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Summary

Detection and evaluation of left ventricular
hypertrophy of unknown etiology by echocar-
diography is important in every cardiology
practice. Causes of left ventricular hyper-
trophy include sarcomeric protein disorders
(classical hypertrophic cardiomyopathy), meta-
bolic disease (glycogen storage disease includ-
ing LAMP2 deficiency, PRKAG2 mutations,
Fabry disease), syndromic hypertrophic cardio-
myopathy (Noonan�s syndrome, LEOPARD
syndrome, etc.) and miscellaneous causes
including systemic hypertension, amyloidosis,
athlete�s heart and pheochromocytoma. Al-
though there are several echocardiographic
changes quite typical for some of the disorders,
most changes are not 100% specific. ECG find-
ings and symptoms provide important addi-
tional information. Genetic testing is increas-
ingly important. Nowadays, a combination of
ECG findings, symptoms, family history, ge-
netic testing and findings of echocardiography
provide the best means for differentiation of
left ventricular hypertrophy.

Introduction

Assessment of presence and diagnostic evalu-
ation of possible etiology of left ventricular
hypertrophy (LVH) is a frequent problem in
our daily cardiology practice. The prognostic
implications of the various causes of LVH vary.
Due to the frequent occurrence of LVH with or
without a history of systemic hypertension, ex-
act guidelines for further work-up are needed.
In many patients, we do not investigate LVH
further and assume it is due to hypertensive
heart disease and might thus miss secondary
causes. It is pertinent to exclude prognostic 
important forms of LVH such as hypertrophic 
cardiomyopathy (HCM) or amyloid heart dis-
ease and not to miss rare causes such as gly-
cogen storage diseases. 

An excellent article on the evaluation of
severe LVH of unknown etiology was recently

published by Elliott and McKenna [1]. The au-
thors categorised causes of hypertrophic car-
diomyopathy as follows: it can either be due to
sarcomeric protein disease, metabolic disease,
hypertrophy due to syndromic hypertrophic
cardiomyopathy and, as a fourth group, mis-
cellaneous disease. A slightly modified version
of their classification is shown in table 1.

Sarcomeric protein disease

Hypertrophic cardiomyopathy is a sarcomeric
protein gene disorder with autosomal domi-
nant inheritance. It has been described in the
mid 19th century by two pathologists [2, 3].
HCM occurs in 1 of 500 adults in the popu-
lation [4]. HCM may be defined as left and/
or right ventricular hypertrophy of unknown
cause, which is usually, but not always, asym-
metrical and associated with microscopic evi-
dence of myocardial fiber disarray [5]. Nowa-
days, more than 200 mutations in 10 different
genes are known [6]. Genetic testing in pa-
tients with suspected familial HCM is recom-
mended and often performed � although we
are not fully aware yet of the legal conse-
quences regarding insurance policies and the
psychological impact. The likelihood that a
genetic mutation is detected in one of the 
genes that encode different components of the
sarcomere is about 60%. Those patients in
whom no mutation is detected may have an-
other mutation or nonsarcomeric disease.

Up until now, unexplained LVH was the
main diagnostic criterion for HCM with typi-
cally asymmetric hypertrophy and septal
thickness greater than thickness of the free
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wall. Left ventricular wall thickness in HCM
may range from 13 to 60 mm. The echocardio-
graphic picture of HCM is variable and extent
and distribution of LVH may differ widely
among patients with HCM [7]. In a large study
group of 600 patients ranging from 7 to 79
years, multiple patterns of asymmetric LVH
were identified. The anterior portion of the
ventricular septum was the region of the left
ventricle that most commonly showed thicken-
ing (96%) and was also the predominant site of
hypertrophy in most patients (83%) [7]. Con-
centric wall thickening or wall thickening
confined to the apex was rare occurring in 1%
each in this study group [7].

30�50% of patients with HCM present
with obstruction across the left ventricular
outflow tract [4].

Not in all patients with genetically proven
HCM, we find LVH. Therefore, it was also tried
to detect preclinical HCM. One study at-
tempted to detect the genotype in patients
with preclinical HCM and b-myosin heavy
chain mutations by tissue Doppler imaging [8].
An early diastolic annular velocity of less than

13.5 cm/s had a specificity of 86% and a sensi-
tivity of 75% for identifying genotype positive
subjects. If the combination of an annular E
velocity of <15 cm/s with an ejection fraction 
of >68% was used, then the specificity was
100% [8].

ECG changes in HCM

The ECG in HCM is abnormal in 75 to 95% of
patients [9]. There is a wide variety of possible
patterns. The ECG may be normal in mild de-
grees of LVH or show LVH and strain in the
presence of extensive hypertrophy [9, 10]. Ab-
normal Q waves may mimic myocardial infarc-
tion and reflect septal hypertrophy whereas gi-
ant negative T waves are typical of apical HCM
[5]. No particular ECG pattern reliably dis-
criminates patients with or without obstruc-
tion in the left ventricular outflow tract or at
risk of sudden cardiac death [9]. There is only
a modest correlation between the extent of
LVH and the ECG voltage [9]. No ECG pattern
is specific or characteristic of HCM. To better
demonstrate this, in figures 1A to 1D, an ECG
of a patient with HCM is shown in comparison
to a patient with amyloid heart disease, Fabry
disease or hypertensive heart disease. None of
the ECGs shows changes which would reliably
allow diagnosis of the underlying disease.

Metabolic disorders including 
glycogen storage disease

Metabolic disorders included are shown in
table 1. The most typical disorders in which
myocardial thickening is caused by pathologic
vacuoles containing glycogen or intermediary
metabolites occur in Pompe�s disease (lysoso-
mal acid a-1,4-glucosidase deficiency), Danon�s
disease (X-linked lysosome-associated mem-
brane protein LAMP2 deficiency), and Fabry
disease.

Fabry disease which is an inherited defi-
ciency of the enzyme a-galactosidase A has re-
cently become more popular as new and nearly
curative treatments with enzyme replace-
ments have become available. a-galactosidase
deficiency leads to glycosphingolipid accumu-
lation in many organs including skin, kidney
and heart. Most patients with Fabry disease
have concentric LVH, and rarely asymmetrical
septal hypertrophy [11, 12]. Typically in Fabry
disease, there is diastolic dysfunction, systolic
dysfunction occurs rarely. Valvular thickening
is also frequent. In certain studies, up to 4% of

Sarcomeric b-myosin heavy chain
protein cardiac myosin binding protein C
disease

cardiac troponin T
a-tropomyosin
essential myosin light chain
regulatory myosin light chain
cardiac a-actin
a-myosin heavy chain

Metabolic glycogen storage disease 
disease (PRKAG2 mutations, LAMP2 

deficiency,
a-galactosidase A deficiency, 
lysosomal acid a-1,4-glucosidase
deficiency)
carnitine deficiency
mitochondrial cytopathy
phosphorylase B kinase 
deficiency
Hurler�s syndrome
Hunter�s syndrome

Syndromic Noonan�s syndrome
LEOPARD syndrome
Friedreich�s ataxia
Beckwith-Wiedemann syndrome

Miscellaneous systemic hypertension
athlete�s heart
amyloidosis
pheochromocytoma
sleep apnea

�Pseudo left viral infection
ventricular myocardial reperfusion injury
hypertrophy�

Table 1
Possible causes of left
ventricular hypertrophy 
(adapted after [1]).

HCM
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Figure 1
Different ECG examples of
hypertensive heart disease,
amyloid heart disease, hy-
pertrophic cardiomyopathy
and Fabry disease.
A ECG example of hyper-

tensive heart disease in a
58-year-old female with
normal coronary arteries
and long standing severe
hypertension. The repolar-
isation abnormalities dis-
appeared within 6 months
after antihypertensive
therapy.

B ECG example of a 48-
year-old male with amy-
loid heart disease due to
multiple myeloma. There
is no low voltage in the
anterior leads as expected
in amyloid heart disease.

patients referred with presumed HCM, Fabry
disease was found [13]. Among Fabry patients,
6.3�9.7% present with nonobstructive HCM.
In contrast, in a study of 100 patients who had
symptomatic obstructive HCM and who un-
derwent myectomy at the Mayo Clinic, in no
patient there were signs of Fabry disease at
histological examination [14]. 

A recently published study showed that in
patients with LVH of unknown etiology in 40
of 75 patients (53%), sarcomeric mutations
were found [15]. In none of the other 35 pa-
tients, there was Fabry disease or Pompe�s
disease but in 3 (9%) patients with massive
LVH and electrophysiological abnormalities,
PRKAG2 and LAMP2 mutations were found.
PRKAG2 gene regulates the Y subunit of AMP-
activated protein kinase, it leads to glycogen
filled vacuoles without myocardial disarray
and without fibrosis. LAMP2 mutations
(Danon�s disease) cause typically multisystem
glycogen-storage disease but can also present

rarely as a primary cardiomyopathy. In LVH of
unknown etiology, Pompe has rarely to be con-
sidered as it is so pleiotropic; however, Fabry
disease, LAMP2 and PRKAG2 mutations have
to be considered. If a patient has massive LVH
and signs of preexcitation in the ECG, then a
mutation for LAMP2 or PRKAG2 are found in
46% of patients [15]. In Fabry disease, a short
PR interval is also typical, additionally, we
found in our own study (HoignØ et al, manu-
script in preparation), that also a relatively
short QTc interval is typical of Fabry disease.

Syndromic hypertrophic 
cardiomyopathy

Several genetic cardiomyopathies with LVH
have been described in syndromes, such as 
in Beckwith-Wiedemann syndrome, Leopard
syndrome, Noonan syndrome, and Friedreich�s
ataxia [16]. 
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