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background
Aortic stenosis (AS) is currently the most prevalent valvular 
disease requiring replacement in developed1 countries. In recent 
years, transcatheter aortic valve implantation (TAVI) has opened 
a new therapeutic option for patients with symptomatic AS and 
high surgical risk, or considered inoperable2. In the process of 
evaluating patients for TAVI, a careful assessment of the aortic 
valve complex is essential to prevent complications3. Classically, 
the most widely used techniques for study were transthoracic 
echocardiography (TTE) and transesophageal echocardiography 
(TEE-2D). However, both techniques have the limitation of its 
two-dimensional character and, given the generally elliptical 
geometry of the aortic valve annulus, may not be sufficiently 
precise to ensure adequate sizing of the aortic annulus. The use of 
three-dimensional (3D) image methods like multislice computed 
tomography (MSCT) or 3D echocardiography has increased 
significantly in the recent years, even with routine use of all 
methods in some centers.

The recent development of 3D echocardiography systems allows 
3D assessing of cardiac chambers easily, economically, and 
without radiation exposure. This technique showed improved 
estimation of the AS severity by planimetry4. However, the 
usefulness of this technique evaluating the aortic valve complex 
in TAVI candidates compared to traditional 2D echocardiographic 
imaging has not been comprehensively evaluated.

Currently, there is no ‘gold standard’ cardiac imaging method 
for the analysis of the aortic valve complex5, despite the 
growing interest on the non-invasive anatomical study of the 
aortic annulus. The aim of this study was to compare the results 
obtained in the analysis of the aortic valve complex by TTE, TEE-
2D and three-dimensional transesophageal echocardiography 
(TEE-3D) in a cohort of consecutive TAVI candidates referred to 
our center. Furthermore, intra- and interobserver variability in 
each of the techniques was analysed.
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ABSTRACT
introduction
Transcatheter aortic valve implantation (TAVI) is an alternative to surgical aortic valve replacement for patients with severe aortic 
stenosis and high surgical risk, or considered inoperable. The gold standard for cardiac imaging of the aortic valve complex for 
this procedure has not been established. Our objective was to compare the findings of transtoracic echocardiography (TTE), 2D 
transesophagueal echocardiography (2D-TEE) and 3D TEE in this setting.

methods
14 patients with severe aortic stenosis and indication for valve replacement underwent TTE and 2D-TEE (12 of them also 3D-TEE). 
Variables analyzed were: aortic valve area, distance from muscular septum to valve level, height of sinuses of Valsalva, aortic ring 
diameter, sinotubular junction diameter and ascending aorta diameter. Intra and inter-observer variability was evaluated.

results
There were no differences in aortic ring diameters between TTE, 2D-TEE and mean 3D-TEE (21.11±1.65 mm, 21.58±1.52 mm and 
21.87±1.86 mm respectively; TTE vs 2D-TEE p=0.076, TTE vs. mean 3D-TEE p=0.06 and 2D-TEE vs. mean 3D-TEE p=0.13). Estimated 
aortic ring area was lower with TTE and 2D-TEE compared to 3D-TEE (3.52±0.54 cm2, 3.67±0.53 cm2 and 3.84±0.63 cm2 respectively; 
TTE vs. 3D-TEE p=0.012 and 2D-TEE vs. 3D-TEE p=0.034). Intraclass correlation coefficient was generally higher for 2D-TEE, followed by 
3D-TEE and finally TTE. Comparing TTE and 2D-TEE, no patient would have a different prosthesis size, but when comparing 2D-TEE and 
3D-TEE, 5 of 12 patients (41.6%) would have received a bigger prosthesis if 3D-TEE were used to choose it.

conclusions
3D-TEE allows a comprehensive evaluation of the aortic valve complex with enhanced information compared to TTE and 2D-TEE. 
However intra and inter-observer concordance was lower in 3D-TEE compared to 2D-TEE.
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study population
Between June 2008 and November 2009 14 patients with 
severe symptomatic AS underwent TTE and TEE-2D at Hospital 
Universitario La Paz, Madrid, Spain. Twelve of them were also 
evaluated by TEE-3D. All patients were TAVI candidates that 
had previously undergone clinical screening. The diagnosis of 
severe AS was performed with TTE, following European Society 
of Cardiology recommendations: aortic valve area <1 cm2 and / 
or mean transvalvular gradient >40 mmHg in ETT. No patients 
were excluded, independently of the imaging study’s quality. All 
patients were considered for TAVI with Edwards Sapien device.

variables
The parameters are selected based on existing recommendations 
in literature5 (Table 1). A new variable called average diameter of 
the aortic annulus was constructed from 3D TEE measurements 
([major diameter + minor diameter]/2). The area of the aortic 
annulus was estimated directly by 3D-TEE and from a single 
diameter assuming circular morphology with 2D-TEE6. For 
the measurement of the height of the sinuses of Valsalva, the 
non-coronary sinus was selected. The left coronary sinus was 
not selected due to technical difficulties for TTE and 2D-TEE 
measurement, and the right coronary sinus is usually higher than 
the non-coronary.

echocardiographic image 
acquisition
TTE was made with the following equipment: Philips Sonos 
5500 or Philips iE33 HD11XE (Philips, Andover, Massachusetts, 
United States). Measurements were performed in the 
parasternal long-axis plane with zoom at the aortic valve and 
outflow tract following the usual standards. All measurements 
were performed at mid-systole guided by simultaneous 
electrocardiogram. Aortic annulus diameter was measured at 
the base of insertion of the aortic leaflets. 2D TEE studies were 
performed with a Philips iE33 and X7-2t probe (Philips, Andover, 
Massachusetts, USA). Measurements were performed at 135° 
mid-oesophagical plane with zoom at the aortic valve and 
outflow tract following the usual standards, similarly to the TTE 
(Figure 1). Tridimensional TEE imaging was obtained right after 
2D-TEE acquisition (during the same procedure, with the same 
device). Full volume images composed from 4 cardiac cycles were 
acquired for off-line evaluation.

measurements
Measurements were blinded and performed by two 
independent cardiologists. For intraobserver variability analysis 
measurements were repeated after one week. Bidimensional 
studies were analyzed using the Xcelera software (Philips, 
Andover, Massachusetts, United States). 3D-TEE data were 
processed with the QLAB-3DQ software (Philips, Andover, 
Massachusetts, USA). The best-quality full volume acquired was 
selected and processed by MPR (multiplanar reformatting) on 
mid-systole obtaining 3 perpendicular planes: long axis, short 
axis and axial views (Figure 2). Specific guidelines to obtain 
similar 3D images of aortic valve complex in all patients were 
used: two perpendicular long axis aligned with outflow tract and 
ascending aorta, and a short axis image at the insertion base of 
aortic leaflets (Figure 2, red line).

In the latter image, aortic annulus area and 2 diameters (major 
and minor) were measured. Moving that plane (red line) towards 
the ascending aorta (without changing axial alignment), the 
measurements of aortic root, sinotubular junction and ascending 
aorta (Figure 3B, 3C and 3D) were made. Thus, measurements 
were obtained similarly to the 2D studies (anterior-posterior 
diameter was selected instead of the maximum and minimum 

METHODS

Figure 1. Variables measured in 2D-TEE.

Variables
• Aortic annulus diameter

 - Standard (2D)
 - Minimum (3D)
 - Maximum (3D)
 - Mean (3D)

• Aortic annulus area
• Diameter of sinuses of Valsalva 
• Height of sinuses of Valsalva
• Diameter of sinotubular junction 
• Diameter of ascending aorta 
• Distance from septum to aortic valve

Table 1. Variables measured with the 3 techniques.

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

Figure 2. Aortic Valvar complex analysis by MPR analysis in QLAB.
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Figure 3. Sinuses of ValsalvaB, sinotubular junctionC and ascending 
aortaC measurements in QLAB by MPR.

baseline characteristics
Baseline data of the patients is shown in Table 2.

missing data
TTE was the least reliable technique (Figure 4): it was always 
possible to measure the aortic annulus, but aortic root was not 
measured 2 times (1.8%), sinotubular junction 6 times (10.8%), 
ascending aorta 17 times (30.4%), Valsalva sinus height 2 times 
(3.6%) and the distance septum to aortic annulus 16 times 
(28.6%).

RESULTS

Baseline characteristics
• Age (years)
• Sex (male / female, %)
• Body surface area (m2)
• EuroSCORE (%)
• Left Ventricular Ejection Fraction (%)
• Aortic Valve Area (cm2)
• Peak Gradient (mmHg)
• Mean Gradient (mmHg)
• Systolic pulmonary pressure (mmHg)
• IVS thickness (mm)
• Creatinin (mg/dl)
• Symptoms (%)

 - Angina
 - Heart failure
 - Syncope

• Functional class NYHA (%)
 - I
 - II
 - III
 - IV

83.7 ± 6.7 
35 / 65
1.7 ± 0.14
28.5 ± 15.3
48.9 ± 13.7
0.69 ± 0.19
85 ± 20.7
50.7 ± 14.3
50.6 ± 10.1
16.3 ± 3.3
1.3 ± 0.4

14
85.7
28.5

0
42.8
57.2
0

Table 2. Baseline characteristics. IVS intraventricular septum. Means 
are shown with 95% confidence intervals. 
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Figure 4. Missing data in each variable studied with TTE.

diameters). Both in 2D and 3D studies, the diameter of the 
sinuses of Valsalva was measured at an intermediate point 
between aortic annulus and sinotubular junction, and the 
ascending aorta at 20 mm from the sinotubular junction. These 
2 last measurements, as well as the distance septum to aortic 
annulus were made in the 135º plane in the 2D study. All the 
image and reconstruction process was repeated in the second 
measurements in order to resemble daily clinical practice and 
assess inter and intra-observer variability.

statistical analysis
Statistical analysis was performed using SPSS 17 (SPSS Inc, 
Chicago, United States). Wilcoxon test for related samples was 
used to compare the measurements. The inter and intra-observer 
variability coefficients were analyzed by the intraclass correlation 
coefficient (ICC). The ICC agreement was considered, according 
to the literature, as poor (ICC ≤0.4), fair to good (ICC 0.4 – 0.75), 
and excellent (ICC ≥0.75)7. A p value <0.05 was considered as 
statistically significant.
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TTE vs 2D-TEE vs 3D-TEE
Aortic annulus diameter was 21,11±1,65 mm by TTE, 21,58±1,52 
mm by 2D-TEE, and 21,87±1,86 mm the mean diameter by 3D-TEE 
(19,98±1,35 mm the minimum and 23,75±2,59 mm the maximum 
diameter). There was a tendency that did not reach statistical 
significance to measure bigger aortic ring diameters with 2D-TEE 
vs. TTE (p=0.076), with 3D-TEE (mean diameter) vs. TTE (p=0.06) 
and with 3D-TEE (mean diameter) vs. 2D-TEE (p=0.13). Minimum 
diameter measured by 3D-TEE was significantly smaller than 
aortic annulus measured by TTE (p=0.012) and 2D-TEE (p=0.003). 
Maximum diameter measured by 3D-TEE was significantly bigger 
than aortic annulus measured by TTE (p=0.002) and 2D-TEE 
(p=0.002). Aortic annulus area measured by 2D-TEE showed a 
tendency (that did not reach statistical significance) to be bigger 
than when measured by TTE (Table 3). Aortic annulus are by 
3D-TEE was significantly bigger (3,84±0,63 cm2) compared to TTE 
(p=0.012) and 2D-TEE (p=0.034). Results of the comparison of the 
rest of variables are shown in Table 3.

concordance analysis
Intra and interobserver ICC for aortic annulus diameter 
measurements was best in 2D-TEE (See Table 4). For aortic 

annulus area with 3D-TEE, intraobserver ICC was 0.76 and 
interobserver ICC 0.82 (both considered excellent). All the 
variables with concordance analysis are shown in Table 4.

prosthesis size and technique 
used for aortic annulus 
measurements
For this analysis we used the mean value of the 4 measurements 
done with TTE, 2D-TEE and 3D-TEE, using for the later one the 
mean of the maximum and minimum diameters measured. We 
choosed the prosthesis size with the recommendations made 
by Edwards Lifesciences at that time: <18 mm contraindication, 
18 – 21.5 mm 23 mm prosthesis, 21.6 – 24.5 mm 26 mm prosthesis 
and >24.5 mm 29 mm prosthesis. Comparing TTE and 2D-TEE, 
no patient would have a different prosthesis size, but when 
comparing 2D-TEE and 3D-TEE, 5 of 12 patients (41.6%) would 
have received a bigger prosthesis if 3D-TEE were used to choose 
it (26 mm prosthesis instead of 23 mm prosthesis). Any of the 
changes would result in contraindication for the procedure 
because of a too small aortic annulus.

Variable

• Aortic annulus diameter
 - Standard 2D / Mean 3D
 - Minimum 3D
 - Maximum 3D

• Aortic annulus area
• Diameter of sinuses of Valsalva
• Diameter of sinotubular junction
• Diameter of ascending aorta
• Height of sinuses of Valsalva
• Distance from septum to aortic valve

Variable comparison
TTE

21.11±1.65
-
-

3.52±0.54
32.84±3.15
25.27±2.94
35.20±4.45
16.65±1.84
14.81±0.99

2D-TEE

21.58±1.52
-
-

3.67±0.53
32.73±4.02
24.98±3.52
35.01±3.35
15.52±1.89
13.91±1.38

3D-TEE

21.87±1.86
19.98±1.35
23.75±2.59
3.84±0.63
30.11±3.55
25.39±3.46
31.42±3.12
13.86±1.28
13.54±1.39

TTE vs. 2D-TEE

0.076
-
-

0.08
0.08
0.21
0.68
0.06
0.83

TTE vs. 3D-TEE

0.06
0.01

0.002
0.01

0.003
0.16
0.07

0.007
0.04

2D-TEE vs. 3D-TEE

0.13
0.003
0.002
0.03

0.002
0.08
0.21

0.004
0.04

Statistical significance

Table 3. Comparison amongst 7 variable measurements analysed with the 3 techniques. Values shown are mean values from 4 different measurements, 
including the 95% confidence interval.

Concordance analysis
Variable

• Aortic annulus diameter
 - Standard 2D / Mean 3D
 - Minimum 3D
 - Maximum 3D

• Aortic annulus area
• Diameter of sinuses of Valsalva
• Diameter of sinotubular junction
• Diameter of ascending aorta
• Height of sinuses of Valsalva
• Distance from septum to aortic valve

Intraobserver
TTE

0.73
-
-
-

0.86
0.64
0.72
0.52

-0.05

2D-TEE

0.87
-
-
-

0.91
0.87
0.78
0.59
0.31

3D-TEE

-
0.59
0.75
0.77
0.93
0.92
0.66
0.49
0.36

TTE vs. 2D-TEE

0.79
-
-
-

0.87
0.76
0.91
0.79
0.26

TTE vs. 3D-TEE

0.90
-
-
-

0.97
0.95
0.92
0.74
0.57

2D-TEE vs. 3D-TEE

-
0.53
0.83
0.83
0.92
0.94
0.92
0.45
0.54

Interobserver

Table 4. Concordance analysis (intraclass correlation coefficient).
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Measurement of the aortic annulus is one of the critical aspects 
when evaluating a TAVI candidate, but the “gold standard” 
technique to do it is not clear, being suggested in the guidelines 
to perform at least TEE and aortography8. 

Recently it has been suggested that three-dimensional 
techniques such as MSCT, could provide additional clinically 
useful information when selecting the right candidates and 
the size of the prosthesis to be implanted. MSCT has two 
fundamental limitations. The first is the need for administration 
of iodinated contrast agents, particularly important in the aging 
population of AS with reduced creatinin clearances, low stroke 
volume and high prevalence of diabetes mellitus, critical factors 
related to increased risk of contrast nephropathy. His second 
limitation is the emission of ionizing radiation. Cardiac magnetic 
resonance does not require the administration of iodinated contrast 
or emit ionizing radiation, however it is an expensive technique and 
requires a great collaboration by the patient, which in this elderly 
population may be difficult.

Is even less clear if differences in measurements between 
different techniques would have clinical relevance as would 
contraindicate the TAVI or change prosthesis size. Compared to 
other studies6, 9, 10, 11 our work performs 4 different reconstructions 
for each variable in 3D-TEE with the objective to be closer to real 
practice, as the main challenge of 3D techniques is to obtain a 
feasible and reproducible reconstruction. As second difference, 
we perform a complete study of the aortic valvar complex, 
evaluating other important parameters when considering 
a patient for TAVI. 3D-TEE has been studied as a tool for TAVI 
evaluation in other studies6, 12, but in most of them just measuring 
aortic annulus diameters and area, not all the parameters of the aortic 
valvar complex.

variable measurement
Our results with 2D echocardiography are similar to those 
reported in previous works6, 9, 10, 11, showing that TTE tends to 
underestimate the aortic annulus diameter compared to 2D-TEE. 
Aortic annulus diameters in our cohort were smaller than those 
published previously, probably related to the smaller body 
surface area of our sample (1.7±0.14 m2) compared to other 
studies with population from northern Europe6 (1.8±0.20 m2). 
The results regarding the comparison of aortic annulus diameter 
and area with 2D and 3D techniques are also concordant with 
previous studies, including those using MSCT as 3D technique6, 

10, 11. The finding that no differences were found (just a tendency) 
between aortic annulus diameter in TTE and 2D-TEE compared 
to mean diameter in 3D-TEE, but that there were significant 
differences with maximum and minimum diameters in 3D-TEE, 
as it has been also published in other works with MSCT11, can be 
explained by the fact that measurements made by 2D techniques 
are in fact obliques to the real aortic annulus because of the 
manual plane acquisition. This also can explain the differences 
found in the sinus de Valsalva diameters between 2D and 3D 
techniques. Although the differences found are important, the 
clinical relevance of them are unclear, as it cannot derive from 
our results if the oblique plain from 2D techniques or the mean 
3D diameter from 3D-TEE would provide better results regarding 
periprosthetic regurgitation and prosthesis position.

Sinus of Valsalva height was significantly smaller in 3D-TEE when 
compared to 2D techniques. It is not easy to know a priori if 2D 
or 3D echocardiography is more reliable in this setting. Going 
back to anatomical studies (as we could not find information in 
the literature with non invasive imaging13), mean non-coronary 
Valsalva sinus height was 13.8±1.9 mm, which was closer to our 
measurements with 3D-TEE (13.86 +/- 1.2 mm), but not with our 
2D techniques. Valsalva sinus height could help when trying 
to estimate the distance from aortic valve to coronary ostia, 

especially to the left one which origin tends to be lower. If the 
distance to coronary ostia is < 8 mm, the risk of occlusion of 
the coronary ostium with Edwards SAPIEN prosthesis rises14. 
This risk is related to 2 aspects: Low coronary origin and high 
implantation of the prosthesis. The last one could be related 
to a small distance between aortic annulus and the muscular 
septum. Although with current 3D-TEE devices visualization of 
the coronary arteries is not always possible, it can be estimated 
taking into account the height of the sinus of Valsalva. Left main 
ostium is above sinotubular junction in 20-40% of the patients 
and 60-80% 1-2 mm below it15-17 (Figure 5B). Excluding rough 
coronary origin anomalies in the mandatory coronary angiogram 
done before TAVI, a sinus of Valsalva height bigger than 10 mm 
could be a good predictor to avoid coronary ostia compromise 
when implanting the TAVI.

When comparing sinotubular junction and ascending aorta 
measurements with the different techniques no differences 
were found, which can be explained because these structures 
are usually circumferential so oblique plains with 2D techniques 
could be the same as the ones obtained after a detailed 3D 
reconstruction. Although these parameters are not very 
interesting for the Edwards device, ascending aorta diameter less 
than 45 mm is mandatory for the CoreValve.

3D-TEE showed the smallest measurements of the valve plane to 
muscular septum distance. For this variable, intraobserver and 
interobserver concordance was poor, especially by TTE. 2D-TEE 
and 3D-TEE measurements showed similar CCI (taking into 
account that measurements are done in just one view in 2D-TEE 
and in 4 different reconstructions in 3D-TEE). The explanation of 
these poor CCI in our opinion is related to the small anatomical 
space that is measured here, thus minimal changes in each 
measure could be big when they are expressed in percentage 
of change. In any case, TTE shows an insufficient reliability to 
measure this variable, which is recommended to be over 11 mm 
to avoid migration of the device and coronary ostia compromise 
(figures 5C and 5D)14.

DISCUSSION

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

Figure 5
A. Aortic valve complex and left ventricular outflow tract schema, 
similar to a 135º plane in TEE. B. Modified from Muriago et al16. 
Graphical representation of coronary ostia and their relationship 
to the sinotubular junction. C. Edwards SAPIEN type valve correctly 
implanted. D. Edwards SAPIEN type valve incorrectly deployed. 
Distance from aortic valve to muscular septum is too small, 
what offer suboptimal support and generates a high prosthesis 
implantation with risk of coronary ostia occlusion.

A

C

B

D
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missing data
All variables were measured with 2D and 3D-TEE, but TTE 
demonstrated to be insufficient to analyse completely the aortic 
valvar complex in a high percentage of cases. 

concordance analysis
In general, CCI were better with 2D-TEE. CCI were better when 
measuring bigger structures, as expected, and worse with TTE. 
It should be taken into account that the fourth measurements 
(2 by each observer) in 2D techniques were done in just one 
acquisition, as in parallel works6, 11, which probably overestimates 
the concordance in the real world. We think that our protocol 
of 4 reconstructions in 3D-TEE for each measurement are more 
typical of the real clinical practice, which was not taken into 
account in other works6, 11, so those results regarding concordance 
between techniques are not comparable to ours, but probably 
they do not reflect the real intraobserver and interobserver 
variability.

prosthesis size with different 
techniques
Up to 40% of the cases a different prosthesis size would be 
implanted when using 2D or 3D-TEE. Our results are similar to 
previous studies with MSCT. Messika-Zeitoun et al11 reported that 
38% of their patients would have a different prosthesis size when 
using MSCT or TTE and 2D-TEE to decide it. Taking into account 
that most of the measurements were around 21-22 mm and that 
23 mm prosthesis is allowed in 22 mm aortic annulus although 
with 21 mm is also permitted to use 26 mm prosthesis, it is 
unclear if this would have clinical relevance or relationship with 
periprosthetic regurgitation.

limitations
The main limitation of our study is that we have a small sample 
size. With our results we cannot provide information that would 
allow at the moment to change any clinical decision regarding 
prosthesis sizes, but could be a hypothesis generator study.

TWO AND THREE-DIMENSIONAL ECHOCARDIOGRAPHY IN THE EVALUATION OF THE AORTIC VALVE COMPLEX
implications in the selection of candidates to transcatheter aortic valve implantation

3D-TEE allows a complete and reproducible evaluation of the 
aortic valvar complex, giving additional reliable information 
to TTE and 2D-TEE that could be of relevance when evaluating 
patients for TAVI. Implications of differences between techniques 

found in our work should be evaluated in further studies. On the 
other hand, TTE in an unselected population of patients with 
severe aortic stenosis, is insufficient used as the only imaging 
technique to evaluate candidates for TAVI.

CONCLUSION
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