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ABSTRACT  
 
Background: Heart failure is the major cause of morbidity and mortality in hypertension. Early detection of sub-
clinical systolic heart failure thus is an important step in prevention of clinical heart failure. There are limited studies 
evaluating the presence and determinants of subclinical heart failure along axial, circumferential and radial axis 
among hypertensives with normal Left Ventricular Ejection Fraction (LVEF) using strain imaging methods. Present 
study aimed to detect the subclinical global and regional systolic dysfunction in longitudinal, circumferential and 
radial axis and its determinants in hypertensive patients with normal LVEF. 

Material and Method: 2-dimensional echocardiographic (2DE) images of the Left Ventricle (LV) were acquired in 
apical 4-chamber and parasternal short-axis view at mid ventricular levels to assess global and regional strain in lon-
gitudinal, radial and circumferential axis in 72 hypertensive patients with normal LVEF and 57 healthy controls us-
ing speckle tracking method. LV Mass and LVEF were measured using 2D guided M Mode scan and diastolic func-
tion was assessed in early diastole with tissue Doppler imaging.  

Results: The regional strain in longitudinal axis was significantly reduced at Apex and Apico lateral segment of LV 
in hypertensive population compared to normotensive group (-17.99± 5.21 Vs-19.77±4.17; p<0.01 and -14.78 
±5.69 Vs -17.40± 5.23; p<0.01) respectively. However the mean Global Longitudinal and circumferential systolic 
Strain was not significantly reduced in the hypertensive group when compared to the normotensive group. 

Conclusions: The regional LV systolic function in longitudinal axis at apex and apico lateral wall was significantly 
reduced while the global systolic function in longitudinal and circumferential axis was preserved in hypertensive 
patients compared to normotensive healthy individuals. 

 
Keywords: Speckle tracking, Systemic hypertension, Left ventricular function. 
 
ABBREVIATIONS 

EF: Ejection Fraction 
EWDT: E Wave Deceleration Time 
GLS: Global longitudinal strain 
GCS: Global circumferential strain 
HC: Hip Circumference  
HHD: Hypertensive heart disease 
LS: Longitudinal Strain 
LVEF: Left Ventricle Ejection Fraction 
LVEDV: Left Ventricle End Diastolic Volume 
LVESV: Left Ventricle End Systolic Volume 
LVH: Left Ventricle Hypertrophy 
LVMI: Left Ventricular mass index 
MAP: Mean arterial Pressure 
RS: Radial Strain 
WHR: Waist hip ratio 
 
INTRODUCTION 

The burden of hypertension is increasing globally1 and 
ranks number one among risk factors for DALY. 2 

Hypertensive heart disease is an important cause of 
morbidity and mortality in patients of hypertension.3 
Hypertension is an important risk factor for develop-
ment and progression of systolic dysfunction. Systemic 
hypertension increases LV wall stress that triggers acti-
vation of various neurohormonal pathways leading to 
expression of genes regulating structural remodeling of 
myocardium and extra cellular matrix leading to increase 
in LV Mass and sets the stage for progression of systolic 
and diastolic dysfunction.4 Moreover, while convention-
al echocardiography can detect changes in LV diastolic 
dysfunction associated with Left Ventricular Hypertro-
phy(LVH), global LV systolic function often remains 
preserved until late in the course of the disease, making 
subtle changes in LV contractile function difficult to 
interpret in the early stages.5,6,7 
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The early detection of subclinical systolic dysfunction is 
a valuable information for implementing interventions 
for prevention and control of progression of heart fail-
ure. LV emptying during systole is a result of shortening 
of LV myocardial fibers in longitudinal, circumferential 
and radial axis.8 Thus understanding of alterations in 
regional myocardial shortening in three different axis is 
of great importance in identification, quantification and 
prognostication of patients with myocardial dysfunc-
tion. The noninvasive quantification of regional myo-
cardial systolic function is an important goal in clinical 
cardiology.9 Currently available routine methods for 
assessment of regional myocardial function are subjec-
tive and best semiquantitative.10 Echocardiographic 
strain imaging (deformation imaging) has emerged as a 
novel method to quantify myocardial strain in different 
axis, and due to its ability to differentiate between active 
and passive movements of myocardial segments and to 
evaluate components of myocardial function, such as 
longitudinal myocardial shortening, that are not visually 
assessable, it allows comprehensive assessment of myo-
cardial function and the spectrum of potential clinical 
applications is very wide.11  

Mirsky and Parmley initially introduced the concept of 
strain to facilitate the understanding of elastic stiffness 
in heart muscle. They defined strain as a dimensionless 
quantity that represents the percentage change in di-
mension from a resting state to one achieved following 
application of a force (stress).12 Edvarsden et al13 and 
Gotte et al14 too reported on the utility of strain mea-
surements for assessment of the regional contractile 
properties of the myocardium, the former by tissue 
Doppler echocardiography and the latter by Magnetic 
Resonance Imaging. Two-dimensional (2D) speckle 
tracking is one of the latest echocardiographic tech-
niques for rapid, offline, bedside analysis of regional LV 
strains in the longitudinal, radial, and circumferential 
directions.15, 16, 17  

The effect of hemodynamic loading conditions opera-
tive in patients of hypertension with normal LVEF on 
systolic deformations in axial, circumferential and radial 
axis has not been evaluated adequately. Thus we con-
ducted this study with an aim to detect subclinical im-
paired systolic shortening in global longitudinal, circum-
ferential and radial axis and in regional myocardial seg-
ments in patients of hypertension with normal LVEF 
using two-dimensional strain imaging.  

 

MATERIAL AND METHODS 

Setting and study design; Tertiary care hospital based 
observational study. 

 Study subjects and selection method; Patients of 
hypertension diagnosed on the basis of recording of 
Blood Pressure (BP) >140/90 mmHg on two occasions 
at an interval of 2-4 weeks and known hypertensives 
with BP>140/90 mmHg not on anti hypertensive me-
dications were the patient population screened for 
enrollment in the study. Patients with LV systolic dys-

function with LVEF of <50%, patients with regional 
wall motion abnormalities, patients with documented 
Myocardial Infarction(MI), valvular heart disease, or any 
other structural heart disease, patients with atrial fibrilla-
tion, chronic kidney disease were excluded from the 
study. The eligible patients consenting to participate 
after informed consent were enrolled in the study. Ap-
parently healthy individuals visiting Cardiology OPD of 
IGMC for evaluation of symptoms related to chest pain, 
breathlessness etc. not found to have any significant 
heart disease and having BP<140/90 mmHg were 
enrolled as control subjects after obtaining informed 
consent. The study protocol was approved by the ethi-
cal committee of the institution. 

Data Collection; Data related to demographics, beha-
vioral risk factors, clinical characteristics, anthropometry 
and BP were recorded using standard and validated 
tools and following standard guidelines. BP was record-
ed with mercury based sphygmomanometer using ap-
propriate size BP cuff and observing all precautions 
after 5-10minutes of rest. Two readings were recorded 
at an interval of 3-5 minutes in sitting position. Aver-
ages of two readings were taken as the BP value. Weight 
was measured using flat surfaced weighing machine in 
light clothes with shoes off. Before recording weight 
zero error was corrected if found. Weighing machine 
was calibrated against standard weight periodically to 
ensure valid recording of weight. Height was measured 
using wall mounted calibration scale with off shoes and 
cap if any, subject standing erect with heels touching 
wall. Waist circumference was measured using non 
stretchable measuring tape in erect posture at the end of 
exhalation during normal breathing at point mid way 
between anterior superior iliac spine and lowest rib with 
the measuring tape parallel to the ground.  

Measurement of LV systolic strain, LVEF, LV 
Mass and LV Diastolic function; Echocardiography 
study was performed with echocardiography machine 
model I 33 of Philips Medical System using adult probe. 
All acquisitions were performed by the same expe-
rienced operator with the patients in the left lateral de-
cubitus position. 2D guided M mode recording at tips 
of Mitral leaflets in Parasternal long axis view with si-
multaneous ECG signals were recorded to measure LV 
dimensions at the end of systole and diastole following 
guidelines of American society of echocardiography.18 

Three consecutive cardiac cycles were analyzed to 
measure the Left ventricular end diastolic volume 
(LVEDV), Left ventricular end systolic volume 
(LVESV), LVEF and LV mass by averaging the three 
values. End systolic and end diastolic points were se-
lected corresponding to end of T wave and peak of R 
wave of simultaneous recorded ECG tracing. Doppler 
inflow signals across MV during diastole with pulse 
wave doppler and mitral annular velocity in longitudinal 
axis at medial septal and lateral wall annular points in 
early diastole É was recorded with tissue Doppler imag-
ing to measure E/A ratio, E wave deceleration time, é 
and E/e´ ratio as the indices of LV diastolic functions. 4 
cardiac cycles of 2D images in apical four chamber and 
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parasternal short axis view at mid cavity level was rec-
orded in cine mode for measurement of systolic strain 
imaging in longitudinal, circumferential and radial axis. 
The study was recorded on DVD for offline analysis. 18 
segments model was used to measure regional systolic 
strain in longitudinal, circumferential and radial axis. 
Strain imaging was analyzed using QLAB commercial 
software of Phillips for 2D strain imaging with speckle 
tracking method. After manual tracing of the endocardi-
al border of 2D tomographic images of LV in longitu-
dinal and short axis plane at mid cavity level at the end-
systolic frame and selecting the appropriate region of 
interest, including the entire transmural wall, the soft-
ware automatically determined six segments in each 
view. Each segmental strain curve was obtained by 
frame-by-frame tracking of the acoustic markers in the 
myocardial tissue. The tracking quality was scored as 
valid or poor. Segments with poor tracking despite ma-
nual readjustments of the region of interest were ex-
cluded from analysis. Peak systolic longitudinal strain 
(LS) was measured in 7 segments (the apex, apical sep-
tum, mid inferior septum, basal inferior septum, basal 
anterolateral wall, mid anterolateral wall and apicolateral 
walls. Three cardiac cycles were analyzed and averaged 
value was taken as mean of regional and global longitu-
dinal strain. Peak systolic radial strain (RS) and circum-
ferential strain (CS) were measured in six segments (mid 
anterior, mid anterior septum, mid inferior septum, mid 
inferior, mid inferior lateral wall and mid anterolateral 
wall) from a mid-LV short-axis view. Three cardiac 
cycles were analyzed and values were averaged and tak-
en as the mean RS and CS, respectively. 

Definition of decreased global systolic strain: The 
cutoff value taken for labeling depressed global systolic 
strain in any axis was taken as value ≤10th percentile of 

the distribution among normal healthy population of 
control group. 

Blood Biochemistry: 5 cc of venous blood sample was 
drawn in fasting state for estimation of blood sugar and 
lipid profile. Blood sugar and lipid profile was done 
using standard kits in fully automatic auto analyzer 
Model Konelab (Backmancoulter) of central biochemi-
stry lab of IGMC .  

Statistics: Data was entered in Microsoft Excel spread 
sheet and Epi Info version 3;4,3 statistical software was 
used for statistical analysis. The clinical characteristics of 
the study population were reported as percentages and 
Mean±sd for categorical and continuous variables re-
spectively. Comparison of significance of differences in 
the distribution of categorical variables and study popu-
lation means of continuous variables between group 
with and without Hypertension was analyzed by X2 test 
and unpaired t test or Mann Whitney test as appropriate 
respectively. The distribution of clinical characteristics 
among group with decreased global systolic strain with 
group having preserved global systolic strain was done 
using X2 and unpaired t test for categorical and conti-
nuous variables respectively. Variables found to have 
significant associations with depressed global systolic 
strain was modeled in linear regression model to deter-
mine the independent predictor of global systolic strain 
using global longitudinal strain as the dependent varia-
ble. 2 tailed significance at <0.05 was taken as statistical 
significance.  

 

RESULTS 

Clinical characteristics: of the study population of 
group with and without hypertension is described in 
detail in Table1.  

 

Table 1: Clinical Characteristics of the study groups 

Characteristics Normotensives (N=57) Hypertensives (N=72) P value 
Age (yrs) (mean±sd) 39.1±7.3 46.1±11.1 0.01 
Sex (Male) % 35(61.4%) 43(59.7%) 0.98 
Diabetic Status (yes)% 14(24.6%) 16(22.2%) 0.91 
Total-C(mg/dl) 183.3±35.1 194.9±43.8 0.08 
LDL-C(mg/dl) 106.8±30.1 115.7±35.4 0.13 
HDL-C(mg/dl) 44.5±11.1 44.3±13.6 0.58 
TG(mg/dl) 152.4±100.3 173.3±115.3 0.09 
TG/HDL 3.8±3.2 4.2±2.8 0.05 
DBP(mmHg) 84.5±5.9 96.5±9.1 0.01 
MAP(mmHg) 98.6±6.0 115.1±8.6 0.01 
QRS Duration (msec) 86.5±9.4 109.5±20.4 0.01 
LVEDV (ml) 89.6±22.5 94.1±22.1 0.15 
LVESV (ml) 31.7±9.7 32.3±11.4 0.88 
LVEF (%) 64.9±5.2 65.3±6.5 0.54 
LV mass (gms) 127.1±27.5 142.8±32.1 0.01 
E/A ratio 1.2±.3 1.1±.3 0.07 
EWDT( msec.) 177.3±35.6 172.7±33.4 0.57 
E( m/sec) 70.8±13.1 70.4±16.8 0.85 
A (m/sec) 62.6±12.1 67.3±14.3 0.07 
Medial mitral annular E΄ (m/sec) 8.4±2.1 7.6±2.2 0.07 
Lateral mitral annular E΄ (m/sec) 12.4±3.1 10.9±3.5 0.01 
E/E΄ (Medial annular) 8.7±1.8 9.7±2.3 0.01 
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Table 2: Comparison of global and regional systolic strain in longitudinal, circumferential and radial axis 
in hypertensive and normotensive groups 

Variables Normotensives Hypertensives P value 
Global Longitudinal strain(%) -18.3±3.4 -17.5±3.7 0.16 
Global Circumferential strain(%) -16.6±5.9 -17.1±6.3 0.69 
Regional axial strain    
Apical segment(%) -19.8±4.2 -17.9± 5.2 0.02 
Apical septum(%) -22.5± 3.8 -21.9± 5.4 0.85 
Mid Inferior Septum(%) -21.5± 4.8 -20.21± 5.5 0.09 
Basal Inferior Septum(%) -16.8± 5.1 -16.3± 5.8 0.58 
Basal Anterior lateral(%) -22.2 ±6.8 -22.3 ±6.7 0.65 
Mid anterior lateral(%) -21.4± 8.1 -20.4± 7.9 0.46 
Apico lateral(%) -17.4± 5.2 -14.8 ±5.7 0.01 
Regional Circumferential strain    
Mid anterior(%) -22.5± 8.9 -24.9 ±10.5 0.30 
Mid anterior septum(%) -22.1 ±7.6 -20.9± 8.1 0.27 
Mid Inferior septum(%) -18.7 ±8.8 -19.3 ±9.1 0.87 
Mid Inferior(%) -21.5 ±9.2 -22.5 ±7.3 0.24 
Mid Inferior lateral(%) -19.1± 7.3 -20.1± 9.8 0.82 
Mid anterior lateral(%) -17.6± 7.8 -17.5 ±7.4 0.90 
Regional Radial strain    
Mid Anterior(%) 23.9± 9.3 23.1 ±10.1 0.47 
Mid Anterior Septum(%) 27.9± 8.7 22.9± 8.9 0.01 
Mid Inferior Septum(%) 23.6± 8.4 21.92±8.6 0.29 
Mid Inferior(%) 24.1 ±8.9 24.5 ±8.3 0.47 
Mid Inferior Lateral(%) 24.1 ±10.1 24.5± 8.9 0.49 
Mid Anterior Lateral(%) 25.2 ±11.3 23.8± 10.1 0.51 

 
In brief the mean age of the hypertensive group was 
significantly higher compared to normotensive group 
(46.12±11.17 yrs vs. 39.08±7.25 yrs; p<0.01) but the 
gender distribution was similar in both the groups 
(59.7% vs. 61.4%; p= 0.98). The study group means of 
Body Mass Index (BMI), Waist circumference (WC) and 
Waist Hip Ratio (WHR) among hypertensive and nor-
motensive groups respectively was not significantly dif-
ferent. The mean QRS duration measure in 12 lead 
ECG was significantly higher among hypertensive 
group (109.5±20.4 vs. 86.4±22.5 msec.; p<0.01). As 
expected mean the Systolic Blood Pressure (SBP), Dias-
tolic Blood Pressure (DBP) and Mean Arterial Pressure 
(MAP) were significantly higher among hypertensive 
groups than in normotensive group.  

Echocadiographic characteristics; the mean LV mass 
was significantly higher among hypertensive group 
(142.85±32.0 vs. 127.1±27.5 gm; P <0 .01) however LV 
volumes at end diastole and end systole were not signif-
icantly different. The mean LVEF of hypertensive and 
normotensive population was also not different statisti-
cally. The indices of LV diastolic function were signifi-
cantly deranged among hypertensive groups when com-
pared to the normotensive group [lateral mitral annular 
early diastolic velocity e΄10.90±3.54 Vs 12.42±3.01; 
p<0.01, medial annular velocity e΄ 7.59±2.22 Vs 
8.43±2.01; p<0.02) and E/e´medial annular ratio of 
9.68±2.33 Vs 8.67±1.79; p<0.01]. However there was 
no significant difference in E/A ratio and E wave dece-
leration time of mitral inflow doppler signals among the 
two groups. 

The mean fasting blood sugar, total cholesterol, LDL-C 
and TG were not significantly different in hypertensives 
and normotensive study groups but the TG/HDL ratio 

was significantly increased in the hypertensives when 
compared to the normotensives (4.18±2.76 Vs 
3.79±3.22; p<.05). 
 

 
Fig.1 Echo based regional Longitudinal Strain 

 
Global and regional systolic functions in Axial, Cir-
cumferential and radial axis; The regional longitudin-
al strain was significantly reduced in the Apex (-17.99± 
5.21 Vs -19.77±4.17; p<.05) and the Apico lateral seg-
ment (-14.78 ±5.69 Vs -17.40± 5.23; p<.05) of LV (Ta-
ble 2, Fig.1) . However no significant difference in re-
maining segments in longitudinal, circumferential and 
radial axis was observed. There was no statistically sig-
nificant difference in the global systolic strain along 
longitudinal and circumferential axis between the study 
groups. 
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Table 3: Distribution characteristics of population 
with decreased global axial strain [<10th percentile 
of normotensive group (13.0)] 

Variables GLS≤13 
(n=18)  

GLS>13 
(n=111) 

P  
value

Age(years) 45.8±9.7 42.5±20.3 0.21
Sex (male) % 16(88.9%) 62(55.9%) 0.01
Smoking status (yes) % 1(5.6%) 7(6.3%) 0.68
Alcohol consumption(yes) % 5(27.8%) 16(14.4%) 0.28
BMI(kg/m2) 26.7±3.2 25.7±3.9 0.27
W.C.(cm) 94.2±6.9 88.1±10.0 0.01
WHR 0.95±0.04 0.9±0.06 0.01
SBP(mmHg) 149.1±17.6 139.9±15.4 0.02
DBP(mmHg) 97.6±12.5 90.1±8.9 0.01
MAP(mmHg) 114.8±13.6 106.7±10.3 0.01
QRS Duration (msec) 102.5±21.5 98.7±19.8 0.46
FBS(mg/dl) 105.4±37.3 91.8±10.7 0.01
TG/HDL 5.1±3.4 3.8±2.9 0.09
 
Table 4: Multi variable Linear Regression modeling 

Variable Coefficient Std Error F-test P-Value 
DBP -0.119 0.044 7.2286 0.008178 
FBS Status -1.355 0.672 4.0633 0.046022 
LV Mass -0.031 0.010 9.9774 0.001998 
SBP 0.032 0.028 1.3749 0.243265 
WC cm -0.038 0.031 1.5214 0.219777 
Constant 31.990 3.339 91.8037 0.000000 
Correlation Coefficient: r2=0.22 
 

Characteristics of study population with impaired 
global axial strain; 13 (18.1% with 95% C.I. of 0.145-
1.30) patients from the hypertensive group had impaired 
GLS (Table 3). The study group with depressed global 
longitudinal strain had significantly higher WC 
(94.2±6.9 Vs 88.1±10.0 cm; p<.05), WHR (.95±.04 Vs 
.90±.06; p<.05) and FBS (105.44±37.3 vs. 91.85±10.7 
mg/dl; p<.05). The mean SBP (149.11±17.653 Vs 
139.91±15.406; p<.05), DBP (97.67±12.57 Vs 
90.13±8.99; p<.05) and MAP (114.81±13.59 Vs 
106.71±10.36; p<.05) was also significantly higher in 
the study group with depressed global systolic strain. 

Independent predictors of depressed Global axial 
strain(Table 4):- multi variable linear regression model-
ing by fitting variables found to have significant associa-
tion with depressed global systolic strain revealed Dias-
tolic Blood pressure, LV mass, and impaired fasting 
glucose were independent predictors of impaired global 
axial strain. 

 

DISCUSSION 

Present study aimed to detect subclinical LV systolic 
dysfunction in longitudinal, circumferential and radial 
axis and their determinants in patients with newly de-
tected hypertension with normal LVEF using strain 
imaging. The global strain in longitudinal and circumfe-
rential axis was not significantly different in hyperten-
sive and normotensive groups. The regional longitudinal 
strain at apex and apicolateral segment was significantly 
reduced in hypertensive group while there was no sig-
nificant difference in axial strain in other segments. The 

reduction in global and regional systolic strain in axial 
direction in hypertensive population with normal LVEF 
was also reported by Kouzu et al 19 and Galderisi et al 20, 

21.The absence of significant reduction in global axial 
strain in present study could be related to differences in 
hypertensive patients recruited based on different me-
thods of LVEF measured; M Mode based in present 
study and biplane area length method used by other 
investigators (Galderisi et al 21). 

The global circumferential and regional radial axis strain 
were also reported to be preserved in hypertensive pa-
tients in the studies done by Galderisi et al 20, Sengupta 

et al 22 and Imbalzano et al23. LV mass, DBP, impaired 
fasting sugar were found to be independent predictors 
of reduced global strain in longitudinal axis. Similar 
observations were also reported by Narayanan et al24 
and Chen et al25 in their respective studies. 

Thus the findings of the present study supports the 
observations made by other investigators that the early 
features of LV systolic dysfunction in hypertension with 
apparently normal appearing LV systolic function is in 
the axial axis while systolic shortening in circumferential 
and radial axis are preserved. This could be related to 
differential wall stress experienced by myocardial fibers 
oriented in different planes. Increased LV mass, Dias-
tolic hypertension and impaired fasting sugar are asso-
ciated with reduced axial strain and thus are risk factors 
for subclinical LV systolic dysfunction. The association 
of reduced medial and lateral early diastolic mitral annu-
lar velocity with reduced axial systolic strain is a surro-
gate marker rather than a predisposing factor. 

The documentation of subclinical LV systolic dysfunc-
tion in axial plane is an important observation and has 
implications for close monitoring and better control of 
BP with agents that not only control BP but also 
achieve regression of LVH and control of blood sugar 
in patients with dysglycemia. But these interventions 
needs to be proven in randomized controlled trial as 
evidence based intervention for prevention of develop-
ment of hypertensive heart disease. 

Limitations: The results of the present study are appli-
cable to only newly diagnosed hypertensive population 
where the duration of the hypertension is likely to be 
short. The sample size was small so the trends of re-
duced regional systolic strain observed in longitudinal 
axis might be truly reduced but due to limited power of 
the study the true differences in regional and global 
strain could not be detected. The reproducibility of the 
estimates of systolic strain using the speckle tracking 
method was not recorded thus there could have been 
measurement bias especially in small sample size study 
population. The observations reported in the study are 
on hospital based patient population thus with inherent 
selection biases. 

 

CONCLUSION 

Hypertensive population with preserved LVEF had 
subclinical global systolic dysfunction in longitudinal 
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axis in about 18.1% (95% C.I. of 0.145-1.30). Apical and 
apicolateral regions are the first one to show significant 
reduction in longitudinal systolic strain  

 The global as well as regional strain in circumferential 
and radial axis remained preserved. Increased LV mass, 
Diastolic hypertension and impaired fasting glucose 
were independent predictors of reduced global axial 
systolic strain. 

 

REFERENCES  
1. Chockalingam Arun, Campbell Norman R , Fodor J George. 

Worldwide epidemic of hypertension. Can J Cardiol 
2006;22(7):553–5.Global health risks. Mortality and burden of 
disease attributable to selected major risks. Available from: 
http://www.who.int/healthinfo/global burden disease/Global 
Health Risks report part2. 

3. Riaz Kamran, Ahmad Aqueel, Subhi Ali Yasmine. Hypertensive 
heart disease. Available 
from:www.emdicine.medscape.com/article/162449.Jan 9, 2012. 

4.  Drazner Mark H. The Progression of Hypertensive Heart Dis-
ease. Circulation 2011;123:327-34. 

5. Rovner A, Fuentes L, Waggoner AD, Memon N, Chohan R, 
Dávila-Román VG. Characterization of left ventricular diastolic 
function in hypertension by use of Doppler tissue imaging and 
color M-mode techniques. J Am SocEchocardiogr 2006;19:872-9. 

6. Lorell BH, Carabello BA. Left ventricular hypertrophy: pathoge-
nesis, detection, and prognosis. Circulation 2000;102:470-9. 

7. Edvardsen T, Rosen BD, Pan L, et al. Regional diastolic dysfunc-
tion in individuals with left ventricular hypertrophy measured by 
tagged magnetic resonance imaging – the Multi-Ethnic Study of 
Atherosclerosis (MESA). Am Heart J 2006;151:109-14. 

8. StøylenAsbjørn. Strain rate imaging-Cardiac deformation imaging 
by ultrasound echocardiography-Tissue Doppler and Speckle 
tracking. Norwegian university of science and technology. Availa-
ble from: http://folk.ntnu.no/stoylen/strainrate. 

9. D’hooge J, Heimdal A, Jamal F, Kukulski T, Bijnenes B, Rade-
makers F, Hatle L, Suetens P, Sutherland GR. Regional strain and 
strain rate measurements by cardiac ultrasound: prin-
ciples,implementation and limitations. Eur J Echocardiogr 
2000;1(3):154-70. 

10.  UrheimStig, Edvardsen Thor, Torp Hans, Angelsen Bjørn, Smi-
seth Otto. Myocardial strain by Doppler echocardiogra-
phy.Validation of a New Method to Quantify Regional Myocardi-
al Function. AHA Circulation 2000;102:1158-64. 

11.  Dandel Michael, Lehmkuhl Hans, Knosalla Christoph, Surame-
lashvili Nino, Hetzer Roland. Strain and Strain Rate Imaging by 
Echocardiography – Basic Concepts and Clinical Applicability. 
Curr Cardiol Rev 2009;5(2):133-48. 

12.  Mirsky I, Parmley WW. Assessment of passive elastic stiffness 
for isolated heart muscle and the intact heart. Circ Res 
1973;33:233-43. 

13.  Edvardsen T, Gerber BL, Garot J, Bluemke DA, Lima JA, Smi-
seth OA. Quantitative assessment of intrinsic regional myocardial 
deformation by Doppler strain rate echocardiography in humans: 
validation against three- dimensional tagged magnetic resonance 
imaging. Circulation 2002;106(1):50-6. 

14.  Gotte MJW, Van Rossum AC, Twisk JWR, Kujjer JPA, Marcus 
JT, Visser CA. Quantification of regional contractile function af-
ter infarction strain analysis superior to wall thickening analysis in 
discriminating infarct from remote myocardium. J Am CollCar-
diol 2001;37:808-17. 

15. Reisner SA, Lysyansky P, Agmon Y, Mutlak D, Lessick J, Fried-
man Z. Global longitudinal strain: a novel index of left ventricular 
systolic function. J Am Soc Echocardiogr 2004;17:630-3. 

16.  Helle-Valle Thomas , Crosby Jonas, Edvardsen Thor, Lyseggen 
Erik, Amundsen Brage H., Smith Hans-Jørgen, et al. New non-
invasive method for assessment of left ventricular rotation: 
speckle tracking echocardiography. Circulation 2005;112:3149-56. 

17.  Nakai H, Takeuchi M, Nishikage T, Kokumai M, Otani s, Lang 
RM. Effect of aging on twist- displacement loop by 2- dimen-
sional speckle tracking imaging. J Am Soc Echocardiogr 
2006;19:880-5. 

18.  Lang Roberto M., Bierig Michelle, Devereux Richard B, Flach-
skampf Frank A., Foster Elyse, Pellikka Patricia A., et al. Recom-
mendations for Chamber Quantification: A Report from the 
American Society of Echocardiography’s Guidelines and Stan-
dards Committee and the Chamber Quantification Writing 
Group, Developed in Conjunction with the European Associa-
tion of Echocardiography, a Branch of the European Society of 
Cardiology. J Am Soc Echocardiogr 2005;18:1440-63. 

19.  Kouzu H, Yuda S, Muranaka A, Doi T, Yamamoto H, Shimo-
shige S, et al. Left ventricular hypertrophy causes different 
changes in longitudinal, radial, and circumferential mechanics in 
patients with hypertension: a two-dimensional speckle tracking 
study. J Am Soc Echocardiogr 2011;24:192-9. 

20.  Galderisi M, Lomoriello VS, Santoro A, Esposito R, Olibet M, 
Raia R, et al. Differences of myocardial systolic deformation and 
correlates of diastolic function in competitive rowers and young 
hypertensives: a speckle-tracking echocardiography study. J Am 
Soc Echocardiogr 2010; 23:1190-8. 

21.  Galderisi Maurizio, Esposito Roberta, Lomoriello Vincenzo 
Schiano, Santoro Alessandro, Ippolito Renato, Schiattarella Pier-
luigi, et al. Correlates of global area strain in native hypertensive 
patients: a three-dimensional speckle-tracking echocardiography 
study. European Heart Journal Cardiovascular imaging. Available 
from: http://ehjcimaging.oxfordjournals.org/. 

22.  Sengupta Shantanu P. , Caracciolo Giuseppe ,Thompson Caleb , 
Abe Haruhiko, Sengupta Partho P. Early impairment of left ven-
tricular function in patients with systemic hypertension: New in-
sights with 2-dimensional speckle tracking echocardiography. In-
dian Heart Journal 2013;65:48-52. 

23.  Imbalzano E, Zito C, Carerj S, Oreto Giuseppe, Mandraffino 
Giuseppe, Cusm`a-Piccione Maurizio, et al. Left ventricular func-
tions in hypertension: new insight by speckle tracking echocardio-
graphy. Echocardiography 2011;28:649-57. 

24.  Narayanan A, Aurigemma GP, Chinali M, Hill JC, Meyer TE, 
Tighe DA. Cardiac mechanics in mild hypertensive heart disease: 
a speckle-strain imaging study. CircCardiovasc Imaging 
2009;2:382-90. 

25.  Chen J, Cao T, Duan Y, Yuan L, Wang Z. Velocity vector imag-
ing in assessing myocardial systolic function of hypertensive pa-
tients with left ventricular hypertrophy. Can J Cardiol 
2007;23:957-61. 

  


