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Abstract
The aims of this study were i) to evaluate mitral and aortic annuli excursion, and aortomitral

angle (AMA) during the cardiac cycle in healthy adults using two-dimensional speckle

tracking echocardiography, ii) to assess two annuli dynamics and coupling behaviors as an

integral, and iii) to detect the relation between two annuli and left ventricular ejection

fraction (LVEF). A total of 74 healthy adults underwent transthoracic echocardiography.

In the parasternal long-axis view, a number of points were extracted, including right

coronary aortic annular, aortomitral fibrous junction, and posterior mitral annular points.

The annuli excursion and AMA were measured using a speckle tracking-derived software

during the cardiac cycle. During the isovolumic contraction and the isovolumic relaxation

phase, annuli excursion and AMA remain stable for a short time. During the systole, annuli

excursion increased sharply to the maximum, while AMA narrowed quickly to the minimum

value. During the diastole, there are three patterns of decrease in annuli excursion and AMA

expansion in different phases. The annuli excursion of three points correlates well with the

LVEF (right coronary aortic annulus excursion, rZ0.71, P!0.05; non-coronary aortic annulus

excursion, rZ0.70, P!0.05; posterior mitral annulus excursion, rZ0.82, P!0.05). Moreover,

there are positive correlations between annuli excursion and the variation of AMA (rZ0.60,

P!0.05). The annuli excursion and AMA have various regular patterns in healthy adults.

The interactions of mitral and aortic annuli correlate with the left ventricular function.

Our findings may have relevance to the evaluation of left ventricular function and

presurgical planning of patients with valvular diseases.
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Introduction
The aortic annulus together with the mitral annulus form

the base of left ventricle and they are coupled via

aortomitral fibrous tissue. Their physiological function is

integral in maintaining normal cardiac performance (1).

When the heart muscle contracts, displacement of the two

separate valvular units should not be heterogenous (2).

The aortomitral angle (AMA) between two annuli planes

also changes dynamically during the cardiac cycle (3).
However, in previous studies, the aortic and mitral annuli

were studied in humans separately as if their functions are

independent of each other.

In this study, efforts were made to evaluate the

dynamics and interactions of mitral and aortic annuli in

humans in a new way. Two-dimensional (2D) speckle

tracking echocardiography (STE) can track tissue motion

in any direction in a 2D imaging plane. The STE-derived
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Table 1 Clinical characteristics of study subjects.

Parameter

Age (years) 37.8G8.5
BSA (m2) 1.6G0.2
BMI (kg/m2) 22.7G8.8
Heart rate (beats/min) 75.4G10.6
SBP (mmHg) 112G19
DBP (mmHg) 81G12
LVEDD/BSA (mm/m2) 27.10G1.99
LAD/BSA (mm/m2) 17.79G1.30
LVEF (%) 66.3G6.5

BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LVEDD, left ventricle end-diastolic dimension; LAD, left atrium
dimension; LVEF, left ventricular ejection fraction.
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annulus excursion quantification software has been used

to assess mitral annulus displacement and its feasibility

has been confirmed (4, 5). However, only few studies have

examined aortic annulus displacement (6) or AMA using

STE. Accordingly, the aims of this study were i) to evaluate

mitral and aortic annuli excursion, and AMA during the

cardiac cycle using 2D STE technology, ii) to assess two

annuli dynamics and coupling behaviors as an integral,

and iii) to detect the relation between two annuli and left

ventricular ejection fraction (LVEF).
Aortomitral angle

Right aortic annular point

Mid-aortic annular point
Methods

Study population

A total of 74 people who underwent a health check in our

hospital from October 2010 to July 2011 were selected for

this study. All of them were referred for the inspection

of electrocardiogram, blood pressure, blood glucose, and

physical examination to exclude cardiovascular-related

diseases. Meanwhile, routine echocardiography was per-

formed to exclude patients who had poor image quality

or abnormal cardiac structure or dysfunction (Table 1).

Approval to conduct the study was obtained from the

institutional review board at the authors’ hospital.
Aortomitral fibrous
continuity point

Mid-mitral annular
point

Posterior mitral
annular point

1 cm

Figure 1

Definition of mitral annulus, aortic annulus, and the angle between them

in the parasternal long-axis view.
Echocardiography

All subjects underwent 2D transthoracic echocardiography

(iE33 echocardiography system; Philips Medical Systems,

Best, TheNetherlands) examinations conducted by a single,

experienced echocardiographer. To optimize speckle track-

ing, 2D grayscale harmonic images were obtained at a

frame rate of 60 to 80/s. Standard parasternal long-axis and

apical chamber views were obtained using a synchronous

electrocardiogram in all cases. In each imaging plane, four
www.echorespract.com
end-expiratory cardiac cycles were acquired. From the

parasternal long-axis view, the end-diastolic dimension of

the left ventricle was measured from the left side of the

interventricular septumto the left ventricularposteriorwall,

and the end-systolic dimension of the left atrium was

measured from the left atrial anterior wall to the left atrial

posterior wall. In apical two- or four-chamber views, the

LVEF was assessed according to the modified biplane

Simpson’s rule (7). Characteristics of subjects and routine

echocardiographic data are listed in Table 1.
Annulus excursion and AMA measurement

In the parasternal long-axis view (Fig. 1), aortic and mitral

annuli composed the base of the LV, and they were

connected to each other via fibrous tissue, which is also

called the aortomitral curtain (8). The aortic annulus plane

was defined as the plane incorporating both the fibrous

junction and the lowest point of the right aortic annulus,

and the mitral annulus plane was defined as the plane that

included the fibrous junction and the lowest point of the

posterior mitral annulus. Annulus excursion was defined as

the annularmotion toward the LVapex,while AMA referred

to the angle between aortic and mitral annuli planes.

2D echocardiography native data were transferred into

QLAB workstation (Philips) for offline analysis. To assess

mitral annulus excursion, in the end-diastolic frame, two

tracking points were marked manually on the posterior

mitral annulus and aortomitral fibrous continuity, and one

anchor point wasmarked outside the imaging planewhich

was approximately at the same distance from the two

tracking points. For the aortic annulus excursion, two
12
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Figure 2

(A) Color kinesis-mode display of annular excursion. (B) The dynamic changes in annulus excursion of three points during three cycles. (C) Example of AMA.

(D) The dynamic changes in AMA during three cycles.

Table 2 Measurements of annuli excursions and aortomitral

angles

Annuli excursion
AEr (mm) 13.6G2.3
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points were marked manually on the right coronary aortic

annular point and aortomitral fibrous continuity point.

The points were tracked frame by frame by synchronous

color kinesis imagingusing theQLAB software (Fig. 2A). For

measuring AMA, three points, including right coronary

aortic annular corners, aortomitral curtain, and posterior

mitral annular corners, were marked manually, and the

software was used to track the distance variation between

different points, and the AMA was computed manually

(Fig. 2C). The mean value for three heartbeats was

calculated. Subsequently, annulus excursion and AMA

were plotted as curves varying with time (Fig. 2B and D).

Some values were selected for comparison as follows: the

maximum right aortic annular point excursion (AEr), the

maximumpost-mitral annular point (MEp), themaximum

fibrous excursion (FE), maximum AMA (AMA(max)),

minimum AMA (AMA(min)), and the difference between

AMA(max) and AMA(min) (AMA(d)).

We also attempted to quantify the above parameters

in an apical three-chamber view, however, we had to give

up as the image quality in this plane is not so good as that

for the parasternal long-axis view.

To evaluate the intra- and inter-observer variability,

measurements were repeated in a subset of 20 randomly

selected patients, by the same observer together with an

additional observer, who were blinded to all prior

measurements.
MEp (mm) 14.7G2.4
FE (mm) 11.8G1.8
Aortomitral angle
AMA(max) (8) 131G7
AMA(min) (8) 112G7
AMA(d) (8) 19G4

AEr, maximum right aortic annular point excursion; MEp, maximum post-
mitral annular point; FE, maximum fibrous excursion; AE(mid-A), AE of mid-
aortic annular point; AE(mid-M), AE of mid-mitral annular point; AMA(max),
maximumAMA; AMA(min), minimumAMA; AMA(d), the difference between
AMA(max) and AMA(min).
Statistical analyses

Measurements are expressed as meanGS.D. Continuous

variables were compared using one-way ANOVA. The

relationship among LVEF, annulus excursion, and AMA

was studied using correlation analysis (Pearson’s corre-

lation). Bland–Altman analysis was performed to determine

the bias and limits of agreement between intra- and
www.echorespract.com
inter-observer measurements. All statistical analyses were

performedusing the SPSS software (SPSS, version16.0, IBM).

A value of P!0.05was considered as statistically significant.
Results

Quantification of annulus excursion and AMA using 2D

STE was achieved in all subjects within 20 s. The

measurements are listed in Table 2.
Dynamic movement of annulus excursion and AMA

The different phases of cardiac cycle were identified by

valve movement and a synchronous electrocardiogram.

AEr, MEp, FE, and AMA circular variation are illustrated

in Fig. 2B and D. During the isovolumic contraction, all

annulus excursion parameters and AMA remain stable for

a short time. During the systole, annulus excursion

increased sharply to the maximum, while AMA narrowed

quickly to the minimum. During the isovolumic relax-

ation, there is another relative stable stage. During the

early diastole, annulus excursion decreased and AMA
13
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expanded quickly, followed by a slow variation during the

mid-diastole, and, at the late diastole, they accelerated

suddenly and changed until reaching the initial level.
Comparison of excursion in different annular portions

To evaluate the heterogenous movement of annulus,

maximum excursions of three annular points were

compared. MEp was bigger than AEr (PZ0.003), whereas

AEr was bigger than FE (P!0.001).
Correlation analysis

There are good correlations amongMEp, AEr, FE, and LVEF

(rZ0.82, P!0.05, rZ0.71, P!0.05, and rZ0.70, P!0.05

respectively). The correlation between AMA(d) and AEr

is rZ0.60, P!0.05. There is no significant correlation

between AMA(d) and LVEF.
Intra- and inter-observer variability

The reproducibility tests of annulus excursion and AMA(d)

showed no trends and no difference in the variance of

intra- and inter-observer variability (Table 3).
Discussion

The major findings of this study were as follows: i) STE can

be used to evaluate annuli movement and AMA. ii) The

aortic and mitral annuli vary consistently during the

cardiac phases. The variation in AMA reflects the

heterogenous movement of mitral and aortic annuli. iii)

Annulus excursion is correlated with LVEF and AMA.
Table 3 Reproducibility of annulus excursion and AMA(d) by

two-dimensional speckle tracking echocardiography. Values are

intraclass correlation coefficients (ICC). ICC was considered as

poor when ICC!0.4, fair when ICCZ0.40–0.59, good when

ICCZ0.60–0.74, and excellent when ICCR0.75. Numbers in

parentheses are 95% CIs.

Intra-observer Inter-observer

AEr (mm) 0.91 (0.84–0.96) 0.69 (0.23–0.88)
MEp (mm) 0.86 (0.65–0.94) 0.75 (0.49–0.89)
FE (mm) 0.97 (0.93–0.99) 0.94 (0.86–0.98)
AMA(d) (8) 0.85 (0.60–0.97) 0.75 (0.38–0.90)

AEr, maximum right aortic annular point excursion; MEp, maximum post-
mitral annular point; FE, maximum fibrous excursion; AMA(d), difference
between maximum and minimum aortomitral angles.

www.echorespract.com
Quantification of annulus excursion and AMA using STE

To our knowledge, this is the first study to characterize

the left-side annulus dynamics of human heart using STE

technology. STE can track tissue motion in echocardio-

graphic imaging loops without any directional limitation,

it is a rapid and reproducible method for determining

annulus excursion andAMAvariation, and it provides a high

temporal resolution to ensure the quantification accuracy.
Dynamics of annulus excursion

During the cardiac cycle, the mitral annulus is pulled

toward the LV apex in the systole and reversed from the

apex in the diastole. This reflects that myocardial

contractility is a very efficient mechanism to enhance LV

filling and emptying (9, 10). Our result shows that aortic

annulus moves toward the LV apex together with mitral

annulus and, therefore, we suggest the aortic annular

movement should be considered as a part of the LVEF

component as well as mitral annulus. It is noteworthy that

our results showed the different aortic annulus phases of

movement as reported previously in a study by Nakai et al.,

which illustrated that the aortic annulus moves cranially

during the early systole and moves caudally during the

remainder of the systole and isovolumic relaxation, and

then moves cranially again during the diastole in aortic

stenosis patients (6). The discrepancymay bemainly caused

by subjects having different disorders.

Furthermore, our data confirmed that the posterior

mitral annulus excursion is bigger than that of the anterior

aortic annulus, whereas the aortomitral continuity excur-

sion is the smallest. This phenomenon is also corroborated

in animal experiments (2). It is possible owing to the

component of the aortomitral continuity being the fibrous

tissue, the right aortic annulus and the posterior mitral

annulus are merged withmuscular and fibrous tissues, and

the posterior mitral annulus is more free to move with less

peripheral restriction (8).
Dynamics of AMA variation

AMA follows a consistent pattern of narrowing and

widening with the smallest angle at the end of the systole

and the widest angle at the end of diastole (9, 10, 11, 12).

The change in the AMA reflects the heterogeneous nature

of left cardiac annular movement. Our findings are incon-

sistent with the data, reported by Sughimoto et al.,

according to which the AMA changed from 147.1G16.0

to 117.8G8.47 in healthy adults, both being bigger than
14
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our measurement. However, the above-mentioned study

included only seven subjects and the images were

obtained by three-dimensional transesophageal echocar-

diography with a low frame rate (11). The report by

Timek et al. demonstrated that the AMA of sheep changed

by 88G28 during the cardiac cycle, which was far smaller

than our result (9). The difference is possibly due to

subjects belonging to different species.

Some studies have demonstrated the correlation

between AMA and hemodynamics, the narrowing of the

AMA brings the left ventricular base closer to the left

ventricular outflow tract, narrower AMA can result in

systolic anterior motion of the valve leaflets and chordae

tendineae (13, 14, 15).
A common shared dynamic physiology of

aortic and mitral annuli

Our findings provide evidence that the aortic and mitral

valves have synchronous dynamic physiology that is very

important for maintaining normal hemodynamics and LV

function. It is a well-known fact that the aortic and the

mitral annuli belong to the cardiac skeleton that theyhave a

role in the attachment of the myocardial band and for the

attachment of the aortic and mitral valves (16, 17).

Consequently, if evena small regionofmyocardiumbecame

impaired, the effect will affect annulus excursion and AMA.

In agreement with results from previous studies, our results

underline the importance of considering the aortic–mitral

complex as a single structure (10, 18). Additional knowledge

of the left-side valvular structure should contribute toward

the development of better approaches for valve apparatus

repair or surgery (19, 20, 21).
Study limitations

There are some limitations of our study. First, both

mitral valve and aortic valve annuli have complicated

three-dimensional shapes, and 2D echocardiography may

be limited in its ability to estimate the AMA accurately in

three-dimensional space, though it has some advantages

of convenience and higher temporal resolution. Secondly,

the two annuli are composed of different tissues in

different portions and hence we were unable to accurately

reflect the complex movement of each part.
Conclusions

2D STE quantification of annulus excursion and AMA is

clinically feasible. Both mitral and aortic annulus
www.echorespract.com
excursions are correlated with LVEF. Our results underline

the importance of considering the aortic–mitral structure

as a unique morphological and functional entity, evalu-

ation of which should be taken into consideration during

the treatment for left-side heart valvular disease. The

methodology described in this article may become an

important tool for presurgical planning for patients with

valvular disease.
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