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INTRODUCTION

Inappropriateness of left ventricular mass (LVM) as well
as left ventricular hypertrophy has been identified to be
important prognostic factors for cardiovascular events in
patients with acute myocardial infarction or progressive
heart failure.! Physiological studies revealed that
LVM is potentially influenced by some hemodynamic
factors, such as high blood pressure, stroke work, as
well as constitutional factors, including body size,
female gender, and advanced age.”*?! According to
this fact that the left ventricular hypertrophy and its
inappropriate mass continues to be a strong predictor
of life-threatening cardiovascular end points, assessing
the ventricular structure based on echocardiography
seems to be necessary.*! Importantly, this assessment
is vital in patients with diastolic function impairment,
because it has been suggested that the diastolic
dysfunction can lead to the impairment of ventricular
filling, reducing stroke volume and cardiac output, and
even progressive pulmonary congestion and edema that
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are main causes of heart failure and even cardiac death.
Besides, evaluation of relationship between ventricular
morphology and diastolic function indices is important
because the overall prevalence of left ventricular
diastolic dysfunction has been shown in about one-third
of general population and in the majority of those with
the evidences of cardiovascular ischemia.®! Therefore,
ventricular abnormality and dysfunction could be useful
in preventing diastolic and systolic heart failure and its
related morbidity and mortality. In this study, we tried to
assess the association of left ventricular hypertrophy and
ventricular mass appropriateness with the appearance of
diastolic dysfunction in a sample of Iranian patients
based on the information from Isfahan Healthy Heart
Program (IHHP).

MATERIALS AND METHODS

In the ongoing «case control, cross-sectional,
noninterventional trial are part of the IHHP. IHHP as a
comprehensive community-based intervention
program that was designed
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to improve behaviors lifestyle, and to control CVD and its
risk factors have showed positive results. IHHP design and
interventions have been previously reported in detail.[®
Totally, 600 hypertensive subjects were involved in IHHP.
This substudy was done from April 2009 to December 2009
in Hypertension Research Center, Isfahan Cardiovascular
Research Institute. Participants were selected from IHHP
data base. In this trial, the exclusion criteria were defined
as having diabetes mellitus, secondary hypertension, recent
surgery, any chronic disease, unstable and stable angina, any
valvular heart disease, pericardial disease, cardiomyopathy
based on the echocardiographic findings, congestive heart
failure, known coronary artery disease and incomplete
clinical data, or unwillingness to participate or inability
for logistic reasons.

Also hypertension can induced premature coronary artery
disease as smoking with respect to number of vessel
involvement and left main disease butl”! participants
underwent a comprehensive noninvasive diagnostic workup
at the baseline, including echocardiography, exercise stress
test, and cardiovascular computed tomography (CT).
Baseline characteristics were collected by interviewing
at the admission time and height, weight, abdominal
circumference, blood pressure, and heart rate were
measured before echocardiography. Systolic and diastolic
blood pressures were measured two times in 1 minute
interval by the same instrument. The study protocol was
approved by the Institutional review board of Isfahan
Cardiovascular Research Institute. Informed consent was
obtained from each patient regarding the process of the
examination and use of the data.

Two-dimensional echocardiogram was performed on each
participant by a single cardiologist with a commercially
available machine with a 1-5 MHz transducer. The left
ventricular internal end-diastolic dimension (EDD), the end
systolic dimension (ESD), and the septal and posterior wall
thicknesses (IVSd, LVPWd) were measured on the leading
edge-to-the leading edge, according to the guidelines of the
American Society of Echocardiography.

Observed left ventricular mass was calculated by the
following equation: Without measuring the major axis of the
LV, LV mass is obtained from the LV short-axis dimension
and a simple geometric cube formula. The following
equation provides a reasonable determination of LV
mass in grams:

1.04x((LVID+PWT+ IVST)3*-LVID?)%0.8+0.6!®!

where LVID is the internal dimension, PWT is posterior

1.04=specific gravity of the myocardium, and 0.8 is
the correction factor. All measurements are made at
end- diastole (at onset of the R wave) in centimeters

Besides, predicted left ventricular mass was calculated by
the following equation: 55.37+6.64xheight (m2)+0.64xstroke
work (g-m/beat)-18.07xgender; where male=1 and female=2.
Observed LVM (oLVM) was divided by predicted LVM
(pPLVM) and was expressed as a percentage (0LVM/pLVM).
oLVM/pLVM was categorized using the 5" and the 95"
percentiles of the distribution in the normotensive, normal-
weight reference adult population.

Inappropriate LVM was defined as an LVM index greater
than 88 g/m? of the body-surface area in women and greater
than 102 g per square meter in men®!.

LVH-defined septal and posterior wall thickness greater
than 0/9 ¢cm in women and greater than 1 cm in men,
respectively.

Further division to mild, moderate, and severe LVM and
LVH was down according to Table 1.

Doppler echocardiography was performed and Early (E)
and late (A) diastolic peak velocities, deceleration time
(DT), and early-to-late diastolic peak velocity ratio (E/A)
were determined. Early mitral annulus velocity (E') was
measured at the septal portion of the mitral annulus
in an apical four chamber view using a tissue Doppler
technique.’™ Diastolic dysfunction was graded as mild
(Grade I) with abnormal relaxation and moderate (Grade
II) with the pseudonormal function and higher grades were
not included into the study:.

Results are presented as mean + SD (standard deviation)
for quantitative variables, and are summarized by absolute
frequencies and percentages for categorical variables.
Continuous variables between the groups were compared
using the ANOVA test. Categorical variables across the
study groups were compared using the chi-square test or
Fisher’s exact test if required. Spearman’s Rank test was used
to test the correlation between diastolic dysfunction and LV
mass. The statistical software SPSS version 16.0 for windows
(SPSS Inc., Chicago, IL) was used. All P-values were two-
tailed with statistical significance defined by P < 0.05.

RESULTS

The average age of the study subjects was 51.96 + 9.32
years and 56.0% of them were females. The mean of body
mass index in the patients was 29.39 + 4.44 kg/m2. At the

wall thickness, IVST is interventricular septal visit time,
thickness,
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20.8% had systolic blood pressure >140 mmHg and 18.2%
of them had diastolic blood pressure > 100 mmHg. The
mean systolic and diastolic blood pressure at the patients’
admission day were 142.87 + 18.12 mmHg and 88.45 + 9.18
mmHg, respectively. Abnormal electrocardiogram was
observed in 8.8% of the patients. In 26.4% of the subjects, left
ventricular hypertrophy was reported, where moderate and
severe hypertrophy was found in 7.2% and 2.4% of them,
respectively. Totally, 21.7% of subjects had inappropriate
LV mass that moderate and severe abnormal LV mass was
revealed in 5.6% and 5.6%, respectively.

The mean of age and BMI was significantly higher in patients
with moderate left ventricular hypertrophy (P < 0.05)
[Table 1]. Both systolic and diastolic blood pressures as well
as left ventricular ejection fraction had not any differences
based on the severity of left ventricular hypertrophy
(P > 0.05), while left ventricular systolic diameter (LVESD)
and LVPWD showed significant differences with severity
of left ventricular hypertrophy (P < 0.001). With respect to
the difference between the appearance of left ventricular

hypertrophy and indices of diastolic function, significant

difference were found between E/A and the severity

of left wventricular hypertrophy 0.83 =+ 0.06,
respectively (P = 0.023) [Table 2]. When adjusted by
age, gender, BMI, and systolic and diastolic blood
pressures, both E/A ratio and deceleration time were
higher in those with the severer ventricular hypertrophy.

No significant differences were found in the sex ratio
and mean age between the patients with appropriate LV
mass and other ones (P > 0.05), whereas subjects with
severe showed significantly higher BMI 33.7+3.7 [Table 3]
(P < 0.001). The study groups base on inappropriate LV
mass had similar systolic and diastolic blood pressures that
measured at the admission time (P> 0.05). There was a slight
difference between the grade of diastolic dysfunction and
the severity of inappropriate LV mass [Table 4] (P = 0.065).
However, no significant difference was found between E/A,
E/E', and deceleration time and the level of inappropriate
LV mass (P > 0.05).

DISCUSSION

This study was designed to determine if diastolic
dysfunction is associated with left LVH and functional

Table 1: Reference limits and partition values of left ventricular (LV) mass and geometry”

Measure Women Men
Abnormal Abnormal
Reference Range Mildly  Moderately Severely Reference Range Mildly  Moderately Severely 1

i)
Posterior Wall thickness cm 0.6-0.9 10-12 1.3-15 >16 0.6-1.0 11-13 14-16 >17
2D method

LV mass, gm 66-150 151-171 172-182 >183 96-200 201-227 228-254 >255

LV mass/BSA, gm/m? 44-88 89-100 101-112 >113 50-102 103-116 117-130 >131

From Lang RM, Bierig M, Devereux RB, et al, Chamber Quantification Writing Group; American Society of Echocardiography's Guidelines and Standards Committee; European
Association of Echocardiography: 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 conjunction with the European Association of Echocardiography, a branch of the European Society of
Cardiology. JAm Soc Echocardiogr 18:1440, 2005

Table 2: Baseline characteristics in the patients with the different level of left ventricular hypertrophy

Item Left ventricular hypertrophy
Normal Mild Moderate Severe P-value

Gender

Male 441% 42.9% 33.3% 66.7% 0.886

Female 55.9% 571% 66.7% 33.3%
Age (yr) 521+ 11.8 57.3 £10.3 575+ 4.4 60.3 £ 81 0.044
BMI (kg/m2)* 289 +£4.8 30.6 + 3.4 325 +46 304 +26 0.043
BP at the admission’
Systolic BP 140.3 + 17.3 1479 £ 201 152.2 + 23.9 156.7 + 15.3 0.076
Diastolic BP 88.3+95 87.6 £ 8.7 88.9 +78 96.7 + 115 0.526
LV ejection fraction* 64.5 £ 7.2 641 +74 66.1 £ 5.6 62.5 + 13.0 0.871
LVIVSds 0.87 £ 014 0.88 + 0.23 142 £+ 011 191 +0.24 < 0.001
LvPwd! 0.82 £ 015 0.97 £ 0.19 109 +£0.19 110 + 0.26 < 0.001
‘BMI: Body mass index; "BP: Blood pressure; FLv: Left ventricular; ® LVESD: Left ventricular septal diameter; || LVPWD: Left ventricular posterior wall dimension
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Table 3: Parameter of diastolic function in patients with the different level of left ventricular hypertrophy

Item Left ventricular hypertrophy
Normal Mild Moderate Severe P-value
Diastolic function grade
Normal 30.4% 4.8% 0.0% 0.0%
Grade | 48.9% 76.2% 44.4% 100% 0.006
Grade Il 20.7% 19.0% 55.6% 0.0%
Deceleration time 234.4 £ 72.0 288.6 £ 92.9 214.8 £ 58.2 315.0 £ 311 0.034
E/A 111 + 0.36 0.88 + 0.23 102 £ 0.34 0.83 + 0.06 0.023
E/E' 9.90 + 3.46 1149 +5.46 1224 +311 9.70 £0.89 0.181
*E/A: Early-to-late diastolic peak velocity ratio; TE/E" Early mitral annulus velocity
Table 4: Baseline characteristics in the patients with the different level of inappropriate left ventricular mass
Item Inappropriate left ventricular mass
Normal Mild Moderate Severe P-value
Gender
Male 45.9% 30.8% 571% 28.6% 0.432
Female 541% 69.2% 42.9% 71.4%
Age (year) 52.7 + 11.5 56.0 + 101 56.4 + 10.5 570 + 121 0.381
BMI (kg/m?)* 28.6 + 4.5 32.3+3.0 324 +3.7 33.7 + 3.7 < 0.001
BP at the admission®
Systolic BP 142.6 + 181 1431 + 18.3 1425 £ 19.9 1514 + 241 0.757
Diastolic BP 88.8 + 9.4 87.7 £9.3 86.7 + 8.2 88.6 + 6.9 0.896
LV ejection fraction* 64.0 £ 75 67.3 £ 4.3 641 + 8.5 66.1 + 7.0 0.454
LVESD# 0.93 +0.21 105+ 0.2 120 + 0.28 143 +£0.42 < 0.001
LvPWDI 0.84+£0.17 0.95+0.21 106 £0.18 0.97£0.18 0.010

* BMI: Body mass index; TBP: Blood pressure ; *LV: Left ventricular; *LVESD: Left ventricular systolic diameter; ILVPWD: Left ventricular posterior wall dimension

Table 5: Parameter of diastolic function in patients with the different level of inappropriate left ventricular mass

Item Inappropriate left ventricular mass
Normal Mild Moderate Severe P-value
Diastolic function grade
Normal 27.8% 7.7% 14.3% 0.0%
Grade | 52.6% 53.8% 42.9% 85.7% 0.065
Grade I 19.6% 38.5% 42.9% 14.3%
Deceleration time 234.8 £+ 73.8 262.7 + 82.4 267.7 £ 94.2 268.7 + 44.4 0.220
E/A 109 + 0.36 100 + 0.28 104 + 0.29 0.80 + 0.11 0121
E/E' 9.83+3.43 12.7+5.2 10.6 +3.6 125+4.8 0.096

*E/A: early-to-late diastolic peak velocity ratio; "E/E" early mitral annulus velocity

Table 6: Association between the grade of diastolic
dysfunction and the severity of inappropriate LV mass

Diastolic Function and Dysfunction LV_MASS
Correlation coefficient 0.201
Sig. (2-tailed) 0.025
N 124

significance of the inappropriately increased LV mass using
a tissue Doppler technique with the parameters of diastolic
dysfunction.

Although heart failure with normal ejection traction
(HFnlIEF) has been thought to occur primarily in patients
with LVH, studies that have carefully quantified LV mass
report that echocardiographic criteria for LVH are met in
less than 50% of patients."***1Patients with HFnlEF have, on
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average, increased relative wall thickness and an increased
mass-to-volume ratio,[™™ but these findings often occur in
the setting of normal LV mass. Thus, despite traditional
teaching, LVH is not invariably present in HFnlEF, in which
the cardiac phenotype is variable.

The findings showed that the inappropriateness of left
ventricular mass is not an independent factor determining
diastolic dysfunction, but left ventricular hypertrophy was
evidenced to be a strong predictor for diastolic dysfunction,
measured by deceleration time and E/A ratio even along
with age, systolic and diastolic blood pressure, and gender.
In fact, the adverse influence of left ventricular hypertrophy
on the diastolic function was evidenced by the finding
that the adjusted E/A value and deceleration time were
higher in the left ventricular hypertrophic group; however,
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inappropriate left ventricular mass was not correlated with

the severity of diastolic dysfunction. Although) our result
regarding predictive value of left ventricular hypertrophy
was in agreement with other studies, but contrary to
some previous studies, inappropriate ventricular mass
could not predict severe diastolic function. In a study by
Lim and colleagues,"314 inappropriateness of LV mass
is independently associated with increased E/E' that
the resultant E/E' ratio was lower in the inappropriate
ventricular mass group than another group. Of course, slight
observed correlations of the level of diastolic dysfunction
and E/E' ratio with inappropriate left ventricular mass
may be attributable to the smaller sample size compared
to previous studies.

Our findings suggested that inappropriateness of left
ventricular mass might not have an additive or synergistic
interaction with left ventricular hypertrophy. For sufficient
statistical analysis of the interaction between appropriate left
ventricular hypertrophy and inappropriate left ventricular
mass, a study with a larger sample size is needed.

In this study, we found that a notable number of patients
had normal systolic and diastolic blood pressure at the
admission time. This finding demonstrated that left
ventricular diastolic dysfunction might be demonstrated in
patients with prehypertension, and even in normotensive
individuals that was also confirmed in other studies.!'*1¢
These findings suggest that there may be other factors
affecting left ventricular diastolic dysfunction than blood
pressure itself.

CONCLUSION

left ventricular hypertrophy is correlated with the severity
of diastolic dysfunction manifested by E/A value and
deceleration time, but inappropriate left ventricular mass
can slightly predict diastolic dysfunction severity.
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