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Precise measurement of aortic annular diameter (AAD) is critical for
choosing appropriate prosthetic valve size for transcatheter aortic valve
implantation (TAVI), because annulus-prosthesis mismatch due to
inaccurate sizing of the prosthesis may lead to paravalvular aortic
regurgitation [1,2]. Cardiac pulsatility and aortic compliance may result
in aortic annulus changes [3]. However, the dynamic changes of aortic
annulus during the cardiac cycle have not been clarified in patients with
aortic stenosis (AS) [4-6]. Knowledge of the dynamic characteristics of
aortic annulus in this population may improve our understanding of
aortic annulus and help accurately size aortic annulus. Thus, we aimed to
determine the dynamic features of aortic annulus in patients with severe
AS throughout cardiac cycle with retrospectively ECG-gated dual-source
computed tomography (DSCT) angiography.
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From December 2009 to October 2011, 62 patients (mean age: 68.2 +
5.9 years, range: 60-82 years; 41males, 21 females) with severe tricuspid
AS who underwent retrospective ECG-gated DSCT angiography were
included.

All patients were scanned by a DSCT scanner (Somatom Definition,
Siemens Medical Solutions, Germany). Scan range was from 2 cm caudal
to the level of the tracheal bifurcation to the diaphragm. Scan was
performed using retrospectively ECG-gated mode. Full tube current was
used throughout R-R interval. The scanning parameters were as follows:
collimation, 64 x 0.6 mm; gantry rotation time, 330 ms; Pitch (heart rate
dependent: 0.2-0.5). Body mass index (BMI) dependent tube voltage:
100-120 kV; BMI dependent tube current: 220-330 mAs. All patients
received 70-75 ml nonionic contrast media (iopamidol, 370 mg/ml;
Bracco Sine Pharmaceutical Corp. Ltd, Shanghai, China) through an
antecubital vein with a power injector (Stellant, Medrad, Inianola, USA)
at a flow rate of 5.0 ml/s.

Ten data sets of axial images (0%-90%) at 10% step of the R-R interval
were reconstructed with a slice thickness of 1 mm and an increment of
1 mm. The data sets were analyzed using cardiac post-processing
software (Syngo Circulation, Siemens Medical Solutions).

For evaluating aortic annulus, the major and minor AADs were
measured on the plane created at the base of implantation of three aortic
cusps (Fig. 1). The dynamic changes of AAD during cardiac cycle were
expressed as absolute difference [maximum — minimum of major AAD]
or [maximum — minimum of minor AAD] during entire R-R interval for
further analysis. To test the agreement of measurements on DSCT and
echocardiography, the AAD on three chamber view (similar to
parasternal long-axis view on echocardiography) was measured on
20% phase (Fig. 2). To determine the determinants of the dynamic
changes of AAD, we measured the variables of calcium score, aortic valve
area (AVA), diameters of sinotubular junction (STJ), diameters of left
ventricular outflow tract (LVOT) and stroke volume (Figs. 3 and 4).
Degree of AS, mean pressure gradient of aortic valve and stroke volume
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Fig. 1. Measurement of aortic annular diameters.-A, B: Aortic annulus is defined at the base of implantation of three aortic cusps (red line).-C: Measurement of major and minor aortic
annular diameters (red arrows).-(LV = left ventricle, RV =right ventricle, LA = left atrium, A = aorta).

were measured on trans-thoracic echocardiography (TTE). The AAD was
measured on parasternal long-axis view on TTE. Intra- and inter-observer
variabilities for measuring AAD were performed in 20 randomly selected
patients.

Intra-observer variabilities of AAD measurements were 3.8% + 2.3%
and 3.9% + 2.4% for major and minor AADSs, respectively, while inter-
observer variabilities of AAD measurements were 3.9% + 2.7% mm and
4.0% 4 2.7% mm for the major and minor AADSs, respectively.

In patients with tricuspid severe AS, major AADs were statistically
larger than minor AADs in all 10 phases (each p<0.05). Major and minor
AADs varied throughout the cardiac cycle. The maximum and minimum
of major AADs were 28.2 +4.0 mm (22.2-37.6 mm) and 27.1 +3.7 mm
(18.9-36.4 mm) in 0% and 50% R-R intervals, respectively. The maximum
and minimum of minor AADs were 23.1 4+2.6 mm (18.1-28.8 mm) and
21.142.8 mm (15.2-26.0 mm) in 10% and 50% R-R intervals, respectively
(Fig. 5). The absolute differences of major and that of minor AADs during
cardiac cycle were 3.2 4+ 1.4 mm (0.4-7.5 mm) and 3.6+ 1.4 mm (0.5-
8.7 mm), respectively (Table 1). The absolute differences of major and
minor AADs that exceeded 3 mm were found in 42 (66.7%) and 44 (71.0%)

of 62 patients, respectively. There was good agreement between DSCT and
TTE for AAD measurement (23.142.6 mm vs. 21.442.07 mm), as
assessed with Bland-Altman plot analysis (Fig. 6).

To determine the independent determinants of dynamic changes of
aortic annular dimension in patients with severe AS, multivariate linear
regression analysis was performed, adjusted for age, gender, mean
diameter of STJ], mean diameter of LVOT, calcium score, AVA, mean
pressure gradient, stroke volume and pulse pressure. Multivariate linear
regression analysis showed that mean diameter of LVOT and stroke
volume were independently associated with greater absolute differ-
ences of major AAD and minor AAD (standardized 3 =0.345, P=0.034
vs. standardized [3=0.376, P=10.02) on DSCT, respectively (Table 2).

In our study, we noted that major AAD was statistically larger than
minor AAD in patients with tricuspid severe AS, which indicated aortic
annulus as an asymmetrical geometry. Our result was consistent with
previous studies [1,4,7]. Moreover, our series showed that AAD varied
significantly during cardiac cycle with the absolute difference of AAD
over 3 mm in part of the patients with severe AS. For these patients,
dynamic changes of aortic annulus might influence the accuracy for

Fig. 2. Measurement of aortic annular diameter on three chamber view (red arrow).
(Abbreviations as in Fig. 1).

Fig. 3. Planimetry of aortic valve area at short-axis view of aorta (red loop). (Abbreviations
asin Fig. 1).
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