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Evaluation of Morphological Dynamic Changes in the Aortic
Annulus and Sinotubular Junction in Candidate Patients for
Transcatheter Aortic Valve Implantation Using 4-Dimensional
Computed Tomography Voxel Tracking
Kota Sakai１） Nobuo Iguchi２）＊ Harutoshi Tamura２）
Yuko Utanohara２） Mitsuaki Isobe２）and Takanori Ikeda１）
１）

Department of Cardiology, Toho University Graduate School of Medicine, Tokyo, Japan
２）

Department of Cardiology, Sakakibara Heart Institute, Tokyo, Japan

ABSTRACT
Introduction: In recent years, rather than surgically replacing the aortic valve, transcatheter aortic valve
implantation (TAVI) has been performed. This study aimed to evaluate the morphological dynamic changes
in the aortic annulus and sinotubular junction (STJ) using 4D-computed tomography (CT) voxel tracking in
TAVI candidates.
Methods: We enrolled 75 consecutive patients with aortic stenosis (AS) and 42 controls who underwent
cardiac CT. Scans were performed using spiral acquisition with retrospective electrocardiogram-gated image reconstruction. We used motion coherence image processing, which performs deformable registration to
track all voxels throughout multiple phases and interpolates images between phases to generate new
phases. Using voxel tracking technology, we constructed a time-area curve and time-circumference length
curve for the aortic annulus and STJ, respectively. From these curves, we determined the peak and nadir
values of the area and circumference length during one cardiac cycle.
Results: There was no significant difference between the AS and control groups regarding the area size,
but the circumference length was significantly greater in the AS group than in the controls (p ＜ 0.001). The
phase with the largest area was significantly slower in the AS group than in the controls (p = 0.005). In both
groups, the changes in area and circumference length were greater in the aortic annulus than in the STJ (p
＜ 0.001).
Conclusions: Dilatability during the cardiac cycle is different between the aortic annulus and the STJ. Additionally, the phase during which the aortic annulus area is maximum occurs later than normal in patients
with AS.
Toho J Med 6 (2): 67―73, 2020
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tracking

＊

Corresponding Author: Nobuo Iguchi, 3-16-1, Asahi-cho, Fuchu-city,
Tokyo, 183-0003, Japan, tel: ＋81―042―314―3141
e-mail: niguchi@shi.heart.or.jp
DOI: 10.14994/tohojmed.2019-019
Vol. 6 No. 2

Received Sept. 26, 2019: Accepted Nov. 11, 2019
Toho Journal of Medicine 6 (2), June 1, 2020.
ISSN 2189―1990, CODEN: TJMOA2

６８（14）

K. Sakai et al.

among patients who underwent cardiac CT because of

1. Introduction

suspected coronary disease and who had normal left ven-

In recent years, transcatheter aortic valve implantation
(TAVI) has been performed instead of surgical aortic

tricular (LV) systolic function with no coronary disease,
cardiomyopathy, valve disease, or severe hypertension.

valve replacement. The conditions that previously ex-

The investigation conformed to the ethical guidelines of

cluded older people and patients with certain systemic

the 1975 Declaration of Helsinki and was approved by the

complications from being candidates for open heart sur-

in-house ethics committee of Sakakibara Heart Institute

gery have been addressed by TAVI.１，２） Devices that are

(No. 16-040).

３）

used for TAVI are also undergoing advances, but they
４）

2.2. Cardiac CT image acquisition

are not yet sufficient. To create more sophisticated de-

All patients with AS and controls underwent cardiac

vices, morphological changes in the cardiac cycle of the

CT using a dual-source CT system (SOMATOM Definition

aortic root must be accurately evaluated.５，６） In recent

Flash; Siemens Healthcare, Forchheim, Germany). Each

years, devices have been introduced that cover a longer

patientʼs electrocardiogram was prospectively monitored

area, from the aortic annulus to beyond the sinotubular

throughout the procedure. Beta-blockers were adminis-

junction (STJ). Thus, the dynamics of the aortic annulus

tered to all control patients as pretreatment for CT but

７）

and STJ must be accurately evaluated. To date, however,

not to the AS patients.

there have been no reports that compared morphological

The appropriate time interval between contrast agent

dynamic changes in the aortic annulus and STJ using four-

injection and scanning initiation was determined by a test

dimensional (4D) voxel tracking.

injection of 7 mL of contrast agent. Scans were performed

Although dynamic changes in the aortic annulus can be

using

spiral

acquisition

with

retrospective

evaluated with three-dimensional (3D) echocardiography,

electrocardiogram-gated image reconstruction during in-

true morphological change cannot be assessed―only vis-

jection of iopamidol (370 mg I/mL) (Iopamiron 370; Bayer,

３）

ual and functional areas. Hence, to accurately investigate

Osaka, Japan), with a gantry rotation time of 280 ms. Scan

morphological changes, techniques such as voxel tracking,

parameters, such as tube current, tube voltage, and expo-

which tracks the same point in motion, are necessary. A

sure dose, are shown in Table 1. Axial images were recon-

recently developed software called PhyZiodynamics is ca-

structed with a slice thickness at 0.75-mm intervals using

pable of voxel tracking in computed tomography (CT) im-

retrospective gating to obtain image acquisition windows

ages and can evaluate structural changes of the aorta in

of the full duration of the cardiac cycle. For each patient,

four dimensions.

20 data sets were created at different time points during

The aortic annulus and STJ have different tissue prop８）

erties, and true morphological dynamic changes should

the cardiac cycle (0%-95% of the R-R interval).
2.3. Image reconstruction with motion coherence im-

be accurately evaluated by voxel tracking technology on

age processing and analysis

4D images. Furthermore, the phase at which the aortic an-

On cross sections of the virtual basal ring and the STJ,

nulus or STJ is maximum cannot be predicted, so obtain-

we traced the cross-sectional images to coincide with the

ing a true maximum value without 4D imaging is impossi-

full width at half maximum of the CT values.９） We exam-

ble.

ined the following parameters of the aortic annulus and

We therefore aimed to evaluate the morphological dynamic changes in the aortic annulus and STJ using 4D-CT
with PhyZiodynamics software for TAVI candidates.

2. Methods

STJ: area, circumference length, minor axis diameter, major axis diameter.
Motion coherence image processing is a novel technique
(PhyZiodynamics; Ziosoft Inc., Tokyo, Japan) that performs
deformable registration to track all the voxels throughout

2.1. Study population

multiple phases and interpolates images between phases

The study included 80 consecutive patients with aortic

to generate new phases.１０） Using voxel tracking technol-

stenosis (AS) and 42 controls who underwent cardiac CT

ogy, noise reduction and interpolation of the volume data

between October 2013 and March 2016. All patients with

of 20-40 phases were performed automatically (Fig. 1).

AS were candidates for TAVI and underwent cardiac CT

Time-area and time-circumference curves were con-

to assess the aortic valve. Controls were chosen from

structed (Fig. 2). From these curves, we determined the
Toho Journal of Medicine・June 2020
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Table 1 Patient baseline characteristics

Age, years
Male
Hypertension
Dyslipidemia
Diabetes
Chronic kidney disease
Ischemic heart disease
Old cerebral infarction
Echo findings
AVA (cm2)
Mean PG (mmHg)
Peak flow velocity (m/s)
CT examination
Tube voltages (kV)
Tube current (mAs)
CT dose indices
Dose length product

Control group
(n＝42)

Patients with
severe AS
(n＝75)

64±13
28 (67%)
20 (48%)
10 (24%)
3 (7%)
0 (0%)
0 (0%)
1 (2%)

83±7
19 (25%)
57 (76%)
44 (59%)
21 (28%)
40 (53%)
29 (39%)
15 (20%)
0.58±0.16
58.1±15.8
5.0±0.7

117.62±6.48
383.29±57.87
113.82±22.66
1890.36±437.19

109.07±9.96
352.00±56.14
88.60±31.24
1369.65±490.17

Values are mean±SD or n (%)
AS＝aortic stenosis, PG＝pressure gradient, AVA＝aortic valve area

MPR image of long axis view

Volume-rendering image

MPR image of short axis view

MPR image of two-chamber view

Fig. 1 Measurement of the aortic annulus. On the virtual aortic annulus surface, we traced
cross-sectional images to coincide with the full width at half maximum of CT values. Forty
phase images were automatically created by multiple interpolation, and the time-area and timelength curves were drawn using voxel tracking technology. MPR, multiplanar reconstruction.
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Circumference length

3. Results
3.1. Patientsʼ characteristics
Altogether, 75 cases were analyzed after five had been
excluded because of poor image quality caused by motion
artifact or severe calcification. The distributions of the pa-

mm2

tientsʼ characteristics are shown in Table 1. The aortic

Area

valve area (annular level) and peak pressure gradient,
which were used to assess the severity of AS, indicated
that all patients had severe disease and so were candidates for TAVI (Table 1).
3.2. Comparisons of the AS and control groups

Phase

B

mm

3.2.1. Minimum and maximum area and circumference length

Circumference length

values
We measured the maximum and minimum values for
the area and circumference length in the aortic annulus
and STJ, which were then subjected to body surface area
correction (Table 2). There were no significant differences
in the areas of the aortic annulus and STJ, but the circum-

Area

ference length was significantly longer in the AS group

mm2

than in the control group (p ＜ 0.001).
3.2.2. Peak phases of the area and circumference length
Smooth time-area and time-length curves were drawn
for the area and circumference length in the aortic annulus. The peak phase during which the area reached its

Phase

maximum value was significantly later in the AS group

Fig. 2 Variations in the area and circumference of the
aortic annulus throughout the cardiac cycle. (A) Control
group. (B) Aortic stenosis (AS) group. Note the variations
in the aortic circumference length (red lines) and annular
area (yellow lines) throughout the cardiac cycle. The horizontal axis of the graph shows the 40 phases during one
cardiac cycle.

than in the control group (p = 0.005) (Table 2).
3.2.3. Change in rate of area and circumference length
The minimum/maximum values ratio was accepted as
the rate of change (Table 3). Results showed that the rates
of change in the aortic annulus area, aortic annulus circumference, STJ area, and STJ circumference were significantly smaller in the AS group than in the control

peak and nadir values of the area and circumference

group (p ＜ 0.001).

length during one cardiac cycle and identified the shortest

3.3. Comparison of the annulus and STJ

phase-to-peak value.

3.3.1. Rates of change in area and circumference length

2.4. Data and statistical analysis
Descriptive data are expressed as means

In the control and AS groups, the rates of change in the
standard de-

viation. Normality of data was tested by the KolmogorovSmirnov test. Parameters between two groups were compared using the Mann-Whitney U test and the paired t-test

area and circumference length were significantly greater
in the aortic annulus than in the STJ (Table 4).

4. Discussion

(two-tailed). The level of statistical significance was set at p

There were three main findings in this study. (1) There

＜ 0.05. Statistical analyses were performed with statistical

was no significant difference in the aortic annulus and STJ

software (IBM SPSS Statistics for Windows v20; IBM Inc.,

areas between the AS and control groups, whereas the cir-

Armonk, NY, USA).

cumference length was significantly greater in the AS
group than in the control group. (2) The phase with the
largest aortic annulus area was significantly slower in the
Toho Journal of Medicine・June 2020
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Table 2 Aortic annulus and STJ parameters in all phases in the control group and in
patients with severe AS

Aortic annulus
Min area index (mm2/m2)
Min circumference index (mm/m2)
Max area index (mm2/m2)
Max circumference index (mm/m2)
Max annulus area phase (%)
STJ
Min area index (mm2/m2)
Min circumference index (mm/m2)
Max area index (mm2/m2)
Max circumference index (mm/m2)

Control group
(n＝42)

Patients with
severe AS
(n＝75)

P-value

253.13±36.56
43.26±3.83
289.31±41.51
47.56±4.17
7.98±4.41

264.97±46.33
50.59±6.72
295.28±45.87
53.23±6.50
11.80±7.56

0.195
＜0.001
0.539
＜0.001
0.005

374.77±58.44
53.41±5.37
400.76±63.74
55.33±5.40

375.31±72.73
58.81±7.65
394.79±77.37
60.39±7.90

0.807
＜0.001
0.503
0.001

Values are mean±SD or n (%)
AS＝aortic stenosis, Min＝minimum, Max＝maximum, STJ＝sinotubular junction
In order to eliminate the influence of the difference in physique, the area and circumference were divided by body surface area.

Table 3 Change rate of aortic annulus and STJ in control group and in patients with severe AS

Change
Change
Change
Change

rate
rate
rate
rate

of
of
of
of

Control group
(n＝42)

Patients with
severe AS
(n＝75)

P-value

114.37±4.04
113.39±4.03
106.96±3.49
107.44±3.65

111.86±4.47
111.06±4.57
105.18±2.82
105.47±3.18

0.001
0.003
0.001
0.001

annulus area (%)
annulus circumference (%)
STJ area (%)
STJ circumference (%)

Values are mean±SD or n (%)
AS＝aortic stenosis, STJ＝sinotubular junction

Table 4 Comparison change rate of aortic annulus and STJ

Change
Change
Change
Change

rate
rate
rate
rate

of
of
of
of

area in control group (%)
circumference in control group (%)
area in AS group (%)
circumference in AS group (%)

Annulus

STJ

P-value

114.37±4.04
113.39±4.03
111.86±4.47
111.06±4.57

106.96±3.49
107.44±3.65
105.18±2.82
105.47±3.18

＜0.001
＜0.001
＜0.001
＜0.001

Values are mean±SD or n (%)
AS＝aortic stenosis, STJ＝sinotubular junction

AS group than in the control group. (3) The changes in

of a 3D structure. The aortic annulus and the STJ could be

area and circumference length were greater in the aortic

seen to be changed in 3D views,１１） but changes in shape

annulus than in the STJ in both the AS and control groups.

could not be viewed in two-dimensional evaluations. The

4.1. Comparison with previous studies

voxel tracking technology of PhyZiodynamics is capable of

Although changes in the area of the aortic annulus and

tracking one voxel in four dimensions without being af-

Valsalva during a single heartbeat have been studied pre-

fected by shape distortions.１２，１３） Hence, evaluating the true

viously,６） those studies were two-dimensional evaluations

elasticity and hardness of the aortic annulus and STJ is

Vol. 6 No. 2
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aortic wall to prevent perivalvular leak.

possible with 4D evaluation.

Furthermore, in the presence of AS, the phase during

4.2. Comparison between AS and controls
When measuring the aortic annulus and STJ, we found

which the area of the aorta and the surrounding diameter

no difference in area between the AS and control groups,

are maximum was later than normal. Therefore, we con-

but there was a significant difference in circumference

sidered it necessary to set the imaging phase at

length. Additionally, the rate of change of the STJ and aor-

during CT imaging by prospective gating.

slow

tic annulus tended to be larger in the control group than in

4.5. Limitations of this study

the AS group. These findings indicate that the aortic annu-

This study had several limitations. First, this was a ret-

lus and the STJ in AS have complex shapes and lack elas-

rospective observational study at a single Japanese cardio-

ticity, possibly due to severe calcification or arteriosclero-

vascular hospital. Also,

sis. The fact that the shape is complex means that a device

tients who underwent coronary artery CT with full-phase

normal

control cases were pa-

that maintains morphological conformability is needed

imaging, and this control group was small. Therefore, the

that could adhere to the aortic wall. When we compared

control group may not be completely representative of the

the phases where the aortic annulus area reached its

general population.

maximum, we found that the AS group was obviously

Second, there are many elderly people in the AS group;

slower than the control group, and reaching the maximum

thus, this study may be influenced by age. However, pa-

diameter took approximately twice as long. This finding

tients with aortic valve stenosis who are candidates for

suggests that the measurement phase for device size de-

TAVI are limited to the elderly, and therefore need to be

termination needs to be delayed in the presence of AS.

considered as a combined effect including being elderly.

4.3. Comparison of the annulus and STJ

5. Conclusions

The AS and control groups showed a higher rate of
change in the area and circumference length in the aortic

Dilatability during the cardiac cycle is different for the

annulus than in the STJ. This finding suggests that the an-

aortic annulus and the STJ. Additionally, the phase during

nulus is more flexible than the STJ. Anatomically, the aor-

which the aortic annulus area is maximum in patients with

tic annulus is a part of the LV outflow tract and is affected

AS is later than normal. This study may contribute to the

by wall motion of the LV wall, whereas the STJ is part of

development of a safety procedure of TAVI strategy.

the aortic wall at the junction between the ascending
aorta and the Valsalva sinus.１４，１５） These differences in ana-

Disclaimer: Takanori Ikeda is one of the Editors of Toho Journal

tomical structure may also display differences in flexibil-

of Medicine. He was not involved in the editorial evaluation or deci-

ity, which our study has indeed shown.

sion to accept this article for publication at all.

Some of the TAVI devices are designed to be placed
from the STJ to the aortic annulus. As many of them are
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