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Evaluation of myocardial strain differences of cardiac amyloidosis and
other left ventricular hypertrophy diseases with cardiovascular
magnetic resonance tissue tracking technique
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(Department of Radiology, the Second Xiangya Hospital of
Central South University, Changsha 410011, China)

[Abstract] Objective To evaluate myocardial strain of cardial amyloidosis (CA) and other left ventricular hypertrophy
diseases using cardiovascular magnetic resonance tissue tracking (CMR-TT), and to analyze the differences of myocardial
strain among CA, hypertrophic cardiomyopathy (HCM) and hypertension caused left ventricular hypertrophy (HLVH).
Methods Totally 30 patients with CA (CA group), 30 with HCM (HCM group) , 29 with HLVH and 30 normal controls
(NC group) underwent CMRIL Then 3D radial strain (RS), circumferential strain (CS), longitudinal strain (LS),
myocardial thickness of global left ventricular and each myocardial segment (basal, middle and apical) and cardiac function
parameters were obtained with post-processing software, and the differences of parameters of 4 groups were analyzed.
Results The myocardial thicknesses of global left ventricular and every myocardial segment in NC group were less than
that of the rest 3 groups (all P<€0.05). Except for stroke volume index, there were statistically differences of cardiac
function indexes, also of left ventricular global and segmental myocardial strain, LS gradient and relative apical sparing of
longitudinal strain (RAS LS) among all 4 groups (all P<C0.05). LS of left ventricular base to apex all increased in all 4
groups, and the most significant changes were detected in CA group. LS gradient from left ventricular base to apex of CA
group ([ —5.18+3.33]%) was greater than that of HCM group, HLVH group and NC group ([—3.12+2.47]%, [ —
2.714+1.811% and [—3.1942.211%, all P<<0.05). RAS LS of CA group ([0.88(0.78, 1.18)]) was greater than that
of HCM group, HLVH group and NC group (0.62[0.56, 0.72], 0.65[0.59, 0.82] and 0.60[0.55, 0.65], all P<<
0.05). Conclusion CMR-TT can be used to quantitatively evaluate left ventricular myocardial strain of CA and other left
ventricular hypertrophy diseases. LS gradient from left ventricular base to apex and RAS LS of CA can provide evidences
for identifying CA and other left ventricular hypertrophy diseases.
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M 30 2 fERE A (NC 4147 CMRI, £ 5 4b 345 21 2.0 2 B AR NS 7K CRRHR L A [B1FB AL 233 3D 42 ) i 28 (RS) L J& 4] L
B(CS) RN AE(LS) o0 BEJEE RO INRES R AT & S BN A 22 57 . B8R NC 41750 2 8 1 K 45715 B = B &
BE/NFHAD 3 41CP 30, 05), B dlide th e 500 4 AL AL O I RS HE F A ST R L (P #<C0.05), 4 4lAA
A58 AR T 2% 5 BeU LR AR (LS 6 3 22 T ARAE N LS(RAS L) 2 F A Gt . 4 4l 450 8 SR B0 LS i,
CAHRARZE, CAHIERA LR LSHEL [(—5.18+3.33) % KT HCM 41 . HLVH 40 & NC 4H[(—3.12+2.47) %,
(—2.71£1. 8D % & (—3.19+2.21) %, P ¥J<C0. 05], /£ .0>% RAS LS[0. 88(0.78,1. 18) ]k F HCM 41 . HLVH 41} NC 4]
[0. 62(0.56,0. 72),0. 65(0. 59,0. 82) K 0. 60(0. 55,0. 65), P ¥<C0. 05], £ KM CMR-TT 4 A Al & T4l CA i Ab A
DEEERALZCE PN, AO0EFRELA LSHE 25 RAS LS 1] Sy %50 CA 55 Al 220 2 AL JE AR 5C 5 9% $2 41t

AR .
[RER] OAIUR,IEEM:; OFI6E. 4 BEILRE RS
[hESES] R542.2; R445.2 [XEKFRIRAE] A

O L BE #53 BE 2% P (cardiac amyloidosiss CA) J& 0 AL
2 it A1) J5 A A ) B O AR B RO LA AR A T, O L
Wi K &7k Dy e 1) 2 40, e A R Rt OB
% 55 DI RE B 15 5 e R A D DR BT B 7 0 20 WLAE JEE
WA JE AL L 5 I 20 & IR TR 2Bl AR5 R
O JFE MR 4#H 2 B ¥ 4 R (cardiovascular magnetic
resonance tissue tracking technology, CMR-TT) 5 i i
B CA 55 Ho Al J5t A i 85 e 0 % B JEE A8 O WL 4 D g
FE 50 A HoC LI S 2 i) 7 A% A2 A o 2 S
1 #REFRE
L1 —egekk licdE 2016 45 8 H—2019 45 1 H 89
1913 v R R N URE R B 52 CMIR A 1 R &
5 30 B 20 WLTE Ry AR AS 1 (CA 4D . 55 22 5], 2 8 14,
My 32~75 B P (57, 611, 2) #1530 Hil LR AL
LR (HCM 41, 55 19 1, 4 11 Bl 4F i 26 ~70 %7,
S (52. 715,00 %5 29 Bl & i M 2 0 %= LR
(HLVH 4.5 22 i, % 7 fi] AR ¢ 32~69 % 4R i
(50. 9117 % 5 LR 30 44 i Bfe A A S 1E 3 X R
(normal controls, NCOYZH, 5 18 &4, % 12 £, 4% 28
~70 % IR (53.5E11.8) %,
1.2 U5 K5¥: KM Siemens Skyra 3.0T # 5
MR %, 18 il 1B R R L N8, Bl G TCZe R B0 LT T4 A
PLE LR A i s PR iR T 41 (true fast imaging
with steady precession, True FISP) 4 /2.0 %= W I
oK Bl O O K Bl B A 0 = R B R S8 TR
42.38 ms, TE 1.43 ms, FA 44°, FOV 320 mm X
400 mm, 4 126 X 224, )25 8 mm, REJZH 8~10,
H AR KA B &L 2 CVIA2 A3 F, i 2
£ HA 34 CMR 2 W & 56 (1 336 B i 2) 1.0 N R K
YA AR AT A2 0 5 0 D) BE RO LS (A K5 B (FE IR
B E] B AT AR B 1Y 3D 4% [\) B AR (radial strain,
RS) . J& [w] i 2% (circumferential strain, CS) %\ [a] i A8

[XEHS]
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(longitudinal strain, 1.S) Jz %5 BE J& i 4545 S e 4% 2 1]
PRI B D) 221 % S 8y A2 i 2 & 16 735 Be 4R iR
K, DLFELORB LS— R B LS"iHR 720 %
FENE BB 0 4R Be O 1) B8 B B 2 5 1 DLOF 100 R B
LS/ (P2 Jig Be LS+ -2y b 8] BE L) 353 4% 2 Af X
LR Y 1) i A5 (relative apical sparing of longitudinal
strain, RAS LS), 0> I fE S B4 45 72 0 2 3 1fi 7 %0
(left ventricular ejection fraction, LVEF) . /5.0 & &F
) R 1 A FRHE L (left ventricular end-diastolic volume
index, LVEDVD) | 7 /» % W 4 R #1248 FRAE 4L (left
ventricular end-systolic volume index, LVESVD) |
i 4 i 38 2 (stroke volume index, SVI) Fl.0 L&
45 80 (myocardial mass index, MMD) ,

1.3 GEib2Eo it SRHI SPSS 25.0 Si it 40 7 4K AF
XF A B AT IE SRR, ML o £ s RAFEIES
FR 43 A1 T BORE SR B R T 22 00 B X 4 4 B
ITHEAR LR P LR LSD K58 A 8 (R
VU5 B0 R A F A IE R 70 A 19 i i %Rk, SR
Kruskal-Wallis ¥ 56045 4H (8] 22 5% . 1T ECE B L E 049
L2 R o K W I 2 5. P<0. 05 2
FAGIEE X,

2 R

2.1 4 HALELMREE 4 dLIRAE I KA B A
ERLGEIT B LR . F=1.52, P=0. 21; ¥ 5.
=2.40.P=0.49), 4 AW GF0RER HLVH 4
5 NC 41.CA 4 % HCM 4[]0 %25 5 ¥4 Gl 2 58
SCCP #<C0.05) . B SVI4b, 4 Al .0 M RE S 8 2% 5
it E L., CAH K HLVH 4 LVEF,EDVI J&
ESVI 5 NC 422 54 it 22 5 L (P #<C0. 05), CA
4 LVEF ftF HCM 4 (P<C0.05),CA 41 EDVI &
ESVI# & F HCM 41 (P # <<0.05), M HCM 4]
LVEF &F HLVH 44 (P<0.05), HCM 4 EDVI X
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ESVI ¥ T HLVH 4 (P ¥<C0. 05) ; NC £ MMI 1% 2.2 4HRBELDEBEREFELK NCHLELEBA K
FHA 34 (P ¥ <0.05)., CA 4. HCM 4 & A B E RSN T H A 3 H (P ¥<<0.05) . J5#&

HLVH 44400 HAb LIS 2 T LG iT#E X BREBEELF LS HE L (PH>0.05), WE2,
(P>0.05, W#F1, 2.3 AHLADENAELE 4 HE LD EBE LT
F1 AHELBLIEEERILE
21 5 LR AR/ LVEF(%) EDVI(ml/m?) ESVI(m/m?) SVI(ml/m?) MMI(g/m?)

CA #H (n=30) 77.03+11. 864  49.76(34.37,55.05) "%  84,05+20.46" % 45,42(32, 90,63, 55) * ¥ 36.10412.17  110. 00¢89. 76,136.91) *
HCM 2 (n=30) 77.07+15.78®  65.89(57.72,70. 9™ 64, 70+11. 14® 23, 90(16. 49,29, 07)™ 40. 80£8. 68 87.49(80.57,108. 31) "

©

HLVH #H (n=29)  86.07+13.88"  44.51(28.92,62.95) " 97.77+41. 37" 56.41(26.43,77.16) " 38.01411.76  110.17(81.77,120.75)*
NC 24 (n=30) 73.05+13.73  62.38(56.37,67.32)  64.064+12.41 21.71(18.22,27.50) 39.95x7.98 53.30(48.79,60.72)
F/H{H 4.62 42.51 13. 24 45. 822 1.25 67.46
P1A <<0. 05 <20. 05 <<0. 05 <20. 05 0. 30 <20. 05

e ox XA LR, P<<0.05; # :CA 405 HCM 4 b4, P<<0.05; A :CA 415 HLVH A Lb# , P<<0. 05; M. HCM 41 5 HLVH 4 3¢, P<<0. 05

T2 AW E AR KA BT 1 % BE R R (mm, )

28 51 R B o) B L REL 3T
CA 4 (n=30) 13.40+2.09" 12.01+2.61" 8.61+2,65" 11. 6842, 23
HCM 41 (n=30) 11.93+2.31" 11.42+2. 35" 9.0042.80" 11.01+2. 11"
HLVH 4 (n=29) 11.67+2.00" 11.02+1.89" 9.20+2.26" 10.81+1.67"
NC 41 (n=30) 8.34+1.13 7.27+1.01 5.8740. 69 7.324+0.85
F/H{H 39. 38 39. 38 35. 46 37. 84
PA{a <0.05 <0.05 <0.05 <0.05

e 5X A, P<<0.05
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B2 4HLELESETBOFY LSLH

B WUBEAR (LS B BE 22 R RAS LS 22 R ¥ A 5t &
SO AR LR L 3. 4 A A E A B LS 4
XA R /N ot 2R BE =[] BE > 2R B, 4 77 AR B IR
B0 AR A 1] AL B BE L CAZH 70 28 BRI B B0 AR B

LS B 22 K RAS LS ¥ T HAth 3 41 (P 14<C0.05)
A A 720 % 45 Bro W2 LS WLIET 2,
3 itig

CA 2 th 770 WL BT 5 W ot D0 AR B e A0 28 B o
18 PR R A U 2 D e P o 28 N TR o Il
KI5t fof o 35 5 304k & v = BE IR R, S 800 = BE R R
) Ji D] ER 45 AT AN ] (EL X AT 2 300y 25 BE I JEE L0 o 38 K
KODINRE T M, CA A RE LR 4E 3R 38 1k (late gadolinium
enhancement, LGE)FHIE B8 AR 0k, 20475 5 38 43 I JE Y
O FIUA SR 1 R BT BARRL 5 T CA H 30 A s 722 0 il /g 12
sl R BE R AR AR A R SR A B, IR HE LS . 53
Xt DI REAS 4 R NS A iE1T LGE g™ . o UE A2
155 22 5T I DR IR 7T 4 DL RS IE Al 0 ) fE 2
1, IFRELEL.O WL g Y X M 25 55 AR BIF 5% i FH CMIR-

F 3 AHIELEONINA LS B EE 2 RAS LS R

# R N AR
bl
RS(Y%) CS(%) LS(%)
CA 2 (n=30) 13.30(7.04,18.65)* 7 —10.84+4.64" %A —6.02+3.58" 74
HCM £ (n=30) 26.04(19.08,30.19) —16.63+4.30*® —11.1443.07*®
HLVH 41 (n=29) 17.85(11.56,25.22) " —13.27+5.51" —8.9444.36"
NC 41 (n=30) 35.90(25. 48,40. 39) —20.33+2.95 —15.7843.33
F/H1H 54. 74 25. 90 38. 90
P1H <<0. 05 <<0. 05 <<0. 05
FLRE B
bl
RS(Y) CS(%) LS(%)
CA #H (n=30) 9.12+4. 5574 —8.13+4.29 74 —3.87+4.43" 74
HCM 41 (n=30) 28.18=+10. 87 ™ —16.944-3.85*® —10.2542.73 %
HLVH 41 (n=29) 21.10+9. 28" —12.5745.23" —8.2344.33"
NC 41 (n=30) 41.1349. 84 —19.13+3.29 —14.67+4. 10
F/H1H 66. 83 40.15 38.58
P1H <<0. 05 <<0. 05 <0. 05
oA B
bl
RS(Y) CS(%) LS(%)
CA #H (n=30) 10.43(5.97,17.85)* —10.97+5.01*% —4.51+3.76" 74
HCM 41 (n=30) 23.71(19. 86,30. 62) —17.46+4.15*® —10.7743.52*®
HLVH 41 (n=29) 13.25(8.34,27.76) " —13.18+5.89" —8.1844.08"
NC 41 (n=30) 32.97(26.00,40.10) —20.7042.91 —15.38+3.60
F/H {4 53.32 26. 39 44. 65
P1H <20. 05 <<0. 05 <<0. 05
LR B )
205 LS B2 (00) RAS LS
RS(%) CS(%) LS(Y%)
CA 2 (n=30) 18.24(9. 84,32.20) * —15.12(—19.29,—10.00) * —9.05+4.08*7 —5.18+3.33" 74 (,.88(0.78,1.18) "4

HCM 4 (n=30) 26.71(17.81,41. 64) —18.87(—20.77,—13.84)* —13,38+3.46"® —3.1242.47 0.62(0.56,0.72)
HLVH 4 (n=29)  20.24(10.90,32.89)* —15.64(—21.63,—9.83)" —10.95+4.59" —2.71£1.81 0.65(0.59,0.82)
NC 4 (n=30) 31.44(22.67,46.52) —21.87(—25.77,—20.12) —17.87£3.3 —3.19+2.21 0.600. 55,0. 65)
F/HIH 13.79 31.49 28.67 5.73 34.00
P{H <<0.05 <<0.05 <<0. 05 <<0. 05 <<0. 05

Hox XA LA, P<<0.05; # . CA 415 HCM 41 3¢, P<<0.05; A :CA 415 HLVH 41 b4 . P<<0.05; . HCM 405 HLVH 41 It % , P<<0. 05
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TT WA [R) 5 95 I 850 2 0 % M JEE 22 o0 %50 WL T AR AR
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o7 AR PR B AR

AR LR B R CA 40f HLVH 4] LVEF it F
NC 41, HCM 4| LVEF 5 NC 4 £, i fk HCM 4]
Zeb B R A B KRB RS 5 NC 422 = 48
2R CL,CA 4 HCM 41 B HLVH 41 % K J 45 15
B WL A8 B4 F NC 41, £ 3 CA.HCM, HLVH
O WL 45 ) fE 32 4000, 30 HOM A0 LY 45 P g
R, 3278 LVEF X3l 530 0 2l B8 ol 28 AS S skt
AHWFSE KB CA 4, HCM 45 HLVH 4 1Y = BE &
JE A0 20 WU R 34 R T IR AL L T 3 4] 25 R
giite i L. HCM B %E B9 K, CA & HLVH £ .0
FEHY AL CA O LR AE T B e % AT fg
To0 R TR B V8 B A ) S5 A A A 0 IE 75 PR T R e
DYIRES . CA 4 A 0 % K B RS.CS LS ¥ 1K
T HCM 4 & HLVH 4, 1M 3 41 (8] A2 0> % 6] Bt J
AR B KB 40 LR A8 22 S T e it 22 B L & 8 CA
2o Y1) = = 7 S AT A (TIPS 1 E DO S =
AHFGE 4 L E A0 E LS 25 -0 4 i 1 R B
CA ZHE RO RIAY LS B 22 St RASLS ¥ KT
A3 AL HEIN CA BENR-0RFR LS 4 1Y Bp T W
AHXF B IR HB O R LS Z a2, Bl CA By AH XS0 2R LS
PREA RIS, Al S %5 CA 55 b 22 0 28 AT JEE A DG 5 0
RAFRT,

HAT CA B 220 Y\ ) B A T O R AR £
SR FHRR P G A TE ST L P BRE 3 B 14 1 7 43 AT
Sy 52 U WEAL L 38 LSk JUAC U A 1) 45 7 55 IR 3R
W, 1 CMR-TT A3z LA & R, B R Ar . A0F
LR CALHCM,HLVH KIE#® AR LS ¥ &8 3%
BB AR B e i B EAEEC, DL CA Y728 Ak i 32 fe K
5 B A 7 R T A A

CA BLJi-0 AR LS 53 1 A X Y vl g St I . D€
3R 2R P 7 SR B B b ] BE TR B R H R ©
AT BB 5 200 38 R ER O LT 30 62 4% fie KA G @ 2R
0 JULZAH Pt K 5 I HE B L 43 A O Il 2 ARk, AT REXT LS
WA AEFEFEHLVE T s @ AR B SE CA 417220 B R B
O LTS AR T 3 S K o ) B, 5 R AR BT 5T 4 A
F5sCA ZE 2 K- AR BE LS s # 5X & CA == BE
S A B 4R R L0 23 B UE M A B iR K [R] JBT 21 2 Ak A
X WRCRFAE PR O A R B B AT S 2 51 CA 55 H A
Pl INE Y WS Y Y L iR D S

AHF ST Y FE 2R BRAE  OFEA R R/ s QAR AT 0
PN G . JE 3R X 4 CA WY K Hox o IL D E A 52

25 B TR, R CMR-TT #] & 843 #r CA.HCM
K HLVH 220 % O WU AR KRy FE A4S , CA £ S50
e BRI s AR IR B B AT S 400 CA 5 HAb 0%
NEJE A G Rt 2%
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