Rev Port Cardiol. 2014;33(1):27-37

Revista Portuguesa de |
Cardiologia ¥

Revista Portuguesa de

Cardiologia

Portuguese Journal of Cardiology

gk B A NN
ELSEVIER _
DOYMA www.revportcardiol.org

ORIGINAL ARTICLE

Left ventricular systolic dysfunction detected by @CMk
speckle tracking in hypertensive patients with
preserved ejection fraction™

Susana Goncalves®"*, Nuno Cortez-Dias”, Ana Nunes?, Adriana Belo®,
Inés Zimbarra Cabrita®°, Catarina Sousa?, Fausto J. Pinto®"

a Instituto Cardiovascular de Lisboa, Lisboa, Portugal
b Servico de Cardiologia, Centro Académico de Medicina de Lisboa, Hospital de Santa Maria, CCUL, Lisboa, Portugal
¢ Centro Nacional de Colecdo de Dados em Cardiologia, Sociedade Portuguesa de Cardiologia, Lisboa, Portugal

Received 18 July 2013; accepted 22 July 2013
Available online 25 January 2014
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Hypertension; Introduction: The spectrum of hypertensive heart disease is wide, and can include left ven-
Myocardial strain; tricular dysfunction. The development of echocardiographic parameters to improve patient
Sub-clinical left stratification and to identify early adverse changes could be clinically useful.

ventricular Aim: To identify subclinical left ventricular dysfunction in hypertensive subjects with pre-
dysfunction; served ejection fraction (>55%), identified by global parameters of myocardial strain on speckle
Echocardiography; tracking imaging.

Speckle tracking Methods: This was a comparative observational study of two groups of individuals: normoten-

sive (n=20, age 5947 years, 55% male) and hypertensive (n=229, age 62+12 years, 57% male).
Left ventricular function was assessed by various conventional clinical and echocardiographic
parameters and global longitudinal and circumferential myocardial strain. Cut-off values to
detect subclinical left ventricular dysfunction were established and applied in the hyperten-
sive group. The Student’s t test, Mann-Whitney test and chi-square test were used for the
comparative statistical analysis.

Results: Most hypertensive subjects (53.7%) had grade | hypertension; blood pressure was con-
trolled in 64.9%, and 54.8% showed left ventricular structural changes. Comparison between the
normotensive and hypertensive groups showed no significant differences in parameters of global
longitudinal or circumferential systolic strain. Application of the cut-offs to the hypertensive
group identified 35 individuals (15.3%) as having subclinical left ventricular systolic dysfunction
as assessed by global longitudinal myocardial strain parameters.
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Conclusions: In this group of hypertensive patients, global myocardial strain parameters identi-
fied a group of individuals with subclinical left ventricular systolic dysfunction despite preserved
ejection fraction. The clinical relevance of these findings needs to be assessed in long-term
follow-up studies.

© 2013 Sociedade Portuguesa de Cardiologia Published by Elsevier Espana, S.L. All rights
reserved.

Disfuncéao sistélica ventricular esquerda detetada por speckle tracking em
hipertensos com fracdo de ejecdo preservada

Resumo

Introducdo: O espectro da cardiopatia hipertensiva € diverso podendo ir até a disfuncao ventri-
cular esquerda. O desenvolvimento de metodologias ecocardiograficas que permitam melhorar
o estadiamento da cardiopatia hipertensiva e identificar precocemente hipertensos em risco de
evolucdo desfavoravel podera ser clinicamente relevante.

Objetivos: ldentificar o compromisso subclinico da funcao ventricular esquerda em indivi-
duos hipertensos com fracdo de ejecao preservada (> 55%), utilizando parametros globais da
deformacao miocardica (Speckle Tracking).

Metodologia: Foram estudados dois grupos de individuos: normotensos (N = 20; 59 &+ 7 anos; 55%
homens) e hipertensos (N =229; 62 4 12 anos; 57% homens), tendo sido avaliados varios paramet-
ros clinicos e ecocardiograficos de fungao ventricular esquerda (convencionais e parametros
globais da deformacao miocardica longitudinal e circunferencial). Foram determinados os cut-
offs da normalidade a partir do grupo de normotensos e aplicados ao grupo de hipertensos, para
se detetar disfuncao ventricular esquerda subclinica. Foram utilizados os testes t de Student,
Mann-Whitney e do Qui-Quadrado.

Resultados: O grupo de hipertensos apresentou na sua maioria hipertensao arterial do tipo |
(53,7%), pressao arterial controlada (64,9%) e alteracao estrutural do ventriculo esquerdo em
54,8% dos individuos. Nao se detetaram diferencas significativas entre os grupos nos parametros
globais de deformacéo longitudinal ou circunferencial. Apos aplicacdo dos cut-offs da nor-
malidade nos hipertensos, foram identificados 35 individuos (15,3%) com disfuncdo ventricular
esquerda subclinica.

Conclusodes: A avaliacdo da deformacao miocardica permitiu identificar o compromisso sistolico
subclinico da funcao ventricular esquerda num grupo de hipertensos com fracdo de ejecao
preservada. A relevancia clinica destes achados devera ser confirmada por estudos de follow
up prolongado.

© 2013 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L. Todos os
direitos reservados.

List of abbreviations

GCS global circumferential systolic strain
GCSR-a global circumferential late diastolic strain

rate

GCSR-e global circumferential early diastolic strain

rate

GCSR-s global circumferential systolic strain rate
GLS global longitudinal strain

GLSR-a global longitudinal late diastolic strain rate
GLSR-e global longitudinal early diastolic strain rate
GLSR-s global longitudinal systolic strain rate

HTN hypertension

v left ventricular

OR odds ratio

Introduction

Hypertension (HTN) is the leading risk factor for cardio-
vascular disease, and the third most important cause of
morbidity, making early diagnosis and risk stratification
crucial.? Echocardiography is essential for assessment of
the cardiac repercussions of HTN, particularly for early
detection of left ventricular (LV) dysfunction, which is com-
mon in hypertensives.?

Conventional echocardiographic evaluation of hyperten-
sive patients focuses on three key aspects: (1) degree of
hypertrophy; (2) severity of diastolic dysfunction; and (3)
global systolic function. This approach is closely linked to
the idea that there is a continuum of cardiac expression in
HTN and that LV systolic dysfunction develops late in its nat-
ural history.>=> Advances in echocardiography over the last

ten years have provided new methods of analysis that chal-
lenge this model, particularly analysis of myocardial strain
by speckle tracking, which enables quantitative assessment
of LV function with a high level of diagnostic accuracy.®’
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This technique can be used to study myocardial strain in all
its dimensions - longitudinal, circumferential, transversal
and radial - and twist. Strain analysis may detect subclini-
cal cardiac involvement in hypertensives and thus identify
asymptomatic patients at higher risk of developing adverse
changes. 810

The aim of the present study was to use sensitive echocar-
diographic methods to assess LV function in a population of
hypertensives with preserved ejection fraction in order to
detect early changes and thus identify those at increased
risk.

Methods

We performed a cross-sectional observational study of 229
hypertensives aged >35 years, with LV ejection fraction
>55% as determined echocardiographically by Simpson’s
biplane method. Exclusion criteria were: (1) secondary
hypertension; (2) diabetes; (3) associated cardiomyopathy;
(4) moderate or severe valve disease; (5) chronic renal fail-
ure; (6) evidence of active coronary artery disease; and (7)
non-sinus rhythm, including atrial fibrillation or pacemaker
rhythm. All participants had been followed in outpatient
cardiology consultations for at least 12 months. Recruitment
for the study took place between January 2008 and January
2011.

A group of healthy normotensive individuals aged >35
years were also analyzed, and underwent clinical and labo-
ratory assessment, exercise testing and 24-hour ambulatory
blood pressure monitoring (ABPM).

Clinical assessment

Demographic (gender and age), anthropometric (weight and
height) and clinical variables (concomitant risk factors and
duration and control of HTN) were recorded, as was current
medication.

HTN severity was assessed in accordance with European
Society of Hypertension and European Society of Cardiol-
ogy guidelines'"'? at the first follow-up consultation and on
assessment for enrollment in the study. At the first follow-
up assessment, mean blood pressure (BP) values on 24-hour
ABPM were recorded (n=109), or when these data were
unavailable, the highest BP values measured in the first two
consecutive consultations (n=110); BP values at the time of
assessment for enrollment in the study were also recorded.
Brachial BP was measured by sphygmomanometer after a 5-
min rest period in a seated position and the mean of two
consecutive readings was included in the analysis.

Echocardiographic assessment

The echocardiographic exams were performed on a Vivid 7
scanner (M4S 1.75-3.5 MHz probe, GE® Medical Systems),
and included conventional study, tissue Doppler and analysis
of myocardial strain by speckle tracking.

In all exams, cine loops of three cardiac cycles were
acquired in two-dimensional mode in left parasternal short-
axis (mitral valve, papillary muscles and apex) and apical
4-, 3- and 2-chamber views at a frame rate of >60/s, and
stored for subsequent off-line analysis of myocardial strain.

The conventional study was performed in accordance with
the recommendations of the American Society of Echocardi-
ography and European Association of Echocardiography,’>'
and measurements were indexed to body surface area when
appropriate. The mean of three measurements was used in
the analysis. Ejection fraction and LV end-diastolic and end-
systolic volumes were calculated using Simpson’s biplane
method.

Assessment of LV geometry was based on LV mass (calcu-
lated as 0.8 x[LV internal diameter at end-diastole+posterior
wall thickness at end-diastole+septal wall thickness at
end-diastole]3+0.6 g, indexed to body surface area and gen-
der) and relative wall thickness (calculated as 2 xposterior
wall thickness at end-diastole/LV internal diameter at end-
diastole), and classified as one of four patterns - normal,
concentric remodeling, concentric hypertrophy or eccentric
hypertrophy - in accordance with the guidelines.

Diastolic function was characterized by pulsed Doppler
study of transmitral flow (assessing peak early filling [E-
wave] and late diastolic filling [A-wave] velocities and
deceleration time of early filling velocity), pulsed tissue
Doppler measurement of early diastolic velocity (E’) at the
septal and lateral mitral annulus (determining mean E’ [sep-
tal+lateral/2] and mean E/E’ ratio), and assessment of left
atrial (LA) end-systolic volume.'#-1®

The four categories of diastolic function considered
were: (1) normal diastolic function, defined as septal E’ >8,
lateral E’ >10 and LA volume <34 |/m?; (2) grade | diastolic
dysfunction, defined as septal E’ <8, lateral E’ <10, LA vol-
ume >34 |/m?, E/A <0.8, deceleration time >200 ms, and
mean E/E’ <8; (3) grade Il diastolic dysfunction, defined
as septal E’ <8, lateral E’ <10, LA volume >34 l/m?, E/A
0.8-1.5, deceleration time 160-200 ms and mean E/E’ 9-12;
and (4) grade lll diastolic dysfunction, defined as septal E’
<8, lateral E’ <10, LA volume >34 /m?, E/A >2, deceleration
time <160 ms and mean E/E’ >13.™#

Two-dimensional strain imaging by speckle-tracking

Myocardial strain parameters were assessed by blinded off-
line speckle tracking analysis on a GE® EchoPAC workstation.
A semi-automatic myocardial tracking system was used,
with manual demarcation of the endocardial border in end-
systole and manual adjustment of the region of interest.
Only myocardial segments considered to be of adequate
quality by both the automatic system and the operator were
included in the analysis.

Global longitudinal myocardial strain was assessed based
on analysis of apical views. Systolic function was assessed by
measurement of global longitudinal peak systolic strain (GLS
[%]) and global longitudinal peak systolic strain rate (GLSR-s
[s~']). Diastolic function was assessed by measurement of
global longitudinal peak early diastolic strain rate (GLSR-e
[s~']) and global longitudinal late diastolic strain rate (GLSR-
af[s'].

Circumferential myocardial strain was assessed based on
analysis of short-axis views. Global systolic function was
assessed by measurement of global circumferential peak sys-
tolic strain (GCS [%]) and global circumferential peak systolic
strain rate (GCSR-s [s~"]). Diastolic function was assessed by
measurement of global circumferential peak early diastolic
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strain rate (GCSR-e [s~']) and global circumferential peak
late diastolic strain rate (GCSR-a [s~']).

Statistical analysis

A descriptive statistical analysis was performed, and results
presented in tables of absolute and relative frequencies.
For quantitative variables measures of central location
(mean and median) and of dispersion (standard deviation
and interquartile range) were calculated. The Student’s t
test was used to compare the means of continuous varia-
bles with a normal distribution, and the Mann-Whitney
nonparametric test was used to compare the medians of
those with non-normal distribution. The chi-square test was
used to compare percentages of qualitative variables. Odds
ratios (OR) were calculated with a 95% confidence interval
(Chy.

In analysis of global myocardial strain parameters, cut-
offs for normality were established based on the limit
values of longitudinal and circumferential systolic myocar-
dial strain parameters in the group of normotensives. The
cut-off for LV systolic dysfunction was the upper limit (mean
+ 2 standard deviations) for longitudinal and circumferential
strain parameters: GLS (%) and GLSR-s (s='), and GCS (%)
and GCSR-s (s~"), respectively; the closer negative values
are to the baseline (zero), the greater the LV dysfunction.
The degree of concordance was assessed using the kappa
coefficient.

SPSS version 19 was used for the statistical analysis, using
a level of significance of 5%.

Table 1 Characterization of the hypertensive population.

Results
Population characteristics

The study included 229 hypertensive individuals (mean age
62412 years, 53.7% male) with preserved ejection fraction,
68.1% of whom had been diagnosed with HTN more than
five years previously. None were in New York Heart Asso-
ciation functional class >Il. The demographic and clinical
characteristics of the population are shown in Table 1.

To determine the limits of normality for global myocar-
dial strain parameters, 20 healthy normotensive individuals
were studied, with no significant differences in gender (55%
male) or age distribution (mean age 59+7 years) from the
hypertensive study population.

Conventional echocardiography

In the hypertensive group, 45.8% presented normal LV
geometry, 9.7% concentric remodeling, 22.0% concentric
hypertrophy and 22.5% eccentric hypertrophy; they also had
greater LV mass (107429 g/m? vs. 74+13 g/m?, p<0.001) and
relative wall thickness (0.40+0.07 vs. 0.31+0.04, p<0.001)
than the normotensive group.

Alterations in diastolic function were detected in 52.4%
(n=120), with grade | dysfunction in 30.1% (n=69) and grade
Il'in 22.3% (n=51). None presented grade Ill dysfunction.

Global myocardial strain by speckle tracking

The quality of the cine loops acquired in two-dimensional
mode was sufficient in all 229 hypertensive subjects to assess

Hypertensives (n=229)

First follow-up consultation

Assessment for inclusion in study

Control of HTN®

Controlled 0 94 (41.0%)
Grade | 123 (53.7%) 99 (43.2%)
Grade Il 94 (41.1%) 32 (14.0%)
Grade Ill 12 (5.2%) 4 (1.7%)
Concomitant cardiovascular risk factors 167 (72.9%)
Dyslipidemia 134 (58.5%)
Type 2 diabetes 25 (10.9%)
Smoking 21 (9.2%)
Physical inactivity 17 (7.4%)
Obesity (body mass index >30 kg/m?2) 48 (20.9%)

Family history of premature CVD (<50 years)

Antihypertensive therapy
Diuretics
Beta-blockers
Angiotensin |l receptor blockers
Calcium channel blockers
ACE inhibitors

54 (23.6%)

218 (95.1%)
122 (53.3%)
122 (53.3%)
101 (44.1%)
70 (30.6%)
49 (21.4%)

@ The severity of hypertension was classified according to the guidelines of the European Society of Hypertension and European Society
of Cardiology: for office blood pressure measurements: grade I: 140-159 mmHg/90-99 mmHg; grade II: 160-179 mmHg/100-109 mmHg;
grade lll: >180 mmHg/110 mmHg; for 24-hour ambulatory blood pressure monitoring: grade I: 131-149 mmHg/80-89 mmHg; grade
I1: 150-169 mmHg/90-99 mmHg; grade lll: >170 mmHg/100 mmHg (mean 24-hour values). ACE: angiotensin-converting enzyme; CVD:

cardiovascular disease; HTN: hypertension.
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Table2 Mean longitudinal (4-+3-+2-chamber/3) and circumferential (mitral valve+papillary muscles+apex/3) strain parameters

in the two groups under study.

Hypertensives Normotensives p
Mean GLS (%) —19.49+2.89 —20.58 +2.26 0.102°
Mean GLSR-s (s~') —1.02+0.18 —1.09+0.14 0.087°
Mean GLSR-e (s7") 1.12+0.29 1.63+0.30 <0.001°
Mean GLSR-a (s~') 1.05+0.23 0.74+0.16 <0.0012
Mean GCS (%) —19.48 +3.92 —18.29 +3.06 0.214°
Mean GCSR-s (s") —-1.26+0.3 —1.20+£0.20 0.302°
Mean GCSR-e (s') 1.42+0.43 1.72+0.46 0.007°
Mean GCSR-a (s") 0.90+0.28 0.52+0.12 <0.0012

@ Student’s t test;
b Mann-Whitney test.
Abbreviations as in text.

longitudinal myocardial strain and in 103 to assess circum-
ferential strain.

The global longitudinal and circumferential myocardial
strain parameters that reflect LV systolic function (GLS,
GLSR-s, GCS and GCSR-s) showed no significant differences
between the two groups. However, global diastolic strain
parameters, both longitudinal (GLSR-e and GLSR-a) and
circumferential (GCSR-e and GCSR-a), were significantly
altered in the hypertensive group (Table 2).

The distribution of global systolic myocardial strain
parameters as a function of LV geometry and diastolic func-
tion and LA pressure is shown in Table 3.

Mean GLS and GLSR-s in hypertensive individuals were
—19.54+2.9% and —1.02+0.18 s, respectively. GLS var-
ied significantly according to the presence of altered LV
geometry, particularly reduced longitudinal systolic strain in
those with concentric LV hypertrophy (p=0.019) (Figure 1).
Furthermore, longitudinal systolic strain parameters were
significantly reduced in individuals with increased LA

pressure, but showed no correlation with severity of dia-
stolic dysfunction.

Mean GCS and GCSR-s in hypertensive individuals were
—19.543.9% and —1.26+0.3 s, respectively, and differed
significantly according to the presence of diastolic dysfunc-
tion, although paradoxically they were more negative in
those with more severe dysfunction (Figure 2).

Twist was assessed in 95 hypertensives, with a mean
value of 14+6°; it did not vary according to the degree of
HTN, changes in LV geometry or diastolic dysfunction. There
was however a significant correlation with GCS (Pearson’s r
—0.37, p<0.001; Spearman’s rho —0.40, p<0.0019) and with
GCSR-s (Pearson’s r —0.28, p=0.003; Spearman’s rho —0.30,
p=0.001). In addition, twist showed a weak positive corre-
lation with LV ejection fraction (Pearson’s r 0.20, p=0.021;
Spearman’s rho 0.19, p=0.028) (Figure 3).

Myocardial strain parameters showed a normal distribu-
tion in the normotensive group and thus limits of normality
could be established (—16.50% and —0.82 s~' for GLS and

—12

—14—

—16—

—18—

Gilobal longitudinal peak systolic strain, %

—22—

T =T

20 € J_ -18.5+3.3%
-19.742.8% -19.242.4%
—20.242.7%
—20.6+2.3%
L p=0.019 |
T T T T .
Normal Normal Concentric Concentric Eccentric LVH

(normotensives)

remodeling LVH

Ventricular geometry

Figure 1

Frequency of reduced global longitudinal peak systolic strain according to left ventricular geometry (normal, con-

centric remodeling, concentric hypertrophy or eccentric hypertrophy) in normotensives and hypertensives. LVH: left ventricular

hypertrophy.



Table 3 Distribution of global myocardial strain parameters according to echocardiographic characteristics (ventricular geometry, diastolic function and left atrial pressure).
Characteristics  GLS GLSR-s GCS GCSR-s
Mean =+ SD (min. to p Mean + SD (min. to p Mean + SD (min. to p Mean =+ SD (min. to p
max.) max.) max. ) max. )
Ventricular geometry
Normal: normotensives
n=20 —20.6+2.3 vs. normal: —1.09+0.14 vs. normal: —18.29+3.06 vs. normal: —1.20+0.20 vs. normal:

(—24.9 to —16.8)
Normal: hypertensives
n=106 —19.7+£2.4
(—23.5 to —15.0)
Concentric remodeling

n=22 -19.243.3
(—23.5to —9.4)
Concentric hypertrophy
n=50 —18.54+3.3
(—25.7 to —9.4)
Eccentric hypertrophy
n=51 —20.2+2.7
(—24.7 to —9.4)

Diastolic function
Normal: normotensives
n=20 —20.6+2.3
(—24.9 to —16.8)
Normal: hypertensives
n=109 —19.9+2.7
(—28.4 to —11.2)
Grade | dysfunction
n=69 -19.14£2.6
(—24.4 to —12.7)
Grade Il dysfunction
n=51 —19.2+3.6
(—26.3 to —9.4)

Left atrial pressure
Normal: normotensives
n=20 —20.6+2.3
(—24.9 to —16.8)
Normal: hypertensives

n=194 —19.6+2.83
(—28.4 to —9.37)
Increased
n=35 —18.943.2

(—26.3 to —12.1)

normotensives

NS

NS

0.019

NS

vs. normal:

normotensives

NS

NS

NS

vs. normal:
normotensives

NS

0.030

(—1.37 to —0.83)

~1.03+0.17
(—1.70 to —0.63)

~1.07+0.14
(—1.40 to —0.80)

~0.98+0.19
(—1.47 to —0.63)

~1.0140.18
(—1.60 to —0.70)

~1.09+0.14
(—1.37 to —0.83)

~1.05+0.18
(—1.70 to —0.63)

~0.96+0.14
(—1.33 to —0.63)

—1.03+0.20
(—1.40 to —0.67)

~1.90+0.14
(—1.37 to —0.83)

~1.03+0.18
(—1.70 to —0.63)

~0.97+0.16
(—1.30 to —0.63)

normotensives

NS

NS

0.020

NS (0.051)

vs. normal:
normotensives
NS

0.001

NS

vs. normal:
normotensives

NS

0.008

(—11.53 to —1.20)

—19.443.4
(—26.63 to —12.03)

~19.3+4.8
(—25.9 to —12.4)

~19.244.75
(—31.9 to —9.67)

~20.0+3.6
(—24.0 to —12.33)

~18.3+3.1
(~23.8 to —11.5)

~18.2+3.9
(—25.9 to —11.7)

~20.3+3.2
(—26.6 to —12.0)

—21.244.2
(—31.9 to —-9.7)

~18.3£3.1
(—23.8 to —11.5)

~19.343.8
(—26.6 to —9.67)

~20.7+4.3
(—31.9 to —12.43)

normotensives

NS

NS

NS

NS

vs. normal:

normotensives

NS

0.036

0.015

vs. normal:
normotensives

NS

NS

(—1.57 to —0.83)

—1.234+0.25
(—1.90 to —0.73)

~1.37+0.31
(—1.73 to —0.87)

—1.3540.37
(—2.23 to —0.83)

~1.1740.28
(—1.47 to —0.57)

~1.20+0.20
(—1.57 to —0.83)

~1.19+0.31
(—2.17 to —0.57)

—1.27+0.27
(=1.77 to —0.73)

—1.40+0.30
(—2.23 to —0.87)

~1.2040.20
(—1.57+£-0.83)

—1.2440.3
(—2.17 to —0.57)

~1.36+0.33
(—2.23 to —0.87)

normotensives

NS

NS

NS

NS

vs. normal:
normotensives

NS

NS

0.019

vs. normal:
normotensives

NS

Abbreviations as in text.
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Diastolic dysfunction

Figure 2
dysfunction) in normotensives and hypertensives.

GLSR-s, respectively). Applying these cut-offs in the hyper-
tensive group revealed impaired longitudinal myocardial
strain in 15.3% (n=35).

The limits of normality for GCS and GCSR-s were —12.17%
and —0.81 s~', respectively; applying these cut-offs in
the hypertensive group revealed impaired circumferential
myocardial strain in 4% (n=9).

The degree of concordance for detection of subclinical LV
systolic dysfunction as assessed by the various parameters
of myocardial strain was weak to moderate (Table 4).

Given that analysis of circumferential strain was only pos-
sible in a small group of individuals, and that the degree of
concordance between these parameters for assessing subcli-
nical systolic dysfunction was lower, myocardial strain was
assessed based on longitudinal parameters only. Subclini-
cal global systolic dysfunction was thus considered present
when GLS was below the cut-off of —16.50% or GLSR-s was
below —0.82 s7".

Hypertensives with subclinical LV dysfunction presented
more severe HTN, most of them with uncontrolled BP and LV
structural changes; the likelihood of dysfunction was three
times greater in those with concentric LV hypertrophy (OR

A Pearson’s r 0.20
Spearman’s rho 0.19
40 p<0.001
o o
2
B
E
c T T T T T
50 60 70 80 90
Ejection fraction, %
Figure 3

strain.

Frequency of reduced global longitudinal peak systolic strain according to diastolic function (normal, grade | or Il

2.97,95% Cl 1.22-7.22, p=0.016) (Figure 4). Those with sub-
clinical LV dysfunction also presented more severe diastolic
dysfunction and increased filling pressures (Table 5).

In the hypertensives with subclinical LV dysfunction, ORs
were calculated according to the severity and control of
HTN. Individuals with grade | (OR 5.22, 95% Cl 1.16-23.51,
p=0.031) or grade Il HTN (OR 9.20, 95% Cl 1.84-46.06,
p=0.007) on assessment for enrollment in the study, as well
as those with uncontrolled BP (OR 3.28, 95% Cl 1.56-6.23,
p<0.001), showed a greater likelihood of developing subcli-
nical LV dysfunction (Table 5).

Discussion

The principal objective of this study was to assess LV func-
tion in a group of hypertensive individuals with preserved
ejection fraction, using conventional and speckle tracking
echocardiography to assess global myocardial strain param-
eters that would identify subclinical LV dysfunction.

LV mass and relative wall thickness were signifi-
cantly increased in the study population. Schillaci et al.*

B

40

Pearson’s r -0.37
Spearman’s rho -0.40
p<0.001
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A: correlation between twist and ejection fraction; B: correlation between twist and global circumferential peak systolic
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Frequency of subclinical ventricular dysfunction

OR=2.97 (1.22-7.22) p=0.0016

14

26.0%

10.6%
12

10

15.7%

13.6%

Normal Concentric Concentric Eccentric
(n=104) remodeling LVH LVH
(n=22) (n=50) (n=51)
Figure 4 Distribution of subclinical ventricular dysfunction

according to type of ventricular geometry. LVH: left ventricular
hypertrophy.

demonstrated that there is a continuous relation between
increased LV mass and cardiovascular risk in essential HTN,
even in the absence of target organ damage.

On assessment of diastolic function' 52.4% of our popula-
tion presented criteria of diastolic dysfunction, mainly grade
I (30.1%). Various studies have suggested that complex inter-
actions between cellular hyperplasia, cell death, fibrosis and
reduced calcium uptake, together with increased myocar-
dial stiffness, may be responsible for diastolic dysfunction
in hypertensive individuals, while other authors argue that
diastolic dysfunction may be an early marker of hypertensive
heart disease.'”'8

Global longitudinal and circumferential strain parame-
ters that reflect LV systolic function, notably global peak
systolic strain and strain rate, did not show significant dif-
ferences between hypertensives and normotensives in our
study, which may be explained by the fact that most of
our population had grade | HTN (53.7%) and controlled
BP (61.6%). These results are in agreement with previous
studies, particularly Narayanan et al., who reported that
individuals with mild HTN and preserved ejection fraction
may not present significantly reduced strain parameters.'’

Global longitudinal and circumferential peak early and
late diastolic strain rates were significantly altered in the
hypertensive group, which highlights the importance of
assessing not only spatial but also temporal parameters
through strain rates. Studies in larger and more diverse
hypertensive populations may help clarify the reason for
these differences. It may be the case that early changes

in LV mechanics lead to a temporal redistribution of cer-
tain diastolic phenomena; this was in fact documented in
hemodynamic terms through Doppler flow study, which may
thus also reflect the mechanical changes identified by strain
rates.

Different cut-off values for myocardial strain parame-
ters were used in previous studies.’®?" It should be noted
however that most of these studies were not performed
in Mediterranean-type populations, and so we decided to
establish cut-offs for LV dysfunction based on a group, albeit
small, of normotensives, since these individuals were similar
in terms of gender and age distribution to the hyperten-
sive group and were representative of a Mediterranean-type
population.

Applying these cut-offs revealed impaired myocardial
longitudinal strain in 15.3% (n=35) of the 229 hypertensives
assessed (Figure 5). Both GLS and GLSR-s showed moder-
ate concordance (kappa coefficient 0.581) for detection
of subclinical LV dysfunction. The parameters of circum-
ferential strain, GCS and GCSR-s, detected few individuals
with subclinical LV dysfunction (3.9%, n=4), and showed no
concordance (kappa coefficient —0.107).

The risk of subclinical LV dysfunction appeared to be
associated with HTN severity and level of BP control, as
well as with the presence of concentric LV hypertrophy.
Some authors suggest that hypertrophy in hypertensive heart
disease results from an adaptive response to increased after-
load, followed by progressive myocardial fibrosis. According
to Geyer et al., speckle tracking-derived longitudinal
strain is reduced in hypertension, while circumferential
and radial strain and torsional mechanics are preserved,
although LV untwisting may be abnormal and delayed.’
Some authors report that LV twist may even be increased
in hypertensives.??

The correlation between strain parameters and labora-
tory markers of myocardial fibrosis in patients with HTN has
sparked some interest. Kang et al. studied hypertensives
with normal ejection fraction and reported that they pre-
sented reduced GLS and a paradoxical increase in LV torsion.
These findings correlated quantitatively with serum tissue
inhibitor of matrix metalloproteinase-1, which is responsi-
ble for collagen fiber deposition in the myocardium. The
authors also concluded that assessment of myocardial strain
by speckle tracking in hypertensives can be useful for early
detection of subclinical systolic dysfunction, which appears
to be related to progressive myocardial fibrosis.?* In their
study torsion was an early marker of systolic dysfunction,
since this was shown to be altered long before irreversible
tissue damage, and increased torsion was observed in the
hypertensive group, particularly basal rotation. Increased

Table 4 Degree of concordance between GLS, GLSR-s, GCS and GCSR-s for detection of left ventricular dysfunction as assessed

by the kappa coefficient.

Kappa (McNemar) GLS GLSR-s GCS GCSR-s
GLS - 0.585 (0.359) —0.056 (0.424) —0.048 (0.566)
GLSR-s - - 0.160 (0.035) 0.298 (0.006)
GCS - 0.160 (0.035) - 0.193 (1.000)
GCSR-s —0.048 (0.566) - - -

Abbreviations as in text.
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Table 5

Distribution of subclinical left ventricular dysfunction according to clinical (severity and control of hypertension) and

echocardiographic characteristics (left atrial size, left ventricular structural changes, ventricular geometry, diastolic function

and left atrial pressure).

Frequency of subclinical  p (group) 0dds ratio (95% Cl)
LV dysfunction p
HTN severity on assessment for inclusion in study
Optimal (n=49) 4.1% (n=2) p=0.035 Reference group
Normal (n=45) 13.3% (n=6) -
Grade | 18.2% (n=18) 5.22 (1.16-23.51)
(n=99) p=0.031
Grade Il 28.1% (n=9) 9.20 (1.84-46.06)
(n=32) p=0.007

Four patients with grade Ill HTN presented no subclinical dysfunction

HTN severity at first follow-up consultation
Grade | (n=123)
Grade Il (n=94)

8.9% (n=11)
13.3% (n=6)

Grade Ill (n=12) 18.2% (n=18)

HTN control
Controlled
(n=141)
Uncontrolled (n=88)

9.2% (n=13)

25% (n=33)

Left atrium
Nondilated (n=150)
Dilated (n=77)

12.0% (n=18)
20.8% (n=16)
LV structural changes

No LV structural changes (n=103)
With LV structural changes (n=125)

10.7 (n=11)
19.2 (n=24)

Ventricular geometry
Normal (n=104) 10.6% (n=11)

Concentric remodeling (n=22)

Concentric LVH (n=50)

13.6% (n=3)
26.0% (n=13)

Eccentric LVH (n=51) 15.7% (n=8)

Diastolic function
Normal (n=109)
Grade | dysfunction (n=69)
Grade Il dysfunction (n=51)

10.1% (n=11)
18.8% (n=13)
21.6% (n=11)

LV filling pressures
Normal (n=194)
Increased (n=35)

13.4% (n=26)
25.7% (n=9)

p=0.009 Reference group
2.75 (1.25-6.08)
p=0.012

5.09 (1.32-19.65)

p=0.018

p=0.001 Reference group

3.28 (1.56-6.23)
p<0.001

p=0.079

p=0.076

p=0.101 Reference group
NS

2.97 (1.22-7.22)
p=0.016

NS

p=0.05 Reference group

2.45 (0.98-6.11)
p>0.001

p=0.062

LVH: left ventricular hypertrophy. Other abbreviations as in text.

rotation has also been associated with older age and changes
in diastolic filling.*

Subendocardial fibers are the first to be affected by
interstitial and perivascular fibrosis, and hence longitudinal
fibers, mainly located subendocardially, are more vulner-
able to fibrosis and hemodynamic overload. Longitudinal
function is thus affected earlier than circumferential per-
formance. Several studies recommend assessment of global

longitudinal strain as an early marker of subclinical LV
dysfunction.?>~%’

Limitations

One limitation of the study is the fact that measurements
were not directly validated by cardiac magnetic resonance
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Normotensive

Figure 5
individual (left) and a hypertensive individual (right).

imaging (MRI). However, Amundsen et al.?® demonstrated a
good correlation between speckle tracking echocardiogra-
phy and MRI.

A second limitation is that the cut-offs used were estab-
lished on the basis of a small sample of normotensives, but
this method was chosen in order to match the characteris-
tics of the hypertensive group in terms of age, gender and
ethnicity.

The fact that HTN had been medicated and controlled
for a long period means that the study population may not
be truly representative of the whole spectrum of hyperten-
sive heart disease. However, the aim of the study was to
assess precisely this subgroup, since detection of subclini-
cal LV dysfunction is particularly important in such patients
in order to enable earlier intervention and possibly improve
their prognosis.

Conclusions

Assessment of GLS and GLSR-s in our group of hyperten-
sives detected varying degrees of LV systolic dysfunction,
despite preserved ejection fraction and independently of LV
structural changes. This suggests that earlier intervention
in these patients may be beneficial, but only longitudinal
multicenter prospective studies assessing medium- and long-
term prognostic variables will clarify the clinical relevance
of these early changes.

A multicenter prospective study involving a larger sam-
ple that is representative of Mediterranean-type populations
and aimed at establishing cut-offs for normality of myocar-
dial strain parameters would also be valuable.

In conclusion, assessment of sensitive parameters of LV
function identified a series of early changes in an outpa-
tient population of hypertensives with preserved ejection
fraction. These changes may be potential cardiovascular
risk markers in such patients and enable identification of
higher risk subgroups in whom earlier and more aggressive
intervention could have a significant impact on prognosis.

The clinical relevance of these findings needs to be
assessed in long-term follow-up studies.

Longitudinal peak systolic strain curves from apical views and bull’s-eye plots of the left ventricle, in a normotensive

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data and that all the patients included in the
study received sufficient information and gave their written
informed consent to participate in the study.

Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or
subjects mentioned in the article. The corresponding author
is in possession of this document.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. World Health Organization. Prevention of cardiovascular dis-
ease. Guidelines for assessment and management of total
cardiovascular risk. World Health Organization 2007. Geneva:
WHO; 2007.

2. Ezzati M, Lopez AD, Rodgers A, et al., The Comparative
Risk Assessment Collaborating Group. Selected major risk
factors and global and regional burden of disease. Lancet.
2002;360:1347-60.

3. Martins L, Pinto F, Mendes J. Lesao dos drgaos alvo e a sua
avaliacdo: ECG e Ecocardiograma. In: Polonia J, Carmona J,
Saavedra J, editors. A hipertenséao arterial na pratica clinica.
Lisboa: Cortex - Publicacdes Técnica e Cientificas Lda; 2006. p.
85-103.

4, Schillaci G, Verdecchia P, Porcellati C, et al. Continuous relation
between ventricular mass and cardiovascular risk in essential
hypertension. Hypertension. 2000;35:580-6.

5. Owan TE, Hodge D, Herges RM, et al. Trends in prevalence and
outcome of heart failure with preserved ejection fraction. N
Engl J Med. 2006;355:251-9.


http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0005
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0010
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0015
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0020
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0025

Left ventricular systolic dysfunction detected by speckle tracking in hypertensive patients 37

6.

. Ommen SR, Nishimura RA, Appleton CP, et al.

van Dalen BM, Bosch JG, Kauer F, et al. Assessment of mitral
annular velocities by speckle tracking echocardiography versus
tissue Doppler imaging: validation, feasibility and reproducibil-
ity. J Am Soc Echocardiogr. 2009;22:1302-8.

. Hulburt HM, Aurigemma GP, Hill JC, et al. Direct Ultrasound

measurement of longitudinal, circumferential and radial strain
using 2-dimensional strain imaging in normal adults. Echocardi-
ography. 2007;24:723-31.

. Helle-Valle T, Crosby J, Edvardsen T, et al. New noninvasive

method for assessment of left ventricular rotation: speckle
tracking echocardiography. Circulation. 2005;112:3149-56.

. Geyer H, Caraciolo G, Abe H, et al. Assessment of myocardial

mechanics using speckle tracking echocardiography: funda-
mentals and clinical application. J Am Soc Echocardiogr.
2010;23:351-69.

. Braz Nogueira J. Avaliacao do Risco Cardiovascular Global. Fac-

tores de risco major. Hipertensao Arterial e diabetes. In: Polonia
J, Carmona J, Saavedra J, editors. A hipertensao arterial na
pratica clinica. Lisboa: Cortex - Publicagdes Técnica e Cientifi-
cas Lda; 2006. p. 40.

. European Society of Hypertension and European Society of

Cardiology.Guidelines for the management of arterial hyperten-
sion. European Society of Hypertension and European Society of
Cardiology. J Hypertens. 2007;25:1105-87.

. National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure.The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: The JNC 7 Report. JAMA.
2003;289:2560-72.

. Lang RM, Bierign M, Devereux RB, et al., Recommendations for

Chamber Quantification: a report from the American Society of
Echocardiography’s Guidelines and Standards Committee and
the Chamber Quantification Writing Group. Developed in Con-
junction with the European Association of Echocardiography. J
Am Soc Echocardiogr. 2005;18:1440-63.

. Nagueh SF, Appleton CP, Gillebert TC, et al. Recommen-

dations for the evaluation of left ventricular diastolic
function by echocardiography. Eur J Echocardiogr. 2009;10:
165-93.

. D’hooge J, Rademakers F. Myocardial motion/deformation -

principles. In: Sutherland GR, Hatle L, Rademakers FE, Claus
P, D’hooge J, Bijnens BH, editors. Doppler myocardial imag-
ing - a textbook. Leuven: Leuven University Press; 2005.
p. 9-32.

Clinical
utility of Doppler echocardiography and tissue Doppler imag-
ing in the estimation of left ventricular filling pressures.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A comparative simultaneous Doppler-catheterization study. Cir-
culation. 2000;102:1788-94.

. Weidemann F, Niemann M, Ertl G, et al. The different faces

of echocardiographic left ventricular hypertrophy: clues to the
etiology. J Am Soc Echocardiogr. 2010;23:793-801.

. Sousa C, Goncalves S, Pinto F. Treated arterial hypertension -

which echocardiographic parameters should we monitor? Rev
Port Cardiol. 2010;29:49-54.

. Narayanan A, Aurigemma G, Chinali M, et al. Cardiac mechan-

ics in mild hypertensive heart disease: a speckle-strain imaging
study. Circ Cardiovasc Imaging. 2009;2:382-90.

Dalen H, Thorstensen A, Aase S, et al. Segmental and global
longitudinal strain and strain rate based on echocardiography
of 1266 healthy individuals: the HUNT study in Norway. Eur J
Echocardiogr. 2010;11:176-83.

Marwick TH, Leano R, Brown J, et al. Myocardial strain
measurement with 2-dimensional speckle-tracking echocardi-
ography. Definition of normal range. JACC Cardiovasc Imaging.
2009;2:80.

Han W, Xie M, Wang X, et al. Assessment of left ventricular
global twist in essential hypertensive heart by speckle tracking
imaging. J Huazhong Univ Sci Technol Med Sci. 2008;28:114.
Kang S, Lim H, Choy B, et al. Longitudinal strain and torsion
assessed by two-dimensional speckle tracking correlate with the
serum level of tissue inhibitor of matrix metalloproteinase-1, a
marker of myocardial fibrosis, in patients with hypertension. J
Am Soc Echocardiogr. 2008;21:907-11.

Kim HK, Sohn DW, Lee SE, et al. Assessment of left ventricu-
lar rotation and torsion with two-dimensional speckle tracking
echocardiography. J Am Soc Echocardiogr. 2007;20:45-53.
Kosmala W, Plaksej R, Joerg M, et al. Progression of left ven-
tricular functional abnormalities in hypertensive patients with
heart failure: an ultrasonic two-dimensional speckle tracking
study. J Am Soc Echocardiogr. 2008;21:1309-17.

Ballo P, Quatrini I, Giacomin E, et al. Circumferential versus
longitudinal systolic function in patients with hyperten-
sion: a nonlinear relation. J Am Soc Echocardiogr. 2007;20:
298-306.

D’hooge J, Heimdal A, Jamal F, et al. Regional strain and
strain rate measurements by cardiac ultrasound: principles,
implementation and limitations. Eur J Echocardiogr. 2000;1:
154-70.

Amundsen BH, Helle-Vale T, Edvardsen T, et al. Noninvasive
myocardial strain measurement by speckle tracking echo-
cardiography: validation against sonomicrometry and tagged
magnetic resonance imaging. J Am Soc Echocardiogr. 2006;47:
789-93.


http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0030
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0035
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0040
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0045
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0050
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0055
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0060
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0065
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0070
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0075
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0080
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0085
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0155
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0090
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0095
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0100
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0105
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0110
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0115
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0120
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0125
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0130
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135
http://refhub.elsevier.com/S2174-2049(13)00262-6/sbref0135

	Left ventricular systolic dysfunction detected by speckle tracking in hypertensive patients with preserved ejection fraction
	Introduction
	Methods
	Clinical assessment
	Echocardiographic assessment
	Two-dimensional strain imaging by speckle-tracking
	Statistical analysis

	Results
	Population characteristics
	Conventional echocardiography
	Global myocardial strain by speckle tracking

	Discussion
	Limitations

	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	References


