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Abstract

Left ventricular hypertrophy (LVH), or an increase in cardiac mass, usually reflects pathologic adaptation to chronic
pressure or volume loads. Physiologic adaptation in athletes as well as genetic, metabolic, and infiltrative disorders
may also result in increased cardiac mass. Given vast differences in prognosis and therapeutic options associated with
different underlying conditions, the evaluation of patients with LVH necessitates a modern, comprehensive evaluation
incorporating multimodality imaging. Herein we present a systematic approach to patients with incidental LVH.
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Introduction

Left ventricular hypertrophy (LVH) is defined as an
increase in cardiac mass with or without an accom-
panying increase in left ventricular wall thickness
(LVWT) [1]. With the exception of highly trained
athletes [2], LVH usually reflects pathologic adap-
tation to chronic pressure (concentric LVH) or vol-
ume (eccentric LVH) loading on the left ventricle.
Although the prevalence of LVH varies according
to the population studied and is significantly asso-
ciated with age, sex, ethnicity, and comorbidities
[3-5], contemporary data suggest an overall preva-
lence of 7% in a high-risk population [6].
Transthoracic echocardiography (TTE) is the
most commonly used imaging modality for screen-
ing patients with suspected cardiovascular disease
because of widespread availability, relatively low
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cost, and safety [7]. Not infrequently, LVH is iden-
tified in patients without conventional risk factors
(hypertension, diabetes mellitus, degenerative
heart valve disease, etc.) and poses a unique diag-
nostic dilemma. Multimodality imaging, includ-
ing cardiac magnetic resonance imaging (MRI),
computed tomography, and nuclear imaging tech-
niques, is increasingly used to further characterize
cardiac structure and function and help distinguish
different cardiac disorders. This article focuses on
the differential diagnosis of concentric LVH with
an emphasis on multimodality imaging. A diag-
nostic algorithm is proposed to help streamline
the clinical evaluation of these patients (Figure 1).

Nonpathologic LVH

Athlete’s Heart

In contrast to pathologic cardiac remodeling
in response to increased afterload, physiologic
remodeling may occur in highly trained athletes,
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Figure 1 Diagnostic Approach to Incidental Left Ventricular Hypertrophy (LVH) on Noninvasive Cardiac Imaging.
Evaluation of the patient begins with the careful taking of the clinical history and a search for “red flags,” which may include
recurrent and unexplained syncope, history of out-of-hospital cardiac arrest, absence of hypertension, and a family history of
sudden cardiac death (SCD; first-degree family member or multiple second-degree family members) or cardiomyopathy (specifi-
cally cardiac hypertrophy). When cardiac hypertrophy is incidentally identified on echocardiography, clues to a pathologic diag-
nosis include asymmetric hypertrophy (particularly the ventricular septum or cardiac apex), markedly reduced mitral annular tis-
sue Doppler velocities, abnormal global longitudinal strain (GLS), and pericardial effusion. In contrast, symmetric hypertrophy
and a history of severe or uncontrolled hypertension would strongly support a diagnosis of hypertensive heart disease. Specific
clinical findings that suggest amyloid light chain (AL) cardiac amyloidosis include low voltage on electrocardiogram (ECG),
abnormal GLS with apical sparing and a pericardial effusion on transthoracic echocardiography (TTE), and abnormal nulling on
cardiac magnetic resonance imaging (MRI). Sigmoid septum is frequently a diagnosis of exclusion and may require a compre-
hensive workup (ambulatory ECG monitoring, cardiac MRI, exercise treadmill testing, and genetic screening) to exclude sar-
comere mutation-mediated hypertrophic cardiomyopathy. A search for less common causes (Fabry disease, transthyretin [TTR]
amyloidosis, Noonan syndrome) is often based on the index of clinical suspicion, coexistent clinical findings, and/or suspicious
family history. 'Syncope, personal history of out-of-hospital cardiac arrest; *tissue biopsy (fat aspirate), endomyocardial biopsy;
negative genetic test result does not exclude the diagnosis; BM, bone marrow; CMR, cardiac magnetic resonance imaging; o
Gal A, a-galactosidase A; LGE, late gadolinium enhancement; MV, mitral valve; T99 PYP, technetium-99m pyrophosphate.

particularly those competing in high-endurance
sports such as rowing, cycling, and cross-country
skiing. Athletic remodeling is nonspecific and char-
acterized by increased LVWT (usually <12 mm),
increased left ventricular mass, and increased left
atrial volume [2, 8, 9]. Importantly, diastolic func-
tion and global longitudinal strain (GLS) are often

normal (or supranormal) [10, 11]. Occasionally, late
gadolinium enhancement (LGE) is identified on
cardiac MRI in older athletes and is hypothesized
to reflect a dose-response relationship from lifetime
exposure to exercise [12]. This unique constella-
tion of imaging findings (LVH with normal dias-
tolic function, normal GLS, and paucity of LGE) in
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addition to a history of participation in a sport asso-
ciated with a predominant alteration in LVWT (e.g.,
weight lifting, wrestling, shot put, and other isomet-
ric “power” exercises) [8] helps to distinguish ath-
lete’s heart from other pathologic causes of LVH. A
period of “detraining” and observing for regression
of LVH may be necessary in the rare instance of
severe LVH (LVWT >15 mm), particularly among
black athletes [13].

Pathologic LVH

Hypertensive Heart Disease

Arterial hypertension remains the leading cause of
preventable death worldwide and is present in up
to 31% of the world’s adult population [14]. The
cardiac manifestations of chronically increased left
ventricular afterload include a spectrum of adapta-
tion that ranges from left ventricular “remodeling”
(characterized by an increase in relative wall thick-
ness but preserved left ventricular mass) to concen-
tric LVH (pathologic increase in both relative wall
thickness and left ventricular mass). Identification
of LVH among patients with hypertensive heart

disease (HHD) is important given the adverse prog-
nostic implications of this associated finding.

HHD is often associated with increased volt-
age in the precordial leads on electrocardiogram
(ECG) and reflects an increase in left ventricular
mass. Echocardiographic findings include increased
LVWT (>12 mm), usually preserved left ventricular
dimension/volume, left atrial enlargement, abnor-
mal indices of diastolic function, and premature
or advanced degenerative valve disease [15]. It is
important to emphasize none of these imaging find-
ings are specific to HHD.

Recently, asymmetric HHD has been described
with a phenotype of LVH (including LVWT >15 mm)
that may be indistinguishable from hypertrophic
cardiomyopathy (HCM) [16]. More advanced
imaging techniques, such as speckle-tracking echo-
cardiography for assessment of GLS, along with
cardiac MRI for late gadolinium enhancement
(LGE) and native T1 mapping, may provide clues
to the presence of myocardial fibrosis [17-19], even
before the development of LVH. Perhaps the most
important role for GLS and LGE is the potential to
distinguish HHD from other causes of LVH, nota-
bly HCM [20-23], that have differing natural his-
tory and therapeutic implications. Figures 2 and 3

Cardiac
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Figure 2 Global Longitudinal Strain Patterns in Myocardial Disease.

Global longitudinal strain in hypertensive heart disease may show a nonspecific decrease in strain values in the setting of symmetric
and concentric LV hypertrophy whereas, other myocardial diseases often reveal a characteristic strain pattern. In cardiac amyloido-
sis, there is often a global decrease in longitudinal strain values most notable in the basal and mid ventricular segments and relative
preservation at the LV apex. Longitudinal strain values in HCM are characteristically lowest among myocardial segments with max-
imal hypertrophy. Longitudinal strain values in Fabry Disease are often decreased in a nonspecific pattern although some authors
have identified a predilection for the posterolateral wall in small retrospective studies. HCM, Hypertrophic cardiomyopathy.
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Figure 3 Late Gadolinium Enhancement Patterns in Myocardial Disease.

Characteristic abnormal late gadolinium enhancement patterns in HCM include “midmyocardial” and “patchy diffuse”.
Involvement of the RV insertion sites has also been described in HCM patients but is also occasionally seen in patients without
evidence of myocardial disease. “Subendocardial” patterns of late gadolinium enhancement are characteristic of ischemic heart
disease. HCM, Hypertrophic cardiomyopathy; RV, right ventricular.

summarize the GLS and LGE patterns, respectively,
in different cardiac diseases.

Hypertrophic Cardiomyopathy

HCM is one of the most common causes of patho-
logic LVH, with an estimated prevalence as high
as 1 in 200 [22]. A number of autosomal domi-
nant mutations have been identified involving the
cardiac sarcomere contractile unit with resultant
cardiac myocyte hypertrophy and disarray, severe
LVH (LVWT >15 mm) most often with asymmet-
ric septal hypertrophy, and myocardial fibrosis and
increased risk of sudden cardiac death (SCD). A
correct and timely diagnosis of HCM is critical to
risk stratification for SCD, selection of appropriate
treatment options (medical therapy, septal reduc-
tion, and internal cardiac defibrillator), and family
screening.

On TTE, HCM is often characterized by abnor-
mal mechanics of myocardial relaxation, includ-
ing mitral inflow Doppler E/A ratio less than 1 and
reduced mitral annular myocardial tissue Doppler
velocities (e’ frequently <6 cm/s), in addition to
abnormal GLS (most often at the basal ventricular

septum). These findings can help differentiate HCM
from physiologic remodeling in athlete’s heart. The
presence of an elongated anterior mitral leaflet, sys-
tolic anterior motion of the mitral apparatus, and
dynamic left ventricular obstruction further sup-
ports a diagnosis of HCM, although these findings
are not specific. Different phenotypes of cardiac
hypertrophy are now well recognized (Figure 4),
including sigmoid septal hypertrophy, neutral sep-
tal hypertrophy, “reverse curve” septal morphol-
ogy, and apical variant and hypertrophy primarily
involving the inferoseptum or posterolateral wall.
Elevated right ventricular systolic pressure is com-
mon; however, the presence of a pericardial effusion
is atypical and may be a subtle clue to an infiltrative
myocardial disease (i.e., cardiac amyloidosis). LGE
on cardiac MRI is identified in up to 80% of HCM
patients and frequently involves the midwall and
right ventricular insertion points along the ventricu-
lar septum [23]. In contrast, isolated LGE at the site
of right ventricular insertion is not specific and may
be seen in individuals with or without pathologic
hypertrophy. Native T1 and potentially T2 mapping
is an emerging cardiac MRI technique that, in the
absence of LGE, may help distinguish HCM from
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Figure 4 Septal Morphology Patterns in Hypertrophic Cardiomyopathy.

See text for details.

HHD, including genotype-positive/phenotype-
negative individuals, by identifying diffuse abnor-
malities of the myocardium (e.g., as a consequence
of sarcomere mutation) [24].

The clinical history is an important adjunct to
multimodality imaging in HCM. A family history of
unexplained SCD and/or the identification of other
family members with LVH can help refine the clini-
cal diagnosis. Postprandial as well as heat-related
exacerbation of exertional symptoms [25] is a rela-
tively specific finding in patients with HCM, and
recurrent syncope may be an ominous clinical sign
of ventricular arrhythmia and the need for expedited
management (internal cardiac defibrillator therapy).

Focal Septal Hypertrophy (Sigmoid
Septum)

Structural changes of the heart, resulting from
either physiologic (aging) or pathologic (increased
afterload) mechanisms, can lead to focal septal
hypertrophy (FSH), narrowing of the left ventricu-
lar outflow tract, and occasionally systolic anterior

motion with dynamic left ventricular obstruction
[26-28]. This constellation of findings may closely
resemble HCM on TTE. Most published data pre-
date the widespread adoption of genetic testing,
and it remains unclear whether FSH represents
a relatively benign age-related finding or a forme
fruste manifestation of HCM [29]. Occasionally,
narrowing of the left ventricular outflow tract and
dynamic obstruction is observed among patients
with normal ventricular wall thickness and has been
attributed to hyperacute “aortoventricular” angula-
tion (Figure 5A, arrow). This latter anatomic variant
has been termed “sigmoid septum” because of the
sigmoid-shaped course of blood flow during ejec-
tion into the aorta [30].

FSH manifesting itself with dynamic left ven-
tricular obstruction poses one of the most challeng-
ing clinical conundrums. The diagnostic approach
begins with the history and clarifying the age of
onset, identifying comorbidities (hypertension),
and exploring the family history for cardiomyo-
pathy or unexplained death. Conceptually, HCM
would be expected to manifest more ECG voltage

Figure 5 Sigmoid Septal Hypertrophy.

Focal septal hypertrophy with sigmoid shaped basal ventricular septum (arrow) is demonstrated on cardiac magnetic resonance
imaging (panel A) and transthoracic echocardiogram in the apical long axis view (panel B). AoV, Aortic valve; LA, left atrium;

LV, left ventricle.
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abnormalities than FSH, although this has not been
rigorously evaluated. Attempts to distinguish
between FSH and HCM with echocardiography
have identified statistically significant differences
in mitral annular tissue Doppler velocities, lower
in patients with HCM, although the large overlap
between groups diminishes the specificity of this
finding in the individual patient [31, 32]. GLS may
show abnormal systolic velocities at the hypertro-
phied septum, whereas cardiac MRI findings sup-
portive of FSH include discrete septal hypertrophy
(involving one or two myocardial segments), maxi-
mal wall thickness less than 15 mm, and absence
of LGE. It is important to emphasize, however,
that LVH in HCM can also be highly variable,
with up to 12% of patients having focal left ven-
tricular hypertrophy (two or fewer segments) [33].
Genetic testing and ambulatory ECG monitoring
may be helpful in cases of diagnostic uncertainty;
however, these patients are often managed similarly
to patients with HCM, including risk stratification,
routine family screening, and septal reduction for
refractory exertional symptoms.

Cardiac Amyloid

Cardiac amyloidosis is an infiltrative cardiomyopa-
thy, with LVH developing as a consequence of pro-
tein deposition within the extracellular matrix of the
heart. Various amyloidogenic proteins have been
reported; however, the most frequently encountered
subtypes causing cardiomyopathy in clinical prac-
tice are amyloid light chain (AL) amyloidosis and
transthyretin amyloidosis (ATTR).

Clinical manifestations and natural history differ
by subtype, with earlier cardiac involvement and
severer LVH in AL amyloidosis. ECG will often
paradoxically show low voltage (particularly with
AL cardiac amyloidosis); however, this finding is
neither sensitive nor specific, with some amyloid
patients demonstrating normal or increased voltage
[34, 35]. TTE has a primary role in disease screen-
ing, and the diagnosis can often be inferred on the
basis of noninvasive imaging. A pericardial effusion
is typical, and diffuse thickening of the heart valves
may also be present. The GLS pattern in AL amyloi-
dosis is unique, with severely reduced velocities at
the base and preserved left ventricular apical veloc-
ities (Figure 2). Cardiac MRI may reveal diffuse

hyperenhancement with gadolinium administration
as well as “abnormal nulling” on inversion recovery
sequences (Video 1). The cardiac manifestations of
ATTR may be overt with severe LVH or subclini-
cal with an insidious course indistinguishable from
heart failure with preserved ejection fraction. More
recently, technetium-99m pyrophosphate scanning
has reemerged as a sensitive and specific imaging
modality for identifying cardiac involvement in
ATTR [36].

Differentiation of the amyloid subtypes is impor-
tant because of different treatment strategies,
including chemotherapy and stem-cell transplant
for the clonal plasma cell dyscrasia underlying AL
amyloidosis and liver transplant for ATTR amyloi-
dosis. Newer investigational therapies (protein-sta-
bilizing molecules) may revolutionize the treatment
and prognosis of patients with ATTR [37].

Miscellaneous Disorders

Fabry disease (FD) is an X-linked recessive lyso-
somal storage disorder due to insufficient activity
of the GLA-encoded enzyme o-galactosidase A.
Affected males frequently manifest “classic” FD
characterized by progressive renal dysfunction,
hypohidrosis, actinic keratosis (trunk, groin), acral
paresthesias of the extremities, ischemic stroke, and
severe cardiac hypertrophy. Hemizygous females
may present with limited organ involvement,
including isolated cardiac hypertrophy. FD typi-
cally presents with symmetric hypertrophy of both
the left ventricle and the right ventricle; however,
the cardiac manifestations on TTE may be indistin-
guishable from HCM, including asymmetric septal
hypertrophy, dynamic left ventricular obstruction,
and occasionally apical pouch. However, cardiac
MRI may prove a useful diagnostic adjunct in this
population as the elevated glycosphingolipid lev-
els within myocardial tissue result in characteris-
tically low native T1 values. Prompt diagnosis of
FD is critical because of the availability of disease-
specific therapy (recombinant o-galactosidase A
replacement and more recently migalastat, an oral
pharmacological chaperone of o-galactosidase A)
and the need for extended family screening. The
diagnostic workup includes detection of reduced
o-galactosidase A activity in suspected male
patients and is confirmed by GLA genetic testing.
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Women may have normal a-galactosidase A levels
(hemizygous carriers), and some experts advocate
GLA testing in lieu of enzyme screening. A histo-
logic diagnosis should be suspected by the pres-
ence of prominent vacuolization of the cardiac
myocytes, and may be confirmed by identification
of myelinoid inclusions on electron microscopy.
Unfortunately, FD continues to be underdiagnosed
because of a combination of variable presentation
and unfamiliarity by clinicians.

Noonan syndrome is a rare autosomal dominant
disorder with a reported prevalence of approxi-
mately 1 in 2500 [38]. The diagnosis is usually
made in infancy or childhood, and the clinical find-
ings include distinctive facial features (notably
hypertelorism), developmental delay, short stature,
renal abnormalities, and congenital heart disease.
Pulmonary stenosis with or without a dysplastic
pulmonary valve is the most frequent finding; how-
ever, cardiac hypertrophy is common (up to 20% of
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tinguishing the different causes, and a methodical
approach can help streamline the diagnostic evalua-
tion of these patients.

Conflict of Interest

JBG is a consultant for MyoKardia; however,
MyoKardia was not involved in this study in any way.

Lang RM, Badano LP, Mor-Avi V,
Afilalo J, Armstrong A, Ernande L,
et al. Recommendations for cardiac
chamber quantification by echo-
cardiography in adults: an update
from the American Society of
Echocardiography and the European
Association of  Cardiovascular
Imaging. J Am Soc Echocardiogr
2015;28:1-39.e14.

Sharma S, Maron BJ, Whyte G,
Firoozi S, Elliott PM, McKenna WJ.
Physiologic limits of left ventricular
hypertrophy in elite junior athletes:
relevance to differential diagnosis
of athlete’s heart and hypertrophic
cardiomyopathy. J Am Coll Cardiol
2002;40:1431-6.

Levy D, Anderson KM, Savage
DD, Kannel WB, Christiansen JC,
Castelli WP. Echocardiographically
detected left ventricular hypertro-
phy: prevalence and risk factors.
The Framingham Heart Study. Ann
Intern Med 1988;108:7-13.

O’Neal WT, Almahmoud
MF, Qureshi WT, Soliman
EZ.  Electrocardiographic  and

echocardiographic left ventricu-
lar hypertrophy in the prediction
of stroke in the elderly. J Stroke
Cerebrovasc Dis 2015;24:1991-7.
Savage DD, Garrison RJ, Kannel
WB, Levy D, Anderson SJ, Stokes
J 3rd, et al. The spectrum of left
ventricular hypertrophy in a general
population sample: the Framingham
Study. Circulation 1987;75:126-33.
Soliman EZ, Ambrosius WT,
Cushman WC, Zhang ZM, Bates JT,
Neyra JA, et al. Effect of intensive
blood pressure lowering on left ven-
tricular hypertrophy in patients with
hypertension: SPRINT (Systolic
Blood Pressure Intervention Trial).
Circulation 2017;136:440-50.
Douglas PS, Garcia MJ, Haines
DE, Lai WW, Manning WJ, Patel
AR, et al. ACCF/ASE/AHA/ASNC/
HFSA/HRS/SCAI/SCCM/SCCT/
SCMR 2011 appropriate use criteria
for echocardiography. A report of
the American College of Cardiology
Foundation Appropriate Use Criteria
Task Force, American Society of
Echocardiography, American Heart

10.

Association, American Society of
Nuclear Cardiology, Heart Failure
Society of America, Heart Rhythm
Society, Society for Cardiovascular
Angiography and Interventions,
Society of Critical Care Medicine,
Society of Cardiovascular
Computed Tomography, Society
for  Cardiovascular =~ Magnetic
Resonance  American  College
of Chest Physicians. J Am Soc
Echocardiogr 2011;24:229-67.
Morganroth J, Maron BJ, Henry
WL, Epstein SE. Comparative
left ventricular dimensions in
trained athletes. Ann Intern Med
1975;82:521-4.

Pelliccia A, Maron BJ, Spataro A,
Proschan MA, Spirito P. The upper
limit of physiologic cardiac hyper-
trophy in highly trained elite athletes.
N Engl ] Med 1991;324:295-301.
Beaumont A, Grace F, Richards J,
Hough J, Oxborough D, Sculthorpe
N. Left ventricular speckle tracking-
derived cardiac strain and cardiac
twist mechanics in athletes: a sys-
tematic review and meta-analysis



50 | D.B. Newman et al., Evaluation of the Patient with Incidental Left Ventricular Hypertrophy on Echocardiography

11.

12.

13.

14.

15.

16.

17.

of controlled studies. Sports Med
2017;47:1145-70.

Simsek Z, Tas MH, Degirmenci H,
Yazici AG, Ipek E, Duman H, et al.
Speckle tracking echocardiographic
analysis of left ventricular systolic
and diastolic functions of young
elite athletes with eccentric and con-
centric type of cardiac remodeling.
Echocardiography 2013;30:1202-8.
van de Schoor FR, Aengevaeren
VL, Hopman MT, Oxborough DL,
George KP, Thompson PD, et al.
Myocardial fibrosis in athletes.
Mayo Clin Proc 2016;91:1617-31.
Basavarajaiah S, Boraita A, Whyte
G, Wilson M, Carby L, Shah A,
et al. Ethnic differences in left
ventricular remodeling in highly-
trained athletes relevance to differ-
entiating physiologic left ventricu-
lar hypertrophy from hypertrophic
cardiomyopathy. J Am Coll Cardiol
2008;51:2256-62.

Mills KT, Bundy JD, Kelly TN,
Reed JE, Kearney PM, Reynolds
K, et al. Global disparities of hyper-
tension prevalence and control: a
systematic analysis of population-
based studies from 90 countries.
Circulation 2016;134:441-50.
Perrone-Filardi P, Coca A, Galderisi
M, Paolillo S, Alpendurada F, de
Simone G, et al. Non-invasive car-
diovascular imaging for evaluating
subclinical target organ damage
in hypertensive patients: a con-
sensus paper from the European
Association  of  Cardiovascular
Imaging (EACVI), the European
Society of Cardiology Council on
Hypertension, and the European
Society of Hypertension (ESH).
Eur Heart J Cardiovasc Imaging
2017;18:945-60.

Rodrigues JC, Amadu AM, Dastidar
AG, Hassan N, Lyen SM, Lawton
CB, et al. Prevalence and predic-
tors of asymmetric hypertensive
heart disease: insights from car-
diac and aortic function with car-
diovascular magnetic resonance.
Eur Heart J Cardiovasc Imaging
2016;17:1405-13.

Chaowu Y, Li L. Histopathological
basis of myocardial late gadolin-
ium enhancement in patients with

18.

19.

20.

21.

22.

23.

24.

25.

systemic hypertension. Circulation
2014;130:2210-2.

Contaldi C, Imbriaco M, Alcidi G,
Ponsiglione A, Santoro C, Puglia M,
et al. Assessment of the relationships
between left ventricular filling pres-
sures and longitudinal dysfunction
with myocardial fibrosis in uncom-
plicated hypertensive patients. Int J
Cardiol 2016;202:84—6.

Kuruvilla S, Janardhanan R,
Antkowiak P, Keeley EC, Adenaw
N, Brooks J, et al. Increased extracel-
lular volume and altered mechanics
are associated with LVH in hyper-
tensive heart disease, not hyper-
tension alone. JACC Cardiovasc
Imaging 2015;8:172-80.

Noureldin RA, Liu S, Nacif MS,
Judge DP, Halushka MK, Abraham
TP, et al. The diagnosis of hyper-
trophic cardiomyopathy by car-
diovascular magnetic resonance. J
Cardiovasc Magn Reson 2012;14:17.
Rodrigues JC, Rohan S, Ghosh
Dastidar A, Harries I, Lawton CB,
Ratcliffe LE, et al. Hypertensive
heart disease versus hypertrophic
cardiomyopathy: multi-parametric
cardiovascular magnetic resonance
discriminators when end-diastolic
wall thickness =15 mm. Eur Radiol
2017;27:1125-35.

Semsarian C, Ingles J, Maron MS,
Maron BJ. New perspectives on
the prevalence of hypertrophic car-
diomyopathy. J Am Coll Cardiol
2015;65:1249-54.

Aquaro GD, Masci P, Formisano
F, Barison A, Strata E, Pingitore A,
etal. Usefulness of delayed enhance-
ment by magnetic resonance imag-
ing in hypertrophic cardiomyopathy
as a marker of disease and its sever-
ity. Am J Cardiol 2010;105:392-7.
Hinojar R, Varma N, Child N,
Goodman B, Jabbour A, Yu CY, et al.
T1 mapping in discrimination of
hypertrophic phenotypes: hyperten-
sive heart disease and hypertrophic
cardiomyopathy: findings from
the International T1 Multicenter
Cardiovascular Magnetic Resonance
Study. Circ Cardiovasc Imaging
2015;8:e003285.

Bois JP, Adams JC, Kumar G,
Ommen SR, Nishimura RA, Klarich

26.

27.

28.

29.

30.

31.

32.

33.

34.

KW. Relation between temperature
extremes and symptom exacerba-
tion in patients with hypertrophic
cardiomyopathy. Am J Cardiol
2016;117:961-5.

Belenkie I, MacDonald RP, Smith
ER. Localized septal hypertrophy:
part of the spectrum of hypertrophic
cardiomyopathy or an incidental
echocardiographic  finding? Am
Heart J 1988;115:385-90.

Dalldorf FG, Willis PWt. Angled
aorta (“sigmoid septum”) as a cause
of hypertrophic subaortic stenosis.
Hum Pathol 1985;16:457-62.
Shapiro LM, Howat AP, Crean
PA, Westgate CJ. An echocardio-
graphic study of localized sub-
aortic hypertrophy. Eur Heart J
1986;7:127-32.

Lewis JE, Maron BJ. Elderly patients
with hypertrophic cardiomyopathy:
a subset with distinctive left ven-
tricular morphology and progressive
clinical course late in life. J Am Coll
Cardiol 1989;13:36-45.

Goor D, Lillehei CW, Edwards JE.
The “sigmoid septum”. Variation in
the contour of the left ventricular
outlet. Am J Roentgenol Radium
Ther Nucl Med 1969;107:366-76.
Chen-Tournoux A, Fifer MA, Picard
MH, HungJ. Use of tissue Doppler to
distinguish discrete upper ventricu-
lar septal hypertrophy from obstruc-
tive hypertrophic cardiomyopathy.
Am J Cardiol 2008;101:1498-503.
Krasnow N. Subaortic septal bulge
simulates hypertrophic cardiomyo-
pathy by angulation of the septum
with age, independent of focal
hypertrophy. An echocardiographic
study. J Am Soc Echocardiogr
1997;10:545-55.

Maron MS, Maron BJ, Harrigan
C, Buros J, Gibson CM, Olivotto
I, et al. Hypertrophic cardiomyo-
pathy phenotype revisited after
50 years with cardiovascular mag-
netic resonance. J Am Coll Cardiol
2009;54:220-8.

Cyrille NB, Goldsmith J, Alvarez J,
Maurer MS. Prevalence and prog-
nostic significance of low QRS volt-
age among the three main types of
cardiac amyloidosis. Am J Cardiol
2014;114:1089-93.



D.B. Newman et al., Evaluation of the Patient with Incidental Left Ventricular Hypertrophy on Echocardiography | 51

35.

36.

Murtagh B, Hammill SC, Gertz
MA, Kyle RA, Tajik AJ, Grogan
M. Electrocardiographic  find-
ings in primary systemic amy-
loidosis and biopsy-proven car-
diac involvement. Am J Cardiol
2005;95:535-7.

Castano A, Haq M, Narotsky
DL, Goldsmith J, Weinberg RL,
Morgenstern R, et al. Multicenter
study of planar technetium 99m

37.

pyrophosphate cardiac imaging:
predicting survival for patients with
ATTR cardiac amyloidosis. JAMA
Cardiol 2016;1:880-9.

Maurer MS, Schwartz ~ JH,
Gundapaneni B, Elliott PM,
Merlini G, Waddington-Cruz M,
et al. Tafamidis treatment for
patients with transthyretin amyloid
cardiomyopathy. N Engl J Med
2018;379:1007-16.

38.

39.

Roberts AE, Allanson JE, Tartaglia
M, Gelb BD. Noonan syndrome.
Lancet 2013;381:333-42.
Poterucha  JT, Johnson N,
O’Leary PW, Connolly HM, Niaz
T, Maleszewski JJ, et al. Surgical
ventricular septal myectomy for
patients with Noonan syndrome and
symptomatic left ventricular out-
flow tract obstruction. Am J Cardiol
2015;116:1116-21.



