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Normative Aortic Valvar Measurements in Adults
Using Cardiac Computed Tomography

— A Potential Guide to Further Sophisticate
Aortic Valve-Sparing Surgery —

Yu Izawa, MD; Shumpei Mori, MD, PhD; Justin T. Tretter, MD;
James A. Quintessenza, MD; Hiroyuki Toh, MD; Takayoshi Toba, MD, PhD;
Yoshiaki Watanabe, MD, PhD; Atsushi K. Kono, MD, PhD;

Kenji Okada, MD, PhD; Ken-ichi Hirata, MD, PhD

Background: A thorough understanding of the anatomy of the aortic valve is necessary for aortic valve-sparing surgery. Normal
valvar dimensions and their relationships in the living heart, however, have yet to be fully investigated in a 3-dimensional fashion.

Methods and Results: In total, 123 consecutive patients (6612 years, Men 63%) who underwent coronary computed tomographic
angiography were enrolled. Mid-diastolic morphology of the aortic roots, including height of the interleaflet triangles, geometric height,
free margin length of each leaflet, effective height, and coaptation length were measured using multiplanar reconstruction images.
Average height of the interleaflet triangle, geometric height, free margin length, effective height, and the coaptation length were
17.3+£1.8, 14.7+1.3, 32.6+3.6, 8.6+1.4, and 3.2£0.8mm, respectively. The right coronary aortic leaflet displayed the longest free
margin length and shortest geometric height. Geometric height, free margin length, and effective height showed positive correlations
with aortic root dimensions. Coaptation length, however, remained constant regardless of aortic root dimensions.

Conclusions: Diversities, as well as characteristic relationships among each value involving the aortic root, were identified using
living-heart datasets. The aortic leaflets demonstrated compensatory elongation along with aortic root dilatation to maintain constant
coaptation length. These measurements will serve as the standard value for revealing the underlying mechanism of aortic regurgitation
to plan optimal aortic valve-sparing surgery.

Key Words: Anatomy; Aortic root; Aortic valve, repair; Computed tomography

popular operational options for the primarily

regurgitant valve and/or proximal aortic aneurysm
over the last few decades.'5 Although outcomes of aortic
valve-sparing surgery have improved,8 there remain
problems, including intraoperative conversion to aortic
valve replacement or recurrence of aortic regurgitation.® 11
As the aortic root anatomy is too complicated to accurately
evaluate only with 2-dimensional methodology,?1213
3-dimensional evaluation is necessary to reveal the under-
lying mechanism of the aortic regurgitation and to define
the predictors of successful surgical repair.!11214 However,

!- ortic valve-sparing surgery has become one of the

few quantitative data on the repair-oriented 3-dimensional
anatomy of the aortic root are currently available, which
impairs standardization of the surgical technique.!! The
aim of the present study is to measure the precise metrics
of the normal aortic valve as the standard value for guiding
successful surgical repair by using computed tomography.!*

Methods

Study Population
We retrospectively analyzed the datasets obtained from
264 consecutive patients who underwent cardiac computed
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Figure 1. Measurements of the aortic root and aortic valve. (A) The virtual basal ring plane (yellow-green dashed line). (B) The

sinuses of Valsalva plane at the level of the central coaptation point of the three aortic leaflets. Sections indicated by black dashed
double-head arrows (D-F) correspond to the sections presented in lower panels. The virtual basal ring is precisely projected in
this image. (C) The sinutubular junction plane. Red dashed double-head arrow indicates maximal short axis diameter. (D-F) Each
bisecting plane. Yellow-green, black, and red dashed lines represent the virtual basal ring, sinuses of Valsalva, and sinutubular
junction planes, respectively. White dashed double-head arrows represent the heights of the interleaflet triangles. White double-head
arrows indicate the geometric heights. Yellow double-head arrows denote free margin lengths. The effective height (red double-head
arrow) represents the vertical distance between the virtual basal ring and the sinuses of Valsalva plane cut at the top of the central
zone of coaptation. The coaptation length was defined as the distance of central coaptation of the leaflets. Yellow, red, and green
circles indicate the three nadirs of the hingelines of the right, left, and non-coronary aortic leaflets, respectively. CL, coaptation
length; EH, effective height; FM, free margin; GH, geometric height; HILT, height of the interleaflet triangle; SOV, sinuses of

Valsalva; STJ, sinutubular junction; VBR, virtual basal ring.

tomography from June 2017 to May 2018 at Kobe University
Hospital. We excluded the following cases: moderate to
severe aortic stenosis (n=73); moderate to severe aortic
regurgitation (n=3); a history of surgery to the aortic valve
(n=24); ascending aortic disease (n=9); a history of surgery
for congenital heart disease (n=5); or inappropriate phase
data acquisition (n=27). As a result, 123 patients with a
structurally and functionally normal aortic valve with
normal size aortic roots were included in the analyses. This
study was conducted in accordance with the Declaration
of Helsinki and was approved by the institutional ethical
committee. Informed consent was obtained in the form of
opt-out on the website.

Image Acquisitions

All acquisitions were performed using a third-generation
dual-source computed tomographic scanner (SOMATOM
Force; Siemens Healthcare, Forchheim, Germany). We
used a standard protocol of prospective or retrospective
electrocardiographically gated coronary arterial computed
tomographic angiography. All images were acquired during
a deep inspiratory breath-hold, using the parameters of
tube voltage of 70-120kV, tube current modulated with

an automated exposure control, a gantry rotation of
250ms, and a temporal resolution of 66 ms. All images were
reconstructed at mid-diastole to obtain optimal images of
the coronary arteries. In those patients undergoing retro-
spective electrocardiographically gated scanning, we used
a dose modulation protocol to decrease patient exposure
to ionizing radiation. The axial image data were recon-
structed by using the following parameters: a section
thickness of 0.6mm, an interval of 0.3 mm, a field of view
of 24cm, and a matrix of 512x512. All image analyses were
performed using a commercially available workstation
(Ziostation2 version 2.9.7.1; AMIN Co., Ltd., Tokyo,
Japan; Ziosoft Inc., Tokyo, Japan).

Image Reconstruction and Measurements

The virtual basal ring plane was semi-automatically defined
by identifying the nadir of each aortic valvar hingeline, as
commonly performed prior to transcatheter aortic valve
implantation.!® Because the virtual basal ring area in
mid-diastole usually demonstrates an ellipsoid shape, its
dimension was, as usual in clinical practice, represented by
the following formula for the circle area equation:
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By scrolling up the plane of the virtual basal ring in
parallel fashion, the dimension of the sinuses of Valsalva
was defined as the bisecting distance from the center of
sinus-to-center of opposite interleaflet triangle.1”-18 The
dimension of the sinutubular junction was measured as the
maximal short-axis distance. It was a plane connecting the
apices of the 3 interleaflet triangles, which was commonly
not parallel to the plane of the virtual basal ring.!® The
dimensions of the aortic valves were all measured using the
3 center planes bisecting the sinus and opposite interleaflet
triangle, which was perpendicular to the virtual basal ring
plane (Figure 1). Two of three center planes were required
to calculate free margin length, by adding each adjoining
distance from the tip of interleaflet triangle to the central
coaptation of leaflets. In summary, we can obtain
3x2-dimensional values reflecting the dimensions of the
sinuses of Valsalva: heights of the interleaflet triangles,
geometric height, and free margin length. Effective height
and coaptation length were measured using any single plane
of these 3 bisecting planes because they are identical using
any of these 3 planes (Figure 1). Supplementary Movie shows
a 3-dimensional image of these measurements.

Statistical Analysis

Categorical variables were presented as percentages,
whereas continuous variables were presented as meanz*
standard deviation. The correlation between the continuous
variables with normal distribution was evaluated using the
Pearson correlation coefficient. Analysis of variance was
used to compare continuous variables related to each of
the 3 aortic sinuses, leaflets, and interleaflet triangles. For
the initial 30 patients, intra-observer and inter-observer
reliabilities of geometric height and coaptation length
measurements were evaluated by 2 observers with 4 (H.T.)
and 8 (Y.I.) years of experience in analysis of cardiac
computed tomographic imaging. The intra-observer and
inter-observer reliabilities were then assessed using the
intra-class correlation coefficient. All statistical analyses
were performed using commercially available software
(JMP 14.3.0; SAS Institute, Cary, NC, USA). Values of
P<0.05 were considered statistically significant.

Results

The clinical characteristics of participants are presented in
Table 1. For 123 subjects, the mean age was 66+12 years,
with 63% being male. At the time of image acquisition during
coronary arterial computed tomographic angiography, the
mean heart rate was 648 beats/min. Mean reconstruction
phase, mean effective radiation doses, and mean contrast
material volume were 71+7% of the R-R interval,
3.4£5.5mSv, and 41+12mL, respectively.

The dimensions of the aortic root and aortic valve are
presented in Table 2. The mean dimensions of the virtual
basal ring, sinuses of Valsalva, and sinutubular junction
were 23.242.4, 31.243.1, and 27.9+2.8 mm, respectively.
The mean ratio between dimensions of the sinutubular
junction and virtual basal ring was 1.240.1. The mean ratio
between dimensions of the sinuses of Valsalva and virtual
basal ring was 1.3£0.1. The mean height of the interleaflet
triangle was 17.3£1.8 mm. The height of the interleaflet
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Table 1. Clinical Characteristics of Participants
Variables n=123
Age (years) 66+12
Men, n (%) 77 (63)
Body height (cm) 162.1+9.9
Body weight (kg) 63.7+15.3
Body mass index (kg/m?) 24.0+4.4
Body surface area (m?) 1.69+0.24
Hypertension, n (%) 58 (47)
Dyslipidemia, n (%) 66 (54)
Diabetes mellitus, n (%) 36 (29)
Previous PCI, n (%) 19 (16)
Hemodialysis, n (%) 5 (4)
Indication of CCTA, n (%)
Atypical chest pain 36 (30)
Pre-/Post-operative assessment 18 (14)
Follow up of coronary artery disease 18 (14)
Abnormal electrocardiogram 15 (12)
Effort angina pectoris 10 (8)
Multiple risk factors 5(4)
Congenital heart disease 4 (3)
Left ventricular dysfunction 2(2)
Arrhythmia 2(2)
Otherst 13 (11)
Background cardiac disease, n (%)
Normal 52 (43)
Ischemic heart disease 48 (39)
Cardiomyopathy 11 (9)
Valvar heart disease 4 (3)
Congenital heart disease 4 (3)
Otherst 4 (3)

tThirteen cases include cases with syncope, peripheral artery
disease, old cerebral infarction, suspected double-chambered
right ventricle, coronary artery-pulmonary artery fistula, suspected
pericardial tumor, and mild pericardial effusion. *Four cases
involve cases with paroxysmal atrial fibrillation, pulmonary venous
aneurysm, coronary arterial aneurysm, and coronary artery-
pulmonary artery fistula. CCTA, coronary arterial computed tomo-
graphic angiography; PCI, percutaneous coronary intervention.

triangle between the non- and left coronary aortic sinuses
was significantly shorter than that of the other interleaflet
triangles. The mean geometric height was 14.7+1.3mm.
The geometric height of the non-coronary aortic leaflet
was the longest, followed by that of the left coronary aortic
leaflet and the right coronary aortic leaflet. The effective
height and the coaptation length were 8.6+1.4 and
3.240.8 mm, respectively. The mean free margin length was
32.6+3.6mm. The free margin length was longest in the right
coronary aortic leaflet and shortest in the left coronary
aortic leaflet.

In order to investigate the correlation between the size
of the aortic root and aortic leaflets, correlation analysis
was performed. The geometric height and the free margin
length showed positive correlations with all the measured
aortic root dimensions (Table 3, Figure 2). The effective
height showed a positive correlation with the dimensions
of the sinuses of Valsalva and sinutubular junction,
whereas it was not correlated with the dimension of the
virtual basal ring. In contrast, the coaptation length

Circulation Journal Vol.85, July 2021
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Table 2. Measured Variables
Variable

Aortic root dimension, mm (indexed by body surface area, mm/m?)
Virtual basal ring
Sinuses of Valsalva
Right coronary aortic sinus-to-opposite interleaflet triangle
Left coronary aortic sinus-to-opposite interleaflet triangle
Non-coronary aortic sinus-to-opposite interleaflet triangle
Mean value
Sinutubular junction
Virtual basal ring area, mm? (indexed by body surface area, mm/m?)
Sinutubular junction/Virtual basal ring dimensions ratio
Sinuses of Valsalva/Virtual basal ring dimensions ratio
Height of the interleaflet triangle, mm
Between non- and left coronary aortic sinuses
Between left and right coronary aortic sinuses
Between right and non-coronary aortic sinuses
Mean value (indexed by body surface area, mm/m2)
Geometric height, mm
Right coronary aortic leaflet
Left coronary aortic leaflet
Non-coronary aortic leaflet
Mean value (indexed by body surface area, mm/m?)
Free margin length, mm
Right coronary aortic leaflet
Left coronary aortic leaflet
Non-coronary aortic leaflet
Mean value (indexed by body surface area, mm/m?)
Effective height, mm (indexed by body surface area, mm/m2)
Coaptation length, mm (indexed by body surface area, mm/m?2)

P value

23.2+2.4 (13.9+1.5)
<0.0001
30.3+3.3**
31.1£3.2¢
32.3+3,0%%**
31.2+3.1
27.9:28
428.1+87.9
1.2+0.1

1.3+0.1

(18.8+2.5)
(16.8+2.6)
(254.4+40.4)

<0.0001
16.6+2.0%**
17.4+2.2*
17.9+2.5**
17.3+1.8 (10.4+1.3)
<0.0001
13.9+1.7%**
14.7£1.75%
15.31.5****
14.7+1.3 (8.8+1.1)
<0.0001
33.9+3.9%**
31.3+3.6%
32.7:£3.8**
32.6+3.6
8.6+1.4

3.2+0.8

(19.6+2.5)
(5.2+1.1)
(2.0£0.6)

*P<0.05 each other. **P<0.05 each other. ***P<0.05 each other. ANOVA, analysis of variance.

showed weak negative correlation with the virtual basal
ring, whereas it was not correlated with the dimensions of
the sinuses of Valsalva or sinutubular junction (Table 3,
Figure 2).

Excellent intra-observer and inter-observer reliabilities
were confirmed for the measurements of the geometric
height and coaptation length, as evident in the values of
intra-class coefficients of 0.9580 and 0.9499, and 0.9166
and 0.9478, respectively.

Discussion

The aortic root is a complex 3-dimensional structure,
composed of the sinuses, leaflets, and interleaflet triangles
(Figures 1,3,4, Supplementary Movie).!* Function of the
aortic valve depends on the dynamic interaction of aortic
leaflets and the other components of the aortic root.??
Precise preoperative appreciation of the 3-dimensional
living anatomy is essential for considering the mechanism
of aortic regurgitation to plan adequate aortic valve-sparing
surgery.!l1214 Several studies have assessed the aortic root
geometry by using specimens.!21-23 Few studies, however,
have revealed the repair-oriented 3-dimensional anatomy
of the aortic root using living-heart datasets.24?5 First, we
established the normal standard value and identified indi-
vidual diversities. Second, correlations between the aortic
root size and leaflet measurements were revealed. Regard-

less of significant variations in the size of the aortic root
components, the aortic leaflets display physiological
compensation to maintain its constant coaptation.

Asymmetry in Dimensions of the Aortic Sinuses and
Leaflets
The aortic sinuses displays subtle asymmetry in size, with
the right and non-coronary aortic sinuses being the largest,
the left coronary aortic sinus being the smallest, and the
leaflet sizes mirroring their respective sinuses.2-23-26 Qur
findings of the longest and shortest free margin length of
the right and left coronary aortic leaflets, respectively, was
consistent with previous studies.2®?> This anatomical
asymmetry reflect the stress applied to the aortic sinuses,
which is also asymmetric.?7-28

Even though both free margin length and geometric
height seem to reflect the size of the leaflet, the geometric
height of the right coronary aortic leaflet was paradoxically
shorter than the other aortic leaflets. This may reflect the
characteristic anatomical relationship between the virtual
basal ring and sinuses of Valsalva (Figure 3). The bisecting
cut through the right coronary aortic sinus is nearly equal
to the short axis of the ellipsoid virtual basal ring,!
depending on the degree of rotation of the aortic root.?
Accordingly, the distance from the nadir of the hingelines
to the central coaptation zone should be shortest in the
right coronary aortic sinus (Figure 3). In other words, the
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Table 3. Analysis of the Correlation of Aortic Valve Dimensions
. Geometric height Free margin length
Variable
B r2 P value B r2 P value

Age -0.0382 0.1183 <0.0001 -0.0283 0.0089 0.3000
Sex (men) 0.5749 0.3305 <0.0001 0.6101 0.3723 <0.0001
Body height 0.0794 0.3493 <0.0001 0.2084 0.3279 <0.0001
Body weight 0.0422 0.2348 <0.0001 0.0940 0.1586 <0.0001
Body mass index 0.0784 0.0662 0.0041 0.1406 0.0291 0.0594
Body surface area 3.0805 0.2997 <0.0001 7.2936 0.2293 <0.0001
Aortic root dimension

Virtual basal ring 0.3891 0.4865 <0.0001 1.0618 0.4944 <0.0001

Sinuses of Valsalva 0.2924 0.4574 <0.0001 0.9021 0.5940 <0.0001

Sinutubular junction 0.2298 0.2397 <0.0001 0.8400 0.4372 <0.0001
Height of the interleaflet triangle 0.5023 0.4882 <0.0001 1.6985 0.7617 <0.0001
Geometric height 1.5208 0.3156 <0.0001
Free margin length 0.2075 0.3156 <0.0001
Effective height 0.5598 0.3259 <0.0001 0.1118 0.0018 0.6438
Coaptation length 0.5046 0.0860 0.0010 -0.9397 0.0407 0.0253

Effective height Coaptation length
B r2 P value B r2 P value

Age 0.0023 0.0004 0.8205 -0.0037 0.0032 0.5318
Sex (men) 0.2059 0.0424 0.0223 -0.1308 0.0171 0.1493
Body height 0.0274 0.0400 0.0266 -0.0092 0.0138 0.1949
Body weight 0.0080 0.0080 0.3251 -0.0021 0.0018 0.6413
Body mass index -0.0032 0.0001 0.9102 0.0024 0.0002 0.8804
Body surface area 0.6898 0.0144 0.1854 -0.2204 0.0045 0.4588
Aortic root dimension

Virtual basal ring 0.0522 0.0084 0.3129 -0.0686 0.0447 0.0189

Sinuses of Valsalva 0.2047 0.2155 <0.0001 -0.0292 0.0135 0.2007

Sinutubular junction 0.2100 0.1925 <0.0001 -0.0226 0.0069 0.3618
Height of the interleaflet triangle 0.2421 0.1090 0.0002 —0.0031 0.0001 0.9353
Geometric height 0.5822 0.3259 <0.0001 0.1704 0.0860 0.0010
Free margin length 0.0159 0.0018 0.6438 -0.0433 0.0407 0.0253
Effective height 0.2562 0.2021 <0.0001
Coaptation length 0.7890 0.2021 <0.0001

right coronary aortic leaflet does not require a long geo-
metric height to achieve the same effective height, even
though its free margin length is the longest, reflecting the
largest size of the sinus.

Comparison With Previous Findings

Intraoperative direct measurements from the patients
undergoing aortic valve repair procedures reported that
mean geometric heights in those with a mean body surface
area of 2.0m?2 was approximately 20 mm.22 The value was
greater than the present value of 14.7mm, which was
measured by computed tomography using a smaller
Japanese population (mean body surface area of 1.7m?)
that had no pathological aortic roots. The present mean
value of the free margin length (32.6mm) is compatible
with that obtained from aortic homografts (34.3mm).? In
normal aortic valves, the effective height ranges from 8§ to
10mm.2 An effective height <8 mm in the presence of
normal geometric height is an indicator of prolapse.'! Our
present data with a mean effective height of 8.6 mm support
this statement. Coaptation height was only 3.2mm, which
is also consistent with that obtained from aortic homografts
(3.3mm).2

Limitations of 2-Dimensional Evaluation

Dimensions of the virtual basal ring and the sinuses of
Valsalva varied between the various modalities and method-
ologies due to the complex shape of the aortic root.!®
Precise measurement of the aortic valve requires dedicated
3-dimensional bisecting planes orthogonal to the virtual
basal ring (Figure 1).121° Precise measurement of the
geometric height requires both nadir of the hingeline and
central zone of coaptation. Without projecting the virtual
basal ring to the orthogonal plane cut through the central
zone of coaptation, the precise effective height cannot be
measured. Coaptation length can be overestimated when
using the off-center cut (Figure 3). As any of these values
are clinically important for both preoperative planning
and postoperative evaluation,33! it is time to revisit these
values with reference to 3-dimensional evaluation. In addi-
tion to the advantage of 3-dimensional echocardiography
to provide real-time dynamic information,¥ preoperative
computed tomographic data will provide complementary
information with its excellent spatial resolution with a wide
field of view. These 3-dimensional quantitative techniques
will further sophisticate current valve-sparing surgery
towards a more patient-specific approach.
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Figure 2. Relationships between the dimensions of the aortic root and the aortic leaflet measurements.

45

'S
=)

~'35
=
1)
8
g
%l) 30
=)
Q
2
P~ 25
20
o o o
15 20 25 30 35 40
Aortic root dimension (mm)
Virtual basal ring : R2=0.4944, p <0.0001
Sinuses of Valsalva : R?=0.5940, p <0.0001
Sinutubular junction : R?=0.4372, p <0.0001
10
9
8
’E\ 7
~ . . .
= 6
) v e e .
2 s
g
2
8 4
g
33

15 20 25 30 35 40
Aortic root dimension (mm)

Virtual basal ring : R2=0.0447, p=0.0189
Sinuses of Valsalva : R?=0.0135, p=0.2007
Sinutubular junction : R?=0.0069, p=0.3618

Clinical Implications
The geometric height and free margin length can now be
measured in a non-invasive preprocedural fashion with the
patient in their natural hemodynamic state. These 2 values
would be constant unless valvuloplasty is performed. This
can preclude the potential limitation of intraoperative
measurements of the bloodless heart under extracorporeal
support. If we compare preoperative values of dysfunctional
aortic valves to current physiologic values from normal
cases, the differences can then provide a clue for precise
evaluation of etiology and guide the effective repair strategy.
Although computed tomographic measurement can
provide reproducible values in a physiological state with its
high spatial resolution, cardiac surgeons should keep in
mind discrepancies between preoperative computed tomo-
graphic measurements and intraoperative measurements,

especially for the geometric height.32 Komiya et al demon-
strated that the intraoperative measurement value of
geometric height was, on average, 1.7mm larger than the
preoperative computed tomographic measurement.3? This
small difference matters because the precise measurement
of the leaflet size represented by the geometric height is
important to avoid aortic root-leaflet mismatch (relative
shortage of geometric height leading to a coaptation length
<2mm) to secure appropriate coaptation.3 Overestimation
of leaflet size has a risk to trigger insufficient annuloplasty,
which leads to residual aortic regurgitation due to inappro-
priate coaptation.

It has been reported that low effective height (<9 mm)
and short coaptation length (<4mm) lead to postoperative
aortic valve regurgitation in aortic valvuloplasty.30:31.33
These postoperative values seem larger than current
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Figure 3. Difference in appearance of the effective height and coaptation length among each longitudinal section orthogonal to
the virtual basal ring. The left upper panel is the reference section at the level of sinuses of Valsalva parallel to the virtual basal
ring. Sections indicated by white dashed lines (A-C) correspond to the sections presented in the following panels. (A) Bisecting
plane (center of sinus-to-center of interleaflet triangle). This plane can demonstrate the correct geometric height, effective height
(if the virtual basal ring plane is adequately projected), and coaptation length. (B) Longitudinal center plane so as to visualize the
aortic sinuses symmetrically. This plane cannot show the correct geometric height and effective height as this cannot provide the
virtual basal ring plane. Coaptation length is correct as this is the center plane. (C) Largest sinus-to-sinus plane. When this section
is cut through the 2 adjacent nadirs of the hingelines, it can provide the virtual basal ring plane. However, this plane overestimates
the effective height and coaptation length as the central zone of coaptation is lower than the plane of sinutubular junction, and the
coaptation surface area increases when moving away from the central point towards the “commissures”, respectively. Geometric
height is not correct as this plane is out of the central zone of coaptation. Thee yellow-green dashed line represents the virtual
basal ring plane. The right hand panel shows the location of the ellipsoid virtual basal ring superimposed on a section of the
sinuses of Valsalva. This image can explain the reason why the geometric height of the right coronary aortic sinus is the shortest.
Yellow, red, and green circles indicate the 3 nadirs of the hingelines of the right, left, and non-coronary aortic leaflets, respectively.
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The black circle indicates the nodule of Arantius. CL, coaptation length; EH, effective height; GH, geometric height.

preoperative values. This discrepancy may reflect that the
clinical goal of the aortic valve-sparing surgery is not
simply restoring normal anatomy but optimizing the
physiological function of the aortic valve with some safety
margin.3? Even applying a 4-6 mm safety margin to ensure
sufficient coaptation, this is narrower than that of the
mitral valve. Consequently, aortic valve-sparing surgery
requires experience, expertise, and more sophisticated
tools,3? which makes the standardization of this procedure
difficult. However, any of previous 2-dimensional measure-
ments should be evaluated carefully, as they can show
potential inaccuracy (Figure 3).1118 Further investigation is
required to revisit postoperative values with 3-dimensional
methods in relation to clinical outcomes.

In selecting graft size, measuring the dimensions of the
ventriculo-aortic and sinutubular junctions, and the height
of the interleaflet triangle3s have been proposed in aortic
valve-sparing surgery. Komiya et al demonstrated a predic-
tion model using mathematical calculations to optimize
annuloplasty from the given geometric height.3? In the
model, effective height was preset at 8mm. The model
provides a reasonable and practical value of the annulus
diameter for annuloplasty to achieve the target coaptation
length. As their model showed,3? the present data (Table 3,
Figure 2) obtained from patients with normal aortic valves
by direct measurement confirmed a positive correlation

between leaflet size and aortic root dimensions to secure
the effective height? and to maintain optimal and constant
coaptation.36-37

The diameter of the sinutubular junction is approximately
1.2-fold larger than that of the virtual basal ring when
evaluated by transthoracic echocardiography.? This rela-
tionship was confirmed by the present analysis using
3-dimensional computed tomographic measurement with
more precision (Table 2). As the aortic leaflets are supported
by the entire aortic root, focusing on every dimension
involving the virtual basal ring, sinuses of Valsalva, and
sinutubular junction is increasingly important to perform
optimal valve-sparing surgery. In this regard, Zakkar et al
recently published the clinical superiority of double ring
annuloplasty performed using an external ring at the
conventional subvalvar level and additional sinutubular
junction level.3® This concept suggests an importance to
optimize the entire size of the aortic root relative to each
leaflet size to avoid aortic root-leaflet size mismatch.

Finally, this study implies potential utility of preoperative
cardiac computed tomography for detailed assessment of
aortic valve and aortic root in patients with aortic regurgi-
tation.

Study Limitations
First, a single-center retrospective design cannot eliminate
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Figure 4. \olume-rendering images of the aortic root and valve. Yellow dotted lines in the left panels indicate the sectional direction
shown in the center and right panels. White arrows in the left panels denote the view of direction for the center and right panels.
Yellow-green and red dashed lines represent the virtual basal ring and sinutubular junction planes, respectively. White dashed
double-head arrow represents the height of the interleaflet triangle. White solid double-head arrows indicate the geometric height.
Yellow double-head arrows denote free margin lengths. The effective height (red double-head arrow) represents the vertical
distance between the virtual basal ring and the top of the central zone of coaptation. The coaptation length was defined as the
distance of central coaptation of the leaflets. The yellow zone in the right superior panel marks the zones of coaptation, showing
the reason why the effective height and coaptation length should be measured at the central zone of coaptation. CL, coaptation
length; EH, effective height; FM, free margin; GH, geometric height; HILT, height of the interleaflet triangle; L, left coronary aortic
sinus; N, non-coronary aortic sinus; R, right coronary aortic sinus.

Sinutubular junction
¥

selection bias, and causal relationships are difficult to be
proven as well. Even if patient records showed any back-
ground cardiac diseases, including cardiomyopathy, valvar
heart disease, and congenital heart disease, those patients
were enrolled in the current analysis (Table 1) unless the
diagnoses had hemodynamic or structural significance to
patients, and unless they showed functional or structural
abnormality of the aortic valve and aortic root. Neverthe-
less, the average values of key measurements were identical
between those cases with background cardiac diseases
and those without (Supplementary Table). Second, as mid-
diastolic images were used, a dynamic change of the aortic
root geometry could not be investigated. Third, our results
were obtained from patients without aortic valvar and
ascending aortic diseases. However, the normal anatomy
should be investigated at first so as to create normative
values. Finally, the present study was composed of a Japanese
population with a mean body surface area of 1.69+£0.24m2.
The index value provided in Table 1, however, would
retain its clinical importance for non-Asian populations.

Conclusions

Normal adult dimensions of the aortic valve were demon-

strated using living-heart datasets. Regardless of significant
variations in the size of the aortic root, the aortic valve
shows physiological compensation to maintain its optimal
coaptation. These measurements will serve as the standard
value for preoperative evaluation of the aortic valvar
anatomy, to plan optimal aortic valve-sparing surgery.
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Supplementary Movie. Three-dimensional image to show the concept

of precise measurements of the complicated anatomy of the aortic

leaflets. Red, yellow, white, and yellow-green lines indicate the

sinutubular junction, free margin, geometric heights, and virtual

basal ring, respectively. CRA, cranial; LAO, left anterior oblique;

RAO, right anterior oblique.
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