IntJ Biol Med Res. 2012; 3(1): 1267-1272

A/

= g
~= ?X/

BioMedSciDirect
Publications

International Journal of Biological & Medical Research

[ LY. Sbiomedscidirect.com
Vlume 2, e 4, 2112

Contents lists available at BioMedSciDirect Publications

Journal homepage: www.biomedscidirect.com

International Journal of
BIOLOGICAL AND MEDICAL RESEARCH

Original Article

Left ventricular wall mechanics in hypertension - an echocardiographic study

A. Christy

Assistant Professor, SRM Medical college hospital and Research centre, Kattagulathur, 603203

ARTICLEINFO

ABSTRACT

Keywords:

Hypertension

Left ventricular hypertrophy
End systolic stress

Ejection fraction

Fractional fibre shortening

The present study defines relationship between the extent of left ventricular hypertrophy and
left ventricular systolic performance in hypertensive patients. Fractional fibre shortening was
used as determinant of systolic performance in left ventricular hyertrophy. End systolic wall
stress, obtained using the systolic cuff blood pressure combined with M-mode study as an
index of left ventricular hypertrophy. The study was conducted on 66 subjects of both sexes,
age group ranging from 40 to 60 years in hypertensive patients at Kilpauk Medical College. The
standard t-test was used for comparative analysis. Ejection fraction (EF%) is normal and even
above the control group, but end systolic stress is significantly higher in hypertensive group.
Fractional Fiber shortening (FFS%) in group with hypertension was significantly less than the
control group. M-mode echocardiography remains relatively inexpensive diagnostic tool in
assessing the myocardial performance in hypertensive patients for prevention of onset of

target organ damage.
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1. Introduction

Hypertension is a hemodynamic derangement. It is the primary
and most important manifesting symptom of hypertensive vascular
disease.Cardiac compensation for the excessive workload imposed
by increased systemicpressure is at first sustained by left
ventricular hypertrophy. Left ventricular hypertrophy is a powerful
independent predictor of cardiovascular morbidity and mortality.
The heart undergoes hypertrophy without ventricle dilation,
resulting in a decreased contractile ability and subsequent
failure[1].1t is concluded that the occurrence of impaired left
ventricular systolic function with increasing left ventricular massin
hypertensive subjects reflects a deficiency in intrinsic contractile
performance of the hypertrophied myocardium.

Recent works have shown that patients with increased left
ventricular mass index and high relative wall thickness have
depressed mid wall fractional fibre shortening despite normal
ejection fraction[2] .M-mode echocardiography is a non - invasive
excellent tool for assessment of left ventricular (LV) structure and
function in hypertensive subjects. Left ventricular hypertrophy is a
physiological process of adaptation of the heart to mechanical load
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increase. In the presence of hypertrophy, the thick walled ventricle
allows increased pressure generation without improved
myocardial contractility[3].

This study was undertaken to define the relationship between
the extent of left ventricular hypertrophy and left ventricular
systolic performance in hypertensive patients. Left ventricular
cavity measurements and wall thickness at the end diastole and
end systole and shortening fraction were obtained with the
precision by M - mode echocardiography. Fractional fibre
shortening was used as the determinant of left ventricular
systolic performance[4]. End systolic wall stress obtained using
the systolic cuff blood pressure combined with M-mode study was
used as an index of the adequacy of left ventricular hypertrophy.
This index was significantly raised in Hypertension[5].

Hence we planned to assess the Left ventricular systolic
function in patients with pressure overload hypertrophy by stress-
shortening relationship. Increased left ventricular wall thickness
exhibits reduced shortening velocity at the mid wall and moreover
that is not apparent by any endocardial or conventional
measurements. As the significant impairment of fractional fibre
shortening is due to alteration in dimensions of LV wall thickness,
LV cavity, LV geometry and fibrous changes in LV myocardium the
abnormal feature of M-mode parameters in hypertensives have
been evaluated from comparison with data from normal subjects
in our study. Relationships between the quantities measured have
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been studied to give fuller understanding of changes taking place
in the ventricle, so that the data can be employed as the basis for a
non -invasive assessment of left ventricular systolic function in
hypertensive subjects.

2. Materials And Methods

The study was conducted on 66 subjects of both sexes, age
group ranging from 40 to 60 years, who have a previous diagnosis
of hypertension, which was established by assessment of medical
records in Hypertension clinic, Medical Department, Kilpauk
Medical College. These subjects later underwent M-Mode
Echocardiography analysis in the cardiology department, Kilpauk
Medical College. Most patients (85%) were under treatment and
the remaining patients were out of medications prior to
echocardiography.

The following exclusion criteria were considered. The subjects
excluded in our studies were patients of severe hypertension
[pressure levels(systolic BP > 170 mmHg, diastolic BP > 104
mmHg)], Secondary hypertension, diabetes, Chronic renalfailure,
Coronary heart disease, patients having clinical signs of congestive
heart failure, and all patients with an inadequate
echocardiography window or with valvular lesion evidenced on
echocardiogram.Out of the local referential population, a group of
45 normotensive individuals of both sexes were chosen to undergo
M-Mode echocardiography assessmentasacontrol group.

On M-Mode echocardiography the following structural
parameterswere assessed.

l. Thickness of posterior wall and the interventricular
septum.

1. Leftventricular diameter during systole and diastole.

I1l.  All measurements of the septum and the posterior wall
were performed at the end of diastole according to
recommendation of the American Society of
Echocardiography[6].

V. Direct measurement of ventricular diameter and volume of
the chambers obtained in echocardiography allowed
obtainment of parameters of systolic function and
hemodynamic derivatives such as Stroke Volume-(SV) was
measured by considering LV as a prolate ellipse, in this
geometrical concept, the SV was calculated by following
formula[7].

a.  SV=(LVID,)’-(LVID,)® where
LVID,- Leftventricular internal diameter at diastole
LVID’- Leftventricular internal diameter at systole
b.  Cardiacoutput (CO)=Stoke volume x heartrate
Cardiacindex (Cl) =Cardiac output/Body surface area
d.  Ejection fraction (EF)% = (LVID,)® - (LVID)®
(LVID,)?
This EF can be regressed to corrected EF by Teichholz's
formula®

o

Ef Teichholz = 7.0  EF®
2.4+ (LVID,)
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EDD-ESD
EDD

e. Percentile change in FFS%™ = X 100

V. Left ventricular load parameters™

a. Index of Preload=EDV/BSA

where EDV=End diastolic volume
BSA=Body surface area

b. Assessment of after load

1. Peripheral Vascular Resistance Index

Peripheral vascular resistance does not reflect the after load
status at LV myocardial level. The after load seen at LV myocardial
level is actually the systolic wall force or stress. This wall force or
stress can be assessed by use of law of Laplace (T=Pxr/Th).

2. End systolic stress (ESS): Echocardiography provides
adequate data to measure the left ventricular wall stress, by using
the methods described by Gross Man et al.,[8] Richeck etal. [9]and
Quinones et al[3]. Based on the their concept, following
mathematical formula measures the end systolic stress.

ESS = 0.33 X ESD x SBP din/seg/mz
PWT (1 +PWT/ESD)
WhereESD - End systolic diameter of LV

EDD - End diastolic diameter of LV
PWT - Posterior wall thickness of LV
SBP - Systolic blood pressure

VI. LeftVentricular Mass Index =
(0.8x(1.04XEDD + IVSTd + PWD)*-EDD3 +0.6) / BSA
ing/m’

VII. LVHypertrophy Index (h/r)
or RWT? (Relative wall thickness) =1VSTd+PWT +EDD

IVSTd - Inter ventricular septum thickness
PWT - Posterior wall thickness
EDD - Enddiastolic diameter

3.1 Statistical Test

For statistical analysis, the parameters were recorded with
SPSS for windows (V -11.5) software. Demographic and pressure
parameters as well as echocardiography analysis were presented
as mean + standard error, between the normotensive and
hypertensive groups.

The standard t-test was used for comparative analysis. The tests
were considered statistically significant if P - value were < 0.05
(The null - hypothesis was applied). To know the inter -
relationship between the parameters of determinants of LV
function, graphic method was used for the correlation analysis.
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4.Result

TableIshowing parameter ofleft ventricular function among normotensive and hypertensive subjects determined by M-Mode echocardiography
Group Statistics / t-testfor equality of mean

L.V.function paramters Normotensive groupn=45 Hypertensive groupn=66 P.Value
Mean S.D Mean S.D
S.V.Index (ml/min/sqm) Stroke volume index 35.28 417 36.09 9.3 .589
Cardiacindex (L/min/Sgm) 26 .36 2.8 93 .108
EF%Ejectionfraction 59.05 39 67.32 7.17 .000*
FFS% Fractional fibre shortening 39.56 3.6 35.45 7.6 .001*
PVRI (din/seg/ m?) Peripheral Vascular Resistance Index 1045.94 191.60 1554.95 509.46 .000*
ESS (x 10°dynes/ cm®)Endsystolicstress 84.596 1424 96.97 24.13 .003*
Preload index 60.01 7.9 558178 129 .004*
SystolicBPmmHg 122.18 6.77 160.55 1551 .000*
DiastolicBP (mmHg) 76.22 473 99.21 8.17 .000*
LVMI (gm/m?) LeftVentricular Mass Index 95.79 10.7 115.46 32.88 .000*
LVHyp.Index (h/r) (RWT)LV Hypertrophy Index(h/r) .3933 3.425 4976 8.877 .000*
orRWT (Relative wall thickness)
* P<0.05 Statistically significant
Correlations
CORRELATIONS - 1 LVMI (gm/ m?) EF%
Control group LVMI (gm/m°) PearsonCorrelation 1.000 -.393%*
Descriptive Statistics Sig. (2-tailed) 45 .008
Mean Std. Deviation N N 45
LVMI(gm/m’) 95.7569 10.7469 45 EF% Pearson Correlation -393** 393w
EF% 59.0509 3.9328 45 Sig. (2-tailed) .008 008
N 45 45
GRAPH ** Coorelation is significant at the 0.01 level (2-tailed)
CORRELATION BETWEEN EF % AND LVMI CORRELATIONS - 2
” Hypertensive group
Descriptive Statistics
70 ° Mean Std. Deviation N
. LVMI(gm/m’) 115.4682 32.8853 66
° e, _— EF% 67.3238 7.1754 66
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Correlations
LVMI(gm/m*  EF%
LVMI (gm/m?) Pearson Correlation 1.000 -393%*
Sig. (2-tailed) .66 008
N 45
EF% Pearson Correlation 087 1.000
Sig. (2-tailed) 490 66
N 66
** Corelation is significant at the 0.01 level (2-tailed)
CORRELATIONS - 3
Control group
Descriptive Statistics
Mean Std. Deviation N
FFS% 39.5631 3.6208 45
| LVMI (gm/m?) 95.7569 10.7469 45
GRAPH
CORRELATION BETWEEN FFS% AND LVMI
50
40 : o L 'hu e oo
o o o
30 ° b
=®
2
w20 T T T T T T
50 60 70 80 90 100 110 120
LVMI (gm/m 2)
Correlations
LVMI(gm/m*  EF%
FFS% Pearson Correlation 1.000 0.079
Sig. (2-tailed) 45 607
N 45
LVMI (gm/m?) Pearson Correlation 079 1.000
Sig. (2-tailed) 607
N 45 45
CORRELATIONS - 4
Hypertensive group
Descriptive Statistics
Mean Std. Deviation N
FFS% 35.4597 7.6531 66
LVMI (gm/m?) 115.4682 32.8853 66
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Correlations
LVMI (gm/ m?) EF %
FFS% Pearson Correlation 1.000 383+
Sig. (2-tailed) .66 002
N 66
LVMI (gm/m?) Pearson Correlation -383** 1.000
Sig. (2-tailed) .002
N 66 66
** Corelation is significant at the 0.01 level (2-tailed)
T-TEST
Hypertensive and control group
Paired Samples Statistics
Mean N  Std.Deviation  Std.Error
Mean
FFS % 394778 111 41705 3958
ESS(x10.3dynes/cm3) 96.0728 111  21.4051 20317
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Paired Samples Correlations
N Correlation Sig
FFS%&ESS 111 -422 .000
(x103dyens/cm®)

5.Discussion

Theassessment of left ventricular function isimportantin many
circumstances in which information on myocardial status may
influence decision in patient management [10].

Quantitative echocardiography is the most convenient way to
study LV function, because the procedure is relatively of low cost
and the possibility to gain information to single beat intrinsic
myocardial contractility, by assessing the ability of left ventricle
minor axis to shortening during systole at the level of midwall
[11].

After load (ESS) is the force distributed in the ventricular wall
during ventricular ejection. This force is complex in the intact
heart and dependent on viscous and inertial properties of the
blood, ventricular volume, LV wall thickness and peripheral
arterial resistance.

Afterload is never constant during ventricular ejection, but
continuously decline as the LV volume and mid wall radius
decrease as predicted by Laplace relationsi.e =P xr/ Thwhere =
wall stress / tension, P = pressure, r = radius of LV and Th =
thickness of LV wall.

This type of cardiac contraction with continuously varying
load is called auxotonic contraction. Increasing afterload (ESS)
causes immediate changes in myocardial wall shortening and
contractile state [12].

For many years, it was unclear whether myocardium, that had
undergone pressure over load hypertrophy, exhibited normal
contractility during systole. Most invitro studies on myocardium
obtained from animal models of cardiac hypertrophy had
suggested that such heart muscle was hypocontractile, by
contrast, studies in human with left ventricular hypertrophy
(LVH) had suggested that contractility of hypertrophic
myocardium was normal or even perhaps increased. It has been
suggested that this difference might be due to the fact that in
human studies, chamber volume had been studied, rather than
myocardial mechanisms [13]Animproved understanding of left
ventricular systolic function might also result from the use of
modified midwall measurement. Quinones et al[14] calculated
left ventricular stress - velocity relationship from endocardial and
conventional midwall measurement. In the current study, mid wall
fractional fibre shortening rate is less than the endocardial
shorteningin the hypertrophied heart.

Active reduction of left ventricular chamber size during systole
is the final effect of complex interaction mechanism involving
layers of differently oriented myocardial fibres, the shortening of
which is less than the one measured as shortening of the left
ventricular diameter at the level of the endocardium. This
biological phenomenon is particularly evident in conditions such
as arterial hypertension, in which left ventricular geometry is

altered[15] Due to the double effect of contraction on both the
longitudinal (shortening) and transverse (thickening) axes of the
myocardial fibers the shortening of single myocardial fibres is
amplified at the level of the endocardium and this amplification is
a function of wall thickness. Increase wall thickness can enhance
at the endocardial level the effect of myocardial fibers with
reduced shortening[16], allowing preservation of ejection
fraction despite depressed midwall shortening, through a
"contractile gradient", proceeding from epicardium to
endocardium. This is detectable using tagged MRI or even
guantitative echocardiography [17]
Chronic pressure over load of the left ventricule results in an
appropriate increase in myocardial mass (concentric
hypertrophy) that is characterized by low chamber radius and
wall thickness R/Th ratio. The increase in myocardial mass that
accompanies chronic volume overload (eccentric hypertrophy)
is characterized by a normal or only minimally increased r/Th. As
long as the ventricle remains compensated, the increased
thickness is proportional to the increase in radius and r/Th
remains normal[14]. Krayen buchi et al developed the theory that
midwall shortening was less than normal in patients with
concentric LVH and greater than normal in those with eccentric
LVH. In Krayen buchi analysis, endocardial shortening was equal
in normal subjects and patients with concentric and eccentric
hypertrophy[2]

It was found that left ventricular hypertrophy is an important
and independent predictor of cardiovascular morbidity and
mortality[18]. The question arises as to the mechanism by which
increased left ventricular mass may increase cardiovascular risk.
Several possibilities suggest themselves. In the first place, LVH
increases myocardial oxygen demand, while decreasing coronary
blood flow reserve, creating a supply demand mismatch, which
will predispose to cardiac ischaemia and sudden death[19] .
Secondly many factors that predispose to LVH (especially in
hypertension) are also associated with atherosclerotic disease,
including coronary heart disease. Finally LVH is known to
predispose to ventricular dysrhythmias and hence sudden death,
even in the absence of overt coronary disease[12].

Assessment of LV function by midwall fractional fibre
shortening has indeed been shown to be more physiologically
accurate in representing myocardial performance than is
endocardial shortening, a measure of chamber performance
especially in the presence of LV geometry abnormalities such as
those occurring in arterial hypertension[20].

Large number of pharmacological and non - pharmacological
methods have been recommended for the management of
hypertension. Their role at the level of LV wall stress and LV
contractile state is established in various large scale multicentre
study[15].

Itis worth to consider the Framingham study which have stated
that the most important means of preventing the cardio - vascular
complication is to identify and treat hypertension before
complication develop. In this point of view, the echocardiography
is very useful tool in demonstrating abnormalities in LV
performance and supplying additional clue to a newer concept of
hypertension as a disease process rather than a manifestation of
underlying disease.
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6.Conclusion

The major index of left ventricular systolic function is end
systolic stress in hypertension. Hypertensive patients with left
ventricular hypertrophy have increased left ventricular wall stress
and impaired fractional fibre shortening.In patients with left
ventricular hypertrophy the ejection fraction, calculated by
Teichholz's formula is a poor measure of left ventricular function.
Reduced fractional fibre shortening isan independent predictor of
cardiac morbidity. M-mode echocardiography will remain a
relatively inexpensive diagnostic tool in assessing the myocardial
performance in hypertensive patients for prevention of onset of
target organ damage. The main objective of management of
hypertensive subject should be, to reduce the afterload and to
improve the LV contractile state. Being a pilot study , we want to
under take this study on a large scale to standardize the various
M- mode parameters among Indian population

Acknowledgement

I would like to express my sincere gratitude to
Prof.Dr.A.Rasheeda, M.D.,and to my former Professor
Dr.G.Gunavathy, M.D., Department of Physiology,My thanks are
also due to Prof.K.S.Saikumar, M.D., Professor of Medicine and
Prof.M.Dhanapal, M.D.D.M., Department of Cardiology, for
allowing me to conduct this study in his department.
My sincere thanks to Assistant Professors Dr.V.E.Dhanadapani,
M.D., D.M,, and Dr.N.Swaminathan, M.D.for their valuable
contribution in echocardiography at kilpauk medical college

7.References

[1] Richard E, Klabunde. Cardiovascular physiology concepts.
www.cvphysiology.com.

[2] Krayenbuchi HP, Hess O, Hirzel H, Pathophysiology of hypertrophied
heartinman. Eur.HeartJ.1982; 3 (Suppl.A): 125.

[3] Quinones MA, Mokotoff DM, Nouri S, Winter WL, Miller RR. Non-invasive
quantification of left ventricular wall stress, validation of method and
application to assessment of chronic pressure overload. AMJ Cardiol.
1980;45:782.

[4] Wachtell K .Victoria Palmin M.D. Michael H.Oskn M.D., Ph.D et al. Changes
insystolic left ventricular performance in hypertension. 2008.

[5]1 Berenji K, Mark H. Drazner, Beverly A, Rothermel , Joseph A, Hill. Does
load induced ventricular hypertrophy progress to systolic heart failure.
Am.J. Physiol Heart Physiol. 2005; 289 : H8-H16.

[6] ShanDJ, de MariaA,Kisslo etal. The committee on Mode standardization
of the American Society of Echocardiography. Recommendations
regarding quantitation on M-Mode Echocardiography results of a survey
of echocardiography measurement. Circulation. 1978; 58: 1072-83.

[7]1 Grossman W, Jones D. McLawin, L.P. Wall stress and pattern of
hypertrophy inthe human left ventricle.JClin Invest. 1975;56:56.

[8] WilsonPN, Sutton, Plappert MS, Goldberg TA, Hirsh Fold S, Non-invasive
determination of left ventricular end-systolic stress. Validation of
method and internal application. Circulation.1982;65: 99.

[9] Qirko S. Alteration of the Longitudinal function of the left ventricule in
hypertensive.... Archies desmaladies du coeur do des vasseaux ( France)
Aug.1999:92(8):p979-9831SSN 0003 -9683.

[10] De simone G. Left ventricular chamber and wall mechanics ... Journal of
hypertension (England) July 1999;17 (7) : p. 1001 -1006.

[11] Yamato K, Left ventricular dysfunctions in patients with hypertension.
Mayoclinic proceedings (USA) Feb 2000; 75/2P.1148-158.

[12] Shimizu G, Hirota Y, Kita Y, Kawa Mura K, Saito T, Gaasch WH. Left
ventricular midwall mechanics in systemic arterial hypertension.
Myocardial function is depressed in pressure - overload hypertrophy
Circulation.1991;83.1676-1684.

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

1272

Gassach WH, Levine HJ, Quinones MA, Alexandar J.K. Left ventricular
compliance; mechanism and clinical implication. AMJ Cardiol 1976; 38 -
645.

Hernandez D. Regression of left ventricular hypertrophy by Lisinopril,
Kidney international (USA) Aug. 2000; 58 (3) P.889-897.

Devereux RB, de Simone G, Rationale of Echocardiographic assessment
of left ventricular wall stress and midwall mechanics in hypertensive
heartdisease. Eur.J. Echocardiogram Sep2002;3(3):192-198.

Akinyemi Aje, Adewole A, Adebiyi, Olulola O. Oladapa. Left ventricular
geometric patterns in newly presenting Nigerian hypertensives : An
echocardiographic study. BMC, Cardiovascular Disorder 2006; 6 (4) P.
2261-2264.

Levy D, Garrison RJ, Savage DD, Kannel WB, Gastelli WP. Prognostic
implication of echocardiographically determined left ventricular massin
the Framingham heart study, 2007.

Janardan V. Bhatt Impact of asymptomatic Hypertension of left
ventricular function. Indian J.Physiol pharmacol. 2003;47(2) : 171-178.

Wandt B. Echocardiographic assessment of ejection fraction in left
ventricular hypertrophy.Heart (England) Aug. 1999:82; (2) P192-198.

Schlarich MP. Relation between the Renin - Angiotensin - Aldosterone
system and left ventricular structure and funcion. American Heart
Journal (U.S.A).Nov.1999; 138 (5pt1):p810-817.

© Copyright 2010 BioMedSciDirect Publications IJBMR -ISSN: 0976:6685.

All rights reserved.



