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Quantitative Analysis of Left Ventricular
Myocardial Strain in Cardiac Amyloidosis
by CMR-FT Technique*
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ABSTRACT

Objective This study aimed to explore the value of the CMR-FT in assessing myocardial function and
involvement in patients with cardiac amyloidosis (CA). Methods A total of 33 patients with CA,30
patients with HCM and 30 healthy subjects underwent Cardiac magnetic resonance scan using a 3.0T
machine. The CMR-FT technique was employed to quantify 3D radial strain (RS), circumferential
strain (CS), longitudinal strain (LS), peak diastolic strain rate(PDSR) and peak systolic strain rate(PSSR)
of global left ventricular and within each myocardial segment (basal. middle and apical) , the
differences in these parameters among the three groups were analyzed. The CA group was further
divided into subgroups based on LVEF —a normal LVEF group and a reduced LVEF group, depending
on whether LVEF was higher than 50%. The differences of strain parameters between normal LVEF
group and control group were analyzed. The correlation between cardiac function parameters and
strain parameters in CA group was analyzed. Results Patients with CA exhibited significantly reduced
RS, CS, and LS in comparison to patients with HCM and healthy subjects (P<0.05). PSSR and PDSR in all
segments in CA group were decreased when compared to the control group (P<0.05). The CS, RS, and
LS of the global left ventricle and all segments, except for middle CS, in the CA subgroup with normal
LVEF were reduced in comparison to the control group. Most PDSR, and some PSSR, were also reduced
when compared to the control group. The strain parameters in the CA group demonstrated a negative
correlation with LVEDV(r=0.38~0.61, P<0.05) and LVESV(r=0.42~0.71, P<0.05), The strain parameters
in the CA group were positively correlated with LVEF(r=0.35~0.84, P<0.05). Positive correlations
were also noted between CS and LS, CS and RS, and LS and RS in the global and each segment of
the CA group(r=0.53~0.72, P<0.05). Conclusion CMR-FT can be employed to quantitatively assess left
ventricular myocardial strain in patients with CA and has the potential to detect myocardial injury at an
earlier stage than traditional LVEF measurements.
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DBEMEEZ (cardiac amyloidosis, CA)RHE T RMFEERFAERE NI TFOALIE
B, HSOEEEEMRELMEX, JSIROANET KMUIEINEERER, Ol
MR EARFRSIROERESESEL, HMEMERNTE". CARETNEEE
RE, LERMBONRIERE, ALERHZHNER AT ERECARETENE
ZREY, CALHE “S1F4" RORELILER (endomyocardial biopsy, EMB), {8
HEeIBMRRE, BEE—ENEAME, FiRKELNAZERE, BREMIFEANE
WER, BEOIENERRANZ, INRINIREELEENREE, TERENE
i, EEEFKINEERERR. SO HEEMALELT KRB RREM. FEFEB LTSRN
TR OB HEIRIFSEM R E O IIBE AR, At BEmWIRRE ST B R, (OB R
MG UEFHRTONS R, TR EMEmEErnRY, TXeZMLEER R
TREFEPZHRANRAREENIILE, HLEER(ZE5H. SES)EEOIRN
A RIERENKIE, ANUERZRSBURTAETEHRHEESEXEE,
RGN AT, DRETHEELREVCECAEEN ZHITE, BERCARE
BREAHSHINESR, ILEFNNEREENESHET4CHNXK, ERFENNE
GEERS, IR FHRBETEH AR ANHBANIEREK, MTSRIZHRATE
iR, RS BB (steady state free precession, SSFP)igfEfE &8, HMEERHE
BEERIbENSS, USPFFAERAICMR-FT(cardiovascular magnetic resonance
feature tracking) B ARBEXT O NIMNEA R FITRHEMBE, #{TOMEERNTHSMNE
SHHNE, ANEERIFN—BMNESH", EENEH. BRNME=MEE L
DN EREENNRNTEESY, FJUEETFMNONBMNTFE, #mEEiThE
HRBEHONBTS. HEESEHRE . KFREEBICMR-FTEAXCAREHILAL
RBFHEFITOMN, FEEOINMERZTRER, ARKZTIEREEANABEEN
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HRENEE, HFERERERE, FEAERE. BEFEMZ
HEIREGHNE R, REIIMMHNCAA[BE 247, L6, Fid
(54.73+12.72)%], EbEHZAMEREEI00, EHRLAMT
T30, EEEEHEHITCMRIZET NIEEER O HFERI306IEE
[B166, &14f, Fi5(61.43112.39)%], ERERLHFAHES
MNMrgEsZRFeE”; B SR EERH30%) B E /ERT B
A[BE10%], Z204l, F#4(46.30116.35)% ], FIERENTE
MBEEEPR, AZASBHERIARERCEZARICIIE,
1.2 MRIFHEREGEAE A Simens VIDA 3.0 T BSH
IRARIN, 18BEREERLE, FRAMRIZEZNELEXELE]
iR, HEFIBELOERM. MEMMEKMNERNER
F5l, TR 39.1ms, TE 1.4ms, EE6mm, %EFE199X256,
FOV 354 X420, KASLBERE R (GA-DTPA)EAIEETI(FIE
0.2mmol/kg), EHEEIREN2.0mL/s. EEFTH TR
&, ZENMAERAEEBM20mLAERLE K, BTSSR
158 EHITOMERIGRIGHE, ERERPTAES KRN TR/
TE=713/1 ms, BE8mm, RiEE4mm, ¥EFE108X192, FOV
315X420,

ERR4ERE, BCMREGSANLOHEGRERHACVI42,
BAESAIDER, TEELEEERANREEBIELEFT M7
(left ventricular ejection fraction, LVEF). AE&F KRR
(left ventricular end-diastolic volume, LVEDV). EEWRIER
AF(left ventricular end-systolic volume, LVESV). &
HHE(stroke volume, SV). &FikERCALRE (left ventricular
myocardial mass, LVMM), i@ E(cardiac output, CO),
OHEMmiE$K (cardiac index, Cl)X&iE(heart rate, HR), F&F
KERHAMEEOEORIMNMREZ BN RKEBNEOEE KK

BAZEEE (maximum left ventricular end-diastolic wall

thickness, MLVWT), i%&#¥Feature Trackingi&iR, HHEBD
AEOAIMEDGHFHHTRERE, BEERENLAE
HOWIMNERNIEE, REEHE 3IDRERMNZ (radical strain
rate, RS). AMMNZ (circumferential strain rate, CS)FZ\m
W (longitudinal strain rate, LS)MEMERNAVET KEAIEERN T
K (peak diastolic strain rate, PDSR). WZEHAIE(ERN TR (Peak
systolic strain rate, PSSR)EHEXNT S, WE1, RIELVEF
BEECAED AT NIA, 23 ALVEFIEELH (LVEF>50%) K 1K
48 (LVEF<50%),

1.3 HFIHFERZE RASPSSREMEIRH#ITHRIT R, NFE
HIBRHITESHRE, TEESHHEHNELRTEYU(x £) K
™, ARERKRRARRERFEDN, FREESHHRIEL
TELFAIEM(QL,Q3)F -, FMKruskal-Wallis H HIEITHESE
AEER, PEZBonferronilRE, PRTEFAMENAT DL
(%)&RT~. KFPearson (E&727%) 3% Spearman (FFES S )
BTHEEE D, P<0.05HERESRITEE N

24 R

2.1 BAEBARIFIE. OINRE. HSFERLER =A@tk
BMIZRERIFEX, FRACAASHRRALES, BHCM
PARFHRA, EREBRATFRENX. EOEREBANBANT
HRWA, ZRBARHFEX, BCAASHIMAXER; O
KRNCAARTHRA, EREFRIUTFEN, HIMASHRE
HTESR, EOEFMOEB(LVEF) NICAENTFHEHRFA, £
SEERITFEX, HIMASHRATER, £OEEEACA
. HCMAKRTXRA, ERAERITFEN, CAAS5HCMAE
TER;, HRESHWHRERERITFERX(FERK]), £ERIAA
P<0.05EBHRITER X,

&1 FEANEXHENOINE, BEFSRLER

CA4H HCMZ4A fEERYTARAA P&
FR(F) 54.73+12.72 61.43+12.394 46.30+16.35% <0.001
M5(HB/%) 24/9 16/14 10/20
F&(mm) 165.91+6.54 162.23+6.86 162.80%6.85 0.070
F&E (kg) 63.88+13.22 66.63+10.71 63.37%£10.77 0.507
REEH 23.19%+4.63 25.26+3.44 23.89+3.68 0.120
EOLEEE(mm)  16.00(14.00, 16.00)4 17.00(15.00, 18.00)4 8.00(7.75, 10.00)** <0.001
EFKARHAIAFA(MLA) 119.41(93.83, 188.99)4 98.40(84.28, 121.04) 92.21(79.62, 104.43) 0.002
WBRIBAR (ML)  57.62(43.86, 116.85)°4 32.07(25.24, 48.72)* 35.49(27.02, 38.99)* <0.001
DAF SR H 2 (mL) 54.201£22.39 62.75%22.35 56.18£13.47 0.216
DS M (%)  0.43+0.18%4 0.63+0.16* 0.61+0.09" <0.001
DEHE(L/min)  4.39£1.78 462£1.62 4.06£1.04 0.350
DHEMEEL(L/min) 2.48£0.93 2.65%+0.91 2.39%0.62 0.479
IDEOR5) 82.60+15.854 75.32+14.93 72.80%+9.44 0.016
DEFKHARRE (g) 132.11+42.404 113.66+40.574 63.841+20.30*4 <0.001
DB E (g) 148.43+£49,984 127.85+48.024 85.081+22.94*4 <0.001

JE: *P<0.01, 5CAHMELL; “P<0.01, SHCM4AMALL; 4P<0.01, SHERENERAMLL,

Sy 2N 37

2.2 RAABIMESILE BACS. RS, LS. EEZPLS. DARE
CS. LSZAEERABRITFEN, BCAH. HCMESTHEA K
JRoBHE; EFREPCS. RS. HIEIERCS. RS. LS. O\REFRSACALA
RTFEEMA, ZREABRTFEN, HCMASHRALTESR,
BRIDAREPSSR-CZARILER, EREHERZHBPSSRA
CAHBRTERHA, EREERIUTFEN, BHCMASIIEEAR
HEITER; CAHETER. A RPDSRENTBANE REGER
®2); ERINAP<0.05EERHTEE X,

2.3 CANT2¥ME LINESHM. NESHSESHTSHNE
REDH CABRNTEES5LVEDV(r=0.38~0.61, P<0.05).
LVESV(r=0.42~0.71, P<0.05)EEMHEX, HHARKANEEN
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NEKPSSR-L5LEVEDV(r=0.61, P<0.01)RE{KPSSR-C5
LVESV(r=0.71, P<0.01); CAABNESMSLVEFAFEMAX
(r=0.35~0.84, P<0.05), HFRSLVEFEXMEKNEENAER
. DREBCS(r=0.84, P<0.01),CAAEAEREFERCSSLS, CS
5RSKLSSRSHABAEXM(r=0.53~0.72, P<0.05), HHEN
BEMHORICSERS(r=0.726, P<0.01); (¥RE2, E3),
2.4 CAAT4-EFERAS ERNRARDOAMEERNHER
HERTFEBXYRA, FRPEEPCSES, CALLVEFIEEHAPEE
RETERCS. RS, LSHBAFRIEZERM, KEBIPDSREED
PSSRABREERM, BERABRITFEX.
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CA4H HCMH R REX HRLH P{E

Bk

RmRMZ(RS) 10.86+£4.12°4 26.3317.96*4 32.281+9.44*4 <0.001

ArREE(CS) 10.51+£4.17°4 17.97£2.49*4 20.43%£2.69*" <0.001

YPARIZE(LS) 5.591+2.69°4 10.36£3.17*4 14.44+3.51*" <0.001

R

RmRNZ(RS) 11.91£5.77°4 28.41%£7.22*4 39.75+12.09* <0.001

AmRZE(CS) 12.18+4.8374 16.89£4.58* 18.75%£2.88* <0.001

YRR (LS) 6.5313.37/°4 10.22£3.45*4 12.85+4.24*~ <0.001

a1

RmRNZ(RS) 16.98+8.78°4 27.22+11.64* 31.09+8.68* <0.001

AmRE(CS) 14.57+5.54"4 18.32£6.01* 20.46%3.00* <0.001

YRR (LS) 8.491+3.584 9.90+3.564 14.07£3.96*~ <0.001

DRE

RmRNZ(RS) 13.32£6.28°4 29.51+14.24* 29.59+12.44* <0.001

AmRE(CS) 12.28+4.49°4 17.87£5.55*4 22.92%3.16*4 <0.001

YPARIZE(LS) 6.7713.19°4 12.25+3.08*4 16.51£3.06*~ <0.001

i *P<0.01, 5CAZHFREE; ~P<0.01, SHCMZAEEL; %P<0.01, SEEXIBHEL,
o ® o
(10} o o
(16} (1] o

BIA-B1T =20 B0 LN R S8 i L6 B4R HR B B w9 7 2% 1 4. 1A-1C4 B R CAE GRS, CS. LSEy167 B4R I&; 1D-1F4%] &
HCMZH B 20 ILRS. CS. LSEy167 Bt 4R IEL; 1G-1147| R B x4 P8 41 B = B0 ILRS. €S, LSHy16% B4 iR,
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A& A AR T E LR EEY,

WGB3 T BT MR 478 7 5 165 R 59 T 43 35 (EF) SRR, ATl
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104 -

FRAREEE-—ENBRYE, IEEFERNSBERNRK
% RRONBEERER, TIEWERCATEL (JIATTR, ALE)E
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