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[Abstract] Objective To quantitatively evaluate the left atrial function in healthy Chinese population by cardiac
magnetic resonance-feature tracking (CMR-FT). Methods Healthy individuals with normal magnetic resonance examination
results were enrolled according to the inclusion criteria. Cardiac long- and short-axis images and cine were obtained using
semi-Fourier single-shot technique and balanced steady-state free precession sequence. The left atrial function parameters,
including left atrial volume, ejection fraction, strain and strain rate, were measured by 2 independent observers. Two
independent sample ¢ test was used to compare the parameters between males and females. One-way analysis of variance was

performed to compare the parameters among different age groups. Results A total of 63 volunteers were included in this
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study. Of 63 volunteers, 34 were males and 29 females; and 19 volunteers were aged<<29 years, 23 were aged 30-44 years
and 21 were aged=45 years. The anteroposterior diameter of left atrium was (26.1 ==4.5) mm, and the transverse diameter
was (54.8+5.9) mm. The total ejection fraction of left atrium was (63.516.9)%, total strain was (45.9+11.7)%, and total
strain rate was (1.52:0.5) s~ '. The passive ejection fraction of left atrium was (24.619.1)%, passive strain was (22.2£8.1)%,
and passive strain rate was (—0.8+0.3) s . The active ejection fraction of left atrium was (51.348.9)%, active strain was
(23.7£9.2)%, and active strain rate was (—1.30.5) s~ . There were significant differences in the body surface area, the left
atrial diameters, maximal volume and pre-active contraction volume between the males and the females (all P<<0.05), while
the differences in the other left atrial function parameters were not significant (all #>0.05). There were significant differences
in the left atrial conduit function among the different age groups (all #<<0.05), while there were no significant differences
in reservior or booster pump function parameters. Correlation analysis showed that there were positive correlations between
total ejection fraction and total strain, passive ejection fraction and passive strain, and active ejection fraction and active strain
(r=0.77, 0.74 and 0.77; all P<<0.01). The correlation coefficients of all left atrial function parameters were all >0.6, and the

Bland-Altman analysis showed better consistency between the two observers. Conclusion CMR-FT can be used to obtain

parameters related to left atrial function in healthy Chinese population due to its high repeatability.

[Key words] left atrial function; magnetic resonance imaging; cardiac magnetic resonance-feature tracking; healthy
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Fig 1 Left atrial strain and strain rate

An example of left atrial tracking in the 2-chamber heart cines. A: Left ventricular end-systole; B: Left ventricular end-diastole;

C: Left atrial strain; D: Left atrial strain rate. Left atrial function compromises reservior, conduit and booster pump functions. Total

strain and peak positive strain rate correspond to reservior function. Passive strain and peak early negative strain rate correspond to

conduit function. Active strain and peak late negative strain rate correspond to booster pump function
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Tab1 Comparison of general characteristics and cardiac parameters between normal males and females
xts
Index Male n=34 Female n=29 t value P value

Age (year) 36.31+10.7 36.5+13.5 —0.07 0.94
BSA A/m’ 2.0£0.2 1.8+0.2 3.02 <0.01
LVEDD d/mm 50.2+2.3 472438 3.33 <0.01
LVEDVI (mL * m ™ ?) 64.1+11.5 62.1+15.5 0.07 0.94
LVESVI (mL + m"°) 26.0x5.3 258x7.5 0.50 0.62
LVEF (%) 59.4+4.38 58.7+4.3 0.55 0.41
LAD-AP d/mm 27.7£3.7 24.4+47 2.73 <<0.01
LAD-Trans d/mm 56.8+5.0 52.5+6.1 2.68 0.01
LAV V/mL

LAV . 69.8+12.6 61.5+13.8 2.16 0.04

LAV,.. 54.3+10.5 4494129 2.76 <0.01

LAV i, 25.5+5.7 22,673 1.54 0.13
LA reservior function

LAEF,,, (%) 63.31+6.9 63.8+7.1 —0.25 0.80

&s (%) 453%12.9 46.7£10.4 —0.40 0.69

SRs fis~' 14+0.6 1.5+0.5 —0.29 0.76
LA conduit function

LAEF .. (%) 22.11+8.6 27.4£9.0 —2.06 0.05

ge (%) 20.9+6.9 23.7+9.3 —1.16 0.25

SRe fIs ' —0.8£0.3 0.8+0.3 —0.15 0.87
LA booster pump function

LAEF, . (%) 52.6%£8.6 49.8+9.3 1.07 0.29

€a (%) 24.4+10.1 23.0+8.2 0.50 0.61

SRa fls ' —1.240.5 —1.3+0.5 0.82 0.41

BSA: Body surface area; LVEDD: Left ventricular end-diastolic diameter; LVEDVI: Left ventricular end-diastolic volume index;

LVESVI: Left ventricular end-systolic volume index; LVEF: Left ventricular ejection fraction; LAD-AP: Left atrial (LA) anteroposterior

diameter; LAD-Trans: Left atrial transverse diameter; LAV: Left atrial volume; max: Maximum; min: Minimum; pre-a: Pre-active

contraction; LAEF: Left atrial ejection fraction; es: Total strain; €e: Passive strain; €a: Active strain; SRs: Peak positive strain rate; SRe: Peak

early negative strain rate; SRa: Peak late negative strain rate
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Tab 2 Comparison of cardiac parameters among different age groups in normal volunteers

x*ts
Index Age<<29 years n=19  Age 30-44 years n=23 Age=45yearsn=21  Fvalue P value
LVEDD d/mm 47.7+4.0 49.1+2.7 49.5+3.2 1.25 0.30
LVEDVI (mL mfz) 62.7t11.4 68.0+15.1 58.8+12.5 2.00 0.15
LVESVI (mL * m™?) 27.7£6.3 26.9+6.5 23.2%5.7 2.41 0.10
LVEF (%) 55.9+4.1 60.5+4.1" 60.6+3.9" 6.45 <0.01
LAD-AP d/mm 25.1+43 259440 274450 1.05 0.36
LAD-Trans d/mm 55.6+4.4 53.2+£5.7 55.6t£7.2 0.84 0.44
LAV V/mL
LAV . 63.7£10.6 66.9E£12.6 6691174 0.29 0.75
LAV,.. 47.4+10.2 49.8+124 52.2+14.7 0.56 0.58
LAV n 243+£39 23.7£6.8 24.4+£85 0.05 0.95
LA reservior function
LAEF,, (%) 61.4+6.2 64.7+7.0 642+75 1.03 0.36
&s (%) 46.61+10.1 48.4+14.6 42.84+9.8 0.93 0.40
SRs f1s~' 1.44+0.4 1.41+0.5 1.5+0.7 0.21 0.81
LA conduit function
LAEF .. (%) 25.449.7 26.1%E11.3 22.3%55 0.81 0.45
ge (%) 243451 23.8+10.9 18.6+6.3 2.54 0.09
SRe fis ™" —0.9+0.3 —0.9+0.4 —0.6+0274% 5.79 <0.01
LA booster pump function
LAEF ;.. (%) 47.7+8.9 51.9+8.4 54.1+89 2.17 0.13
€a (%) 22.349.6 24.5+10.5 242477 0.25 0.78
SRaf/s ' —1.34+0.6 —1.3+04 —1.34+0.5 0.17 0.85

LVEDD: Left ventricular end-diastolic diameter; LVEDVI: Left ventricular end-diastolic volume index; LVESVI: Left ventricular
end-systolic volume index; LVEF: Left ventricular ejection fraction; LAD-AP: Left atrial (LA) anteroposterior diameter; LAD-Trans:
Left atrial transverse diameter; LAV: Left atrial volume; max: Maximum; min: Minimum; pre-a: Pre-active contraction; LAEF: Left atrial
ejection fraction; €s: Total strain; ee: Passive strain; €a: Active strain; SRs: Peak positive strain rate; SRe: Peak early negative strain rate;

SRa: Peak late negative strain rate. "P<<0.05, "P<<0.01 vs age <<29 years group; ““P<<0.01 vs age 30-44 years group
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90 S0T ‘ 507
80 451 45+
70 40r 40r
% < 30 < 3
Y :g 5 25t 3 25
20 20
30 15+ 15
207 y=1304 8r—36.953 7 10F 10 -;4’ 3=0.795 5x—17.097 9
105750 55 60 65 70 75 80 5010 20 30 40 50 60 %5 40 45 50 55 60 65 70
LAEF,,, (%) LAEF,..(%) LAEF,, (%)

2 LAEF 5RZERIEXMES
Fig2 Correlation analysis between LAEF and strain
There were significant positive correlations between LAEF,, and &s, LAEF . and ge, and LAEF ;. and €a. LAEF: Left atrial

ejection fraction; es: Total strain; €e: Passive strain; ea: Active strain
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Fig3 Bland-Altman analysis of left atrial strain and strain rate between two observers

The solid lines represent the average of the observers; the dashed lines represent the 95% confidence interval of the difference

(mean=£1.96 SD). A: Total strain; B: Passive strain; C: Active strain; D: Peak positive strain rate; E: Peak early negative strin rate;

F: Peak late negative strain rate; SD: Standard deviation
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