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Abstract

Background: There is difference in aortic valve area 
(AVA) measurement between cardiac computed to-
mography (CCT) and transthoracic echocardiography 
(TTE).

Objectives: To evaluate factors affecting the measure-
ment of AVA obtained with CCT and TTE in patients 
with severe aortic stenosis.

Method: One hundred twenty-seven consecutive pa-
tients (median age, 81 years, 57% women) that un-
derwent TTE, CCT, and transcatheter aortic valve re-
placement were included. AVA was deduced from 
the continuity equation on TTE (AVATTE) and manual 
planimetry on CCT (AVACCT). Factors that related to 
difference between AVACCT and AVATTE were evaluat-
ed by linear regression analysis.

Result: AVACCT (0.92±0.36 cm2, p<0.001) was signifi-
cantly greater than AVATTE (0.69±0.16 cm2). There was 
a weak positive correlation between AVAs measured 
with CCT and TTE (r=0.25, p=0.004). There was signifi-
cant difference between CCT (5.0±0.92 cm2, p<0.001) 
and TTE (3.52±0.77 cm2) measurements of left ven-
tricular outflow tract (LVOT) area. The LVOT area was 
generally elliptical (>10% difference between LVOT di-
ameters in 95.3% patients). Multiple linear regression 

Introduction

Aortic stenosis (AS) is one of the most common val-
vular heart disease (VHD) worldwide. Its prevalence 
is increased with advancing age. In addition, AS is 
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showed that difference between AVACCT and AVATTE 
was significantly associated with log-transformed 
aortic valve calcium score (estimate -0.267, p<0.001), 
LVOT area difference between CCT and TTE (estimate 
-0.082, p=0.006), and age (estimate -0.006, p=0.01). 
In case of LV ejection fraction <50%, aortic valve calci-
um score ≥1,651, LVOT eccentricity ≥0.78, presence of 
atrial fibrillation, absence of significant calcification of 
aortic valve, or mean transaortic pressure gradient ≤40 
mmHg, there was no significant correlation between 
AVACCT and AVATTE.

Conclusion: Age, Agatston aortic valve score, and LVOT 
area difference between CCT and TTE might affect dif-
ference between AVACCT and AVATTE in patients with 
severe aortic stenosis. 
Copyright © 2019 Science International Corp.
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the most common VHD requiring valve replacement 
in Europe and North America [1, 2]. Its clinical im-
portance has increased health care expenditure and 
caused exponential growth in the application of tran-
scatheter aortic valve replacement (TAVR) [3].

Echocardiography and computed tomography 
(CT) are complementary imaging techniques for 
TAVR. They are used to evaluate patient selection 
and optimal transcatheter valve size selection in pa-
tients with symptomatic severe AS and degenerative 
tricuspid valve [4-6]. Appropriate patient selection 
based on clinical symptoms and the severity of AS 
is of maximal importance for successful TAVR proce-
dure [7]. The aortic valve area (AVA) is an important 
and widely used parameter to determine AS hemo-
dynamic severity. It is traditionally calculated at Dop-
pler transthoracic echocardiography (TTE) by using 
the continuity equation (AVATTE). It is considered as 
the major independent predictor of outcome in AS 
[8, 9]. Cardiac CT (CCT) using multiphase reconstruc-
tion of the cardiac cycle can provide imaging of aortic 
valve motion. Measurement of AVA can be obtained 
using direct planimetry on CCT images (AVACCT) [10]. 
However, there is no objective non-invasive reference 
standard to determine true AVA in patients with se-
vere AS. The functional AVA or AVATTE can significantly 
underestimate AVA because the left ventricular out-
flow tract (LVOT) area is underestimated by using a 
single-diameter measurement assuming circular ge-
ometry [11]. Most frequently, the LVOT is ellipsoid. 
The anatomical AVA or AVACCT is larger than AVATTE. 
Several factors such as aortic valve calcification and 
LVOT morphology can affect AVA or AVACCT [12-15].

No studies have assessed factors affecting mea-
surement differences of AVA between TTE and CCT. 
We hypothesize that the different size of LVOT mea-
sured with CCT and TTE and shape (or eccentricity) of 
LVOT obtained by CCT are associated with differences 
of AVA measured with TTE and CCT. However, other 
variables might significantly affect this difference. 
This may have important clinical implication in calcu-
lating AVA in patients with severe AS. Thus, the aim of 
this study was to identify factors affecting the differ-
ence between AVA measured by planimetry on CCT 
and AVA obtained by continuity equation on TTE in 
patients with symptomatic severe AS.

Material and Methods

Study Population
Patients were drawn from a single-center study of 

patients who underwent balloon expandable TAVR 
(SAPEIN and SAPIEN XT, Edwards Lifescience, Irvine, 
CA, USA) from January 1st, 2013 to November 30th, 
2014. The inclusion criteria were: patients who had 
severe AS (defined as AVA < 1 cm2, mean transvalvu-
lar gradient > 40mmHg, or peak transvalvular veloc-
ity > 4 m/s or any combination) [16], with New York 
Heart Association (NYHA) class II, III, or IV heart fail-
ure symptoms, and with high surgical risk based on 
the Society for Thoracic Surgeons (STS) risk score. The 
exclusion criteria were: patients who needed valve-
in-valve procedures and those who had previous mi-
tral valve replacement. TTE and CCT were performed 
within 4 weeks without interval change in clinical sta-
tus or cardiovascular event. This retrospective study 
was approved and performed in accordance with 
the regulations of the hospital Institutional Review 
Board. All patients gave written informed consent  
before participation.

Transthoracic echocardiography
A single highly experienced operator performed 

TTE in all patients using VIVID 7 ultrasound machine 
(General Electric, Milwaukee, WI, USA). Collected data 
were as follows: maximal blood flow velocities at aor-
tic valve and LVOT, time velocity integrals at aortic 
valve and LVOT, LVOT diameter, and AVA obtained 
from the continuity equation [π × (LVOT diameter/2)2 
× (velocity time integral of the LVOT/velocity time 
integral of the transaortic flow)]. Mean and maximal 
transvalvular aortic pressure gradients were recorded.

Cardiac Computed Tomography Examination
All ECG-gated contrast-enhanced CCT examina-

tions were performed using a dual-source CT scan-
ner (Somatom Definition, Siemens Medical Solu-
tions, Forchheim, Germany). Data acquisition was 
performed in a craniocaudal direction with detector 
collimation of 2 × 32 × 0.6 mm, slice acquisition of 2 × 
64 × 0.6 mm, gantry rotation time of 330ms, pitch of 
0.20–0.43 adapted to HR, tube voltages of 120 kV for 
calcium scoring and CCT, tube current-time product 
of 100–140 mAs per rotation for calcium scoring, and 
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same radiologist at least 1 month apart in random or-
der to prevent recall bias.

The AVA was measured by planimetry of the small-
est area of the aortic valve opening on the time point 
of maximal aortic valve opening (early or mid-systole, 
10%-20% of the R-R interval), using oblique coronal 
and oblique sagittal planes along the LVOT and an ad-
ditional oblique transverse plane parallel to the aor-
tic valve. The largest cross-sectional area of the LVOT 
was measured at the hinge point of the insertion of 3 
aortic cusps on the double-oblique transverse plane 
during mid-systole (20% of the R-R interval). The ana-
tomic AVA and LVOT area were calculated as average 
of 2 planimetric measurements using an electronic 
caliper [13]. The following measures were obtained: 
LVOT minimal and maximal diameters (Dmin and Dmax) 
and LVOT area excluding aortic annulus calcification 
(Figure 1) [17]. The eccentricity index of LVOT was de-
termined as Dmin/Dmax. LVOT was considered as circu-
lar if the index was greater than 0.9 [13].

100–280 mAs per rotation for CCT. A non-enhanced 
electrocardiography (ECG)-gated CT scan prospec-
tively triggered at 75% of the R-R interval was per-
formed to measure the aortic valve calcium score. 
For CCT, ECG-based tube current modulation was 
not implemented. Contrast agent application was 
controlled by a bolus tracking technique using 80 to 
120 ml of contrast media (Isovue-370, Iopamidol In-
jection 76%, Bracco Diagnostics, Inc). Ten transaxial 
data sets were reconstructed with retrospective ECG 
gating at 10% steps from 0–90% of the R-R interval for  
each patient.

CCT image analysis 
All data were transferred to a dedicated worksta-

tion (Syngo Via software, Siemens Medical Solutions, 
Forchheim, Germany). Analysis of CCT images was 
performed by a cardiac radiologist (13 years of expe-
rience with CCT) who was blinded to patient clinical 
data including all clinical findings, history, and TTE 
results. Repeat assessments were performed by the 

Figure 1. Cardiac computed tomography image analysis before transcatheter aortic valve replacement includes (Panel A) degree of 
aortic valve calcification and Agatston aortic valve score, (Panel B) aortic valve area (AVA) measurement, (Panel C) left ventricular out-
flow tract (LVOT) area measurement without calcification, (Panel D) LVOT area measurement with calcification, and (Panel E) minimum 
(Dmin) and maximum (Dmax) diameters of LVOT.
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grade was categorized as absent, mild, moderate, or 
severe as described by Willmann et al [18]. We only 
assessed the degree of aortic annular calcification 
according to a previously described semiquantitative 
classification [19].

Statistical analysis
Quantitative variables are expressed as median 

and interquartile range (IQR) or mean and standard 
deviation. Categorical variables are expressed as 
number and percentage. The means of quantitative 
variables were compared with each other using Stu-
dent’s t-test. Intra-class correlation coefficient was 
used to investigate intra-observer and inter-observer 
agreement. For inter-observer agreement, we used 
previous radiologists’ reports and measurements by 
one observer. Pearson correlation coefficient was 
used to assess the correlation between CCT and TTE 
measurements of AVA in the whole cohort and var-
ious predefined subgroups. Bland-Altman method 
was used to study the variability of methods used for 
measuring AVA and LVOT area. Multivariate analysis 
was performed using a linear regression model by 
including the difference in AVAs measured by CCT 
and TTE as response variable and covariates. Associ-
ations of difference between AVACCT and AVATTE with 
different variables were evaluated by multiple linear 
regression analysis. P-values less than 0.05 were con-
sidered statistically significant. All statistical analysis 
and related graphics were performed using SAS 9.4, 
IBM SPSS statistics (IBM, Armonk, NY, USA).

Results

Patients
The median age of the population was 81 years 

(IQR: 11). The majority (57%) of these patients were 
females. Patient characteristics of the study cohort 
are summarized in Table 1. The median calculated 
STS Predicted Risk of Mortality score was 8.9% (IQR: 
5.9). In terms of comorbidity, prevalence of hyper-
tension (93.7%), diabetes (43.3%), coronary artery 
disease (57.4%), chronic pulmonary disease (55.9%), 
and atrial fibrillation (AF, 42.5%) were high. The CCT 
image quality was assessed to be excellent or good in 
103 (81%) cases and poor but evaluable in 24 (19 %) 
cases. Aortic valve calcification was grade 1 in 1(1%) 

CCT image quality was classified using a 4-point 
subjective ranking scale as follows: (1) bad; (2) poor, 
but diagnostic; (3) good; and (4) excellent. Aortic 
valve Agatston calcium score was evaluated using 
Syngo Via software (Siemens Medical Solutions, 
Forchheim, Germany). The aortic valve calcification 

Table 1. Baseline characteristics

All (n=127)

Age (years) 81 (74, 85)

Female 72 (56.6)

Caucasian 112 (88.8)

BMI (kg/m2) 26.2 (22.8, 29.4)

STS PROM score (%) 8.9 (5.9, 11.8)

Diabetes 55 (43.3)

Dyslipidemia 119 (93.7)

Hypertension 119 (93.7)

Chronic Lung Disease
    None
    Mild
    Moderate
    Severe

56 (44.1)
24 (18.9)
16 (12.6)
31 (24.4)

Coronary Artery Disease 73 (57.4)

Prior CABG 38 (30.0)

Prior cerebrovascular disease 32 (25.2)

Peripheral Vascular Disease 48 (37.8)

Immunocompromised 29 (22.9)

Atrial fibrillation 54 (42.5)

ESKD on dialysis 4 (3.1)

Creatinine 1.0 (0.8, 1.2)

Mitral Regurgitation
    None/trace
    Mild
    Moderate
    Severe

36 (28.3)
51 (40.2)
31 (24.4)

9 (7.1)

Aortic Regurgitation
    None/Trace
    Mild
    Moderate
    Severe

50 (39.4)
53 (41.7)
20 (15.7)

4 (3.1)

Values are number (%) or median (Q1, Q3). BMI = body mass index; CABG = 
coronary artery bypass grafting; EF = ejection fraction; GFR = glomerular fil-
tration rate; AV = aortic valve; LVOT = left ventricular outflow track; STS-PROM 
= Society of Thoracic Surgery Predicted Risk of Mortality; ESKD = end-stage 
kidney disease
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found between these two values (r = 0.65; p < 0.0001), 
with a mean difference of 0.14 cm (95% confidence 
interval [CI]: 0.10 to 0.18 cm). There was a significant 
difference between CCT (mean, 5.0 ± 0.92 cm2) and 
TTE (mean, 3.52 ± 0.77 cm2; p < 0.001) measurements 
for the LVOT area (Figure 3). There was a good cor-
relation between LVOT area measured with CCT and 
TTE (r = 0.65; p < 0.0001). Evaluation by CCT showed 
that the LVOT area was generally elliptical (95.3% pa-
tients), with an eccentricity index of 0.78 ± 0.07 in the 
entire cohort (Figure 4) (Table 2). Intra-class correla-
tion coefficient for intra-observer measurements of 

patient, grade 2 in 28 (22%) patients, grade 3 in 63 
(50%) patients, grade 4 in 35 (27%) patients. Median 
aortic valve calcium score was 845  (IQR: 916) Agat-
ston units. There was a strong correlation (r = 0.74, p 
< 0.0001) between the grade of aortic valve calcifica-
tion and aortic valve Agatston calcium score. Aortic 
annular calcification was grade 1 in 33 (26%) patients, 
grade 2 in 36 (28%) patients, and grade 3 in 5 (2%) 
patients. There was a moderate correlation (r = 0.44, 
p < 0.0001) between the grade of aortic annular cal-
cification and aortic valve Agatston calcium score or 
between the grade of aortic valve and aortic annular 
calcification (r = 0.33, p = 0.0001). All patients were in 
NYHA functional class III/IV. They were high surgical 
risk patients.

Assessment of AVA and LVOT structure 
AVA measured with CT planimetry (mean, 0.91 ± 

0.30 cm2) was significantly greater than that comput-
ed with TTE measurements (mean, 0.69 ± 0.16 cm2; 
p < 0.001) (Figure 2A). There was a weak positive 
correlation between AVACCT and AVATTE (r = 0.25, p = 
0.004) (Figure 2B). Of our 127 patients who had an 
AVATTE of < 1.0 cm2, 31 (24%) patients had an AVACCT 
of > 1.0 cm2 and would be reclassified to moderate 
AS (n=28) or mild AS (n=1) or no AS (n=2) by AVACCT. 
Mean LVOT diameter on TTE was 2.11 ± 0.25 cm. The 
mean minimal diameter of LVOT measured by CCT 
was 2.24 ± 0.27 cm. A significant correlation was 

Figure 2. Panel A. Bland-Altman plot. Panel B. Pearson correlation of cardiac computed tomography (CCT) and transthoracic echocar-
diography (TTE) measurements of the aortic valve area (AVA). 

Figure 3. Bland-Altman plot of cardiac computed tomography 
(CCT) and transthoracic echocardiography (TTE) measurements 
of the left ventricular outflow tract (LVOT) area.
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(Table 3). On subgroup analysis, AVAs measured with 
CCT were not correlated with AVA by TTE in group 
with LVEF < 50%, aortic valve calcium score > 1,651, 
LVOT eccentricity ≥ 0.78, presence of AF, absence or 
mild grade of aortic valve calcification, or transvalvu-
lar pressure gradient ≤ 40 mmHg (Table 4).

Discussion

This study demonstrated that a discrepancy be-
tween CCT and TTE measurements of AVA that was 
significantly associated with log-transformed Agat-
ston aortic valve score, LVOT area difference mea-
sured with CCT and TTE, and age in patients with 
severe AS. However, LVOT eccentricity and aortic an-
nular calcification severity were not associated with 
difference between AVACCT and AVATTE.

The hemodynamic (AVATTE) and anatomic (AVACCT) 
AVA are not interchangeable. Our result was consis-
tent with previous studies showing that continuity 

AVACCT and LVOT area measured with CCT were 0.973 
(95% CI: 0.963 to 0.981) and 0.948 (95% CI: 0.927 to 
0.963), respectively. Intra-class correlation coefficient 
for inter-observer measurements of AVACCT and LVOT 
area measured with CCT were 0.60 (95% CI: 0.38 to 
0.74) and 0.90 (95% CI: 0.86 to 0.93), respectively. 

Assessment of difference between AVACCT and AVATTE

Simple linear regression analysis showed that dif-
ference between AVACCT and AVATTE was associated 
with age, aortic valve calcification grade (0/1 vs. 2/3), 
log-transformed aortic valve calcium score, transval-
vular mean pressure gradient, CCT image quality, and 
LVOT area difference between CCT and TTE. Multiple 
linear regression analysis revealed that the following 
three variables were significantly associated with dif-
ference between AVACCT and AVATTE: log-transformed 
aortic valve calcium score (inverse relationship), LVOT 
area difference between CCT and TTE, and age (in-
verse relationship) in decreasing order of significance 

Figure 4. Images for a 68-year-old woman with severe aortic stenosis. Ejection fraction was 59%. Panel A. On transthoracic echocar-
diography, left ventricular outflow tract (LVOT) diameter was measured as 1.98 cm and LVOT area was calculated as 3.10 cm2. Aortic 
valve area (AVA) was measured as 0.66 cm2 by using the continuity equation. Panel B. Severe degree of aortic valve calcification on 
pre-contrast cardiac computed tomography (CCT) image. Agatston aortic valve score was 2,101. Panel C. The LVOT was elliptical on 
multiplanar reformatted CCT with an eccentricity index of 0.80 measured as the ratio of the minimum (2.11 cm)/maximum diameter 
(2.63 cm). Panel D. The measured LVOT area was 3.89 cm2. Panel E. CCT planimetry AVA was 0.72 cm2. 
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two-dimensional echocardiography when compared 
to three-dimensional echocardiography [21, 22]. We 
found that the numeric difference between AVACCT 
and AVATTE was increased with increasing difference 
in LVOT area between CCT and TTE. However, the CCT 
measurement of LVOT eccentricity was not associ-
ated with difference between AVACCT and AVATTE. In-
terestingly, AVACCT was not correlated with AVATTE in 
group with LVOT eccentricity ≥ 0.78.

equation-derived AVATTE was significantly smaller 
than planimetry-derived AVACCT, mainly due to the 
flow contraction phenomenon observed at the aor-
tic valve [9-15]. In our study, 24% (n=31) of patients 
would be reclassified to moderate AS (n=28) or 
mild AS (n=1) or no AS (n=2) by AVACCT. Therefore, 
a simple comparison between these two AVAs will 
thus be associated with difference and several in-
dividual factors have already been associated with  
this difference [12-15].

Underestimation of AVATTE may lead to discordance 
in AS severity grading, particularly for those with low 
mean pressure gradient < 40 mmHg despite small 
AVA < 1 cm2 [20]. We have noted that most patients 
(95%) had elliptical shape of LVOT and that LVOT di-
ameter measured by TTE was smaller than LVOT min-
imum diameter measured by CCT. As a result, TTE sig-
nificantly underestimated LVOT area and AVA when 
compared to CCT. Several studies have demonstrated 
that noncircular shape (ellipticity) of the LVOT and 
underestimation of LVOT area results in underesti-
mation of the continuity equation-derived AVATTE by 

Table 3. Factor affecting the difference in AVAs measured by 
CCT and TTE: simple and multiple linear regression analyses

Parameter
estimate

Standard
error p-value

Simple linear regression 
analysis

Log10 AVC Agatston 
score

-0.3095 0.0349 <0.001

AVC grade (0/1 vs. 2/3) -0.2396 0.0606 <0.001

Transvalvular mean PG -0.1636 0.0545 0.003

LVOT area difference 
between CCT and TTE

0.0983 0.0368 0.009

CCT image quality -0.195 0.0667 0.004

Age -0.0082 0.0031 0.009

Annular Ca 4 grade -0.0858 0.0572 0.136

Atrial fibrillation 0.0708 0.0542 0.194

LVOT eccentricity -0.2236 0.3863 0.564

Sex -0.0262 0.0545 0.632

LVEF -0.0009 0.0019 0.648

Multiple linear regression 
analysis

Age -0.0061 0.0024 0.013

Log10 AVC Agatston 
score

-0.2670 0.0394 <0.001

LVOT area difference 
between CCT and TTE

0.0822 0.0291 0.006

Transvalvular mean PG -0.0286 0.0465 0.539

AVC grade (0/1 vs. 2/3) -0.0164 0.0570 0.774

CCT image quality -0.1037 0.0553 0.063

AVA = aortic valve area; AVC = aortic valve calcification; Ca = calcification; CCT 
= cardiac computed tomography; LVEF = left ventricular ejection fraction; 
LVOT = left ventricular outflow track; PG = pressure gradient; TTE = transtho-
racic echocardiography

Table 2. CCT and TTE measurements.

Measurements Mean ± SD Minimum Maximum

TTE

AVA (cm2) 0.69 ± 0.16 0.29 0.99

LVOT diameter (cm) 2.11 ± 0.25 0.13 2.74

LVOT area (cm2) 3.52 ± 0.77 1.32 5.9

LVEF (%) 51.2 ± 14.3 10 73

Transaortic mean 
gradient (mmHg)

44.6 ± 14.8 18 110

CCT

AVA (cm2) 0.91 ± 0.30 0.38 2.97

LVOT minimum diame-
ter (cm)

2.25 ± 0.27 1.57 3.20

LVOT maximum diam-
eter (cm)

2.88 ± 0.31 2.15 3.83

LVOT area (cm2) 5.0 ± 0.92 3.24 7.66

LVOT eccentricity 
index

0.78 ± 0.07 0.62 0.98

AVA = aortic valve area; TTE = transthoracic echocardiography; CCT = cardiac 
computed tomography; LVEF = left ventricular ejection fraction; LVOT = left 
ventricular outflow track; TTE = transthoracic echocardiography
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CCT allows for accurate detection, localization, and 
quantification of calcification of the aortic valve and 
annulus [23]. We adopted a threshold of 1,651 Ag-
atston score which correctly differentiated patients 
with severe AS from non-severe AS in the setting of 
low-flow grade AS [24]. Our result was consistent with 
a previous study showing that numeric difference be-
tween AVACCT and AVATTE was reduced with increasing 
Agatston score [15]. AVACCT was not correlated with 
AVATTE in group with Agatston aortic valve score > 
1,651. High Agatston aortic valve score results in dif-

ficulty in drawing inner margin of aortic valve cusps 
because of blooming artifact from severe calcifica-
tion, which can lead to inaccurate measurement that 
may contribute to under- or over- estimation of AVA 
when compared to absent or low Agatston aortic 
valve calcium score. We also found that the qualita-
tive degree of aortic valve and annular calcification 
was not associated with difference between AVACCT 
and AVATTE and AVACCT was not correlated with AVATTE 
in group with absence or mild grade of aortic valve 
calcification. These results may indicate that quanti-
tative assessment of aortic valve calcification on CCT 
is a factor that affects the discrepancy between AVATTE 
and AVACCT.

Of the two TTE parameters, only transvalvular mean 
pressure gradient was inversely associated with dif-
ference between AVACCT and AVATTE in a simple linear 
regression analysis. There was no correlation between 
AVACCT and AVATTE in patients with LVEF < 50% or with 
transvalvular pressure gradient ≤ 40 mmHg. These 
results do not explain why TTE parameters might 
have contributed to correlation between AVACCT and 
AVATTE. However, the low flow state in which AS se-
verity is overestimated due to incomplete opening of 
the calcified aortic valve might result in no correlation 
between AVACCT and AVATTE in severe AS [20].

AF is common in patients with AS [24]. In this 
study, 43% of patients had AF. AF may hamper pre-
cise measurement of aortic valve hemodynamics on 
TTE and deteriorate CCT image quality for the assess-
ment of AVA due to mis-registration artifacts related 
to inconsistent RR intervals [26]. With the use of du-
al-source CT, diagnostic image quality was obtained 
for all patients, even for patients with AF. AF was not 
associated with difference between AVACCT and AVATTE 
in a simple linear regression analysis. In the subgroup 
analyses, it was shown that the correlation between 
AVAs measured by CCT and TTE varied significantly 
according to presence/absence of AF. As expected, 
there was no correlation between AVACCT and AVATTE 
in patients with AF.

Age showed a weak inverse association with dif-
ference between AVACCT and AVATTE. This is consistent 
with previous study [15]. The evaluation of AS in the 
elderly may be difficult not only because of underly-
ing diseases and clinical conditions, but also because 
of insufficient compliance with imaging testing.

Table 4. Subgroup analysis of the correlation among AVAs mea-
sured by CCT and TTE

Pearson's r p-value

Overall (127)

LVEF

<50% (38) 0.04 0.82

≥50% (89) 0.39 <0.001

AVC Agatston score

≤ 1651 (103) 0.31 0.00

>1651 (24) 0.17 0.44

LVOT Eccentricity

< 0.78 (58) 0.40 0.002

≥ 0.78 (69) 0.14 0.26

Atrial fibrillation

Yes (54) 0.04 0.76

No (73) 0.37 0.001

AVC Grade

Significant (98) 0.39 <0.001

Insignificant (29) 0.35 0.17

Annular Calcification 
Grade

Significant (41) 0.33 0.00

Insignificant (86) 0.23 0.02

Transvalvular Mean PG

> 40 mmHg (82) 0.34 0.002

≤ 40 mmHg (45) 0.04 0.78

AVA = aortic valve area; AVC = aortic valve calcification; CCT = cardiac com-
puted tomography; LVEF = left ventricular ejection fraction; LVOT = left ven-
tricular outflow track; PG = pressure gradient; TTE = transthoracic echocar-
diography
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TTE is the first-line imaging modality for evalu-
ation of AS severity. However, heterogeneous he-
modynamic presentation, measurement errors, and 
ellipsoidal LVOT may influence the diagnosis and 
treatment decision for patients with severe AS when 
TTE is used. A recent study demonstrated that AVA 
measured by CCT correlated well with AVA assessed 
by TTE and catheter examination in 100 patients with 
severe calcified AS regardless of gender, presence 
of AF and heart rate [26]. Based on the our results 
which are in line with previous reports [9-15], aortic 
valve calcium score and LVOT area appeared to be the 
main factors significantly associated with difference 
between AVACCT and AVATTE in patients with severe AS 
and so they may be used to corroborate AS severity in 
case of discordant findings or poor acoustic windows 
at TTE. In addition, several factors such as TTE param-
eters, aortic valve and annular calcification, LVOT ec-
centricity, and AF need to be considered when com-
paring AVAs obtained with CCT and TTE. A combined 
approach using TTE and CCT might have incremental 
value over TTE alone for the evaluation of AS severity.

The present study has several limitations. First, 
we observed instances for which the difference be-
tween AVACCT and AVATTE was high. However, we do 
not know which method is more accurate. There is no 
established non-invasive reference standard for as-
sessment of AVA. Furthermore, there was no invasive 
reference obtained in this study. Second, the hemo-
dynamic burden associated with the presence of AS is 
represented by the effective AVA and not the anatom-
ic AVA. These points considerably limit the interpreta-
tion of the current findings. Third, the positioning at 

the edge of the aortic valve cusps for AVA planimetry 
by CCT can also generate some discrepancy. This was 
pointed out by the relative low intra-class coefficient 
for inter-observer AVA measurements. Fourth, 31% 
and 19% of patients had moderate or greater mitral 
and aortic valve regurgitation. In addition, LVEF was 
diverse between 10% and 73% in this group. These 
factors would have a significant impact on flow pro-
files in both the LVOT and through the aortic valve 
that would compromise the accuracy of a continuity 
equation derived AVA compared to direct measure-
ment through CCT. Finally, this was a single-institu-
tion retrospective study with a relatively small num-
ber of highly selected patients who had severe AS 
and underwent TAVR. This biases towards an older 
severe AS population with high surgical risk.

In conclusion, in patients being evaluated for TAVR 
with severe AS the mean AVACCT was significantly larg-
er than AVATTE. Age, Agatston aortic valve score, and 
LVOT area difference between CCT and TTE might af-
fect the difference between AVACCT and AVATTE in pa-
tients with severe AS. The clinical implications of this 
discrepancy are unknown and should be an area for  
future research.
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