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Abstract

Background: Despite increasing availability of three-dimensional imaging modalities for
estimating right ventricular (RV) size, linear and two-dimensional measures of RV size are the
most universally accessible clinical methods. Right ventricular end-diastolic area (RVED area) is
known to identify pulmonary pathologies and have prognostic value for cardiovascular mortality in
various disease states. To date, there is a paucity of adequately powered studies to define gender-
and ethnicity-related differences in normal RVED area. Therefore, we derived gender-based
normative values for echocardiographic measurements of RVED area, in a large bi-racial cohort of
young adults.

Methods: Healthy young adults participants (n = 2088) in the Coronary Artery Risk
Development in Young Adults (CARDIA) study, aged 23-35 years, at the time of echocardiogram,
were evaluated. RVED area was stratified according to gender and race. The contributions of
clinical, allometric and left heart morphology and function to the variability in RVED area were
determined. Results: RVED area in males was significantly larger than in females of similar age,
but whites had similar values compared to same-gender blacks. RVED area for men and women of
>24.7 cm? and 20.7cm?, or RVED area indexed to BSA (cm2/m?) of >12.6 and >11.7,
respectively, are at the 97.5th percentile of normal values. RVED area correlated significantly with
left ventricular volume and left atrial size. Lung capacity measured as FVVC showed significant
body size adjusted correlation with RVED area only in black males. Conclusions: This study
provides normative values for echocardiographically defined RV end-diastolic area, and highlights
the necessity to use gender-specific normative values.
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Right ventricular (RV) enlargement occurs in response to RV dysfunction and results from
pathologies related to RV volume or pressure overload.l 2 RV volume measurements
necessitates the use of various geometric algorithms about which there is currently no
consensus, due to its complex shape.3: 4 Magnetic resonance imaging (MRI) considered the
gold standard method for quantifying RV size is now reasonably approximated by three-
dimensional (3D) echocardiography.® In clinical practice, MRI and 3D echocardiography are
less accessible and feasible than the standard transthoracic echocardiographic (echo) study.

Clinicians routinely assess RV size visually, by linear dimensions such as RV diameter or
right/left ventricular end-diastolic dimension ratio (RV/LV ratio),® or by two-dimensionally
(2D) derived RV area. Clinical studies have shown echo RVED area and MRI RV volume to
be highly correlated.” 8 Animal studies show similar correlation under various loading
conditions.® The RV/LV end-diastolic area ratio is reportedly associated with survival in
patients with dilated cardiomyopathy.1%: 11 The reference range for echo RV end-diastolic
area currently adopted by major societies, including the American Society of
Echocardiography,12 was determined from a sample size of 41 individuals.13 There is a
paucity of data from large patient cohorts on gender- and ethnicity-related differences in this
simple and powerful measurement of RV size.

The singular aim of this study is to establish normal gender and race-based reference ranges
for 2D echo measurements of RVED area, using data obtained from a large biracial cohort of
healthy young adults from the Coronary Artery Risk Development in Young Adults
(CARDIA) study who have been well characterized with regard to clinical, anthropometric,
physiologic, and demographic characteristics.

Study Sample:

The CARDIA study is an NIH-sponsored multicenter longitudinal study in young adults
designed to assess the relationship between lifestyle and cardiovascular risk factors.
Participants were 23-35 years old, including approximately equal proportions of black and
white men and women at the time of the year 5 examinations (1990 through 1991). Of 4,352
participants who attended the Year 5 examination, 4,243 had echocardiography performed.

The distribution of RVED area was evaluated in all participants stratified by race and gender.
A subgroup was identified for a secondary analysis of the upper limits of RVED area in
clinically defined normal participants. For the purpose of this secondary analysis, normal
subjects were defined as participants with the following characteristics: (1) normal
morphometric measures of diastolic function [defined as: left atrial volume index of <28
m/m2; LV ejection fraction >50%; LV mass height index <50 gm/m?2-7]; (2) nonsmoker with
forced expiratory volume of >80% predicted; (3) no diabetes, hypertension or obesity—
defined as body mass index of >30 g/m?2, and free of cardiovascular events from enrolment
to the time of the Year 5 echo assessment; and (4) absence of significantly increased mean
pulmonary artery pressure—defined as pulmonary artery acceleration time of <70
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milliseconds.4 The clinical and demographic characteristics were compared in this
“normal” and the overall group. We also identified a subset of participants with high
physical fitness (defined as >15 METS achieved in males and >13 METS in females) based
on treadmill exercise test performed at both year 0 and year 7 examinations. The mean + SD
of RVED area among these highly fit subjects was determined.

Echocardiography:

Echocardiographic Measurements:

Analysis:

The design, collection, and analysis of digitally captured frames from video recordings of
the echocardiographic studies has been previously described.1> The RVED area was traced
from images obtained in the apical four-chamber view, from one representative cardiac cycle
in which more than 80% of the endocardium was visualized. RV diastolic area was traced
beginning at the lateral tricuspid annular ring, clockwise to the membranous septum.
Measurements of LA and LV dimension, volume, mass and systolic and diastolic function
were performed as previously described.18 Pulmonary artery acceleration time was derived
from an average of two beats as the interval in milliseconds between the onset of ejection
and peak of the pulmonary outflow velocity spectra.1® All reported measurements are based
on the original analysis of the echocardiography core laboratory which also assigned a
quality score of Excellent, Good, Fair, or Poor in each participant to the apical four-chamber
cineloops (from which measurements of LV biplane volumes and RVED area were
obtained).

We compared year 5 demographics between those in whom RVED area measurements were
available and those with missing measurements to determine how representative of the total
CARDIA cohort the analyzed group was. Furthermore, we compared the quality scores for
the apical four-chamber view between participants with available RVED area data and those
with missing RVED area data. We also compared the image quality score for participants in
the upper 20th percentile of BSA among those with or without RV data to determine the
influence of body surface area (BSA) on feasibility of RVED area measurement. Pulmonary
artery acceleration time of <70 ms and 70-110 ms was used to define severe and mild
pulmonary hypertension respectively and proportions were compared by X2 analysis.
Gender- and race-specific empirical centiles of RVED area were determined. Correlations
between selected clinical, morphometric, echo and pulmonary function covariates and
RVED area were determined in each gender—race subgroup. Next, partial correlation
coefficients adjusting for height, for weight, and for both were determined. Regression
models incorporating the variables height, weight, body surface area, body mass index, LV
diastolic diameter, LV volume, LA volume, LV mass, vital lung capacity and % predicted
forced expiratory volume in one second (PFEV) were used to assess their independent
associations with RVED area. The degree of variability in RVED area explained by these
covariates was determined from linear regression analyses and expressed by the R2,

The distribution of RVED area in the clinically “normal” subset of 735 participants was
compared with the overall distribution to determine the extent of overlap between the
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“normal” and overall largely asymptomatic cohort. The mean + standard deviation, and the
95% reference limits for RVED area indexed to body surface area and to height were
determined in the “normal” subset.

Of the 4,243 participants who had echocardiography performed, 2,155 (51%) were missing
the measurement for RVED area because RV assessment was not a priority objective of the
CARDIA study. This analysis is based on the 2,088 participants for whom RVED was
measured. Table | shows baseline characteristics of the overall cohort. Systolic blood
pressure, LV mass and LA area were higher in black men than in white men whereas
FEVand FVC were higher in white than black men. A similar difference was seen between
white and black women. Cardiac morphometric measurements were lower in women relative
to men. Overall, LV mass index was higher in men than women whereas LV volumes were
smaller in women. A history of asthma was found in 10-15% overall of participants, but was
more prevalent (15.1% and 16%, respectively) in black men and women. Active smoking
was more common among black men and women. Our definition of “normal” subset
excluded participants with abnormalities in these characteristics.

Table Il shows a comparison between demographic and morphometric characteristics of
those in whom RVED area was measured versus unavailable. Compared to those with RVED
area measurements, those without RVED area measurements were slightly older, more likely
female, have a larger body habitus, higher blood pressure, lower % predicted FVVC and a
higher proportion with pulmonary artery acceleration time of <120 ms (a marker of elevated
mean pulmonary pressure). However, LV mass and function as well as left atrial area were
similar. A significantly higher proportion (32%) of those in whom RVED area was not
measured had no quality score assessment, and the percentage with “good” quality scores
was lower. However, there was no systematic difference between participants to account for
missing measurements of RVED area.

Figure 1 shows the distribution of RVED area by gender and race. With the exception of
white women, the RVED area was normally distributed as shown by the Anderson-Darling
test for normality. A comparison of RVED area between black and white males or between
black and white female participants showed no significant ethnicity-related differences (P =
06) whereas there were significant gender-related differences (P < 0.0001) in the overall
cohort as well as among the subset of “normal” participants. Table 11 shows normative
values of RVED area, indexed to height and body surface area with the lower and upper 95
percent reference limits in the 2088 overall, and the 735 “normal” participants. The normal
participants have RVED area indexed to BSA (cm%/m?) of 8.9 + 2.1 and 8.1 + 1.9 for men
and women, respectively. These values are identical for the overall cohort of 2,088
participants. The RVED area (cm?) and RVED area/BSA index (cm?/m?) seen in 91 male
participants with high physical fitness (16.88 + 4.22, and 8.94 + 2.15, respectively) and the
corresponding number in females (13.40 + 3.26 and 8.17 + 1.89, respectively) fall within the
upper 95th percent limits of normal for either gender.
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Bivariate Correlations:

In the total cohort, RVED area and left atrial area were moderately correlated even after
adjustment for height and weight among all ethnic groups and gender. The adjusted Pearson
partial correlations (r) were 0.49, 0.36, 0.42, and 0.41, respectively, among black men, black
women, white men, white women. Similarly, the adjusted correlation between RVED areas
and LV end-diastolic volumes were 0.47, 0.46, 0.49, and 0.52, respectively. There was a
significant but weak unadjusted correlation with forced vital capacity (FVC) in each stratum.
These correlations became insignificant, except in black men, after adjusting for height and
weight. The % predicted FEV; showed a significant correlation with RVED area only in
black men. Multiple regression analysis including single and combinations of variables
showed that the best simple model explaining most of the variability in RVED area includes
LV end-diastolic volume, LA area, LV mass and body surface area. The respective overall
R2 for the models were 33.8, 27.8, 30.7, and 39.7 for black men, black women, white men
and white women, respectively. The addition of FVC to this model only increased the %
variability explained in black men to 35.3%.

Discussion:

This study represents to our knowledge the largest data set on demographic, anthropometric,
clinical and physiologic correlates of RVED area in a biracial cohort of community-dwelling
young adults. We also provide gender-based normative values on a subset of this cohort after
excluding subjects with any clinical markers of cardiac or pulmonary disorders or risk
factors (clinical normal reference group). Our clinically normal reference group is unique in
having more participants (n = 735) than other published series that enrollled far fewer
participants who were not as comprehensively characterized.> Hence our study is adequately
powered for defining the normative values of this specific measurement. Morphologic
changes to the right ventricle occurs during the early stages of diseases which are eventually
associated with pulmonary hypertension, chronic pulmonary disease or RV failure.l: 2
Although RVED area represents an indirect measure of RV volume, its measurement is
simple, compared to alternative measures of RV morphology and function. This specific
marker of RV size has been used clinically to identify the likelihood of LV reverse
remodeling in patients treated with cardiac resynchronization therapy,1’ prognosticate
mortality in patients with dilated cardiomyopathy,1! characterize severity of RV dysfunction
correlated with RV systolic pressureZ and RV dyssynchrony in patients with pulmonary
hypertension.18: 19 Increasing numbers of publications have demonstrated the importance of
markers of RV enlargement in prognosticating both right and left ventricular, as well as
pulmonary disorders29-23 making it imperative that a practical and reasonably reliable
determination of normative values of RV size be developed.

In the current study, RVED area and measures of LV size, and left atrial size, were correlated
in the absence of clinically obvious pathologies. The gender-specific variability seen in the
correlations of RVED area is an important reminder of the need to use gender-appropriate
reference values. The correlation between percent predicted FEV, especially in black men
may relate to a higher prevalence of smoking and asthma.
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Comparison with Previous Studies:

It is known that RV size does not change significantly with normal aging.24 25 Our
normative data represent values in healthy free-living adults, and can be used for
determining the upper limits of RV size. The important relationship of gender to RV volume
shown in our data is consistent with reports from newer studies of RV volume.>: 26

Compared to patients without right or left ventricular dysfunction, Lopez-Candales et al.
reported that the normal subjects had a mean (+SD) RVED area of 18 + 5 cm2.19 When
pulmonary hypertension was defined as PA systolic pressure >40 mmHg, receiver operator
characteristics showed that abnormal RVED area could be defined by RVED area >23
cm2with an area under-the-curve of 0.81. In another study of patients with dilated
cardiomyopathy,1! the mean RVED area in those considered not to have enlarged RV was 18
+ 4 cm?2, which is within the 95% reference interval for normal men in our study (Table 111).
Scuteri et al.1” found that markers of RV morphology including RVED area were the only
baseline echo measures that predicted the likelihood of 6-month responsiveness to cardiac
resynchronization. They found an RVED area (cm?) of 16 + 3 in responders compared to 23
+ 6 in nonresponders.1” A simple ratio of RV/LV end-diastolic areas was found to have
prognostic value in patients with congestive heart failure and with acute pulmonary
embolism 6. 11. 27

Significance:

Limitations:

RV end-diastolic area echo measurements were shown to correlate highly (r = 0.88) with
MRI measurements of RV volume,8 and are better than linear dimensions for separating
patients with RV volume overload from normal subjects.28 Although volumetric assessment
of the RV by 3D echo is likely to be more accurate,* 2D echo is currently more accessible to
practitioners for clinical decision-making. The recent report that 3D volumetric
measurements may have a greater variability than 2D measures of RV size calls into
question the presumed superiority of volumetric methods in clinical decision making.26
Normative values of RVED area in a large, healthy, young cohort could provide a benchmark
for evaluating interval changes in RV size and possibly detecting subclinical cardiac or
pulmonary disease.

At the time of the CARDIA echo study in 1990, assessment of RV morphology using
multiple echocardiographic measurements was uncommon, and the interest in measuring RV
size was its relationship with pulmonary disease,? hence RVED area measurement was not a
primary focus of CARDIA, and assessment of markers of RV systolic function such as RV
fractional area change was not part of the imaging protocol. Furthermore, this study is
limited in presenting only one measure of RV size, which is an indirect measure of RV
volume. RVED area measurement was unavailable in half of the participants especially those
who are obese, with impaired lung capacity and those with higher likelihood of pulmonary
hypertension. Since this study aims to provide normative values, the exclusion of such
patients does not reduce the utility of our results. The size of this dataset represents an order
of magnitude at least 10 times the data currently available in the literature for any single
study. Unfortunately, the intra- and interobserver variability of these measurements was not
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assessed. Mean intraobserver and interobserver variabilities (expressed as % difference
between measurements) for RVED area in a similar study were 2.9%= 0.8% and 3.6%

+ 1.9%, respectively.8 A recent study compared the intraobserver variability (expressed as
coefficient of variability) between 2D measurement of RVED area and 3D RV volume
measurement and reported a better coefficient of variability for an unblinded review for
RVED area compared to 3D RV diastolic volume.26 Our definition of “normal” participants
based on only a small set of clinically relevant parameters may only be as accurate as similar
assumptions of normality made in routine clinical practice. Also, we defined pulmonary
hypertension using pulmonary acceleration time rather than the more accurate definition
using tricuspid regurgitation (TR) velocity. The CARDIA protocol included pulmonary
acceleration time rather than TR evaluation as the primary method for detecting pulmonary
hypertension based on the prevailing understanding at the time. Given that our data does not
include any echocardiographic measures of RV function, the normative values presented is
solely a measure of RV size.

Conclusion:

In this study of biracial cohort of young asymptomatic adults, RVED area was greater for
men than for women even after indexing for body surface area or height, whereas it was
similar between blacks and whites of the same gender.
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Black Men Black Women
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Figure 1.

Frequency distribution of RV end-diastolic area according to ethnicity and gender in all
participants with available measurement.
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Table I.
Clinical, Demographic and Echocardiographic Characteristics According to Gender and Race
Variable N WhiteMen  Black Men ~ WhiteWomen Black Womeny P-Value
(533) (496) (527) (532)

Age (years) 2088 313 20+4 31+3 20+4 <0.0001
Height (m) 2082 1.78+0.07 1.77 £0.07 1.65 +0.06 1.64 +0.07 <0.0001
Weight (Ibs) 2082 17327 177 +33 140 + 24 154 + 36 <0.0001
Body mass index (kg/m?) 2082 247+33  256+41  232+38 26.1%6.0 <0.0001
Body surface area (m?) 2085 1.93+0.17 194+019 168%0.15 1.73+0.19 <0.0001
History of asthma 2088 65 (12.2%) 75 (15.1%) 56 (10.6%) 85 (16.0%) 0.04
History of COPD 2088 20 (3.8%) 20 (4.0%) 30 (5.7%) 16 (3.0%) 0.16
On antihypertensive 2088 7 (1.3%) 4 (0.8%) 0 12 (2.3%) 0.005
Average systolic BP (mmHg) 2087 109+10 113+11 101+8 106 +11 <0.0001
Average diastolic BP (mmHg) 2087 709 72+£10 64+8 69 + 10 <0.0001
Total cholesterol (mg/dL) 2040 179+34 177 + 36 175+ 32 175+ 30 0.12
Forced expiratory vol. 1 second (FEV,) (L) 2064 439+0.63 3.74+0.61 330045 2.85+0.47 <0.0001
Forced vital capacity (FVC) (L) 2064 553+0.75 462+072 4.01+056 3.41+0.55 <0.0001
% of predicted FEV, 2063 9812 98 + 14 10111 102 + 14 <0.0001
% of predicted FVC 2063 101+10 102 + 13 103+ 11 104 + 14 <0.0001
Exercise time (minutes) 2070 12523 113+£24 96+22 74+21 <0.0001
Echocardiographic Doppler mitral E/A ratio 2078 1.86+0.50 1.88+0.55 1.89+0.56 1.84+0.51 0.37
M-Mode LV mass height index g/m27) 2045 356%7.7 38.3+8.7 31779 349+93 <0.0001
M-MODE: LV end-diastolic dimension (cm) 2051 5.2+0.423 516+044 475+0.388 4.73+0.429 <0.0001
LV ejection fraction (%) 1666 63+6 62+7 64+5 64+7 0.0002
2D: LV end-diastolic volume (mL) 1676 13729 136 + 30 108 + 23 107 £ 25 <0.0001
LV end-diastolic volume index (mL/m?) 1673 71.0+134 704+143 643+120 620127 <0.0001
Left atrial area (cm?) 2058 159+33 17.0+36 146+3.1 156 £3.4 <0.0001
Left atrial dimension (cm) 2080 3.64+043 3.64+048 334040 340+0.43 <0.0001
Tricuspid regurgitation present 2088 33 (6.2%) 43 (8.7%) 47 (8.9%) 65 (12.2%) 0.008
Mitral stenosis present 2088 0 0 0 0
Smoking 2081 <0.0001

Never smoker 329 (62.0%) 264 (53.2%) 298 (56.9%) 322 (60.8%)

Former smoker 87 (31.3%) 38 (7.7%) 118 (22.5%) 35 (6.6%)

Current smoker 115 (21.7%) 194 (39.1%) 108 (20.6%) 173 (32.6%)
Pulmonary outflow Doppler time to peak <70 ms 2064 2 (0.4%) 2 (0.4%) 0 3(0.6%) 0.47

Values are mean + SD or N (%).
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Comparison of Clinical and Demographic Characteristics in Participants with and without Year 5 RVED Area

Measurements
Demographic and Clinical RVED AreaMeasured (N= RVED AreaMissing(N= P-Value
Characteristics 2088) 2155)
Mean (Std Err) N Mean (Std Err) N

Age (years) 29.8 (0.08) 2088 30.1 (0.08) 2155 0.004
Female, (%) 51% 1059 59% 1276  <0.0001
Black, n (%) 49% 1028 47% 1022 0.24
Education (years) 14.4 (0.05) 2086 14.3 (0.05) 2150 0.06
Body surface area (m?) 1.82 (0.004) 2085 1.87 (0.005) 2153 <0.0001
Body mass index (kg/m?) 24.9 (0.10) 2082 27.3(0.15) 2144  <0.0001
Systolic blood pressure (mmHg) 107.0 (0.24) 2087 108.5 (0.26) 2152  <0.0001
Diastolic blood pressure (mmHg) 68.6 (0.21) 2087 69.8 (0.22) 2152 0.0002
Left atrial area (cm?) 15.8 (0.08) 2058 15.9 (0.17) 447 0.68
LV mass (Kg) 150.1 (0.96) 2051 148.9 (1.02) 2060 0.4
LV ejection fraction (%) 0.63 (0.002) 1666 0.64 (0.005) 224 0.4
% predicted FEV; 99.8 (0.28) 2063 98.4 (0.30) 2106 0.0008
% predicted FVC 102.4 (0.27) 2063 100.7 (0.27) 2106  <0.0001
Cigarettes/day 3.6 (0.16) 2077 3.9(0.17) 2152 0.12
Smoking status 0.29

Never smoker 58% 1213 56% 1211

Former smoker 13% 278 15% 319

Current smoker 28% 590 29% 622
Quality score <0.0001

Poor 29% 611 31% 644

Fair 45% 937 25% 534

Good 22% 452 12% 254

Excellent 1% 14 1% 16
BSA in top 20th percentile 336 524  <0.0001

Quality score poor/fair 78% 261 50% 264
PAAcct (ms) mean (SD) 144.1 (0.64) 2064 135.3 (0.65) 2108  <0.0001

Severe pulmonary HTN (<70 ms) 0.3% 7 1.8% 38 <0.0001

Mild pulmonary HTN (70-110 ms) 111 230 16.9 356

Normal (>120 ms) 88.5 1827 81.3 1714

BSA = Body surface area; HTN = Hypertension; PAAcct = Pulmonary artery acceleration time (milliseconds); RVED = Right ventricular end-

diastolic
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Table lIl.
RV Area, and RVED Area Indexed to BSA and Height (Mean, Standard Deviation, and 95% Reference
Ranges) by Race-Gender Group for Participants Classified as Normal
Lower 95%  Upper 95% Lower 95%  Upper 95%
Reference Reference Reference Reference
All Limit (25th  Limit (97.5""  Normal Limit (251" Limit (97.51
Subjects Mean STD  Percentile) Per centile) Subset Mean STD  Percentile) Percentile)
Black men  RVED area 16.8 44 8.4 25.4 Black 16.7 3.9 9.1 24.7
(cm?) men
(n =496) RVED 8.7 2.2 4.3 12.8 (n=124) 8.7 1.9 4.6 12.2
area/BSA
index (cm?/m?)
RVED area/ 9.5 2.4 5 14.2 9.4 2.1 5.1 13.4
height index
(cm?#m)
Black RVED area 13.7 35 7 21 Black 135 3.4 6.2 20.7
(cm?)
women women
(n=532)  RVED 79 19 4 116 (n=142) 82 2 37 11.8
area/BSA
index (cm?/m?)
RVED area/ 8.4 2.1 4.2 12.5 8.3 2 3.9 12.1
height index
(cm2/m)
White men  RVED area 17.2 42 8.8 25 White 17.1 42 8.3 24.7
(cm?) men
(n=533) RVED 8.9 21 4.4 12.6 (n=247) 8.9 21 4.2 12.7
area/BSA
index (cm?/m?)
RVED area/ 9.7 2.3 5 14 9.6 2.3 4.6 13.9
height index
(cm&m)
White RVED area 13.9 3.6 7.7 21.7 White 133 3.2 7.7 20.9
(em?)
women women
(n=527) RVED 8.3 2 4.7 12.6 (n=222) 8 1.8 4.7 11.7
area/BSA
index (cm2/m?2)
RVED area/ 8.4 2.2 4.6 13.3 8.1 1.9 4.6 12.6
height index
(cm2/m)
All men RVED area 17 4.3 8.6 254 17 4.1 8.4 24.7
(cm?)
RVED 8.8 21 4.4 12.7 8.9 2.1 4.3 12.6
area/BSA
index (cm2/m?2)
RVED area/ 9.6 2.4 5 14.1 9.5 2.3 4.7 13.8
height index
(cm&m)
Allwomen RVED area 13.8 35 7.2 21.2 13.4 3.3 7.1 20.7
(cm?)
RVED 8.1 1.9 4.2 11.9 8.1 19 4.4 11.7
area/BSA

index (cm?/m?)
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Lower 95%  Upper 95% Lower 95%  Upper 95%
Reference Reference Reference Reference
All Limit (25th  Limit (97.5""  Normal Limit (251" Limit (97.51
Subjects Mean STD  Percentile) Per centile) Subset Mean STD  Percentile) Percentile)
RVED area / 8.4 21 4.4 12.8 8.1 2 4.4 125
height index
(cm&/m)

Echocardiography. Author manuscript; available in PMC 2019 October 21.



	Abstract
	Objective:
	Methods:
	Study Sample:

	Echocardiography:
	Echocardiographic Measurements:
	Analysis:

	Results:
	Bivariate Correlations:

	Discussion:
	Comparison with Previous Studies:
	Significance:
	Limitations:

	Conclusion:
	References
	Figure 1
	Table I.
	Table II.
	Table III.

