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A simple formula for measuring the aortic valve area in pre-procedural
echocardiography for transcatheter aortic valve implantation: An
innovation
Aortic Stenosis (AS) is one of themost common valvular diseases
in developed countries, affecting nearly 7% of people over 65 years.1

Severe AS has been associated with a poor prognosis and high mor-
tality rate if left untreated.2 Considering the fact that medical ther-
apy is not beneficial in these patients, aortic valve replacement
seems to be the only effective treatment in recent practice.3 It is
noteworthy to contemplate that patients with aortic stenosis usu-
ally have significant comorbidities including left ventricular (LV)
dysfunction, respiratory and kidney problems, in addition to
advanced age. Therefore, surgical aortic valve replacement (AVR)
is prohibited inmany of them because of high peri-procedural mor-
tality.4 In these conditions, transcatheter aortic valve replacement/
implantation (TAVR/TAVI) has been utilized as a low-risk effective
substitute.1

Transesophageal echocardiography (TEE) and also multi-
detector computed tomography (MDCT) have been approved as
the preferred imaging methods for measuring aortic annular size,
aortic valve morphology and area (AVA) in pre-TAVI evaluation. In
this regard, real-time three-dimensional TEE (3D-TEE) has been
detected to be superior to transthoracic echocardiography
(TTE).5,6 Even though, there have been several studies revealing ac-
curacy of 3D-TEE in measuring aortic annulus, this modality is
considered a semi-invasive procedure with known complications
especially in elderly patients.7 In pre-TAVI assessment, MDCT has
been considered as the standard imaging for aortic annular mea-
surement; however, there are some limitations in the use of
MDCT in elderly patients as many of them have associated renal
disease and subsequent contraindication for the use of contrast
agents. Besides, as two-dimensional (2D) echocardiography may
underestimate the aortic annulus due to its oval-shaped
morphology, 3D-TEE accompanied with MDCT have been used for
valve sizing in selected cases tominimize the post-procedural para-
valvular leakage.8,9
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In our tertiary heart center, we used a simple formula with 2D-
TTE data to estimate the size of the aortic annulus. In our measure-
ments, we found out that if we assume aortic valve as a simple el-
lipse,10 the aortic annulus diameter that we measure by TTE is the
minor axis (r1) of the mentioned oval; and the major axis (r2) of it is
equal to the size of minor axis (r1) þ 1.2 mm. The value “1.2 mm”

was an estimation derived from observation of 22 patients in our
center who underwent TAVI (Table 1). As shown in Fig. 1, the area
of an ellipse can be calculated by }A ¼ p� r1 =2� r2 =2”.11e13 We
calculated the area of aortic annulus with the aforementioned for-
mulas, and all the selected prosthetic valves based on these mea-
surements were acceptable. By using the KolmogoroveSmirnov
test, we confirmed the normality of distribution in our data. So
that, we utilized independent t-test to compare the calculated
area by 2D-TTE and the measured annular area by 3D-TEE and
MDCT. There was no statistically significant difference between
calculated area by 2D-TTE and measured annular area by 3D TEE
(p-value ¼ 0.60) and also between calculated area by 2D and re-
ported annular area by MDCT (p-value ¼ 0.15). Using Pearson’s cor-
relation coefficient, the calculated aortic annulus area was
positively correlated with measured annulus by 3D-TEE (r ¼ 0.98,
p < 0.01) and reported annulus area by MDCT (r ¼ 0.98, p < 0.01).

As we know, significant proportion of patients who are consid-
ered for TAVI procedure, have advanced age, renal disease, pulmo-
nary disease, frailty, and GI disorders; therefore, providing effective
modalities to minimize their exposure to contrast agents or any
invasive procedures that may need sedationwould be of significant
value. Regarding our findings, it is possible to measure the area of
aortic annulus and to estimate the suitable valve for TAVI according
to TTE data. This formula would be helpful by eliminating the need
for 3D-TEE or MDCT in patients selected for TAVI and would sub-
stantially decrease the time and cost consumed in each situation.
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Table 1
Data derived from 22 patients in our heart center who were selected for TAVI procedure. *Estimated major axis was calculated by adding 1.2 mm to minor axis. The value
“1.2 mm” was an estimation derived from observation of 22 patients. **There was no statistically significant difference between calculated area by 2D-TTE and measured
annular area by 3D TEE (p-value ¼ 0.60) and also between calculated area by 2D and reported annular area by MDCT (p-value ¼ 0.15).

2D-TTE 3D-TEE MDCT

Minor axis Estimated major axis* Calculated area** Minor axis Major axis Annulus area** Minor axis Major axis Annulus area**

20.0 21.2 332.8 20.0 21.0 340.0 19.8 21.0 343.0
21.0 22.2 366.0 21.3 22.0 370.0 21.2 22.0 376.0
19.0 20.2 301.3 19.2 20.0 310.0 19.2 20.7 315.0
21.0 22.2 366.0 20.8 22.0 389.0 20.8 22.0 395.0
22.0 23.2 400.7 22.0 23.0 405.0 21.6 23.0 417.0
18.0 19.2 271.3 18.0 19.5 288.0 18.3 19.9 298.0
21.0 22.2 366.0 21.5 22.0 380.0 21.2 22.7 389.0
20.0 21.2 332.8 20.0 21.0 320.0 19.8 21.2 326.0
19.0 20.2 301.3 19.3 20.5 320.0 19.2 20.2 335.0
22.0 23.2 400.7 22.8 22.8 386.0 21.7 23.0 415.0
20.0 21.2 332.8 20.0 21.0 317.0 20.3 21.6 355.0
22.0 23.2 400.7 22.6 22.8 415.0 22.2 23.0 427.0
18.0 19.2 271.3 18.2 19.2 280.0 18.3 19.6 294.0
17.0 18.2 242.9 17.0 18.2 255.0 17.2 18.5 278.0
19.0 20.2 301.3 19.0 20.0 312.0 19.3 20.7 332.0
20.0 21.2 332.8 20.4 21.2 340.0 19.7 21.0 352.0
21.0 22.2 366.0 21.4 22.0 377.0 20.8 22.3 393.0
20.0 21.2 332.8 20.0 21.5 340.0 19.8 21.3 355.0
18.0 19.2 271.3 18.2 19.0 280.0 18.5 19.5 294.0
18.0 19.2 271.3 17.8 19.3 292.0 17.8 19.0 304.0
21.0 22.2 366.0 21.0 22.2 372.0 20.8 22.0 394.0
17.0 18.2 242.9 17.6 18.5 252.0 17.2 18.5 261.0

Fig. 1. The area of an ellipse can be calculated by “A ¼ p � (r1) ⁄2 � (r2) ⁄2”. In this
figure, the blue dashed lined represents the major axis (r2) and the red dashed line
shows the minor axis(r1).
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