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The progress in the diagnosis of transthyretin cardiac amyloidosis

MENG Fang-min'?, ZHOU Nian-wei'?, PAN Cui-zhen"*"
1. Shanghai Institute of Medical Imaging, Shanghai 200032, China
2. Department of Echocardiography, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract | Transthyretin cardiac amyloidosis (ATTR-CA) is a restrictive cardiomyopathy in which transthyretin is
deposited in the myocardial interstitium, resulting in heart failure, atrial fibrillation, and conduction block. Its clinical manifestations
are diverse and non-specific, and misdiagnosis and missed diagnosis often occurr. With the development of relevant research
and technology, multimodality imaging techniques such as electrocardiogram, echocardiography, cardiac magnetic resonance,
radionuclide imaging could provide more valid information for its diagnosis. Genetic testing is clinically used to distinguish its
subtypes. Although the overall prognosis of the disease is poor, with the continuous research on its pathogenesis, effective treatment
methods have been developed and the therapeutic efficacy is getting better and better. Early recognition and diagnosis were essential

for treatment of the disease. This review focused on the latest advances in diagnosis of ATTR-CA.

[Key Words | cardiac amyloidosis; transthyretin cardiac amyloidosis; echocardiography; genetic test
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(AA-CA) %51 Herfr - AL-CA %l ATTR-CA %I
5 98% LI I, ASCHER A4 ATTR-CA.

1 ATTR-CA Z@E Kl

TTR XFRATHEH, FLAEMNE 7, &2—
/e 32 BRI 28 RO B R 2 5 B I DU SR A, L
A i B AR RE f1, B TTR BR BA JE kR
FEPET S S TTR 294 7S , ATTR-CA 43K
&Y (hereditary ATTR, ATTRv) 555848 A (mutant
ATTR, ATTRm) FIHF A=Y ( wild-type, ATTRwt ) P
R, ATTR-CA %A WG Pk ) FAR 25 55,
e OS2 BAE AR T P R L EL R
FEFE S ATTRwt-CA 16 B LR B8, KA
W RS 60 % L E B G & . ATTRm-
CA R # Qe ik Pkt %, HATc &3 150 ZFp
GRARIEIR, BP9 AR ERAT AN ] A I R 28 78 A o i
F, HarCiEr RS, HE ULIE Vall122lle
Thr60Ala Fil Val30Met 33 3 F g€ 451 | 4 Bk B 4
JLA) ATTRm 2875 J2 Val1221le, 1F3E[FE 2 A AR
T L, 20 0T RN I8 L I 7 AR
Val30Met A] FEGME: A 24 18, Hif3E
FEAERKIN AR & B, ATTR-CA ELAR ) H R
BIRR A, FEMXES, XS5
X B A AR L B By 7 G I /K S AR TR 4T 9. ATTR-
CA B 15 A, ATTRwt-CA H % i1 4= 77 3
Jis )G 58 AN H M, ATTRm-CA i 3 A= f£ 1 Bt
PTG AR R 2 Hirp val1221le 278 T iR
F P AR W 36 4 1) Thr60Ala
GEART P A A > 60 A A T L

2 KRR

ATTR-CA i KRR ZHE, H 5 HAbC UK AS
FIARML, TCFR R, HMELISET . ATTRwt-CA i
HLLDEFR PN, ATTRm-CA & DA B
R D NESZ BRI T DHERE
B H L0 7 s v R IR AL S 55 7 P T PRI L
RAERE A W RIME . s A Pz . %55 . 1B Bl AN
eGP, [R5 Jf A % B Al . ATTR-CA
B R 2 5 O I 43 5 (left ventricular ejection
fraction, LVEF) RWIIEH, WHIA TR, BtE

B2 N BT ML 53 O B 10 3% (heart failure with
preserved ejection fraction, HFpEF ) 7', /34§ LVEF
BRI, (A E MR R Em i, Kk
BT B R AL RS AL . O H )
BN BBk Grb, — A R ATTRwt-CA i
B AT ik 88% , EANAT UL E VR H S
& 2BHA . ATTR-CA S BT N K DI Re R g Fl b7
BRAEIEN, B kAR DN kA s &
4 ATTR-CA 3 1] AR IF 3 shbkamepess
— IR IE Y KW, 1% 4 ST S ko B R
(transcatheter aortic valve implantation, TAVI) 19 £ #&
4 13% & ) ATTRwt-CA; 55— pAFIBFSE 2" 4%
HER, TAVI ARG HRER ATTR-CA BHHEHN 16%.
DANRR F LR EMFEEATR T 2981
AVE 5 R B AR RCEE R FVARTE . B IE R R 22 R
DANSE, 83T 1/3 B9 ATTRm-CA 5B %748 2
B R BRI BRLE A ()
AT S I RE e, IRz 25 AL-CA & 1Y
15%~20%; “FHAE” & 75 AL-CA % it B
(15%~25%) ; IR Z BN T ATTRm-CA
e N Sl oy P2y R Dk = 1781 b N N
DRI BRI TR AN A S RE B A . — 33 BAB A o
7R, ATTRm-CA ¥ A 82% LS i iEik
B % ) B o 25 g LA S g LA i A i E
PRI ONER LR 10 4 H B . ATTRwt-
CA BFE BT H MR Sk WU U2 27

3 SREHBGFIBHESERGN

B T ATTR-CA A W] i 5 Btk How 2 R 4%
R, IWRFINZWER K. B TCEHEIZMH AR
Wik '€, ATTR-CA BiZWiR M W itm. HAr, O
H, 4] (electrocardiogram, ECG) Al 7.0l K& 12
W CA B—£TF-Bt; (O NEREIYR (cardiac magnetic
resonance, CMR ) 1]k CA FIZWHR LA U B ;
WS TR 2 AR ATTR-CA (132 1 52 550 T
SRE R SEDURS N BELE )] ATTRwt %] ATTRm %,
3.1 ECG ECG JZ5EMl CA B H EEM 1 kA
Ji k. CABHE 12 50k ECG HL 7 3£ 91y QRS I
R HL R A R Q e T i “IpeAsear g v,
4 [\] B 0 52 %) QRS I HL R (B A AR SR <
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5 mm) FMENEC UBEFEAE R0, CA B2 WikE g
N 98%, HRAKE A 28% . A, ABERSY K
B, 454 aVR 1Y R IR 5 88 75 0 3l B R AH
X REJERE, FE0 ) 3 v B T 4 5] ATTR-CA Al
oAt PR 350 3 ) B 1 VR EL AT A 12 BT
H(98%)0 10%~25% [P 2 W A2 0 L JEAIE
G280 T UM RE AR 1 R IR I O A 3 57 AR [
MFBCOHERE KA RIEAR., OfERHE RN
ZRE, A EG T . B O
KH A 24 hshZS BECG Wil AT B 460 14 &k s
WAL R o RO B A I BN SR
W, AL SR LS ATTR-CA BB =M,
Ph_Fix 48 ECG FRIN A REAT LR CA LAY,

32 HHLAR B B A B ik 35 K (speckle-
tracking echocardiography, STE) # 7.0 3l K] &
AR O 1B FIBE DL CA BB 1) R AR R A T
P R AR O I SR ks . A
HESIAED o STE AR WAL R 2O JIE S AE 7 THT He
HRUSAZ UK, AT DL AR AR R o U AR,
IREH R O MEBR B R AR A . B R
FB, ANHH i R A A 5 BE SRR > 12 mm Al PR A 5E
CA BHEH T ZA TR OBl R4

CA R FERIEME . XFFRPE 0 5 BEHY R,
A A X RO EREIE R R R iRiE. 5
ATTRm-CA 1 AL-CA £ 5 #H Ik, ATTRwt-CA f&
0028 BE R JECE R BT (R0 g E G TR R i
FHT RS0 2 75 0 20 [ ) R ik P 3R
ANEH LA 9 2 22 BEJRE > 12 mm, AHXHEJE >0.42
mm FIA7 5 7 B BE R >5 mm; 0 L] 75 5L B B
BRI LD EBREKR/NERE SN, HOEY
K, MUK Tk e . wmieEA
TR 2 T 6] B RO M S Y 0 SR O AR
ATTR-CA BH I G I E SIS . KER o i
FEER I B AL BRI S AR R e 2RI, e
LR A I R &7 sk D RE RS, 75 54075
PO A ]

CA FH— R Y& DI RE R b, DA it 52 45
(1 Zerskohnerans ). Bk iE s b (1 9%EF 5k
AE B 15 ) 30 BR 1 1 78 8 (I 908 5K D) BE R A ),
IR RN &, B EF K DI Re AT I, R

BEAETERT IR DI REZ P, BUAY 1Y — I il i 11 %
PR E UG B R AR, A WS BB . E/A L (E R
i, SEASET RN AN AEAG ;W A0 R0 8 A A R 72
BRI, N E/A TWIEYS S . BB [ i
ok i 4 0 0 13 OB /N O R Ere > 14
PR ERBET G ZREA>2.1, =R
Ele >6. i gh Bk 45 J& (pulmonay artery systolic
pressure, PASP) 1 45 .0 Ji7 J& (right atrial pressure,
RAP) F}5 (PASP>35 mmHg, RAP=10 mmHg) %
PR BRI RERERS . O IUSAE 3B (B
U ) A6 ATTR-CA S8 & S A7 75 5 1
i F LVEF ™. =2 360k 45 W1 62 B ( tricuspid
annular plane systolic excursion, TAPSE) <17 mm
A= ISR 8 0 (AR < 9.5 em/s $2 7R 45 UK
AR YRR o

I AR\ W] v A ( global longitudinal strain,
GLS) s HHif STE i2Wr CA (i E #4545, £ CA &
il RO AR N AR R R L S BCRh
(] B A8 A2 AR Y FAET AR, X SAEEALL AL
9o F X8 5 W7 AR 43 A T BB DO Ll AR A 25 BE ]
NEJEE R B v, FE BRI B 5 B I B 1] DA (B,
BH>2 1, X CARZWIEA S REUE (88%)
FIR: 5157 (85%) %' . EFSR(LVEF/GLS) &2 Wi CA
M #rHE AR 2. BFE ™ R, EFSR>4.1% i 45
BRSBTS 2 W e R (2 T T
TR 0.95, 95%CI 0.89~0.98, P<<0.05). HE 1%}
ATTR-CA FIF5E ™ B e & NTE M RE R
FR I 5300 O E DIRE NS F9 AR 1k , Xh0 5 I A
FEAEPTEL RN, RO IIe. Al
il 7200 53 STE 4347 & B, ATTR-CA £ 3% i.0>
P AR FERE TN, 0 b7 3 A AH 1 D) e 34 A ] 4 4
F(AFIIRE 8.86% .. FE VIR 6.5%. Wi4iYike
4.0%), FLU> (A B 3G 5 15 At S ARG
3.3 CMR CMR HL 527 91 i) LLPPAL 26 45 0 28
Zidi 0 B MBS I BE. 79% () ATTR-CA 34
778 A X B 1 5 A B A S, 18% A9 S8 A X AR
PE, 13% W E 220w L5 IEs, W &8IHh
O JES T, R R T 5 (late gadolinium
enhancement, LGE ) 1T, mapping ¥ 7] DL PEA
O LAY 21 2 2 R A RN 5 20 A 25 R g R
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( extracellular volume fraction, ECV ) . CA 1Y
LGE R 3R 30 A0 A IS K20 LR 2 3R LR SEE 3R
sfk. OMIREE LGE % W T AL-CA, iE#E LGE
ULF ATTR-CA. NI U8 e 52 (PSIR )
FRJG, LGE WO B8 L CMR ZREVHAY
LA B 12 R S AN A% ' . T, mapping AT LA
JE VAR T, SRR, e R e e
ST FIFE A (native T, Mapping ) 0 JULE A (5
o WS R, S S o UE S A2 1k
Hb {1 0 1 20 B FE B A4 1 ECV Y ATTR-CA
B native T, (A F1 ECV 1 3 = T HEJE AL L &
H. BB T YR2 W ECV IR GEM 37 # ATTR-
CA BFHIFET- K . {HJE CMR AHEHERHIX /)
AL-CA Il ATTR-CA iX 2 Fhili A,
34 FAWREZ RS PO RITTEIEE
1 i (single-photon emission computed tomography,
SPECT) HI 0> WL 5 ik 4 JH 52 4% 579 9 “m B -
F£ W R 3 (”m Technetium-pyrophosphate, ’mTc-
PYP) . “mTc-PYP A4 H ) T ATTR-CA .14 2
Wi HRE, A 2 R EEES RS T2 W
(1) BRIV R G WO NIERECS W PR HUH
Eb, O GO AEARTEIG 1 90k OIS T4
215 2 GO WU TG 3 N0 LRI
KFBHHEB “mTe-PYP BA5.0 LB H =2 gt i,
Xf ATTR-CA {12 W 5 8808 VRS 53 B2 0 331l O 92%
F195% 470, (2) BRI REG: KOl (H)
F 9 RO X 3 5 %1 fili (CL) ROI X & 7 47 b
Bo WA RAZH 1 h G H/CL Sk =1.5 J 3 h)5
H/CLEEW =13 B W E X 456 Z 0 B
H/CL 5 ICH s B B M . mTe-PYP A5 4 FH
PEH 1 AL-CA TS, KA 5 AL-CA S22
MRS & AT 552 W

1E L & 5 W = 49 4 (positron emission
tomography, PET) =2l FH (47 &5 5k °F st
Ji6 4 A %9 % ("F-fludeoxyglucose, "F-FDG ) , HJ
SERVHEM R H . PET BHRIE R 5 CT 8¢
MRIFli &R, o SPECT HA 8 = 12 (8] 0 HER;
{H "F-FDG BE 25 & TTR th 45 & AL, G X 4
AL FI ATTR 3X 2 FiE AL, &M FE AR R S v AR
F, 4n''C-L2gERb A B (PIB) | F- HUNRNEEE |

SE- UM BEEE, AT CA 5 H A O S S
3.5 SEARBIRS SRS AU
5 CABWTR 2 it O ol R R A 2
HRECA 12 3 EEECG LAIKHL H QRS % BEJ& CA
f LR R B X TR R 0 3 R B CMR 6 B4R
K CA WL, 25 mTe-PYP BAR .0 LR
Bk 2 Rk 3 G, M7 PR IR Gy [T A L Dk ki
AL Em PN BAYE, AT LR A H LS KA T
MR W ATTR-CA ™ HR 0 E TS B i 1% 4
REBUSE KB, 78 CA AL FIAER GG I 7 1H
s TR, (O NSRRI CA 14
FRife

3.6 AR & T PmTe-PYP W AR 2 Wi N
ATTR-CA J&, 47575 2% FH 3 BRAS I ff a2 JHC I 764 oy
B AR A a S A A, 4 b i T LR Y A B X
ATTRm-CA I ATTRwt-CA #F 17 % 555 |y F
RIGAEAY . AP S PRI R R B T 3 R A8 1Y
Y, DRI AR BE PR S AR A L AR A K
e s AR L e R e BB 5 vh 647 . ATTRm-
CA RRVERRI AR A 2 [0 22 AR K, SR
EREREE . B R AR TR AN AR
R4 AR R 22 A8 (R A Fpr, R AR SR i 24l
B RERLAR Y SRR SE 4 A R R S O s G
RIGTEBLT, ARG RAG A FILl 2 f R TCE X 4y
ATTRm-CA Fil ATTRwt-CA, [HIL#fii2~ ATTR-CA
()RR A 38 o AT S DRAGE I o 6 PR % ATTRm-
CA BHE MG HIE . IRITIHERE . ST A st i
EMPAEEE L,

4 8 I8

41 it s ATTR-CA XHAEIG YT £ B4 %0
T UL R . I R R PR O 2,
Ve R RO R L T RE R RS
Bsl G b, WA TPUEEIGYT . KRR R Z5
H AT A MR (tafamidis ) ZEfit 7. Tafamidis
S — PP AR E TTR DU R R 254, 3 41§l TTR f#
B B T D B R R AR . BESE T G,
Tafamidis A] L i F MK ATTR-CA (& 4 NET R
FRTERLC I /B 3 B B

42 FR#EIT TR SRR DK
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WHRETHIEREH, FEIEIE CA BRE AL
JEE RS . AT BoR, CA BFHIET M 55
PURMLBE - HLIG B4, PR nT 64 7O TR 251
HIT (CRT) o T TTR £ ZAE M =4, AL
Jt % i (orthotopic liver transplantation, OLT ) J&
IRYT ATTR-CA A % J5 5. OLT fEde m ATTRm-
CA B Z AR, HHARE 20 A REHE
55.3% %,
43 HKRR%HEST  HT ATTRm-CA HHREEF ]
SBRAR BB PR, TR X200 i 3 R G ST T
N HRTHFSEPOE . BE T SE 7E ATTR-CA 4 9F
MRS ) £ T NTLA-2001 #E77 4y 3
P2 BB IR YT, 45 5 s il 2ok 0 ) PR TTR 28748 36
PR I3 TTR & I EERRAR, USSR MR R F
. JERI4E A ATTRm-CA $24E T 3 I6 7 7 10l
2i BTk, HET ATTR-CA #F5% 32 54 v TRk
FHBIX, [E PRI AR AS 2, B B
B R, KRMGE I EER AT RIS L
BTG, 2RISR G R4 = ATTR-CA 2
DT 2R B RG0SR R 43 T R iRy T e R R
HHEZET L, BRRCAANDIRIT REMEMREE
2%, {5 H i E MR T ATTR-CA I 2591{0A
ORMETR Bl FE R g R IR YT ATTRm-CA 5T IR
A, BRI RS PR TR Y T A R H AR

TR PrAEE A AT £ 0P 2% o
S 30k

[1] MUCHTAR E, BLAUWET L A, GERTZ M A.
Restrictive cardiomyopathy: genetics, pathogenesis,
clinical manifestations, diagnosis, and therapy[J]. Circ
Res, 2017, 121(7): 819-837.

(2] RUBERG F L, BERK J L. Transthyretin (TTR) cardiac
amyloidosis[ J]. Circulation, 2012, 126(10): 1286-1300.

[3]  Heart Failure Group of Chinese Society of Cardiology;
Editorial Board of Chinese Journal of Cardiology.
Chinese expert consensus on the diagnosis and treatment
of transthyretin cardiac amyoidosis[J]. Zhonghua Xin
Xue Guan Bing Za Zhi, 2021, 49(4): 324-332.

[4] BENSON M D, BUXBAUM J N, EISENBERG D S,
et al. Amyloid nomenclature 2018: recommendations
by the International Society of Amyloidosis (ISA)
nomenclature committee[J]. Amyloid, 2018, 25(4):

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

215-219.

MAURER M S, ELLIOTT P, COMENZO R, et al.
Addressing common questions encountered in the
diagnosis and management of cardiac amyloidosis[J].
Circulation, 2017, 135(14): 1357-1377.
GARCIA-PAVIA P, RAPEZZI C, ADLER Y, et al.
Diagnosis and treatment of cardiac amyloidosis.
A position statement of the European Society of
Cardiology Working Group on Myocardial and
Pericardial Diseases[J]. Eur J Heart Fail, 2021, 23(4):
512-526.

BISTOLA V, PARISSIS J, FOUKARAKIS E, et al.
Practical recommendations for the diagnosis and
management of transthyretin cardiac amyloidosis[J].
Heart Fail Rev, 2021, 26(4): 861-879.

CAPONETTI A G, RAPEZZI C, GAGLIARDI C, et
al. Sex-related risk of cardiac involvement in hereditary
transthyretin amyloidosis: insights from THAOS [J].
JACC Heart Fail, 2021, 9(10): 736-746.

ZAMPIERI M, ARGIRO A, ALLINOVI M, et al. Sex-
related differences in clinical presentation and all-
cause mortality in patients with cardiac transthyretin
amyloidosis and light chain amyloidosis[J]. Int J
Cardiol, 2022, 351: 71-77.

SAITO Y, NAKAMURA K, ITO H. Molecular
mechanisms of cardiac amyloidosis[J]. Int ] Mol Sci,
2021, 23(1):25.

ARNO S, COWGER J. The genetics of cardiac
amyloidosis|J]. Heart Fail Rev, 2021.

BATRA J, ROSENBLUM H, CAPPELLIF, et al. Racial
differences in Vall22lle-associated transthyretin cardiac
amyloidosis[J]. J Card Fail, 2022, 28(6):950-959.

DA SILVA-BATISTA J A, MARQUES JR W,
OLIVEIRA M, et al. Presence of val30Met and
vall22ile mutations in a patient with hereditary
amyloidosis[J]. J Hum Genet, 2020, 65(8): 711-713.
CHACKO L, MARTONE R, BANDERA F, et al.
Echocardiographic phenotype and prognosis in
transthyretin cardiac amyloidosis[J]. Eur Heart J, 2020,
41(14): 1439-1447.

RUBERG F L, GROGAN M, HANNA M, et al.
Transthyretin amyloid cardiomyopathy: JACC state-
of-the-art review[J]. J Am Coll Cardiol, 2019, 73(22):
2872-2891.

LANE T, FONTANA M, MARTINEZ-NAHARRO A,
et al. Natural history, quality of life, and outcome in
cardiac transthyretin amyloidosis[J]. Circulation, 2019,
140(1): 16-26.

BUKHARI S, BARAKAT A F, EISELE Y S, et al.



Hh [l PR 2

20234F6H 3045 3

Chinese Journal of Clinical Medicine, 2023, Vol.30, No.3 539

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[27]

Prevalence of atrial fibrillation and thromboembolic risk
in wild-type transthyretin amyloid cardiomyopathy[J].
Circulation, 2021, 143(13): 1335-1337.

SELVARAJ S, CLAGGETT B, MINAMISAWA M,
et al. Atrial fibrillation and ischemic stroke with the
amyloidogenic V1221 transthyretin variant among black
Americans[J]. ] Am Coll Cardiol, 2021, 78(1): 89-91.
RAPEZZI C, ARBUSTINI E, CAFORIO A L, et al.
Diagnostic work-up in cardiomyopathies: bridging the
gap between clinical phenotypes and final diagnosis.
A position statement from the ESC Working Group on
Myocardial and Pericardial Diseases[J]. Eur Heart J,
2013, 34(19): 1448-1458.

GONZALEZ-LOPEZ E, GALLEGO-DELGADO M,
GUZZO-MERELLO G, et al. Wild-type transthyretin
amyloidosis as a cause of heart failure with preserved
ejection fraction[J]. Eur Heart J, 2015, 36(38): 2585-
2594.

CASTANO A, NAROTSKY D L, HAMID N, et
al. Unveiling transthyretin cardiac amyloidosis and
its predictors among elderly patients with severe
aortic stenosis undergoing transcatheter aortic valve
replacement[J]. Eur Heart J, 2017, 38(38): 2879-2887.
FERRARO P M, D'AMBROSIO V, DI
PAOLANTONIO A, et al. Renal involvement in
hereditary transthyretin amyloidosis: an Italian single-
centre experience[J]. Brain Sci, 2021, 11(8): 980.
LUIGETTI M, TORTORA A, ROMANO A, et
al. Gastrointestinal manifestations in hereditary
transthyretin amyloidosis: a single-centre experience[J].
J Gastrointestin Liver Dis, 2020, 29(3): 339-343.
CONNORS L H, SAM F, SKINNER M, et al. Heart
failure resulting from age-related cardiac amyloid
disease associated with wild-type transthyretin: a
prospective, observational cohort study[J]. Circulation,
2016, 133(3): 282-290.

SUGIURA K, KOZUKI H, UEBA H, et al.
Tenosynovial and cardiac transthyretin amyloidosis in
Japanese patients undergoing carpal tunnel release[J].
Circ Rep, 2021, 3(6): 338-344.

MILANDRI A, FARIOLI A, GAGLIARDI C, et
al. Carpal tunnel syndrome in cardiac amyloidosis:
implications for early diagnosis and prognostic role
across the spectrum of aetiologies [J]. Eur J Heart Fail,
2020, 22(3): 507-515.

GELLER H I, SINGH A, ALEXANDER K M, et al.
Association between ruptured distal biceps tendon and
wild-type transthyretin cardiac amyloidosis [J]. JAMA,
2017, 318(10): 962-963.

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

MAURER M S, HANNA M, GROGAN M, et al.
Genotype and phenotype of transthyretin cardiac
amyloidosis: THAOS (Transthyretin Amyloid Outcome
Survey)[J]. J Am Coll Cardiol, 2016, 68(2): 161-172.
CYRILLE N B, GOLDSMITH J, ALVAREZ J, et
al. Prevalence and prognostic significance of low
QRS voltage among the three main types of cardiac
amyloidosis[J]. Am J Cardiol, 2014, 114(7): 1089-
1093.

CHENG Z, ZHU K, TIAN Z, et al. The findings of
electrocardiography in patients with cardiac amyloidosis[J].
Ann Noninvasive Electrocardiol, 2013, 18(2): 157-162.
LOFBACKA V, SUHR O B, PILEBRO B, et al.
Combining ECG and echocardiography to identify
transthyretin cardiac amyloidosis in heart failure [J].
Clin Physiol Funct Imaging, 2021, 41(5): 408-416.
GARCIA-PAVIA P, BENGEL F, BRITO D, et al. Expert
consensus on the monitoring of transthyretin amyloid
cardiomyopathy[ J]. Eur J Heart Fail, 2021, 23(6): 895-905.
ROGINIC S, VINTER O, TRBUSIC M, et al. Cardiac
amyloidosis detected on imaging of patients with heart
failure[J]. Am J Case Rep, 2020, 21: €926290.
MARTINEZ-NAHARRO A, BAKSI A J, HAWKINS P
N, et al. Diagnostic imaging of cardiac amyloidosis[J].
Nat Rev Cardiol, 2020, 17(7): 413-426.

AGRAWAL T, NAGUEH S F. Echocardiographic
assessment of cardiac amyloidosis [J]. Heart Fail Rev,
2021.

DORBALA S, ANDO Y, BOKHARI S, et al. ASNC/
AHA/ASE/EANM/HFSA/ISA/SCMR/SNMMI Expert
Consensus Recommendations for Multimodality
Imaging in Cardiac Amyloidosis: part 1 of 2-evidence
base and standardized methods of imaging[J]. Circ
Cardiovasc Imaging, 2021, 14(7): e000029.

QUARTA C C, SOLOMON S D, URAIZEE 1, et al.
Left ventricular structure and function in transthyretin-
related versus light-chain cardiac amyloidosis[J].
Circulation, 2014, 129(18): 1840-1849.

MAURER M S, BOKHARI S, DAMY T, et al. Expert
consensus recommendations for the suspicion and
diagnosis of transthyretin cardiac amyloidosis[J]. Circ
Heart Fail, 2019, 12(9): ¢006075.

HIRSHFELD JR J W, JOHNSTON-COX H.
Distinguishing constrictive pericarditis from restrictive
cardiomyopathy-an ongoing diagnostic challenge[J].
JAMA Cardiol, 2022, 7(1): 13-14.

KLEIN A L, HATLE L K, BURSTOW D J, et al.
Doppler characterization of left ventricular diastolic

function in cardiac arnyloidosis[] 1. J Am Coll Cardiol,



540

Chinese Journal of Clinical Medicine, 2023, Vol.30, No.3

REIGREE:  20234E6H 26304 S531

[41]

[43]

[44]

[45]

[46]

[47]

(48]

1989, 13(5): 1017-1026.

RUBIN J, STEIDLEY D E, CARLSSON M, et
al. Myocardial contraction fraction by M-mode
echocardiography is superior to ejection fraction in
predicting mortality in transthyretin amyloidosis[J]. J
Card Fail, 2018, 24(8): 504-511.

PAGOURELIAS E D, DUCHENNE J, MIREA O, et al.
The relation of ejection fraction and global longitudinal
strain in amyloidosis: implications for differential
diagnosis[J]. JACC Cardiovasc Imaging, 2016, 9(11):
1358-1359.

PAGOURELIAS E D, MIREA O, DUCHENNE J, et
al. Echo parameters for differential diagnosis in cardiac
amyloidosis: a head-to-head comparison of deformation
and nondeformation parameters[J]. Circ Cardiovasc
Imaging, 2017, 10(3): €005588.

BANDERA F, MARTONE R, CHACKO L, et al.
Clinical importance of left atrial infiltration in cardiac
transthyretin arnyloidosis[]]. JACC Cardiovasc
Imaging, 2022, 15(1): 17-29.

MARTINEZ-NAHARRO A, TREIBEL T A, ABDEL-
GADIR A, et al. Magnetic resonance in transthyretin
cardiac amyloidosis[J]. ] Am Coll Cardiol, 2017, 70(4):
466-477.

MESSROGHLI D R, MOON J C, FERREIRA V M,
et al. Clinical recommendations for cardiovascular
magnetic resonance mapping of T,, T,, T,* and
extracellular volume: a consensus statement by the
Society for Cardiovascular Magnetic Resonance
(SCMR) endorsed by the European Association for
Cardiovascular Imaging (EACVI)[J]. J Cardiovasc
Magn Reson, 2017, 19(1): 75.

PAN J A, KERWIN M J, SALERNO M. Native T,
mapping, extracellular volume mapping, and late
gadolinium enhancement in cardiac amyloidosis: a
meta-analysis[J]. JACC Cardiovasc Imaging, 2020,
13(6): 1299-1310.

TAHARA N, LAIREZ O, ENDO J, et al. (99m)
Technetium-pyrophosphate scintigraphy: a practical
guide for early diagnosis of transthyretin amyloid
cardiomyopathy[J]. ESC Heart Fail, 2022, 9(1): 251-262.
KOIKE H, OKUMURA T, MUROHARA T, et
al. Multidisciplinary approaches for transthyretin
amyloidosis[J]. Cardiol Ther, 2021, 10(2): 289-311.
TREGLIA G, GLAUDEMANS A, BERTAGNA F,

[51]

[52]

[53]

[54]

[56]

[57]

[58]

[59]

et al. Diagnostic accuracy of bone scintigraphy in the
assessment of cardiac transthyretin-related amyloidosis:
a bivariate meta-analysis[J]. Eur J Nucl Med Mol
Imaging, 2018, 45(11): 1945-1955.

HABIB G, BUCCIARELLI-DUCCI C, CAFORIO
A L P, et al. Multimodality Imaging in Restrictive
Cardiomyopathies: an EACVI expert consensus
document in collaboration with the “Working Group
on myocardial and pericardial diseases” of the
European Society of Cardiology Endorsed by The
Indian Academy of Echocardiography[J]. Eur Heart J
Cardiovasc Imaging, 2017, 18(10): 1090-121.
KHANNA S, WEN I, BHAT A, et al. The role of
multi-modality imaging in the diagnosis of cardiac
amyloidosis: a focused update[J]. Front Cardiovasc
Med, 2020, 7: 590557.

GILLMORE J D, MAURER M S, FALK R H, et
al. Nonbiopsy diagnosis of cardiac transthyretin
amyloidosis[J]. Circulation, 2016, 133(24): 2404-2412.
CIMIOTTI D, BUDDE H, HASSOUN R, et al. Genetic
restrictive cardiomyopathy: causes and consequences-an
integrative approach[J]. Int ] Mol Sci, 2021, 22(2): 558.
BROWN E E, LEE Y Z J, HALUSHKA M K, et al.
Genetic testing improves identification of transthyretin
amyloid (ATTR) subtype in cardiac amyloidosis [J].
Amyloid, 2017, 24(2): 92-95.

FINE N M, DAVIS M K, ANDERSON K, et al.
Canadian Cardiovascular Society/Canadian Heart
Failure Society Joint Position Statement on the
evaluation and management of patients with cardiac
amyloidosis[J]. Can J Cardiol, 2020, 36(3): 322-334.
MAURER M S, SCHWARTZ J H, GUNDAPANENI B,
et al. Tafamidis treatment for patients with transthyretin
amyloid cardiomyopathy[J]. N Engl J Med, 2018,
379(11): 1007-1016.

ERICZON B G, WILCZEK H E, LARSSON M, et
al. Liver transplantation for hereditary transthyretin
amyloidosis: after 20 years still the best therapeutic
alternative?[J]. Transplantation, 2015, 99(9): 1847-
1854.

RIM J H, GOPALAPPA R, GEE H Y. CRISPR-Cas9 in
vivo gene editing for transthyretin amyloidosis[J]. N
Engl J Med, 2021, 385(18): 1722.

(AXZHmEE] b



