented for cardiac
evaluation at the age of 23 years following the
diagnosis of dilated cardiomyopathy in her
younger brother (Patient #1). Prior to evalua-
tion in the cardiology clinic, she had been
diagnosed with retinitis pigmentosa, systemic
hypertension and Type II diabetes mellitus.
Upon initial evaluation, her echocardiogram
demonstrated borderline normal ventricular
function with a SF of 27% and mild left atrial
dilation (Figure 2B). Initial ECG demonstrated
a left bundle branch block pattern with a QRS
duration of 125 ms (Figure 3C). She was start-
ed on carvedilol in addition to her prior regi-
men of lisinopril and metformin.

ALMS1 testing was performed on this
patient for her known familial mutations
which confirmed a diagnosis of Alström syn-
drome. Since her diagnosis she has developed
progressive LV dysfunction, with a current SF
of 19% and ejection fraction <35%. Associated
with the decline in cardiac function, she devel-
oped frequent episodes of non-sustained ven-
tricular tachycardia. Secondary to the combi-
nation of poor systolic function, left bundle
branch block and ventricular arrhythmias she
underwent placement of a bi-ventricular defib-
rillator system. Subsequently, she went on to
develop recurrent atrial flutter and is currently
well controlled on Amiodarone.

Materials and Methods

Patient, family and medical history were
evaluated in two siblings with Alström syn-
drome including genetic, echocardiographic

and electrophysiological data. Patient informa-
tion was collected as part of a clinical registry
study approved by the Institutional Review
Board of Cincinnati Children’s Hospital.
Patient consent was obtained for photography
and publication. 

Brief Report

Figure 1. Clinical facial features of described patients with Alström syndrome. A) Case #1;
B) Case #2.

Figure 2. Patient phenotype and echocardiogram. A) Four chamber view of Case #1. Note
the dilated cardiac phenotype as well as the dilated left atrium; B) Long axis view of Case
#1. C) Four chamber view of Case #2. Note the dilated cardiac phenotype as well as the
dilated left atrium; D) Long axis view of Case #2. LA, left atrium.
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Discussion

Dilated cardiomyopathy is a frequently heri-
table and familial condition, however a patho-
genic mutation is found in only approximately
30-40% of patients tested.9 In the pediatric age
group there are both genetic and environmen-
tal causes of dilated cardiomyopathy. Genetic
causes include mitochondrial disorders, fatty
acid oxidation defects, genetic syndromic con-
ditions, or mutations in sarcomeric or
cytoskeletal genes. Although most genetic syn-
dromes associated with dilated cardiomyopa-
thy are rare, in aggregate they account for a
substantial fraction of disease. Ciliopathies
are an increasingly recognized group of het-
erogenous genetic disorders. The molecular
mechanism underlying dilated cardiomyopathy
in Alström syndrome is not known.
Furthermore, there is a paucity of information
on cardiac involvement in other ciliopathies.
Cardiomyopathy has been described in a sub-
set of patients with Leber’s congenital amauro-
sis.10 A small case series described 2/8 patients
with Bardet-Biedl syndrome with cardiomyopa-
thy but provided no additional details.3 Finally,
Elbedour et al. documented cardiac involve-
ment in 50% of Bardet-Biedl patients including
congenital heart defects, hypertrophy of the
interventricular septum, and dilated cardiomy-
opathy, and recommended ongoing cardiac
surveillance.11 Given that many of the cil-
iopathies share clinical and etiologic features,
the possibility of cardiac dysfunction in other
ciliopathies needs further evaluation. 

Cardiac conduction system disease is often
associated with various forms of cardiomyopa-
thy, and clinical arrhythmias are frequently
degenerative.12 In specific subtypes of car-
diomyopathies electrocardiographic abnormal-
ities may precede echocardiogram evidence of
functional abnormality.13 These ECG findings
have been associated with worse patient out-
come.14-17 Thus, an abnormal ECG may be a
prognostic indicator for development of future
ventricular dysfunction and identify a high risk
group of patients within the larger population
of patients with cardiomyopathy. The mecha-
nisms underlying conduction system abnor-
malities in patients with Alström syndrome are
not known and potentially multi-factorial.
Similar to central conduction system disease,
arrhythmias may occur either as a result of the
underlying muscle cell abnormality or as a
result of poor systolic function and ventricular
dilation in patients with cardiomyopathy.18

Although other ciliopathies syndromes includ-
ing Bardet-Biedl and Kartagener’s syndrome
have been associated with significant cardiac
involvement, potential conduction system and
arrhythmia involvement remains unknown.19

Accurate description of the frequency of ECG
abnormalities and associated arrhythmias in

patients with Alström syndrome compared to
other cardiomyopathy cohorts is needed to
delineate whether these abnormalities are
secondary to the dilated cardiomyopathy phe-
notype or potentially related to the ALMS1
mutation itself.

Previously it was thought that ventricular

dysfunction diagnosed during infancy in
Alström syndrome was transient.20 More recent
reports have shown that in up to 30% of
patients normalization of ventricular function
is merely a quiescent period, with cardiomy-
opathy recurring in adolescence or adulthood.6

The presence of cardiomyopathy in adolescent

Brief Report

Figure 3. Surface electrocardiograms. A) Case #1. Left bundle branch block pattern with
a QRS duration of 142 ms and a PR interval of 200 ms; B) Case #2. Left bundle branch
block pattern with a QRS duration of 125 ms; C) Intra-atrial reentry tachycardia in Case
#1. Atrial rate of 300 beats per minute with 2:1 atrioventricular conduction and a ventric-
ular response rate of 150 beats per minute
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and adult patients with Alström syndrome is
associated with a poor prognosis and signifi-
cant mortality. In response to the significant
incidence of cardiomyopathy in patients with
Alström syndrome, serial echocardiographic
assessment has been recommended as part of
routine patient care.21 Although cardiac
involvement is a common finding in patients
with Alström syndrome, there has been no pre-
vious description of the central conduction sys-
tem or cardiac rhythm disturbances in this
patient population. This report represents the
first description of both central conduction sys-
tem disease and cardiac rhythm abnormalities
in patients with Alström syndrome. Whether
conduction system abnormalities are truly rare
or whether there is under-reporting or under-
recognition of these defects is unknown and
more detailed analysis of ECG and arrhythmic
involvement in larger Alström populations is
needed.

Early detection of conduction defects in
patients with Alström syndrome would allow
for earlier and more aggressive treatment
reducing morbidity and mortality. Prior studies
in a variety of cardiomyopathy subgroups have
demonstrated that preceding and predictive
ECG changes can be used as a prognostic tool
indicating the need for early treatment of car-
diomyopathy.22 Hombach et al. reported that a
QRS interval >110 ms is an independent pre-
dictor of both overall cardiac death as well as
sudden cardiac death in a large cohort of adult
cardiomyopathy patients. Whether ECG abnor-
malities precede echocardiographic evidence
of ventricular dysfunction in a substantial
number of patients with Alström syndrome will
need to be evaluated.

In addition to the increased risk of cardiac
death, significant conduction system delay
also results in ventricular dyssynchrony and
affects ventricular-ventricular interaction.
Ventricular resynchronization has been found
to improve functional outcomes and survival
in adults with cardiomyopathy,23-27 and biven-
tricular pacing has improved cardiac function
in pediatric patients with cardiomyopathy.28-30

Given that both patients described in this
report had early documentation of left bundle
branch block, larger cohorts of patients with
Alström syndrome should be evaluated with
regard to conduction system involvement and
possible response rates to cardiac resynchro-
nization therapy. It has been our practice to
follow published indications for both ICD
and/or biventricular resynchronization thera-
py based on cardiac dysfunction and QRS
duration.31-33

Delay in diagnosis can delay early interven-
tion and management of patients with cil-
iopathies such as Alström syndrome. Several
of the ciliopathies that are associated with
dilated cardiomyopathy have overlapping
extra-cardiac findings with Kearns-Sayre syn-

drome. Although there is already a significant
burden of medical care on these patients due
to the multiple subspecialties involved, early
detection of subtle cardiac findings may sig-
nificantly impact patient management and
eventual outcomes. Because of this potential
impact, we recommend the involvement of a
cardiologist experienced in treating patients
with cardiomyopathies and their associated
complications.

Conclusions

Patients with Alström syndrome are at risk
of developing abnormalities of the central con-
duction system and clinical arrhythmias in
addition to dilated cardiomyopathy. As with all
forms of cardiomyopathy, we recommend rou-
tine ECG and ambulatory monitoring in all
patients with Alström syndrome. In addition, a
cardiologist with expertise in patients with
cardiomyopathies should be an integral part of
the treatment team in patients with Alström
syndrome.
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