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Usefulness of Magnetic Resonance Imaging to Distinguish
Hypertensive and Hypertrophic Cardiomyopathy

Valentina O. Puntmann, PhDa,b,c,*, Cosima Jahnke, MDa,d, Rolf Gebker, MDa,
Bernhard Schnackenburg, PhDa, Kevin F. Fox, MDb, Eckart Fleck, MDa, and Ingo Paetsch, MDa,d

Different pathophysiologic pathways in the development of left ventricular (LV) hypertro-
phy can be reflected in phenotypical differences. A total of 119 subjects (39 with hyper-
tension [HTN]; 43 with nonobstructive hypertrophic cardiomyopathy [HC], and 37 control
subjects) underwent a standardized cardiac magnetic resonance imaging protocol for
assessment of global and regional morphology and function using balanced steady-state
free precession sequences and late gadolinium enhancement studies. Compared to controls,
both hypertrophic groups had significantly greater maximal wall thickness and LV mass
index (p <0.01). The patients with HTN had reduced ejection fraction, increased heart
cavities, and increased LV wall stress (p <0.01). The HC group had supernormal ejection
fraction and reduced LV wall stress (p <0.01). The HTN group had reduced anteroseptal
systolic strains (p <0.02), and the HC group displayed a marked decrease in longitudinal
systolic strain (p <0.01). In the HC group, an inverse relation was seen between a globally
increased late gadolinium enhancement score and the ejection fraction (r � �0.5, p �
0.01), and between regional late gadolinium enhancement scores and regional systolic
strain in the inferoseptal segments. Increased LV wall stress was identified as the hallmark
of HTN (odds ratio 1.2, p � 0.002), while HC was best characterized by reduced total
longitudinal strain (odds ratio 1.3, p � 0.002). In conclusion, our findings indicate the
presence of distinctive hypertrophic phenotypes detectable by means of multiparametric
magnetic resonance imaging. In HTN, impaired deformation follows the distribution of LV
wall stress. On the contrary, HC is characterized by reduced global and regional deforma-
tion, in association with fibrosis. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol

2010;106:1016–1022)
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A hypertrophic phenotype, a feature of many cardiovascu-
ar disorders, is a recognized independent risk factor for car-
iac-related morbidity and mortality.1 Left ventricular (LV)
ypertrophy develops from diverse factors, including mechan-
cal stress, growth factors, cytokines, catecholamines, and pri-
ary genetic abnormalities.2 Arterial hypertension (HTN) is

he most common cause of pathologic LV hypertrophy. In-
reased blood pressure accentuates hypertrophic remodeling
hrough increase in LV wall stress.3 Increased LV wall thick-
ess (LVWT) in the absence of an apparent physiologic in-
rease in LV wall stress, such as in hypertrophic cardiomyop-
thy (HC), occurs in 1 per 500 persons in the general
opulation.4,5 Primarily a diverse genetic disorder of the myo-
ardium caused by mutation in 1 of 11 sarcomere protein
enes, it might be possible to consider HC as a single pheno-
ypical entity, assuming that known disease genes affect the
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ardiac muscle sarcomere.4,6 In the present study, we investi-
ated whether apparently different pathophysiologic pathways
n the development of LV hypertrophy might be reflected in
he phenotypical differences, discernable by means of multipa-
ametric cardiac magnetic resonance imaging.7,8

ethods

This was an observational study of a population of adult
ubjects (�16 years old) who had consecutively presented
o the German Heart Institute (Berlin, Germany) by routine
linical referral for cardiac investigations. All subjects un-
erwent a routine clinical examination, 12-lead electrocar-
iography, 24-hour blood pressure monitoring, and trans-
horacic echocardiography (data presented in supplementary
aterial). The exclusion criteria were known contraindica-

ions to a magnetic resonance imaging study (incompatible
mplants, claustrophobia, and body mass index �40 kg/m2),
r significant valvular heart disease or subaortic gradients at
est). The study was conducted in accordance with the
nstitutional review board at the Charité University School
f Medicine, and all participants provided written informed
onsent. The diagnosis of HC was determined by the dem-
nstration of a hypertrophied left ventricle associated with a
ondilated and hyperdynamic left ventricle in the absence of
ncreased LV wall stress or another cardiac or systemic
isease that could result in a similar magnitude of hyper-

rophy.6,9 All patients with HC had an expressed phenotype,

www.ajconline.org
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1017Cardiomyopathy/Hypertensive and Hypertrophic Cardiomyopathies
ypically asymmetric in distribution, permitting an unequiv-
cal clinical diagnosis. Endomyocardial biopsy or genetic
esting was not used to reach the diagnosis.10 The HTN
roup consisted of patients with evidence of treated essen-
ial HTN (systolic blood pressure of �140 mm Hg, diastolic
lood pressure of �95 mm Hg) and increased LV mass
ndex on the magnetic resonance imaging study, defined as

89 g/m2 in men and �73 g/m2 in women,11,12 in the
bsence of secondary causes for elevated blood pressure
hat might lead to LV hypertrophy, such as a personal or
amily history of HC or sudden death.13 Normotensive sub-
ects, matched for age, gender, and body mass index, with a
ormal LV mass index (�89 g/m2 for men and �73 g/m2 for
omen) and no evidence of antihypertensive medication were

ncluded as controls. The presence or absence of cholesterol-
owering medications was not used as selection criterion.

All participants underwent standardized cardiac mag-
etic resonance imaging protocol (1.5 Tesla magnetic res-
nance imaging Achieva, Philips Medical Systems, Best,
he Netherlands), with subjects in the supine position and a
-element-phased-array cardiac coil. All subjects were in
inus rhythm to allow accurate triggering and good quality
f image acquisition.14 Preparation scans included a breath
eld general survey and 2 rapid heart axis survey scans
pseudoright anterior oblique- and pseudo-4 chamber
iews). Volumetric cavity assessment was obtained by
hole heart coverage of gapless short-axis slices using a
alanced steady-state free precession sequence (echo time/
epetition time/flip angle 1.7 ms/3.4 ms/60°, spatial resolu-
ion 1.8 � 1.8 � 8 mm, 50 heart phases) with typically 10
o 14 heart beats used for image acquisition. Late gadolin-
um enhancement (LGE) was performed using a diastolic
riggered inversion prepared 3-dimensional spoiled gradient
cho sequence (echo time/repetition time/flip angle 1.7 ms/
.5 ms/15°, spatial resolution 1.8 � 2 � 10 mm recon-
tructed to 1.8 � 1.8 � 5 mm, with a patient-adapted
repulse delay), 10 minutes after contrast injection (gad-
linium-diethylene triamine pentaacetic acid, dose 0.2
mol/kg body weight).15

All image analysis was performed using a commercially
vailable postprocessing software (ViewForum, version 5.1,
hilips Medical Systems). The endocardial LV borders
ere manually traced at end-diastole and end-systole. The
apillary muscles were included as part of the LV cavity
olume. The LV end-diastolic volume and end-systolic vol-
me were determined using a summation of disks (“Simp-
on’s rule”) method. Ejection fraction was computed as the
nd-diastolic volume minus the end-systolic volume and
hen divided by the end-diastolic volume. The LV epicardial
orders were also traced on the end-diastolic images, with
he LV mass calculated as the end-diastolic myocardial
olume (i.e., epicardial � endocardial volumes) multiplied
y the myocardial density (1.05 g/ml) and the index to the
ody surface area. The LV end-systolic meridional wall
tress was calculated as 0.334 � LV pressure � LVs/PWs
1 � PWs/LVs), where LV pressure was the brachial sys-
olic pressure, LVs the systolic left ventricular diameter, and
Ws the systolic posterior wall thickness.16 Indexes were
ormalized to the individual body surface area [body sur-
ace area � (weight in kilograms � 0.425 � height in

eters � 0.725) � 0.007184]. The maximum and regional c
V wall thicknesses (LVWTs) were obtained in 3 short-axis
lices (basal, equatorial, and apical) using a 16-segment anal-
sis model.17 Maximum LVWT was defined as the greatest
hickness in the LV in any single segment at end-diastole.9

or each segment, the end-diastolic and end-systolic
VWTs and the end-diastolic to end-systolic wall thicken-

ng were calculated. End-systolic strain is the segment
hickening/shortening normalized for the initial (end-dia-
tolic) length of the segment.18 Radial end-systolic strain
as calculated as a percentage of radial segment thickening

n 3 short-axis views, as validated by others.18 Systolic
hortening of the LV walls relative to its diastolic length in
-, 3- and 4-chamber views yielded a measure of the lon-
itudinal deformation. Averaged values per slice for all 3
hort-axis slices produced the apical, equatorial, basal, and
otal radial strain, and averaged values of 6 LV walls pro-
ided the total longitudinal strain.14,19,20 The overall repro-
ucibility for radial strain had an intraobserver mean differ-
nce of 0.13 � 0.25% and coefficient of variability of 6.3%
nd an interobserver mean difference of 0.12 � 0.19% and
oefficient of variability of 6.6%. For longitudinal strain,
he data showed an intraobserver mean difference of 0.11 �
.22% and median coefficient of variability of 5.6% and
nterobserver mean difference of 0.17 � 0.26% and coeffi-
ient of variability of 8.4%.

The LGE images were visually examined for the presence
f regional fibrosis. Quantitative analysis of the LGE images
as performed as previously described.15,21 The LGE score
as defined as (percentage of the enhanced volume �

nhanced volume/nonenhanced volume) with manual selection
f the normal area, appearing as maximally suppressed myo-
ardium anywhere within the 3-dimensional volume. To avoid

able 1
atient characteristics and global morphologic and functional measures

ariable Controls
(n � 37)

HC
(n � 43)

HTN
(n � 39)

p Value

ge (years) 49 � 10 53 � 15 55 � 8 0.31
en (n) 20 (61%) 25 (60%) 14 (67%) 0.89

ystolic blood pressure
(mm Hg)

121 � 11 119 � 9 165 � 25 0.01*†

iastolic blood pressure
(mm Hg)

79 � 9 76 � 8 95 � 20 0.01*

eart rate (beats/min) 70 � 14 67 � 12 71 � 13 0.65
ody mass index (kg/m2) 25 � 4 27 � 5 26 � 4 0.71
jection fraction (%) 57 � 10 68 � 8 54 � 8 0.01†‡

nd-diastolic volume (ml) 131 � 29 125 � 19 140 � 42 0.03*
nd-systolic volume (ml) 65 � 24 51 � 18 62 � 28 0.04†‡

troke volume (ml) 67 � 13 74 � 22 80 � 25 0.05‡

ardiac output (L/min) 4.6 � 1 4.8 � 2 4.9 � 1 0.21
eft atrium area (cm2) 25 � 5 32 � 9 27 � 6 0.001†‡

ight atrium area (cm2) 23 � 5 25 � 6 23 � 4 0.39
aximal left ventricular

wall thickness (mm)
12 � 4 25 � 5 22 � 3 0.01*‡

eft ventricular wall
stress (dynes/cm2)

125 � 33 102 � 35 132 � 22 0.004†‡

eft ventricular mass
index (g/m2)

95 � 23 135 � 27 128 � 17 0.01†‡

One-way analysis of variance, post hoc Bonferroni tests.
* Controls versus HTN; † HC versus HTN; ‡ controls versus HC;
p �0.05 considered significant.
onfounding for artifacts, a conservative threshold level was
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sed at 6 SDs from the normal area.14 In assessment of global
GE score, the total LV volume was included; the regional/

adial cross-referencing was performed within the corre-
ponding 3 short-axis slices. Coronary artery disease can
epresent an important confounding factor in the interpre-
ation of the LGE results (ischemic scar vs regional fibro-
is)22; therefore, only subjects with no significant coronary
rtery disease (defined as �70% luminal diameter reduc-
ion) in the 3 large epicardial coronary arteries and their
ajor branches (i.e., vessel diameter of �2.0 mm) were

ncluded in the present study.15 All angiograms were per-
ormed for clinical evaluation and interpreted by highly
xperienced invasive cardiologists who were unaware of the
agnetic resonance imaging data.
Statistical analysis was performed using the Statistical

ackage for Social Sciences software, version 15.0 (SPSS,
hicago, Illinois). Departures from normality were detected
sing the Kolmogorov-Smirnov statistic. Differences be-
ween the groups were analyzed using one-way analysis of
ariance with Bonferroni’s post hoc test. Associations were
xplored using the Pearson or Spearman correlation, as
ppropriate for the type of data, and binary logistic regres-
ion analysis with stepwise selection of predictive variables.
ultivariate linear models were used to assess whether

ssociations were maintained after adjusting for age, gen-
er, cardiovascular risk factors, and hemodynamic parame-
ers. All tests were 2-tailed, and p �0.05 was considered
ignificant.

esults

The 3 groups were similar in terms of gender, age, and
ody mass index (Table 1). Systolic and diastolic blood
ressure was significantly elevated in the HTN group. HC
roup used more amiodarone (11% vs 8%, p �0.01) and

igure 1. Representative images of patients with HC, HTN, and overt LV
n interventricular junctions, more prominent in inferoseptal segments (do
nd-diastolic frames of cine images (dot-line arrows). (D) Markedly incre
ndicate absence of regional foci of increased enhancement (E). Although
hickness in anteroseptal regions (full-line arrows). Markedly increased left

3-chamber view.
erapamil (6% vs 1%, p �0.01). � Blockers (11% vs 9%, L
� NS) and renin-angotensin system blockers (29% vs 0%,
�0.01) predominated in the HTN group. One third of all

ubjects took statins, equally distributed among the 3
roups. Compared to controls, the patients with HTN had
educed ejection fraction, larger end-diastolic volume, and
ncreased LV wall stress. The HC group was characterized
y supernormal ejection fraction, smaller end-systolic vol-
me, and reduced LV wall stress compared to the controls
Table 1). Both hypertrophic groups exhibited greater max-
mum LVWT, LV mass index, and enlarged left atria. Over-
ll, the LVWTs were markedly increased in both hypertro-
hic groups (controls vs HC, p �0.001; controls vs HTN,

�0.05). Morphologically, the HC group had greater

phy. In HC, (A) short-axis slice reveals confluent foci of regional fibrosis
ows), and matched by increased LVWT in this region, apparent in (B,C)

ft atrium in HC (blunt-end arrow). Corresponding images of HTN (E–H)
e in thickness was concentric, prominent septal bulge revealed increased
in HC (blunt-end arrow). SA � short axis; 4-CH � 4-chamber view; 3-CH

able 2
lobal and regional systolic deformation

train (%) Controls
(n � 37)

HC
(n � 43)

HTN
(n � 39)

p Value

adial
Total 21 � 9 16 � 14 18 � 8 0.03*
Apical 23 � 13 17 � 8 19 � 11 0.2
Equatorial 21 � 10 15 � 8 16 � 11 0.04*†

Basal 18 � 7 15 � 8 15 � 8 0.03*†

ongitudinal
Total 19 � 3 15 � 5 19 � 4 0.01*‡

Anterior 19 � 5 15 � 6 18 � 6 0.5
Anteroseptal 20 � 6 16 � 8 17 � 7 0.04*†

Inferoseptal 19 � 5 14 � 6 20 � 7.2 0.01*‡

Inferior 19 � 4 15 � 7 18 � 6 0.02*‡

Inferolateral 20 � 6 15 � 8 20 � 7 0.04*‡

Anterolateral 21 � 9 15 � 6 20 � 6 0.03*‡

Right ventricle free wall 27 � 6 26 � 6 27 � 9 0.7
Global strain 21 � 6 15 � 8 17 � 5 0.001*†

One-way analysis of variance, post hoc Bonferroni tests.
* Controls versus HC; † Controls versus HTN; ‡ HC versus HTN;
p �0.05 considered significant.
hypertro
tted arr
ased le
increas
atrium
VWT in the inferoseptal/inferior segments than the HTN
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1019Cardiomyopathy/Hypertensive and Hypertrophic Cardiomyopathies
roup (segment 3, 19 � 5 mm vs 12 � 4 mm; segment 4,
7 � 5 mm vs 11 � 4 mm; segment 9, 15 � 5 mm vs 10 �
mm [p � 0.01]; and segment 10, 15 � 5 mm vs 10 � 5 mm

p � 0.05], respectively). In contrast, the HTN group had a
reater LVWT in the anteroseptal segments (segment 2, 13 �
mm vs 11 � 4 mm [p � 0.03]; segment 8, 10 � 4 mm vs

2 � 4 mm [p � 0.07]; Figure 1). HC group displayed
ignificantly thicker inferoseptal segments in the equatorial
nd basal levels compared to the HTN group. Both hyper-
rophic groups had reduced global strain and total radial
train (Table 2). The reduced total longitudinal strain was
he hallmark of the HC group (p � 0.01), and although
eterogeneously reduced longitudinal values were present
n all walls, the difference compared to the controls was
ost manifest in the inferoseptal wall (p � 0.001). Com-

ared to controls, the longitudinal function remained pre-
erved in the HTN group, apart from the reduction in an-
eroseptal region (p � 0.02). Radial strain in the HTN group
ecreased from the apex to base, while in the HC group
ppeared uniformly impaired.

Inspection of the LGE images revealed no visually dis-
ernable regional fibrosis in the HTN group, although 14
atients with HC displayed apparent confluent foci of re-
ional fibrosis (Figure 1). Compared to the control and HTN
roups, HC group had an increased global LGE score
LGE% for controls vs HC vs HTN, 6 � 7 vs 10 � 10 vs

� 7, respectively, F � 3.4, p � 0.05) and increased
egional LGE scores in segment 8 (9 � 6 vs 16 � 12 vs
.3 � 8.6, respectively, F � 4.5, p � 0.01), segment 9 (6 �
vs 10 � 6 vs 9 � 10, respectively, F � 5.2, p � 0.01), and

egment 15 (4 � 7 vs 10 � 10 vs 10 � 7, respectively, F �

1

2

r= 0.4
p= 0.05

A 2

3

6

5

A

4

r= 0.4
p= 0.03

8
7

12

7
p  0.03

9

10

11

r= 0.3
0 05

r= 0.4
0 05

13

14 16

p= 0.05 p= 0.05

HT

Leg

15r= 0.6
p= 0.008

HT

HC

Figure 2. Correlations between regional strain and regional LGE score i
.2, p � 0.01). HTN group exhibited greater global scores b
n the equatorial (6 � 8 vs 10 � 5 vs 8 � 8, F � 3.2,
� 0.05) and apical (5 � 9 vs 9 � 7 vs 9 � 11, F � 4.5,
� 0.01)slices than the controls and HC group, respectively.
In patients with HC, there was an inverse correlation

0 4r= 0.4
p= 0.05

13
156

10

gment analysis. (A) Short axis views. (B) Two-chamber long-axis view.

able 3
inary logistic regression analysis

ariable Odds Ratio Wald p Value SE

ontrol vs hypertension group*
Left ventricular wall stress 1.2 4.9 0.03 0.01
Stroke volume 1.2 3.8 0.05 0.02
ontrol vs nonobstructive

hypertrophic
cardiomyopathy group†

Left ventricular mass 1.2 8.9 0.003 0.04
Equatorial radial strain 1.1 5.5 0.02 0.01
onobstructive hypertrophic

cardiomyopathy vs
hypertension group‡

Total longitudinal strain 1.3 9.8 0.002 0.02
Left ventricular wall stress 1.2 9.7 0.002 0.01

* Model, �2logLH (negative 2 logarithmic likelihood) 56.9, C&S R2

Cox and Snell R2, Nagelkerke R2) 0.3, Nagelkerke Sq 0.5, chi-square �
4.9, p � 0.001, specificity 80.0%, sensitivity 65.5%, diagnostic accuracy
2.9%.

† Model, �2logLH 18.7, C&Srsq 0.6, Nagelkerke Sq 0.8, chi-square �
5.7, p � 0.001, specificity 89.7%, sensitivity 84.2%, diagnostic accuracy
7.5%.

‡ Model, �2logLH 48.8, C&Srsq 0.4, Nagelkerke Sq 0.5, chi-square �
8.9, p � 0.001, sensitivity 89.3%, specificity 78.6%, diagnostic accuracy
8.6%.
B

r= 0.6
p= 0.00

B

r= 0.4
p= 0 04p= 0.04

N

end :
N

etween the global LGE score and ejection fraction (r �



�
a
H
a
f
(
�
t
d
3
H
t

D

p
i
c
d
g
i
o
i
k
u
a
t

c
h
c
e
b
L
m
L
H
p
t
d
d
d
a
d
l
H
s
a
w
s
m
w
m
t
c
a
f
l
r
t

s
o
o
f

p
t
m
t
w
m
v
d
l
L
c
a
g
a
d
c
p
o
o

i
v
s
u
a
c
C
c
s
t
v
t
a
p
i
t
a
s

p
c
m
t
p
f
m
T
a
i
p
t
e
d
v
c

1020 The American Journal of Cardiology (www.ajconline.org)
0.5, p � 0.01) and between the inferoseptal LGE score
nd components of deformation (Figure 2). Patients with
TN exhibited associations between the global LGE score

nd end-diastolic volume (r � 0.3, p � 0.09), ejection
raction (r � �0.3, p � 0.1) and total longitudinal strain
r � �0.4, p � 0.08), anteroseptal longitudinal strain (r �

0.4, p � 0.01) and a positive correlation between an-
eroapical regional LGE score, and both components of
eformation (Figure 2). Logistic regression analysis (Table
) identified LV wall stress as the independent predictor of
TN. In contrast, HC was best characterized by a reduced

otal longitudinal and equatorial radial strain.

iscussion

We demonstrate the presence of distinctive hypertrophic
henotypes discernable by means of magnetic resonance
maging. The findings from the HTN group indicate in-
reased LVWT and impaired global systolic function with a
ilated cavity, associated with impaired global and re-
ional radial thickening. In contrast, HC was character-
zed by supernormal global systolic function, increased
verall LVWT, and heterogeneously reduced deformation,
n association with regional fibrosis. To the best of our
nowledge, this is the first study to explore these differences
sing integrated multiparamentric magnetic resonance im-
ging between the 2 hypertrophic populations and to con-
rast the findings from the control group.

The importance of the structural changes in the cardiovas-
ular system due to HTN is well established.1 Marked LV
ypertrophy has been linked with an increased risk of fatal
ardiovascular events and ventricular arrhythmias.1,23–25 How-
ver, the differences in underlying pathophysiology apprecia-
ly define the morphologic outcome. The relations between
V geometry and wall stress capture most of the HTN-related
orphology.2,3 In contrast, the regional heterogeneity of
VWT and thickening appear to be the predominant feature of
C.7,26,27 The marked morphologic heterogeneity of LV hy-
ertrophy and the absence of an increase in LV wall stress in
he HC group, both reproduced in our study, suggest an en-
ogenous pathophysiologic process. The absence of cavity
ilation in HC obscures the presence of global myocardial
ysfunction that was nonetheless evident by heterogeneously
bnormal deformation, reflecting the widespread nature of un-
erlying myocardial involvement where dysfunctional fibers
ie in disarray interspersed with microfibrosis.5,7 In contrast, in
TN, an increase in LV mass results from new, but functional,

arcomeres, added in-parallel and in-series to the existing ones
nd enabling the ventricle to generate greater forces to out-
eigh the increased wall stress. Diffuse intramyocardial fibro-

is and cavity dilation correspond with global systolic impair-
ent and reduced deformation. Regionally, HC is associated
ith marked thickness in the inferoseptal and inferior seg-
ents,25,26 while the pressure-induced HTN hypertrophy fea-

ures most prominent increase in the anterolateral segment. A
haracteristic hypertrophic septal bulge and noticeable dip in
nteroseptal strains, but otherwise preserved longitudinal de-
ormation in HTN, corresponds with the nonuniformity of the
ongitudinal curvatures with the greatest wall stress in the basal
egion (Figure 1).27 Previous studies suggested a link between

hicker walls and abnormal deformation in the 2 hypertrophic D
tates.7,28 Our findings expand on these observations by dem-
nstrating that not only maximal LVWT but also heterogeneity
f its distribution contributes to the impaired patterns of de-
ormation.7,28

The advent of tissue characterization by LGE imaging
rovided important new insights into the relations between
hicker walls, regional fibrosis, microvascular dysfunction,
etabolic disturbances, and regional impairment of contrac-

ility with regional fibrosis in HC.8,21,29 Predilection sites
ith prominent regional fibrosis in the form of confluent
ultifocal, subendocardial patches, particularly in the inter-

entricular junctions, link with the impairment of longitu-
inal deformations, a functional marker of subendocardial
ongitudinally oriented fibers. In HTN, a globally increased
GE score may reflect diffuse fibrosis and is likely to
ontribute to global systolic impairment.5 Our results par-
llel these previous postulations by demonstrating that LV
eometry and the global and regional contraction patterns,
lthough fundamentally different in the 2 hypertrophic con-
itions, are also linked with the fibrotic load. Although a
onservative assessment of the enhancement scores in
resent study yielded lower absolute values, the persistence
f significant associations only strengthened the validity of
ur results.

Myocardial deformation, is closely related to contractil-
ty, yet it is interrelated with extrinsic loading conditions,
entricular geometry, and the elastic properties of the tis-
ues. Although the ventricular size influences deformation
nrelated to the changes in contractility or load, an elevated
fterload can lead to decreased longitudinal deformation. In
ontrast, an elevated preload may increase deformation.
areful exclusion of significant valvular abnormalities or
oexisting hypertension, as well as patients with HC and ob-
tructive phenomena at rest, in our study might have obviated
hese confounding conditions. Some patients might still de-
elop significant gradients on provocation tests, indicating
hat these conditions are interchangeable. Further studies
re needed to address the contribution of transient, but
otentially significant changes in loading conditions, focus-
ng on changes in deformation. Similarly, the relations be-
ween the presence/absence of obstructive flow phenomena
nd regional LGE scores should be addressed in future
tudies.

We provide an undemanding set of measures for com-
rehensive assessment of global, longitudinal, and radial
ontractile components, using multiparametric imaging
ethods of daily practice. However, some limitations apply

o our study. An assessment of regional strain values was
erformed using the physiologic principles and validated
ormulas previously described18; however, the measure-
ents in the present study were performed in cine images.
he choice of this approach over other described methods of
ssessment of deformation with magnetic resonance imag-
ng, such as tagging, provides a threefold increase in tem-
oral resolution and fast postprocessing. The values ob-
ained in our study were highly comparable to those with
ither 2-dimensional tagging or even some of the Doppler-
erived strain values.7,20,26,29 In addition, we confirmed the
alidity of our findings by a head-to-head comparison with
onventional assessment of regional systolic function with

oppler-derived longitudinal deformation, indicating a high
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evel of agreement. The major disadvantages remain the
ack of segmental insight into longitudinal and circumfer-
ntial deformation and an inability to compute the temporal
lement or rate of deformation, subject to an ongoing re-
earch. Another potential limitation was the concomitant
resence of hypertension in those with HC or vice versa. We
trived to exclude HC patients with evidence of increased
lood pressure on 24-hour blood pressure monitoring.
mong the patients with HTN, we excluded those with a

amily history of sudden death or HC and therefore believe
his not to be a major limitation. Next, antihypertensive
reatment in the HTN group, in particular angiotensin-con-
erting enzyme inhibitors, might have influenced the course
f hypertensive remodeling by reducing the LV mass and
he prevalence of LV hypertrophy. Finally, because the
resent study aimed to establish the physiologic relations in
nequivocally expressed hypertrophic phenotypes, future
tudies are needed to translate these findings onto overlap-
ing or only mildly hypertrophic states, and supported by
enetic testing, to contrast it from the normal.
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