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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 (Hoigné 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]. 

A

B
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Leopard syndrome (multiple lentigines
syndrome) is a rare, autosomal dominant dis-
order with lentigines (L) with truncal and mu-
cosal spots and larger café-au-lait spots, E 
for ECG changes, ocular (O) hypertelorism or
widely spaced eyes, P for pulmonary valve
stenosis, A for abnormalities of genitalia, R for
retardation of growth and D for deafness [16].
It is a disorder of neural crest origin like
pheochromocytoma, tuberous sclerosis and
neurofibromatosis. Pulmonary stenosis is the
most frequent cardiac abnormality, followed
by myocardial hypertrophy with marked in-
creased thickness of left ventricular septum
and posterior wall, marked obstruction of left
ventricular outflow tract and endocardial fi-
broelastosis [16]. 

Friedreich’s ataxia – the most common
hereditary ataxia – is an autosomal recessive
disorder, there is myocardial involvement in
95% [16]. Rarely, cardiac involvement can
cause symptoms prior to neurological symp-
toms. The echocardiographic features include
concentric LVH, normal systolic function, and
thickened papillary muscles [16]. In other
ataxic disorders there is no cardiac involve-
ment.

Miscellaneous causes

The most common etiologies in this group are
hypertension, athlete’s heart and amyloidosis.

LVH in hypertension is typically present
with concentric remodeling; it is rare that wall
thickness of >1.5 cm occurs in patients with

C

D

C ECG example of a 22-
year-old man with severe
familial HCM (thickness 
of the interventricular
septum 2.8 cm) due to 
b-myosin heavy chain
mutation. The ECG is
abnormal but not typical
for HCM.

D ECG example of a 52-
year-old male with proven
Fabry disease and normal
blood pressure which
shows voltage signs for
left ventricular hypertro-
phy and a rather short 
PR time of 0.11 sec.
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In an excellent study, patients with HCM,
hypertensives and athletes were compared
[17]. In patients with HCM, asymmetrical sep-
tal hypertrophy (defined as septum to poste-
rior wall ratio of 1.5:1) was found in 56%, in
hypertensive in 18% and in 22% athletes. If
one would take a ratio of 1.3:1 as some studies
do as a diagnostic criterion for HCM, then ASH
occurs in up to 44% of normal subjects, 42% of
athletes and 30–70% of those with secondary
hypertension, therefore, the ratio of 1.5:1 is
more specific. In Shapiro’s study, distal ven-
tricular hypertrophy was only found in pa-
tients with HCM, however, in only 10% [17].
Symmetrical LVH was demonstrated in 45 pa-
tients (34%) with HCM, 82% hypertensives
and 78% athletes. The pattern of symmetrical
LVH was therefore significantly more common
in patients with secondary LVH. Overall, how-
ever, the pattern of hypertrophy was only mod-
erately predictive in differentiating primary
from secondary left ventricular hypertrophy.
Wall thickness of exceeding 2 cm was not found
in any athlete and in only 4 of 50 hypertensive
patients but 40% of those with HCM. 

The main discriminative features differen-
tiating athlete’s heart from HCM include: un-
usual pattern of LVH, left ventricular cavity
measuring less than 46 mm at end-diastole,
abnormal left ventricular filling and familial
HCM favor HCM. In contrast, a left ventricu-
lar cavity of more than 54 mm and a decrease
in left ventricular wall thickening with decon-
ditioning favor athlete’s heart [9]. The upper
limit of “physiologic” wall thickening in highly
trained athletes is 15–16 mm [19]. 

In pheochromocytoma, there are different
echocardiographic features: rarely, it can re-
semble HCM, then apical cardiomyopathy, dif-
fuse LVH, catecholamine induced myocarditis
or dilated cardiomyopathy [20]. Contrarily to
what one might expect, in one study, only 24 
of 63 patients undergoing adrenalectomy for
pheochromocytoma had an abnormal preoper-
ative echocardiography [21].

Typical echocardiographic features of
amyloid heart disease which is also called “stiff
heart syndrome” includes increased left ven-
tricular wall thickness, myocardial granular
sparkling, normal left ventricular size, mild
left atrial dilatation, pericardial effusion,
valve thickening, diastolic dysfunction, de-
creased annular E wave and an abnormal
strain rate [22, 23]. Diastolic dysfunction is an
early sign of amyloid heart disease. Early
forms of amyloid heart disease do not have a
restrictive filling pattern, but can start with a
nonspecific relaxation abnormality. Koyama

Figure 2
Echocardiographic example
of patient with amyloid
heart disease with the
parasternal long axis view
(A) and apical 4 chamber
view (B).
This shows the echocardio-
graphic parasternal long-
axis and 4-chamber view 
of a 59-year-old man with
paroxysmal atrial fibrillation
and multiple myeloma. He
has concentric left ventricu-
lar hypertrophy with a left
ventricular muscle mass
index of 150 g/m2 body
surface area. Anterior ven-
tricular septal thickness is
1.5 cm, left atrial size is 
4.6 cm, left ventricular ejec-
tion fraction is 68%. There
is no increased echogenicity
of the myocardium, how-
ever, there is diastolic dys-
function with signs of an
elevated left ventricular
enddiastolic pressure.

A

B

Figure 3
Echocardiographic example
of hypertensive heart 
disease.
This is the example of a 60-
year-old man with massive
left ventricular hypertrophy.
Left ventricular muscle mass
is 190 g/m2, anterior septal
wall thickness measures 
20 mm. There is mild ob-
struction in the left ventric-
ular outflow tract with 
13 mm Hg at rest and 
38 mm Hg with Valsalva.
LV = left ventricle; 
LA = left atrium; 
AO = aorta.

mild to moderate hypertension [17]. There is,
however, a difference between the different
races: in black patients, severe LVH due to hy-
pertension is not rare [18].
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examined tissue Doppler imaging and strain
rate imaging in patients with amyloid heart
disease with and without heart failure [24].
Only in patients with heart failure, peak sys-
tolic velocity and peak A velocity were de-
creased, only E velocity is significantly lower
in the posterior wall and basal segments of the
4 chamber view in all patients with amyloid
heart disease. E velocity of less than 12 later-
ally and less than 10 cm/s medially was the
best discriminator for the diagnosis of amyloi-
dosis from controls. However, in amyloid heart
disease, there is no finding which is absolutely
specific of the disease. In figure 2, there is an
example of a patient with amyloid heart dis-
ease due to multiple myeloma.

Differentiation of hypertensive 
heart disease, amyloid heart 
disease, hypertrophic cardio-
myopathy or glycogen storage 
disease

The differentiation of hypertensive heart dis-
ease (HHD) from HCM can be difficult. In the
example in figure 3, the echocardiographic 2D
image of a patient with longstanding hyper-
tension is shown. Just by 2D echocardio-
graphic features alone it is impossible in many
patients to discriminate HHD from HCM. The
prognostic implications are enormous, how-
ever. The ratio of the interventricular septum
to the posterior wall is typically ≥1.3 in HCM.
However, in many patients with HCM, the
ratio can be less with a considerable overlap
between HHD and HCM. Symmetrical hyper-
trophy does not exclude HCM, 13–31% of the
patients with HCM have exactly this picture.
In these patients, strain rate imaging may be
able to help to differentiate [25]. There are
many studies which attempt to find the best
parameter to differentiate HHD and HCM. In
a study by Oki from 2004 he attempted to dif-
ferentiate HHD, HCM or cardiac amyloidosis
with tissue Doppler imaging. Only in patients
with advanced amyloid heart disease, differen-
tiation was possible [26]. Therefore, we do not
have a good echocardiographic test to reliably
diagnose early forms of cardiac amyloidosis.

In our own recent retrospective study by
Hoigné et al. (manuscript in preparation), we
tried to differentiate Fabry disease from amy-
loid heart disease, HCM and hypertensive
heart disease by integrating ECG findings,
symptoms and echocardiographic findings.
The most helpful signs were as follows: papil-
lary muscle abnormalities for HCM, pericar-
dial effusion and orthostasis/syncope for amy-
loidosis, hypertension for hypertensive heart
disease and polyneuropathy for Fabry disease.
The papillary muscle abnormalities in HCM

Table 2
Comparison of hypertensive
heart disease, amyloid heart
disease, hypertrophic car-
diomyopathy and glycogen
storage disease.

hypertensive amyloid heart hypertrophic glycogen 
heart disease disease cardiomyopathy storage disease

LVH yes yes yes yes
Diastolic dysfunction frequent frequent frequent frequent
Pericardial effusion very rare occasionally, very rare very rare

very specific
Increased echogenicity occasionally frequent occasionally frequent
Valvular thickening occasionally frequent occasionally frequent
Anomalous papillary rare rare frequent rare
muscle
Short PR interval rare rare rare frequent
Genetic testing not recommended not recommended recommended recommended

Figure 4
Echocardiographic example
of a 25-year-old male with
hypertrophic cardiomyo-
pathy, and negative 
T waves in the ECG.
A Parasternal long axis view.
B Apical 4-chamber view.
The parasternal short axis
view shows subtle thicken-
ing of the posterior wall
with normal septal wall
thickness. The hypertrophy
of the apical segments is
only clearly visible after
contrast injection as shown
in the apical 4-chamber
view at end-systole.
LA = left atrium; RA = right
atrium; LV = left ventricle;
RVOT = right ventricular 
outflow tract. Arrow shows
thickened myocardial
segments.

A

B
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involve direct continuity of the anterolateral
papillary muscle with the anterior mitral
leaflet, anterior displacement of the papillary
muscle [27, 28]. A summary of the results is
shown in table 2. Diastolic dysfunction, in-
creased echogenicity and valvular thickening
are not specific and can occur in any etiology
of left ventricular hypertrophy. A short PR
time is very typical of glycogen storage disease.
In figure 4 there is an example of a patient with
a more atypical nonobstructive HCM with nor-
mal interventricular septal wall thickness but
negative T waves in the ECG and thickening
of posterior wall and apical segments.

Pseudo left ventricular 
hypertrophy

In figure 5, the example of a 43-year-old man
with normal blood pressure is shown who de-
veloped within one week “left ventricular hy-
pertrophy” as shown in these M-mode images.
He had advanced HIV infection with severe
Pneumocystis carinii pneumonia. Viral myo-
carditis was assumed; he died suddenly two
weeks later. Reversible “hypertrophy” due to
myocardial edema has also been reported in
myocarditis, Tako-Tsubo cardiomyopathy, and
after heart surgery or transplantation due to
myocardial reperfusion injury [29, 30].

Conclusion

Differentiation of unexplained LVH by echo-
cardiography and also by including modern
methods including tissue Doppler imaging and
strain rate imaging is difficult. There are only
rarely specific criteria which frequently apply
in advanced disease only. Family history, ECG
and symptoms are helpful. The role of genetic
testing will be increasingly important.
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