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Application study of feature tracking cardiac MRI quantitative assessment of left atrial function in non-
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[Abstract] Objective: To explore value of the feature tracking cardiac magnetic resonance ima-
ging (FT-cMRI) in assessing left atrial function by performing left atrial strain analysis in patients
with non-obstructive hypertrophic cardiomyopathy (NOHCM) and to investigate the effects of NO-
HCM on left atrial and left ventricular structure and function.Methods: The clinical and MRI data of 58
patients with non-obstructive hypertrophic cardiomyopathy (NOHCM group) and 30 healthy controls
(HC group) from January 2020 to December 2022 in our hospital were retrospectively analyzed. The

main sequence for cMRI examination was bright blood technique with single shot fast spin-echo.The
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scanning planes were two-chamber, four-chamber, and short-axis positions.CVI42 software was used
to measure left atrium volume index (LAVI),overall cardiac functional parameters including the re-
servoir function [total strain (es), peak positive strain rate (SRs), left atrial total ejection fraction
(LATEF)],conduit function [ passive strain (ee),peak early negative strain rate (SRe),left atrial pas-
sive ejection fraction (LAPEF)], and booster pump function [active strain (ea), peak late negative
strain rate (SRa),left atrial active ejection fraction (LAAEF)],and left ventricular function parame-
ters [left ventricular ejection fraction (LVEF),left ventricular cardiac output (LVCO),left ventricular
cardiac index (LVCI)] and left ventricular size parameters [ (left ventricular maximum wall thickness
(LVWT,..x),left ventricular mass (LVM), left ventricular mass index (LVMI), left ventricular end-
diastolic volume index (LVEDV1i), left ventricular end-systolic volume index (LVESVi)]. Statistical
methods such as paired-sample t-test and Mann-Whitney U-test were used to compare the differences
in the values of each quantitative parameter between the two groups.Pearson or Spearman correlation
coefficient was used to analyze the correlation between the values of the left atrial functional parame-
ters and the values of the structural and functional parameters of the left ventricle.Results: The values
of LVWT, .., LVM,LVMI and LAVTI in the NOHCM group were significantly higher than those in the
HC group (all P<C0.05).All values of left atrial functional parameters (LATEF,LAPEF,LAAEF,es,
ee,ea,SRs,SRe,SRa) in the NOHCM group were significantly lower than those in the NC group (all
P<C0.05).The difference in LVWT,,, at different hypertrophic sites in the NOHCM group was statis-
tically significant (P<C0.05),and the differences in the values of other left atrial and left ventricular
structural and functional parameters between the two groups were not statistically significant (all P>
0.05).The values of LATEF,LAPEF,es,ee,SRs,and SRe in NOHCM patients with normal left atrial
size were significantly lower than those in the HC group (all P<C0.05),while there was no statistically
significant difference in the values of LAAEF,ea and SRa between the two groups (all P>>0.05).Cor-
relation between LATEF and es,LAPEF and ee,and LAAEF and ea were strong (all »=>0.70).Conclu-
sion: Compared with healthy controls, patients with NOHCM have decreased left atrial function in all
temporal phases.Prior to left atrial enlargement, patients with NOHCM have decreased left atrial re-
servoir and conduit function and normal booster pump function.Impaired left atrial function in all tem-
poral phases is independent of the site of left ventricular hypertrophy.LAEF in all temporal phases of
the left atrium is correlated strongly with strain parameters.

[Key words]

tracking technique; Cardiac magnetic resonance imaging

Hypertrophic cardiomyopathy; Left atrial strain; Left atrial function; Feature

AE & B0 (LR Chypertrophic cardiomyopathy,

T8 10 3 A2 BEL » AT 52 W) 2 s 1) T BE S RIS e 8 B

HCMD J& 8 UL 1 35t 4% 2 0 L FRORG R 258 1/200 ~
1/500, H ®i A& 3 B B4 HCM B % 2 @ 1 100
JH . HCM Il PR 22 29 Z2 e 432 JE T84 1] 43 Oy
S E B AL IR O SRR R | A = 1 ) AR R e L A7 L TR
S5 5 MR I 30 20 7 2 R A T oA A A BEL o L R B AR
PERRE B o 5 0L 3 20 0 2 5 s R AT 43 UL I R b g
FHEE Ry )3 o DL AR A B 1 5 22 D, L 1 760 A 25 3
JCH R I R A AR 2 5 W RO R B BT 2200 .
HCM Ml PRE5 JRyth 2 Fh 2 FF 35 7] R A B B 0 )
Ty J U IR R AL A

ZIWWF SR F AT HCM B & UG 5 2 5
AT BE R/ NEYIAE 6, HCM Ry 3 5 0l g v ok 28 2
AR R INARWAR e S M A E A R TR, A s i

BAAE A ROBUS SR B2 B R/ K 3 RE B ek R
HCM B H MBI R A EREE L, AMREET
500 ] HCM £ 45 (41 R FRE 70 3 P B8RS i o0
UEAEREIE RS 2y R BB v 72 iy AR R A e N R 2
— U mH A BRI A B A RS HCM 3 1Y
AN R R S5 Jrg S 35 AH DG AR B Al AR AR A B Y B
TR BT AN BE M B 7 B D RE 14 52 2= M e s D g
s e — 05T . MEAh O LI BE 0 3 5 T a5t el
IO 7E e L R A P P B 3 B B g T L
PRI L F 5 7 B S BE B B30 R DA Rl T i HCML |
Je HE RUR SR LA L AT i 32 e PR A7 540 1

A S SR AR IR JE B R O JUE i 3 IR A AR

(cardiac magnetic resonance imaging using feature



T F 2B 2024 4F 4 A4 39 %45 4 ] Radiol Practice, Apr 2024, Vol 39, No.4 481

tracking , FT-cMRD #4772 i3 N 48 43 Br >k EAl 3F 48 FH
4 I8 J& 7 .0 L SR (non-obstructive hypertrophic car-
diomyopathy . NOHCM) f8 4 #9725 P B, I itk — 20 7
M 7 el A E NS SR ZE I C R, BERR
NOHCM X 2.0 B 52 Wi LA B 76 i 3 45 #4 F1 1) BiE =2 [7]
TR 2R .

b

1. MR %

¥ 2020 4F 1 H —2022 4F 12 H 784 B W18 2 Wi
i NOHCM 1y 58 {9l f % 1 30 B R 470 E MRT 46 A
Hb) it B X IR 2 (health control, HO Y AR BFE ., NO-
HCM 4 (98 A b . .0 E MRT 58 7 . 3l 1B A
BIR— AT A A0 % B AT R R B e R0 =R R
=15 mm; QX T HCM ZE 53, BR Sk & b K
JoE 8, 7% B8 A R W0 B 1 A AR 7 5K R ) e K0 & BE
JEEE=13 mm; O # 7 0 3 2 Wiy NOHCM, i2 Wi
MR A 7E # J2. CRED R o7 (s 3D AR B 220 % 3 1
T8 5 3 3h bk A 06 {8 R 22 <730 mmHg., @FRAMNEE
A 5| A0 2 RE Y R ) AR B R R O IR L R G M
AR . NOHCM 40 i HERR 45 1 . O A bk
B IKPAR O WURE L 500 LA 5 B 5 A7 % 1] Bl JUL 7 o
YT BR ARG B O A 0 b5 8 8 s s DA 0 E MRI K
A AR ROUE AL O M A 2 BN T4 S O U A
A RN SR E S TR 3 A NIRRT iR
A P LR 5 . HC 4L A 99 A b ME < T80 I8 958 9 5
TRA% R A IEH O L LB 75 0 8l B R0 IE MRT A A
YIR KW B 5%

ABIEFE 2 1L VG 48 O I A8 e B e A B 5L o At
(L HESCE :2022035) bR 2 & AE R & .

2. cMRI H##i )51k

i GE HD-XT 1.5T Ff1t5 UMR 588 1.5T #
LR A7l AR L T 0 JUE A 428 P 2 B SR 1T H R g
T FAR Bl 2 A RO, S R B & FSE 7
G E L AR S SR P P A RS S B b R 3 )y
5| (steady state free precession, SSFP) #k it ¢cMRI &
8 545 V- T AL 48 7 2 0 b 7 0 D S 0 L A
SR )2 8.0 mm, JZE B 2.0 mm, TR 3.7 ms, TE
1.5 ms, MLEF 350 mm X 280 mm , R4 224 X224,

3. cMRI 4 43 #r

MR T A JE AL BEERF CVI 42 (Circle Cardio-
vascular Imaging version 42.5.14,Circle Cardiovascu-
lar Imaging A Al &R . OB 5, 78 5 5l 47 A5 B it
1726 Z 25 K R T RE 14 43 BT « 76 22 %5 50 il v 45 J2 1l 5Kk
F 8 shzaym o N A, T3 AT JE AT 3R A 2 = O
1fiL 43 8¢ (left ventricular ejection fraction, LVEF) .2

%0 By Y 5= (left ventricular cardiac output, LVCO) .
O NEFS B (left ventricular cardiac index, LVCI) .
Ie =AY ok AR W 25 BLUHE # (left ventricular end-diastolic
volume index, LVEDV1D) | 22 & W48 K B 25 B £ (left
ventricular end-systolic volume index, LVESVi) . A
%= B K% BE B (left ventricular maximum wall
thickness, LVWT,..). &£ & it I (left ventricular
mass, LVM) Fl & % Jii & 45 £ (left ventricular mass
index, LVMD , Q4R 5 . 76 X0 T A5 3K B A s 1) 6
A5 AL T D) BE 2 8, AL 45 42 B 45 B (left atrium vo-
lume, LAV) 14 55 51 1fiL 438 (left atrial ejection frac-
tion. LAER) N2 8, Trik qe 2 Al 4 0z
T A ] 8 Bl /) 122 O A CHE IR it i Bk F 2.0 H-
MR T BRI ST - R B AT 158 A B i R A R
(LAV 00 F2 B3 e /AN LAV ) 28 5 048 T A2 s
ABULAV 0 MRS F 3R AR A B Al 3155 0 LAEF
AH AR L AL 45 A2 5 e B I 0 $X (left atrial total ejec-
tion fraction, LATEF) | 72 b5 9% 8l 5 1l 53 %X (left atrial
passive ejection fraction, LAPEF) | 72 7 3 8 & Il 4334
(left atrial active ejection fraction, LAAEF) LI & /2 5
RS B (left atrium volume index, LAVD , i+ 5 24
e

LAV,..— LAV

_ - min 0
LATEF LAV, X100 % D)
IAPEFfMXU)OV (2)
’ - LAV, !

_ LAV,e. — LAV o
LAAEF= LAV X 100% €))
LAVI= LAV 4
- " BSA

Hod,BSA J& F 1 A (body surface area) , i i
Mosteller AT R] . OeJm . 78 A8 4 P )i H 4¢
fiF 3B I (feature tracking, FT) 4% AR #4722 B 3 28 43 #f
(B 1~2) 78 2 0 A 4 J 0 J2 T 1Y) &7 5K R 30 )
I 7 5 0 P L A IBE CGHE ISR It e J R 20 B S5 B 58
JERAEREAS O 3h A (25 /.0 3 R D el g A 3his
i, HI & 0I5 I3, 7R 8 BN 08 ME B I R AT T3 R
SRJE A B 3 3 M e B A N AR FN S 3R (strain
rate, SR) . 4 N AE AR AR (20 2 ol AT 4 Ji o )2 1
HAHMFBE . AW FERAE T 2 B = A A D
SR RN AE Ces, 2R ZE s it 4 D 6D | T Bl i AR
(ea, WAL s Tt R ZE D) Be) R 8l 1 AR Cee s X N 22 5
BB UL BEANTX R 3 4 SR S48, R {E 1F
[] )07 A8 48 (SR, S BR 72 B il 26 T RED L 6 (B 9 671 1] )3
8 A (SRe, [ W75 5 6 T8 D) BE D T IE (B I S0 170 ) ) A8
H(SRa, WL AE pr FH T HE) . HY 28 3l ST ) i o0
WEAS R 3 UK, B 3 YRl (B A P 2 ME



482 FAT SR 2024 4E 4 A4 39 %45 4 ] Radiol Practice, Apr 2024, Vol 39,No.4

»

FFiE /ms

@ 2 e W w0 we b iy
T S R

Fif8] /ms

Bl #ESRE, OWwESEG,ETALCMEBRYETEN, ERERBLADHET LETOEATR
FMHAAE, BB BASTEABRR  BEFTHEATLEEMEAAN  AMAHENTAR ;D AR ETD, BT 4LF
SRR EEL ;) AFEKRTE-EETWE,. B 7 3 AN N TAE (es,easce);d) £ B AR -2 &

FW &, 2~ 3 A48 2 & % (SRs,SRe,SRa) ,

2 NOHCM &%, a)wBEs Edm, 27 ALK

B B L b) P B R A MU SR B L s o) £ A R - K W, R R 3 AR AR B
T (esvearce) s S5 M BAT BB A AR ML, B EARH AL s ) £ B4R IR0 B R o 25, B 7 3 AW AR ed B K A

(SRS?SRG?SR&) ,E{Q%XTPQ%‘?FEUB,%EL“;E%iﬁdékll\a

Ak 4 NOHCM 21 i BRI &R A7 432 4 4 (1
H.ERFEILE ;2 4 0 RIEIE;3 A . AEHANIE 4
A H eI,

A, AL E A MRS

BEHLIE R 20 B 223K & (10 ] HC F1 10 fi] NO-
HCM B #) #E 47 o] S M0 . X T W88 & N iy Al
wEME R FE - ANRTE 1A H R HE % H IR
Iy HTE 20 15238 B MR EE , 15 I 4 4% 10 2
SRR A s X TOULEE A [B] (9 Rl E Pk Ll ) — L A A
[F] % 7 9 BF 58 N % AE X6 2 — K 43 T 485 R A R A 1 1
T AL AT AT 20 9157 X3 B EROT I B A B AR 2
B . R FH 41N AH ¢ & 2L (intra-class correlation
coefficient, ICC) X} 5 & I 1 B 48 HE 47 — Bt 40 #r .

5. it oA

it ] SPSS 26.0 Gtk . & A B B H# 1T IES
PERT S0, A5 5 A 2010 B9 3 5 550E 38 85 £ br o 25 3k
TN 21 E) O HCR T CH BER AR A ¢« K5 . 22 21 1R] P
R R 2 7 2240 i — 20 B EE 3R A Bonferro-
ni K25 5 AN A IE S 70 A B9 TR BORL M(P25, P75)
RN . TR 8] H 3 2% ] Mann-Whitney U #6556, 22 4H [8]
ek FH Kruskal-Wallis H #5865, 1180 %R 20 (8]
R H X K% . >R H Pearson 3 Spearman ¢ £

Bor RMEFR 2 L5 IRe S80S 2 B e S 5 (L 4
RN AR 200 Z 8] B AH DG . -<C0.50 S AH OGPk
55, r=0.50~0.70 N AHE A r=>0.70 S AH G
. DL P<{0.05 AZESASIEE L.

& R

1. JEA I PR B8R L 35

NOHCM £ F1 HC 2H 3 A i PR 55 6 1Y b A 285 2R
UL 1. WA Z AR % |k IR B A T 4E 2L (body
mass index, BMD Fl.0 28 1) 25 3 B LG it 2% 5 L (P>
0.05),

NOHCM 4 JE ik 52 6, A AEAR 6 6. AR 4
A 25 0 P2 (New York Heart Association, NY-
HA) XD IIBE 0 b, 1 9% 52 i, 1 9% 4 %, 1
G2 B, PEA R 41 91 C70.7 %) M ft 19 1]
(32.8%0) . JdE 15 $1](25.9%) ; F HCM kL 2
(3.4%),

2. AL MINEES B i

PR 2 0] 22 5 25 00 R ) B 2 1 2 8000 LA 45 2R B2
W#E 2, NOHCM 4 5 HC %4 = |l LVEDVi fl
LVESVi iy 22 5 48 it % 5 X (P >>0.05), 1 LVEF,
LVWT,...LVCO,LVCI,LVM K LVMI #2555 H



U S50 B 2024 4F 4 A5 39 B 4 W

Radiol Practice, Apr 2024, Vol 39,No.4 483

%1 WARREAERFHBLE
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FH /B 50.5(38.00,57.00) 43.5(35.00,55.25) —1.621° 0.105

WA/ F 58(42/16) 30(16/14) 3.204"° 0.098

BMI/kg/m?® 26.374+3.58 26.314+3.59 0.077¢ 0.939

NP3 68.86+9.14 71.2048.63 —1.159¢ 0.250
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LVEF 59.11%£6.52% 63.00% 46.38% —2.674 0.009
LVWT,../mm 19.00(16.75,22.00) 9.00(8.00,10.00) —7.647  <<0.001
LVCO/L/min 5.4741.29 6.174+1.30 —2.388 0.019
LVCI/L/min/m? 2.9020.57 3.3420.61 —3.325 0.001
LVEDVi/mL/m?® 72.21+13.10 72.83+10.32 —0.226 0.822
LVESVi/mL/m? 29.93+8.53 27.34+6.68 1.447 0.151
LVM/g 139.29(117.69,182.69) 84.30(73.98,95.35)  —6.655  <C0.001
LVMI/g/m? 76.27(62.43,91.66)  45.83(43.38,49.34)  —7.227  <C0.001
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4. AN [R) R JRE AN, S 2 18] 72 s =5 i S 400 EL R

NOHCM 4 A [ JE & HR A7 S 20 22 [6] A2 s L Ae 38
MEEMINBES B R RIEW R 4. TA WA
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LAV, /mL 68.13+17.54 53.58+12.63 4.030 <<0.001
LAV,../mL 34.66413.11 20.8746.77 5.388 <<0.001
LAV,../mL 52.42(43.31,65.10) 35.21(29.38,40.78) —4.890  <<0.001
LAVI/mL/m? 36.2749.38 29.2046.21 3.720 <0.001
LATEF 50.21% +9.43% 61.28% +7.51% —5.570  <€0.001
LAPEF 21.26% +6.29% 30.83% +6% —6.658  <C0.001
LAAEF 37.07% +8.87% 44.06% +8.71% —3.527 0.001
es 26.88% (19.82% ,35.19%) 41.12(33.58% ,53.56 %) —5.145 <0.001
SRs/s ™! 1.45(0.94,1.87) 2.10(1.69,2.28) —4.028  <C0.001
ee 13.49%(8.44% ,19.07%) 24.39%(17.71%,31.17 %) —5.449 <0.001
SRe/s ! —1.11(—1.82,—0.73) —2.08(—2.97,—1.70) —5.199  <<0.001
ca 13.68% +4.23% 16.72% +3.55% —3.371 0.001
SRa/s ! —1.81(—2.16,—1.08) —2.11(—2.34,—1.81) —3.015 0.003
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%4 NOHCMAFRRESCT Az AER EERES RN
545 148 24 340 4 40 F/K14 P14
LVEF 58.48% +8.08% 59.21% +6.44% 58.27% £3.62% 59.73% +6.89% 0.147  0.931
LVWT,../mm 19.334:2.81 16.804-2.96 23.78£5.24 21.6444.90 6.611  0.001
LVCO/L/min 5.98+1.50 5.204+1.22 5.56+1.24 5.3441.25 0.929  0.443
LVCI/L/min/m? 3.1140.66 2.7240.54 2.954-0.57 2.8940.53 1.057  0.375
LVEDVi/mL/m? 72.631+15.57 68.901+12.26 73.8849.18 73.56413.97 0.437  0.727
LVESVi/mL/m? 30.9449.44 28.2947.74 31.83£5.47 29.7249.78 0.380  0.768
LVM/g 128.65(120.39,189.23) 133.39(112.44,177.01) 151.11(135.87,233.10) 141.75(106.06,167.62) 4,199 0.241
LVMI/g/m? 67.92(59.69,100.24) 70.21(61.15,84.69) 86.42(80.00,105.79) 74.50(63.40,86.30) 7.740  0.052
LAV e /mL 75.56+19.56 63.00+15.88 73.99418.90 65.17416.01 1.756  0.167
LAV pin/mL 40.424+15.92 29.0449.02 40.83+12.91 32.83412.45 2.718  0.054
LAV ea/mL 61.36+18.63 49.53414.02 59.73415.52 50.68414.32 2.092  0.112
LAVI/mL/m? 38.6949.80 33.13+£7.69 39.72+11.76 35.68+8.98 1.279  0.291
LATEF 47.92%+10.39% 53.38% +7.65% 44.94% +8.66% 51.39% +9.52% 1.972  0.312
LAPEF 20.12% +6.67% 21.99% +6.52% 18.81% +7.20% 23.31% +6.27% 1.260  0.959
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