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Abstract
Purpose: The relative apical sparing pattern of longitudinal strain (RASP), as determined
by a Bull's eye map, aids in diagnosing cardiac amyloidosis (CA). Despite the challenges
involved in estimation, longitudinal strain (LS) values of the apex and other regions are
needed for comparison and estimation. Moreover, quantitative evaluation methods for
RASP can be confusing to determine. Therefore, our aim is to investigate the significant
evaluation method of RASP in patients with CA.
Methods: This study included 176 cases (mean age: 6814 years, 129 males) with sus-
pected CA who underwent transthoracic echocardiography and LS analysis. We identified
20 cases with CA and compared the detection sensitivity, specificity, and positive predic-
tive value of A and B methods. Method A calculated the average apical LS divided by the
sum of average basal LS and average mid LS. Method B involved the average apical septal
LS divided by the average basal septal LS. For Method B, we determined the cutoff value
for CA positivity and evaluated its accuracy.
Results: In Method B, the cutoff value for apical sparing by ROC analysis was 2.0. The
sensitivity, specificity, and positive predictive value for diagnosing CA were 65%, 81%, and
31% for Method A and 90%, 73%, and 30% for Method B, respectively.
Conclusions: Echocardiography, as the gatekeeper, is crucial for detecting suspected
cases of CA with high sensitivity, leading to prompt treatment. Our findings suggests that
Method B is a suitable screening test for CA.
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LS) MM DRE S IR 72 B &0 D R
MafiRERTET5EDTHS7 (K1), apical
sparing DHITESTIEIZ, DIEP LS it & B8 oD
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ATTR: transthyretin amyloid LS: longitudinal strain

K1 AEO2D ANy 7T yF Y IHEIZK D A LA VRN E Bulls eye &1
DRFBIUIES (A), OIERIES (B), /LRMBEAG (C) D /% longitudinal strain & /5 17 75 #1D longitudi-
nal strain 23 /R & #1172 Bull’s eye &/18 (D).
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ATEIZDRE T LS il & JEE- TP LS i & rhiER P LS ORI TR L 7248 (BEHE 0 53:) . BRI L AR

LS fiff % FEERE45 LS il ¢ # 5 74

1%, H 7 3 Z RS Fisher O EEMEV @, M
T &L Kruskal-Wallis R & 17> 72. L7
a4 F=v 2L LT I A F—v 2
PE#E D apical sparing st A D L & 7 4 M
ETIT>72. 2hZThp<0.05%&#HatMaERE L
7z. apical sparing DEHHIfE 2> 5 ROCHf#R % fifi %,
il % T 1 f4  (area under the curve; AUC) fiti
L U cut-of il & By U 7=, AN I EZR, ver.
1612 Zflif L 7.

4. # R

L7 IaA N = AEERIRE, L7 Ia4 F—
VAREG S KON T I a4 F—> 20 HEMl
PR OB R A2 %2, 312/ 7. Finic
BWTL7 IvuA F—v 2MEEFIEO7 Iv
A F =Y ZOEEGIRHCIANERICEMEZ R L
7z (FFhi74.7£0.5m vs. 58.2£7.51%, p<0.01).
FEMEE LT T — A TR, OEPREEE, AE
HEEE, E/AICBWTLT I a4 F— v ZfEEp
FHILT7 304 F = 2OWEEMEMEOERIZ R
ARICEMZR L7z (OFEPFEEE 15.940.2mm
vs. 12.5+£0.5mm, p<0.01, /&% % BE < 153+
1.5mmvs. 12.1%x1.5mm, p<0.01, E/A 1.4£0.6
vs. 0.940.1,p<0.01). %7z, AEJLERBIFRIC
BOTL7 a4 F—v 2fE@Eflifiznrs I a4
N = 2D AMREPE MR OIS oA RIS 2 7R
L7z (EEPLRARBIE43.2424.0mmvs. 47.0%
5.0mm, p<0.01). ZEF GLS, H#EFHLSIZH W
TLT7 IaA F—¥ AMEEFIRHZ 07 I a4 F—

¥ 2D AR OERC IR R 2R L 72
(GLS 10.5+3.8 vs. 13.6%3.5,p<0.01, B
LS9.2+4.3vs. 13.0£3.8, p<0.01). DT
LSIF3RMICH B A0 72 (DEFBEHLS
5.743.4vs. 7.5+2.3,11.0+3.9, p<0.01).
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KAITRT. L7 IuA F =Y 2R ELT 2
oA K= 2GR, 07 I aA F— ¥ 25
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73% (114/156), Btk Hh=30% (18/60) TH -
7=.
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xK2 L7 IS F— AMEGEFRE, 07 IvA PP 2HEGIFEE 07 I v A F— ¥ 2O REEME W HITED

g
CA T CA Tt CA O HEEVE DM
o B — p i
(n=20) (n=17) (n=139)
BEE R
i (i) 74.740.5 58.2+7.5 68.9+4.0 <0.01
S (%) 17(85) 12(70) 100 (72) 0.47
BMI, kg/m? 23.6%2.6 243442 23.1%+1.0 0.62
PR IEE
e MU (%) 4(20) 5(29) 50(35) 0.37
BEIRI (%) 1(5) 1(6) 6(4) 0.82
IDMTHAEZE (%) 1(5) 0(0) 9(6) 0.84
M ZERT (%) 0(0) 2(11) 30(21) 0.18
el RE O T 3 — [ AT
DEPREEEE, mm 15.9+1.0 13.5+0.5 12.5+1.0 <0.01
FEEHREEE, mm 15.3+1.5 13.6+0.1 12.1£1.5 <0.01
FEBIARAMPE, mm 43.2+4.0 478425 47.0%5.0 <0.01
FEBEPGEARMIEE, mm 32.2+4.5 354+1.0 32.0£3.0 0.13
FEEERI . % 50.9+1.5 443420 53.243.5 0.10
FEE AR, mL/m? 47.1+17.0 44.3+20.5 39.6+5.0 0.17
E/A 1.4+0.6 1.240.1 0.940.1 <0.01
Ele’ 17.5+3.2 15.5+6.5 13.3+3.8 0.03
REPIRZEE (%) 1(5) 0(0) 26(18) 0.06
DFETEITH (%) 6(30) 3(18) 15(11) 0.04
R GLS, % 10.5+3.8 11.5+2.8 13.6+3.5 <0.01
DAY LS, % 16.1+4.0 16.1+2.9 17.5+4.2 0.11
HEBSEE LS, % 9.2+4.3 10.3+3.4 13.0£3.8 <0.01
IDIEEEY LS, % 5.7+3.4 7.54+2.3 11.04+3.9 <0.01
DISEBFEY LS, D LS 1.3+0.9 0.94+0.2 0.8+0.3 <0.01
+ P LS

IDRFRES LS, DI LS 52+6.7 2.3+0.6 1.9+1.3 <0.01
mean=®SD

BMI: body mass index, CA : 007 I ¥4 F—3 A, Dt @ WREERFRH, E/A © A3 A MRS LR P01 (B 9%
EODEIGHEST: (AY%) OLb, Ele’  EEHRAMPEE BTN T (B)) & Mt idig i (¢) oL,

GLS: global longitudinal strain, LS: longitudinal strain

BF6I-LS/ S — ¥ ORI ZALZ /R Y. 200X 4
11 HiZ AW, BEEWT O K%Y apical sparing
TS -7z, 200X+14-3 A3 ARk
& B R ODIZH L, BIETIRERARML
7z. 200X+144 A TE ABDIBETIRARL L
C apical sparing 21k & ¥5E = 28 BHIZ L 5
{68013 2.2 & apical sparing I L L 7=, £ D

LTI —XREDOHHICHEAZIIRE &
Motz ZTOBROKEEDORE, ALTLT Iv4
F =3 2 BT STl D AL TIEHE
BEBHRD bNED - 72RHIC B W TBEETIR
TR UBSME & HE S B 128 - 72IERITd
3. Tk, DIERIUMESR O DA b LS il & K
SRR LS A A B4 U 72 M8 28 2.1 L A D B Ok EE
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NEFhOHEE
CA Tt CA TRl CA &l
VS. VS. VS.
CA &l CA OHEEMEMENE]  CA D JEEME MK
i -
L RRERES, mm *
JEEHREEE, mm ok
FERPIRARNEE, mm ok
E/A %
HE GLS, % *E
FESEYI LS, % *E
DFEEEEILS, % *E *E *
DRI LS DR LS ok ok o
OISR LS, DR LS+ hisB~F#4 LS *E **

*<0.05 **p<0.01
CA: L7 3IvuA F=v 2, E/A: ERWAMGBEBIZR T EH) L OoBEE (A% Ok, GLS:

global longitudinal strain, LS: longitudinal strain

x4 L7 04 F - 2BHHEIRE 07 I A F - ZEMEGIRESNT 72 apical sparing FHRA DGR

e CA [5Al CA FaM:p

g i

P (n=20) (n=156) pii
AVE DI LS, OISR LS+ A8 LS 1.3£0.9 0.84+0.2 <0.01
Bk DAEELS, OISR LS 52+6.7 1.9+1.3 <0.01

Sensitivity

mean=®SD
CA: L7 3IuA F—¥ 2, LS:longitudinal strain

10 - BERAEHE (200 msec K i) ZHlAB LY B Hik
PR TR TIZ LS 12 200X 411 A, ZOOX‘—i- 1 H£3H2.10
05 ETH o 7h, RIS BAIEWE L, 200X+1
4 HTIE2.1 2 FmEDHEIZEK FERE &5 7.

06 5. % =
D7 3Ia4 F—3y 2O LSRRI & [EE
04 7 X, MO REBLS AMEZ=NB Z &ickD
AUC : 0.826 apical sparing &\ 5 R 25 LS D[R S 4 —
oz 4 Cut-offfi§i : 2.0 REOOENS. L LZOWFITFHcEh
Sensitivity : 90% A . N P < N IS ) —
Specificity : 73% THST, 7304 FOHRAIL LD ORI
. BhNZ L, KEERIIRCE T 3RO ETO

: . ‘ . : . HERIZ TR =Y 2 ) EFY V™I DT
1.0 08 0.6 04 0.2 0.0 L\Z&&&ﬁ‘ﬁkbf%ighTI«‘%w) i

Specificity
4 Bi:O apical sparing® /L7 I 0 A F— 3 2B 7z, apical sparing {307 I @ 4 F — ¥ XDl
PEIZB$ % ROC i ks TROENZ EWREGE TN T B,
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5 apical sparing PI5ERD T EAER R I L ORE - FREE - Bt rheR

CA Apical sparing Ak B
i e 15l (+) 13 18
(=) 7 2
e (+) 29 42
(=) 127 114
Atk Bk

J&JEE 65% (40-85) 90% (51-91)

R 81% (74-87) 73% (65-80)

(RIS 31% (17-47) 30% (19-43)

(

5 JEfl gL T O —

Pl B RAlE (A) D IERIUES (B) .

AWEFE TR, DLREF LS A HGE O LS
fifi & P LSO FITER L 7=t 1L.OBL 1 %
apical sparing & 3~ % JE# T O EF R A7 2 5 i
LS #fRW /- ke LT, DREFHLS /0
YIS & B & U 72, apical sparing DI 7E D [
IZ RIS AT B AL OE VIR
LSERRI L2 2ATHS. LTI F—Y
2102 & % LS O IT O I 22 & DR E~HEST
ZMWEN B 5. Ko THERLS OFHIE % &I
AN Z &I & ) P apical sparing & HI7E
XNBEHEIL Z D EEFRML 7=

WE#H C 13 apical sparing O ¥ 7 X A £ D 02
LS, R EREYS LS+ AR LS 28 1 L T
bBHILEBRIEL LA, RIE93%,
FPE82% TLT IS F—¥ 2 &M LERE &
EHL 2z EhTn3s?, LiL, KifED
i RAER A AT Y IO 2 GE, AKIZRE
65%, FHEE81% T, REHUT I LIRS AMIOASR

Eh otz MEO@ENE LT, ERTIELOT I
4 =2, BERELOTHE, KNEIIRTFIEAEE % 5t
RELTWBIDIZHL, AR TIHEL—-F
TG B IAHPHOREGI 2 R L LTS 08 H
Fons., ZHNEARMEDORERSPHEL —F B
TIZBWTALETLTY 304 F—v 22 KR§
B - RERE IS MEE /RO N TR EEALD
ha.

—Ji, BiLIZAEDOHELS OFHHIME 2 & I
ANk (DREEE LS, HETALS) T,
ROC#HTIZ & 1 3K & 172 3 cut of fifi 2.0 L E
% apical sparing 5 1 & 9~ % Fli S HE & RAT L 7=
Yity, REIE 0%, THHE73% Th D, AEICH
NBETRENEOMRE L 572, ALETIEhE
LS A FEEEA & UCRHRRICHIARA D 720,
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6 JERIOOT I — XA Z( (70 K5M%)

20XX 411 H 20XX+14-3 H 20XX+14-4 H
apical sparing #15:X
Ak 0.85 0.83 0.83
Bk 1.82 2.00 2.23
DARERIURES  DREBLS,FE LS 3.1 2.6 2.2
RO = 2 — XA
D HPFEEEE, mm 14 14 14
KEEHEEE, mm 12 13 14
FEBPLARARMIE, mm 39 37 36
FERBIGHEA AL, mm 21 18 20
FEEERIEE, % 60 64 61
TR, mL/m? 56 59 53
E/A D FEATE) O 2 FHHA AT
E¥# Dct, sec 184 277 191
E/e 13.7 14.7 15.0
Ve 3idini (=) (=) (=)
FE#E GLS, % 16.2 16.9 15.5
DIFBPHILS, % 23.4 22.6 20.8
hEE LS, % 14.7 16.0 13.5
DFEBEELS, % 12.8 11.3 9.3

Dect : R, E/A @ AWM AMBEBTZILETIE (B30 OB (A O, Ele : LERA
ILFHHF I Lk T (B3R & (IR rim R B (e/) Db, GLS: global longitudinal strain, LS: lon-
gitudinal strain

20XX4EITH i 3)] 20XX +14-4 A

Ajk @ average apical LS/ (average basal LS + average mid LS)

0.85 0.83 0.83
Bik : average apical LS/ average basal LS
1.82 2.00 2823

X6 JEfl1 GLS OFRIEZAL
200X 4FE11 HiZ AL, BIEWThoO AL apical sparing [&1E T h - 7z, 200X +14-3 H TALEDOZL A R OD
L, BUAIZ2.0TH o7z 200X+14-4 HTAWERLAL LW 23 Bik2.2 & apical sparing B PE 248k L 7=, Kb
HEORT, ALBLT 304 F—v 2L BlXhi
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4 F = 2047 L 72 hEflIE £ apical sparing %
IR AREMEA RV E S STl DY, Dk
DHELT U ZIEBNIZERN 2228, W 13 apical
sparing & {3t & P 4 5 TREME A b 5. Bk
TIFHHLSO T — 2 2552 2 & THIIEO
JEGIOBIEYERIRD U, AL DEEDS ER L7
RS ZEZ6NS. LT IUA F—Y A% Y

) ==V RBE TG L5121, apical sparing
MNEMEIC %2 2 L I3HET, BiitBEAT5Z L
NEYUTHDEEL LN,

FFREICE L TEBM & D AR EVAER &
%57z, ZHUEBILD apical sparing 4 514 41 %
WZeznRLTkD, FHOLT Il F—Y
2 % apical sparing 51 & VE 4% Z & 3l RE &
Kol=Z LB XMAITE R EEL N
5. UL ZZTHEMES EEROFRIZIE,
va) VBOBHY Y FI T T 4 BRI EL
7o SFEO LW IR RIS K 5 ERRFGH DR A
M2 ETIIL7 Iuf F=v 2EBITE A0
LR MoOLT I F=v 2n3gEh sl
et d 2 ZLITHET 208’ H 5. Dbl
&5, Bik% I Tapical sparing 514 & &
SNIEFNSF L TE, L7 Iaf F—2 2DH
HEE & &THIC B T DB ORER RE SR 2 17
FEIIHETII LI RYTHS. LTI
BEEZLT 304 F=Y 2022 ) — =V 7kt
WIS, REOEWBEERATSZ &
NEYTHDEEL LN,

apical sparing ® & 5 — D2 O E f L, O
I DY I 5 0D /0 S 8 v B LS il & A 58 v B LS i
R U 724l A 2.1 BLE 2D E 3 o0 I 2 1 1 4
(200 msec Aiim) A HRFS 5 &, ¥ 88%, Fixt
J£85% T 7 I a4 F—3¥ X EMD LR L
ALz EhTns?). ZohEEHkEO A
DISHETHE XN TWCHETH S, LrL,
L7 IvA F = 23085 5 LSEA2K T3
B2 ENHENTNEH, LIEHDE DORHEA, 5
KFF22HE 2L IhThAEL. Ko TR
MALSETHETS 2 LD TEL6A5T L
NEYUTHY, BEAHFHATAZ LY TH S
EEZI oM.

BRI AT, BEWThOLEICE
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T E 30% M LKA & > 72, Eisha 513
apical sparing 2 L CT{ L7 I F—v 2L @
7 & 4% D13 30% FLHE & Wit LT Tlo, K
REMETH 7. AR TEIHEL —F vk
TL7 IvS F=Y 2RI LT 5700
apical sparing DHIEEIZ DWW THGET L 7223, api-
cal sparing DF =T TOLT7 I 0 F—=Y 2%
Wid 5 Z &IFHEN TR, o3 -k
R red flag T N7z 2 Do fr W2 % 2 7=
ETTRERMIZHITL, 5% 3RAEOREMEEH
ETDHIENHETH 5.
AFFRORF L LT, RO 176451+ 13964
L7 a4 F=Y 2OEEMENHIS L < & &
NTBRDPDS. INEDREMIZLT I a4
F= 20MEMTOITE ST, BIRNIZTEE
PEAME O &I & M 7IEFIT, ZoffohiznT
04 F =2 AR B TR IR E T & &
V. SRR A TRIEE S 0D KRR 7 Wik 3 b B
Thd.

6. #& &

LTI —-RBREORENILT I v F—-2 20
ATREME AR L, KL REBIRIc O R sZ L
Thb. LTIV F=YZADATY) ==V TR
HTRBEDOEVBET b5 LRBFLS &
DIEFRF-¥E LS TER U 72751 C apical sparing O ¥
BRI ZENEYTH B EE R LN
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