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Abstract

Background. Whereas dependency of left ventricular outflow tract diameter (LVOTD) from body surface area (BSA) has

been established and a BSA-based LVOTD formula has been derived, the relationship between LVOTD and aortic root and

LV dimensions has never been explored. This may have implications for evaluation of LV output in heart failure (HF) and

aortic stenosis (AS) severity. Methods. A cohort of 540 HF patients who underwent transthoracic echocardiography was

divided in a derivation and validation subgroup. In the derivation subgroup (N=340) independent determinants of LVOTD

were analyzed to derive a regression equation, which was used for predicting LVOTD in the validation subgroup (N=200)

and compared with the BSA-derived formula. Results. LVOTD determinants in the derivation subgroup were sinuses of

Valsalva diameter (SVD, beta=0.392, P<0.001), BSA (beta=0.229, P<0.001), LV end-diastolic diameter (LVEDD, beta=0.145,

P=0.001), and height (beta=0.125, P=0.037). The regression equation for predicting LVOTD with the aforementioned variables

(LVOTD=6.209+[0.201xSVD]+[1.802xBSA]+[0.03xLVEDD]+[0.025xHeight]) did not differ from (P=0.937) and was highly

correlated with measured LVOTD (R=0.739, P<0.001) in the validation group. Repeated analysis with LV end-diastolic

volume instead of LVEDD and/or accounting for gender showed similar results, whereas BSA-derived LVOTD values were

different from measured LVOTD (P<0.001). Conclusion. Aortic root and LV dimensions affect LVOTD independently from

anthropometric data and are included in a new comprehensive equation for predicting LVOTD. This should improve evaluation

of LV output in HF and severity of AS, avoiding use of LVOT velocity-time integral alone, which can be misleading, especially

when LV cavity and aortic root dimensions are abnormal.
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ABSTRACT

Background. Whereas dependency of left ventricular outflow tract diameter (LVOTD) from body surface
area (BSA) has been established and a BSA-based LVOTD formula has been derived, the relationship
between LVOTD and aortic root and LV dimensions has never been explored. This may have implications
for evaluation of LV output in heart failure (HF) and aortic stenosis (AS) severity.

Methods. A cohort of 540 HF patients who underwent transthoracic echocardiography was divided in
a derivation and validation subgroup. In the derivation subgroup (N=340) independent determinants of
LVOTD were analyzed to derive a regression equation, which was used for predicting LVOTD in the validation
subgroup (N=200) and compared with the BSA-derived formula.

Results. LVOTD determinants in the derivation subgroup were sinuses of Valsalva diameter (SVD,
beta=0.392, P<0.001), BSA (beta=0.229, P<0.001), LV end-diastolic diameter (LVEDD, beta=0.145,
P=0.001), and height (beta=0.125, P=0.037). The regression equation for predicting LVOTD with the
aforementioned variables (LVOTD=6.209+[0.201xSVD]+[1.802xBSA]+[0.03xLVEDD]+[0.025xHeight]) did
not differ from (P=0.937) and was highly correlated with measured LVOTD (R=0.739, P<0.001) in the
validation group. Repeated analysis with LV end-diastolic volume instead of LVEDD and/or accounting for
gender showed similar results, whereas BSA-derived LVOTD values were different from measured LVOTD
(P<0.001).

Conclusion. Aortic root and LV dimensions affect LVOTD independently from anthropometric data and
are included in a new comprehensive equation for predicting LVOTD. This should improve evaluation of LV
output in HF and severity of AS, avoiding use of LVOT velocity-time integral alone, which can be misleading,
especially when LV cavity and aortic root dimensions are abnormal.

Word count: 250

KEYWORDS: Left ventricular outflow tract; heart failure; aortic stenosis; echocardiography; stroke volu-
me; stroke distance.

INTRODUCTION

Left ventricular outflow tract diameter (LVOTD) is a key measure in echocardiographic practice because it
allows the non-invasive estimation of LV output and specifically of stroke volume and stroke volume index
(SVI). These measures are relevant in multiple clinical settings, including risk-stratification in heart failure

2
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. (1-4), decision to operate atrial and ventricular septal defects (5) and for diagnosis, risk-stratification and
treatment of aortic stenosis (6-8). LVOTD is routinely measured with transthoracic echocardiography (7).
However, a precise measurement of the LVOTD can be challenging in some patients and measurement errors
can lead to misevaluation of LV output and aortic stenosis severity (9-13).

Previously, Leye et al. showed that a moderate linear correlation exists between LVOTD and body surface
area (BSA), thus they derived an equation for estimating LVOTD from BSA (LVOTDBSA), which was pro-
posed as a safeguard when direct LVOTD measurement is difficult or not possible (14). Due to the LVOTD
correlation with BSA, some authors have suggested the LVOT velocity-time integral (or stroke distance)
to be a SVI analog with simpler calculation and proposed it for prognostic assessment (15). Analogously, a
dimensionless index has been proposed in addition to aortic valve area calculation to avoid LVOTD measu-
rement for aortic stenosis grading (7). However, we have recently observed a better prognostic capability of
SVI over stroke distance in heart failure (16), suggesting a more active role of LVOTD in determining LV
output. We hypothesized that the variability of LVOTD over BSA was due to the size of the anatomical
structures close to the LVOT, such as the aortic root and LV cavity, that have never been taken into account
previously (14,15).

In this study we decided to: 1) explore the relationship among LVOTD, LV and aortic root dimension beyond
BSA, in order to derive a more comprehensive equation for predicting LVOTD size; and, 2) validate this
equation in a different cohort of patients, comparing its performance with the previously published equation
based on BSA only (14). We preliminary compared LVOTD measurements obtained during transthoracic
echocardiography (TTE) with those performed during transesophageal echocardiography (TEE) to verify
the accuracy of the TTE LVOTD measurements.

METHODS

Study patients. Three different groups of patients who underwent echocardiography at the University
Hospital of Ferrara were retrospectively examined and enrolled in the present study.

TEE group . In 53 consecutive patients referred for clinically indicated TEE from January to April 2018,
we measured the LVOTD during both TTE and TEE. Both measurements were performed blindly one from
the other. TEE indications were: assessment of aortic and or mitral valve disease severity (N=25), exclusion
of left atrial appendage thrombi or cardiac masses (N=13), evaluation for patent foramen ovale (N=8), and
suspected endocarditis (N=7). There was no exclusion criterion except unmeasurable LVOTD during TTE.

Derivation group . This group was used to derive a regression equation for predicting LVOTD using its
independent determinants. It included 340 consecutive patients with heart failure who underwent echocar-
diography from January to August 2018.

Validation group . This group was used to validate the derived regression equation and compare it with
the previously published one based on BSA (14). It included 200 consecutive patients with heart failure who
underwent echocardiography from September to December 2018.

For both the derivation and validation groups, exclusion criteria were history of aortic valve or aortic root
surgical or transcatheter intervention (N=17, derivation group; N=14, validation group), and poor echogeni-
city that could affect aortic root, LVOT, LV end-diastolic diameter (LVEDD) and LV volume measurement
(N=39, derivation group; N=18 derivation group). Aortic stenosis (aortic valve area [?]1.5 cm2) was not
considered an exclusion criterion. Demographic and clinical patients’ characteristics were collected.

TTE examination . A comprehensive two-dimensional echocardiographic, Doppler and color Doppler ex-
amination was performed using a GE Vivid 7 or E9 echo scanner (GE Health Care, Milwaukee, US) equipped
with a 3.5 MHz transducer. Echocardiographic images were stored in digital format and analyzed using the
EchoPAC software v. 201 (GE Health Care, Milwaukee, US). One trained physician did all the echocar-
diographic measures, according with the American Society of Echocardiography/European Association of
Cardiovascular Imaging guidelines (17). LV end-diastolic and end-systolic volumes were calculated from or-
thogonal apical views using the biplane Simpson method. LV ejection fraction was derived from the standard
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. equation (17). Two-dimensional linear internal measurements of the LV were acquired in the parasternal
long-axis view carefully obtained perpendicular to the LV long-axis, and measured at the level of the mitral
valve leaflet tips (17). Electronic calipers were positioned at the interface between myocardial wall and cavity
and the interface between wall and pericardium (17). The diameter at the level of the sinuses of Valsalva
(SVD) was measured at end-diastole, in a strictly perpendicular plane to that of the long-axis of the aorta
using the leading-edge-to-leading-edge convention (17). Aortic root dilatation was defined as SVD indexed
to BSA (SVDI) ≥21mm/m2, according with previous adult normal reference studies (17-19). LVOTD was
measured using the zoom mode at the insertion of the leaflets (at the annulus level) in midsystole with the
inner-edge-to-inner-edge approach from the parasternal long-axis view (7,17). LVOTBSA was calculated with
the equation LVOTDBSA=12.1+5.7xBSA (14), with BSA calculated with the Mosteller formula (14,20). For
intraobserver variability, measurements were repeated by the same physician one week later; for interobserver
variability, measurements were performed by a second physician who used the same criteria and was blind
to the results of the first observer (17).

TEE examination . The examination was performed using a GE Vivid E9 echo scanner equipped with a 5
MHz transducer. Echocardiographic images were stored in digital format and analyzed using the EchoPAC
software v. 201. The LVOTD was measured using the zoom mode, as described for TTE, on images
acquired in the aortic long-axis view at the mid-esophageal position using an image plane with about 120deg
rotation (21). Measurements were performed by an independent operator who was blind to the measurements
performed on the TTE images.

Statistical analysis and study endpoints. Normal distribution was tested with the Kolmogorov-Smirnov
test. Continuous variables were expressed as mean and standard deviation or median values with 25th and
75th percentiles if normally or non-normally distributed, respectively. Categorical variables were reported
as counts and percentages. For continuous normal and non-normal variables, Student’s t-test and Mann-
Whitney U test were respectively used for comparisons between two unpaired groups. Categorical variables
were compared by the chi-square test. Pearson correlation was used for normally distributed variables,
whereas Spearman correlation was used if at least one variable had non-parametric distribution. Comparison
of LVOTD measured during both TTE and TEE was performed using a paired Student’s t test. To assess for
error and bias, the Bland-Altman method was used. The correlation between LVOTD, anthropometrics data
(patient BSA and height), LVEDD, SVD and age were studied with univariate linear regression analysis in
the derivation group. For the primary endpoint of the derivation study, the covariates that were found to be
statistically correlated with LVOTD were included in the multivariate linear regression model (Model 1) in
order to derive a regression equation for predicting LVOTD (LVOTDRE1). LVEDD and SVD were included
as non-indexed values for this analysis to facilitate the utilization of the derived formula. The independent
covariates from Model 1 were included as indexed values in a secondary multivariate linear regression analysis
with the difference between measured LVOTD (LVOTDM) and LVOTDBSA as endpoint, to corroborate the
results of Model 1. Secondary endpoints for the derivation group were: 1) an analogous multivariate linear
regression model (Model 2) including LV end-diastolic volume (LVEDV) instead of LVEDD as covariate; 2)
a repeated multivariate linear regression analysis with the addition of gender (Model 3, with LVEDD; Model
4, with LVEDV). A regression equation was derived for each secondary multivariate model (LVOTDRE2,
LVOTDRE3, LVOTDRE4). For the primary endpoint of the validation study, the Student’s t-test for paired
samples was used to compare LVOTDRE1 and LVOTDBSA (14) with LVOTDM in the validation group. As
a secondary endpoint, the other regression equations (including LVEDV and/or gender) were also tested.
Multicollinearity between the variables in all the multivariate models was assessed by calculation of the
variance inflation factor, with a value ≥5 indicating significant collinearity. The intra- and interobserver
variability for SVD, LVEDD, LVEDV, LVOTDM, LVOTDRE1, LVOTDRE2 and their derived LVOT areas
were assessed in a random sample of 25 patients. Observer variability was determined as the standard
deviation of the mean error and expressed as percentage of the first measure for each variable. Data were
analyzed using the IBM SPSS Statistics software, v. 24. Differences were considered statistically significant
for P<0.05. The study was approved by the local Ethics Committee.

RESULTS

4



P
os

te
d

on
A

u
th

or
ea

23
N

ov
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

61
50

93
.3

95
06

87
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. TTE and TEE measurements of LVOTD . The 53 patients in whom LVOTD was measured during
TTE and TEE had a mean age of 64 +- 16 years (40 males and 13 females). Mean LVOTD was 21.2 +- 2.2
mm at TTE and 21.2 +- 2.1 mm at TEE (P=0.774). Correlation between the TTE and TEE techniques
was excellent (r=0.921, P<0.001) (Supplementary Figure 1). The Bland-Altman method showed no trend
for under- or over-estimation using TTE (Supplementary Figure 1).

Derivation and validation group patients . Characteristics of the derivation and validation group
patients are reported in Table 1. No significant difference was found for age, gender, anthropometric data,
LV volumes and EF, SVD, LVOTD and LVEDD between the derivation and validation groups. Prevalence
of coronary artery disease and chronic obstructed pulmonary disease were higher in the derivation group
(Table 1).

Determinants of LVOTD in the derivation study . Spearman correlations between LVOTD and pre-
specified covariates for the derivation group are reported in Table 2. Patient height, BSA, SVD, LVEDD
and LVEDV significantly correlated with LVOTD (Table 2, Figure 1). SVD showed the highest corre-
lation (R=0.568, P<0.001), followed by anthropometric variables (BSA R=0.532, height R=0.525; all P
values <0.001) and LV measures (LVEDD R=0.357, LVEDV R=0.363; all P values <0.001). All correla-
tions were confirmed by univariate linear regression analysis (Table 2). On multivariate linear regression
analysis for the primary endpoint in the derivation study, SVD (beta=0.392, P<0.001), BSA (beta=0.229,
P<0.001), LVEDD (beta=0.145, P=0.001) and height (beta=0.125, P=0.037) were independently associated
with LVOTD (Model 1, Table 3). No significant multicollinearity was found (all variance inflation factors
<0.3). An analogous linear regression model including SVD and LVEDD as indexed values was performed,
showing independent correlation of SVDI (beta=0.448, P<0.001) and LVEDD index (beta=0.138, P=0.002)
with LVOTD. A regression equation was derived from linear regression analysis including SVD, BSA, LVEDD
and height for predicting LVOTD dimension (LVOTDRE1, Table 4).

Determinants of discrepancy between LVOTDM and LVOTDBSA . The difference between
LVOTDMand LVOTDBSA was correlated at multivariate linear regression analysis with SVD and LVEDD
as indexed values and height in the derivation group, with the aim to corroborate primary findings (Model
1, Table 5; Figure 2). SVDI (beta=0.499, P<0.001), LVEDD index (beta=0.151, P=0.002) and height
(beta=0.2, P<0.001) were all confirmed as independent determinants of the discrepancy between LVOTDM

and LVOTDBSA(Table 5).

Validation of the regression equation for predicting LVOTD . The regression equation for predicting
LVOTD (LVOTDRE1) and LVOTDBSA were tested in the validation group (Table 6). The LVOTDRE1 showed
a high correlation (R=0.739, P<0.001) and the lowest mean difference with LVOTDM (0.02+- 1.57 mm),
whereas LVOTDBSA showed a moderate correlation with LVOTDM (R=0.531, P<0.001) and the highest
mean difference (-0.51+- 1.95 mm) (Table 6). Paired Student’s t-test revealed that LVOTDRE1 did not
differ from LVOTDM, whereas LVOTDBSA was statistically different from LVOTDM (P<0.001, Table 6).
Figure 3 shows the distribution of differences between LVOTDM and LVOTDBSA (left panel) and LVOTDRE1

(right panel). The use of our regression equation allowed to predict LVOTDM with less than+- 2 mm of
error in 84% of cases, whereas it was 65.5% with the BSA-based formula (Figure 3).

Results with LVEDV instead of LVEDD. Similar results were obtained using LVEDV instead of LVEDD
for all the analyses in the derivation group (univariate analysis, Table 2; multivariate model 2, Table 3;
LVOTDRE2, Table 4; multivariate model 2 for discrepancy between LVOTDM and LVOTDBSA, Table 5) and
in the validation group (LVOTDRE2, Table 6), respectively. LVOTDRE2 had just a slightly lower absolute
correlation than LVOTDRE1 with LVOTDM (Table 6).

Effects of gender . When gender was added to multivariate analysis in the derivation group, SVD was con-
firmed as the main determinant of LVOTD (beta=0.351, P<0.001), followed by BSA (beta=0.258, P<0.001),
female sex (beta=-0.175, P<0.001) and LVEDD (beta=0.134, P=0.003) or LVEDV (beta=0.122, P=0.001),
whereas height was not associated with LVOTD (model 3 and 4, Table 3). The regression equations (Table
4) derived from the models with gender, BSA, SVD and LVEDD (LVOTDRE3) or LVEDV (LVOTDRE4)
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. maintained high correlation and no significant difference with LVOTDM in the validation study, but showed
a slightly lower absolute correlation than LVOTDRE1 with LVOTDM (Table 6).

Intra-observer and inter-observer variability. Intra-observer and inter-observer variabilities are re-
ported in Table 7. While similar good percentage variability was observed between SVD, LVEDD, LVEDV
and LVOTDM, variability of LVOT area derived from regression equations was lower than that of the mea-
sured LVOT area.

DISCUSSION

In this study we documented for the first time that both SVD and LVEDD (or LVEDV) were significantly
correlated with LVOTD in addition to patient BSA and height (or gender) in patients undergoing echocar-
diography. SVD had the strongest association with LVOTD. On the basis of these observations, we derived
a comprehensive equation including SVD, LVEDD and patient BSA and height, which showed a high corre-
lation with LVOTDM and better performance than LVOTDBSA in a validation patient cohort. Alternative
equations including LVEDV instead of LVEDD with/without gender were also obtained but did not improve
the results of the primary analysis.

Limits of anthropometric variables in determining chamber and aortic root dimensions in
adults. Aortic root normal-reference studies have notoriously shown low correlation between anthropometric
variables (mainly BSA and height) and SVD in adults (18,19). For example, in the EACVI NORRE aortic
root study, linear models considering age, gender, and body size barely explained around one-quarter of
the total variance in determining aortic root dimension in adults (19). This is why regression equations
for prediction of aortic size (and derived nomograms) based only on these parameters should be interpreted
with caution, taking into account this limitation (19). In our derivation study, BSA showed moderate
correlation with LVOTD and low correlation with SVD. Even in our validation study, LVOTDBSA had
moderate correlation with LVOTDM, reflecting moderate correlation between BSA and LVOTD. These
observations are in line with previously reported correlations (14,18,19). All these findings indicate that the
wide biological variability in aortic and LVOT dimension is not entirely explained by simple demographic
and anthropometric variables (19).

In our study, a regression equation including anthropometric and biologic (LV and aortic root) dimensions
had high correlation with LVOTDM in the validation group. These results may be explained by a proximity
anatomical effect in distorting the LVOT independently from BSA. To our knowledge, this correlation has
never been explored before. Interestingly, both intra-and inter-observer variability of LVOT area derived
from regression equations were lower than those related to the measured LVOT, which were similar to
previous findings (22). This may be due to the well-known amplification of the error derived from squaring
the LVOTD measurement when calculating the LVOT area.

Clinical implications and perspectives . There are two main clinical messages from this study: 1)
measures of LV output and aortic stenosis severity that avoid use of LVOTD measurement may be misleading
in particular anatomical conditions, namely abnormal LV and aortic root dimensions; 2) a well-performing
formula for predicting LVOTD is now available accounting not only for anthropometric data but also for LV
and aortic root dimensions.

Regarding the first message, it should be underlined that, while LVOT is a BSA-dependent measure (14,15),
LVOT velocity-time integral (or stroke distance) has been hypothesized to be independent on BSA and
to represent, therefore, a SVI analog (15). However, two issues limit this assumption. Firstly, the BSA
independency was originally supposed in normal individuals (15): in these subjects a minor role of LV cavity
and aortic root dimension is expected. However, in patients with aortic root enlargement, normal BSA and
reduced stroke distance suggesting a low flow status, a relatively high LVOTD assures a normal SVI. For
example, with a BSA of 1.8 m2, a stroke distance of 12 cm and a LVOTD of 27 mm, SVI is 38 ml/m2.
Secondly, the accuracy of stroke distance has never been compared for assessing LV output with invasive
measurement, whereas SV (or other LVOTD-including measures such as cardiac output) has shown high
correlation with the invasive measurement in several studies (22-31). In addition, comparing the usefulness

6
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. of SVI and stroke distance as prognostic markers, a better stratification capability of SVI was shown in one
study (16).

The LVOTD measurement is also avoided in the aortic dimensionless index, which has been proposed in
addition to aortic valve area calculation for aortic stenosis grading (7). Although the dimensionless index
has shown prognostic value in asymptomatic and minimally symptomatic patients with aortic stenosis with
preserved LV ejection fraction and without significant valve regurgitation (32), it was not better than other
markers of aortic stenosis severity, including aortic valve area, for grading aortic valve stenosis in another
study (33).

Our findings evidence pathophysiological reasons to encourage calculation of SVI and aortic valve area over
stroke distance and dimensionless index whenever possible in the assessment of LV output and aortic stenosis
severity grading. In particular, the interpretation of LVOTD-free indexes should be taken with caution in
cases of abnormal LV and aortic root dimensions.

Previous studies tried to overcome the limits of LVOTD measurement by using alternative techniques, such
as three-dimensional echocardiography (34) and multidetector computed tomography (35) for the assessment
of aortic stenosis severity. However, it should be noticed that different techniques could imply different cut-off
values to refer to for prognostic assessment: for example, an aortic valve area cut-off value of 1.2 cm2 should
be used for assessing aortic stenosis severity with a hybrid multidetector computed tomography-Doppler
approach rather than the established 1 cm2 obtained with the standard ultrasound method (7,35). Thus,
in current clinical echocardiographic practice measuring LVOTD remains an almost inevitable, although
sometimes difficult task.

Study limitations. 1) We recognize that our formula uses four different variables (BSA, height, SVD and
LVEDD), thus it might seem too complicated for clinical practice. However, those measures are commonly
obtained in standard echocardiography and the equation could be easily integrated in the echocardiograph
to give an automatic response once all the measurements are performed, without additional time consume.
In addition, many reporting software can provide derived calculations (such as the aortic valve area) au-
tomatically and could therefore integrate our formula as an assistance tool for cases in which LVOTD is
scarcely or incorrectly visualized. 2) Our formula includes both BSA and height. Although height is one
of the variables used for the calculation of BSA, there was no significant multicollinearity in the regression
model (variance inflation factor for height and BSA were 2.2 and 2.1, respectively), thus both variables
were included in the formula. 3) Multidetector computed tomography was not performed in this study
as an external reference for TTE LVOTD evaluation. However, we documented that in our patients the
LVOTD measurements at TTE and TEE were similar, thus indicating accuracy of TTE measurements. Our
data are in line with those of Leye et al., who showed a very high correlation between TTE and TEE for
measuring the LVOTD (R=0.95, P<0.001; P=0.26 for difference between techniques) (14). 4) LVEDD was
chosen as LV dimension parameter for the primary endpoint rather than LVEDV because of the proximity
between LVEDD and LVOTD measurement sites (the basal LV and the LVOT, respectively). Whether
three-dimensional echocardiography would have given a higher correlation between LV volumes and LVOTD
is unknown. However, the regression equation including LVEDD had the highest correlation with LVOTDM.
5) In the present study LVOTD was measured at the level of the annulus, which is considered the preferred
site by current guidelines on aortic stenosis assessment (7), even though there is lack of general consensus
and some laboratories use a more proximal site (up to 1 cm apical to the annulus) for this measure. Our
findings may not be applied to predicting LVOTD at different levels of the LVOT. Evidences in support of
the measurement at the level of the aortic annulus have been recently reviewed (36), in addition to a very
recent phase-contrast cardiovascular magnetic resonance comparative study (37).

Conclusions . We documented that aortic root and LV dimensions affect LVOTD independently from
anthropometric data in an adult heart failure patient cohort. On this ground, it is evident that bypassing
LVOTD measurement with surrogate markers of LV output (stroke distance) and dimensionless indexes in
aortic stenosis severity grading may be misleading, especially in presence of abnormal LV cavity and aortic
root dimensions. A comprehensive equation for predicting LVOTD, including aortic root and LV dimensions,
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. was derived and validated in the present study to help the physician in the calculation of LVOTD when it is
difficult to calculate. Further multicenter investigations are needed to support a more extensive application
of our formula in routine echocardiographic clinical practice.

Conflicts of Interest: Nothing to disclose.
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FIGURES AND FIGURE LEGENDS

Figure 1. Correlations between the left ventricular outflow tract (LVOT) diameter and Body Surface
Area, Sinuses of Valsalva diameter, LV end-diastolic diameter and volume in the derivation group (N=340).
Spearmen R and P values are reported.

Figure 2. Correlations of the discrepancy between measured left ventricular outflow tract diameter
(LVOTDM) and BSA-derived LVOTD (LVOTDBSA) with Sinuses of Valsalva diameter and LV end-diastolic
diameter as indexed values in the derivation group (N=340). Spearmen R and P values are reported.
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. Figure 3. Distribution of differences between measured left ventricular outflow tract diameter (LVOTDM)
and predicted LVOTD according with BSA-derived formula (LVOTDBSA) (14) and our regression equation
formula (LVOTDRE1, Table 4). SD, standard deviation.

TABLES

Table 1 – Characteristics of the study population

Total N=540 Derivation Group
N=340

Validation Group
N=200

P

Age (years) 79 (71-86) 79 (71-86) 80 (73-85) 0.319
Male 285 (53%) 172 (51%) 113 (57%) 0.184
Height (cm) 165 (160-172) 165 (160-172) 165 (160-173) 0.734
Weight (kg) 75 (65-85) 75 (65-85) 75 (65-87) 0.574
BMI (kg/m2) 26.9 (23.9-30.4) 27 (23.9-29.8) 26.7 (23.7-30.9) 0.641
BSA Mosteller
(m2)

1.86 (1.7-2) 1.86 (1.7-2) 1.87 (1.7-2) 0.617

History of HF 146 (27%) 98 (29%) 48 (24%) 0.223
History of AF 228 (42%) 133 (39%) 95 (48%) 0.057
Hypertension 396 (73%) 250 (74%) 146 (73%) 0.893
Diabetes 155 (29%) 99 (29%) 56 (28%) 0.782
CKD 174 (32%) 106 (31%) 68 (34%) 0.782
CAD 202 (37%) 141 (42%) 61 (31%) 0.011
COPD 96 (18%) 70 (21%) 26 (13%) 0.031
Aortic stenosis 57 (11%) 41 (12%) 16 (8%) 0.138
LVEDV (ml) 110 (85-144) 113 (88-145) 108 (82-141) 0.271
LVESV (ml) 55 (35-91) 55 (36-96) 53 (35-83) 0.262
LVEF (%) 50 (35-59) 49 (33-58) 50 (37-59) 0.278
LVOTDM (mm) 22.14 ± 2.04 22.08 ± 1.88 22.23 ± 2.29 0.425
LVOTDBSA (mm) 22.71 ± 1.41 22.69 ± 1.4 22.75 ± 1.44 0.623
LVEDD (mm) 51 (46-57) 51 (46-57) 51 (45-57) 0.264
LVEDDI
(mm/m2)

28 (25-31) 28 (25-31) 27 (24-30) 0.07

SVD (mm) 34 (32-37) 34 (32-37) 35 (32-38) 0.252
SVDI (mm/m2) 19 (17-20) 18 (17-20) 19 (17-20) 0.671
Aortic root
dilatation

89 (17%) 50 (15%) 39 (20%) 0.179

Continuous non-parametric variables are expressed as median (25th and 75th percentiles), parametric vari-
ables as mean ± standard deviation and categorical variables as counts (frequency). AF, atrial fibrillation;
BMI, body mass index; BSA, body surface area; CAD, coronary artery disease; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; HF, heart failure; LVEDD, left ventricular end-diastolic dia-
meter; LVEDDI, left ventricular end-diastolic diameter index; LVEDV, left ventricular end-diastolic volume;
LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVOTDM, measured
left ventricular outflow tract diameter; LVOTDBSA, LVOTD expected from BSA; SVD, Sinuses of Valsalva
diameter; SVDI, Sinuses of Valsalva diameter index.

Table 2 - Correlation and univariate linear regression analysis with LVOTDM in the derivation
group

R P Univariate (beta) P
BSA 0.532 <0.001 0.549 <0.001
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. Height 0.525 <0.001 0.531 <0.001
SVD 0.568 <0.001 0.578 <0.001
LVEDD 0.357 <0.001 0.371 <0.001
LVEDV 0.363 <0.001 0.361 <0.001
Age 0.367 0.306

Abbreviations as in Table 1.

Table 3 - Multivariate linear regression analysis with LVOTDM in the derivation group

Multivariate Model 1 (beta) P Multivariate Model 2 (beta) P Multivariate Model 3 (beta) P Multivariate Model 4 (beta) P
BSA 0.229 <0.001 0.318 <0.001 0.258 <0.001 0.277 <0.001
Height 0.125 0.037 0.054 0.663 0.727
SVD 0.392 <0.001 0.411 <0.001 0.351 <0.001 0.347 <0.001
LVEDD 0.145 0.001 Not tested 0.134 0.003 Not tested
LVEDV Not tested 0.155 <0.001 Not tested 0.122 0.001
Female Not tested Not tested -0.175 <0.001 -0.173 0.001

Abbreviations as in Table 1.

Table 4 – Regression equations for prediction of LVOTDM from the derivation group

LVOTDRE1 LVOTD = 6.209 + (0.201×SVD) + (1.802×BSA) + (0.03×LVEDD) + (0.025×Height)
LVOTDRE2 LVOTD = 9.698 + (0.21×SVD) + (2.442×BSA) + (0.005×LVEDV)
LVOTDRE3 LVOTD = 11.097 + (0.18×SVD) + (1.985×BSA) + (0.028×LVEDD) [- 0.655 (if Female)]
LVOTDRE4 LVOTD = 11.876 + (0.177×SVD) + (2.128×BSA) + (0.004×LVEDV) [- 0.647 (if Female)]

LVOTDRE1, RE2, RE3, RE4, regression equation number 1,2,3,4 for predicting LVOTDM, respectively. Other
abbreviations as in Table 1.

Table 5 - Correlation with difference between LVOTDM and LVOTDBSA in the derivation
group

Multivariate Model 1 (beta) P Multivariate Model 2 (beta) P
SVDI 0.499 <0.001 0.522 <0.001
LVEDDI 0.151 0.002 Not tested
Height 0.2 <0.001 0.156 0.002
LVEDVI Not tested 0.148 0.002

Abbreviations as in Table 1.

Table 6 – Comparison of different formulas for predicted LVOTDM in the validation group Table 6 – Comparison of different formulas for predicted LVOTDM in the validation group Table 6 – Comparison of different formulas for predicted LVOTDM in the validation group Table 6 – Comparison of different formulas for predicted LVOTDM in the validation group Table 6 – Comparison of different formulas for predicted LVOTDM in the validation group
Mean ± SD R for correlation with LVOTDM (P) Mean difference* with LVOTDM ± SD P for difference with LVOTDM

LVOTDBSA (14) 22.75 ± 1.44 0.531 (<0.001) -0.51 ± 1.95 <0.001
LVOTDRE1 22.21 ± 1.41 0.739 (<0.001) 0.02 ± 1.57 0.937
LVOTDRE2 22.12 ± 1.36 0.723 (<0.001) 0.09 ± 1.6 0.495
LVOTDRE3 22.2 ± 1.39 0.73 (<0.001) 0.03 ± 1.59 0.777
LVOTDRE4 22.17 ± 1.38 0.725 (<0.001) 0.05 ± 1.59 0.788
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. *Difference = (LVOTDM – Predicted LVOTD). SD, standard deviation. Other abbreviations as in Table 1
and 4.

Table 7 – Intra-observer and inter-observer variability.

Intra-observer variability Inter-observer variability
SVD 1.3 mm (3.8%) 1.6 cm (4.7%)
LVEDD 1.4 mm (2.8%) 2.0 mm (4.1%)
LVEDV 5.6 ml (5.6%) 6.2 ml (6.1%)
LVOTDM 0.8 mm (3.4%) 1.0 mm (4.7%)
LVOTDRE1 0.3 mm (1.2%) 0.3 mm (1.5%)
LVOTDRE2 0.3 mm (1.3%) 0.4 mm (1.6%)
LVOTM area 0.28 cm2 (6.9%) 0.38 cm2 (9.3%)
LVOTRE1 area 0.09 cm2 (2.4%) 0.11 cm2 (2.9%)
LVOTRE2 area 0.1 cm2 (2.6%) 0.12 cm2 (3.1%)

Abbreviations as in Table 1 and 4.
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