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Klinické manifestace ATTR

|
kardialni

Nejen srdecni selhani, ale i
prevodni poruchy
(KS), fibrilace
sini, koexistence s aortalni

stenozou

Musculoskeletal

(,6

Carpal tunnel ¢
syndrome f

* | Back pain/lumbar
spinal stenosis

Ruptured distal p R
biceps tendon/|
Popeye sign

Shoulder, knee and
hip pain or surgery

Bradyarrhythmias/
conduction abnormalities/
pacemakers

y & r

extrakardialni

Autonomic
Polyneuropathy Dysfunction

Painful neuropathy in Orthostatic hypotension/
hands and feet intolerance to blood
S . pressure meds

Chronic diarrhea/
constipation/weight loss

Muscle weakness,
difficulty walking, and falls

Nativi-Nicolau JN et al.

, Heart Fail Rev 2022;27: 785
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scintigraphy with SPECT
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Signs and symptoms, ECG ECHO, or CMR suggestive of cardiac amyloidosis
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ATTR srdce a ec?okardiografie:
,one prototype does not fit all*

,Historicky echoprototyp”: vyrazné difuzni / symetrické zesileni stén LK, zachovala EF,
! longitudinaini kontrakce stén LK (GLS, apical sparing), restriktivni pInéni; zesileni stény PK, ...

B

Obrazovy archiv VFN



ATTR srdce a echokardiografie:
,one prototype does not fit all*

Nyni: symetrické i asymetrické zesileni stén LK (i mirné), zachovald / mirné snizena EF,

bez vyrazné longitudinadlni dysfunkce, mirna diastolicka dysfunkce

Obrazovy archiv VFN
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ATTR srdce a echokardiografie:
,one prototype does not fit all*

Nyni: symetrické i asymetrické zesileni stén LK (i mirné), zachovald / mirné snizena EF,
bez vyrazné longitudinadlni dysfunkce, mirna diastolicka dysfunkce
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Diagnostika ATTR srdecni amyloidozy
- dat si veci do souvislosti !

Kardialni manifestace: Echokardiografie
- srdec¢ni selhani N (zesileni stén LK)
- pfevodni poruchy, kardiostimulace EKG
- fibrilace sini

(normalni/ nizka QRS
voltaz, prevodni poruchy, fibrilace

Mﬁins'}'dce
“. ‘ % Fin

alni diagnostika:

- soucasna aortalni sten6za
- dekapitace arteridlni hypertenze

Extrakardialni manifestace:

- tendynopatie: syndrom karpalniho tunelu, bisfosfonatova scintigrafie
loupavy prst, ruptury Slach, + hematologicka laboratof,
stendza patefniho kanalu event. biopsie myokardu

- polyneuropatie .... + genetika ATTR



Diagnostika ATTR srdecni amyloidozy
- dat si veci do souvislosti: prikiad

75-leta Zena, léta sledovana pro hypertenzi, NYHA |

Obrazovy archiv VFN
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Diagnostika ATTR srdec':ni amyloidozy
- dat si veci do souvislosti: prikiad

75-leta Zzena, léta sledovana pro hypertenzi, NYHA |

Noveé AVB |. stupne + RBBB+ LAHB ! Doplnéna anamnéza a laboratof:

MWMMW - operace sy karpalniho tunelu l.dx. pfed 3 roky
W - NT-proBNP 834 ng/I

llH u L H “ b

WWW Odeslana na Tc-scintigrafii — Perugini skore 3
S e

™ finalné diagn6za ATTRwt
WMW (po negativnich hemato-testech a genetice ATTR)

Obrazovy archiv VFN
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99mTc-scintigrafie

Scintigraphy grade 0
Haematologic tests -

AL/ATTR cardiac
amyloidosis
unlikely

Scintigraphy grade 1-3
Haematologic tests -

)
v v
Grade 2-3 Grade |
Histological
Cardiac ATTR confirmation
o (cardiac/
Ry 2Tl extracardiac)
to diagnose

==

Haematologic tests
(serum free light chain quantification
and serum and urine immunofixation)

Scintigraphy grade 0
Haematologic tests +

1

L AL amyloidosis? i
CMR + or

inconclusive

} }

CMR =

Histological

Amyloidosis co(':__ f;::-;:zon
unlikely .

extracardiac)

to diagnose

2023 ESC Guidelines for the management of cardiomyopathies

Scintigraphy grade 1-3
Haematologic tests +
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Histological
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(usually cardiac)
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Clues from history, ECG, imaging

(see text and Table 1)

» Abnormal serum kappa/lambda free light chain (depends on eGFR)

Surrogate sites lack Monoclonal protein?
« Monoclonal protein on serum/urine IFE

sensitivity

Fat Pad
Sensitivity

Bone Marrow
Sensitivity

* SPEP/UPEP not as sensitive as IFE
» Reference K/L ratio is higher in chronic kidney disease

Acceptable Free Light
Chain Ratio Range
45-59 0.46-2.62

30-44 0.48-3.38
15-29 0.54-3.30
<15 0.54-3.30

Pied scintigrafii
vzdy nejdrive vyloucit AL amyloidozu!

« Cardiac scintigraphy could be ordered
simultaneously for efficiency but must
be interpreted in the context of

the negative monoclonal light
chain screen

Consultation with hematologist
Biopsy (affected organ/surrogate site) « Grade 2/3 uptake
» Positive Congo Red
* Tissue typing by mass spectrometry

Radionuclide scintigraphy (with SPECT)

» Avoid false positives: SPECT/CT imaging
to exclude blood pool uptake

« Avoid false-negatives: Consider biopsy
if scan is negative/equivocal but
clinical suspicion is high

'

¢No

Cardiac amyloidosis unlikely

7!

Yesi

ATTR-CM

'

Genetic testing

2025 ACC Concise Clinical Guidance
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Tc-99m labelled bone scintigraphy in suspected
cardiac amyloidosis

multicentricka studie 3354 pts se susp. ¢i histologicky verifikovanou amyloidovou kardiomyopatii, Tc-99m scany

Perugini skore

& q s 2 3

O

U AL amyloidézy je mozné jakékoli Perugini skdre

Perugini skore 0 s vysokou pravdépodobnosti vylucuje ATTR-CM, ale
ne jinou amyloidézu srdce

Perugini skére 1 muze byt i u ¢casné formy ATTR-CM

Rauf MU, Fontana M et al., Eur Heart J 2023;43: 2187



Diagnostika ATTR srdecni amylmdozy jednoducha (’?)

Jedina jasna neinvazivni diagnostika ATTR:
Perugini skére 2 nebo 3
+ negativni hematologicke testy (FLC K/A, ielfo) ¢

n >

Obrazovy archiv VFN
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Diagnostika ATTR srdecni amyloidozy dle ACC 2025

Clues from history, ECG, imaging * SPEP/UPEP not as sensitive as IFE

(see text and Table 1) » Reference K/L ratio is higher in chronic kidney disease

Acceptable Free Light
Kl

l 45-59 0.46-2.62
7 30-44 0.48-3.38
Surrogate sites lack Monoclonal protein? 15-29 0.54-3.30
sensitivity Sk DR

» Abnormal serum kappa/lambda free light chain (depends on eGFR)
Amyloid Fat Pad Bone Marrow o P H

T})‘pe Monoclonal protein on serum/urine IFE
AL 73-84% 60%

« Cardiac scintigraphy could be ordered
ATTRV  45%-67% 41%-47%

simultaneously for efficiency but must

ATTRWt  14%-16% 30%-38% be interpreted in the context of
Yes No the negative monoclonal light
chain screen
: ) . . i o . » Avoid false positives: SPECT/CT imaging
Consultation with hematologist Radionuclide scintigraphy (with SPECT) to exclude blood pool uptake
Biopsy (affected organ/surrogate site) = Grade 2/3 uptake » Avoid false-negatives: Consider biopsy
Dositive C Red if scan is negative/equivocal but
ositive c_)ngo € clinical suspicion is high
* Ngsue typing by mass spectrometry
iNo Yesi
hirdiac amylgis®STs unlikely ATTR-CM
[ [ ] ¢
Biopsie myokardu
Genetic testing

Obrazovy archiv VFN 2025 ACC Concise Clinical Guidance



Surrogate sites lack

Amyloid Fat Pad Bone Marrow
Type Sensitivity Sensitivity

AL
ATTRv
ATTRwt

sensitivity

73-84%
45%-67%
14%-16%

60%
41%-47%
30%-38%

Consultation with hematologist

Clues from history, ECG, imaging
(see text and Table 1)

|

Monoclonal protein?

» Abnormal serum kappa/lambda free light chain (depends on eGFR)
« Monoclonal protein on serum/urine IFE

& 2

Biopsy (affected organ/surrogate site) « Grade 2/3 uptake

* Tissue typing by mass spectrometry

» Positive Congo Red |

* SPEP/UPEP not as sensitive as IFE
» Reference K/L ratio is higher in chronic kidney disease

Acceptable Free Light
Chain Ratio Range

45-59 0.46-2.62
30-44 0.48-3.38
15-29 0.54-3.30
<15 0.54-3.30

« Cardiac scintigraphy could be ordered
simultaneously for efficiency but must
be interpreted in the context of

the negative monoclonal light

» Avoid false positives: SPECT/CT imaging

Radionuclide scintigraphy (with SPECT) to exclude blood pool uptake

« Avoid false-negatives: Consider biopsy
if scan is negative/equivocal but

clinical suspicion is high

‘ ¢No

Cardiac amyloidosis unlikely

Pozor na misinterpretaci
vysledku scintigrafie !

Y Y

2025 ACC Concise Clinical Guidance
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Scintigrafie a amyloidoza srdce: nic neni jednoduche !

Predtestova pravdépodobnost

Clinical “Screening” Features to

Enhance Pre-Test Probability
* Age > 60 years
* Cardiac Features
* Increased wall thickness
* Non-dilated left ventricle
* High relative wall thickness
* Apical sparing longitudinal
systolic strain pattern
* Low Tissue Doppler Velocities
* Persistently positive troponin
* AV Block in Older Adults
* Extra-cardiac features
* Orthopedic manifestations
* Carpal tunnel syndrome
* Lumbar spinal stenosis
* Biceps tendon rupture
* Polyneuropathy
* Autonomic neuropathy —

Maurer MS et al., Circulation 2021;144: 1005



Spravne technickeé provedeni scintigrafie

Impact of time to image acquisition Importance of SPECT-CT
Time to acquisition . Increased diagnostic accuracy .
3 hours Planar SPECT SPECT-CT
-
-
Reduced risk of confounding blood pool si'gnal
- skenovani - konfirmace pozitivniho planarniho
2-3 hodiny po podani radiofarmaka skenovani pomoci SPECTu

Lal M et al., J Nucl Card 2025;47: 102122
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Falesna pozitivita a falesna negativita 99mTc-scinti

L&
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28
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P

i.v. suplementace Fe

|é¢ba bisfosfonaty nebo
hydroxychlorochinem

non-ATTR
amyloid

False positive

infarkt
myokardu

[

|
i

c¢asna
akvizice

kalcifikace
chlopni

kalcifikace myokardu /
koronarnich tepen

fraktura zeber,

nékteré ATTRv mutace
(Ser77Tyr, Phe64Leu)

False negative

pozdni
akvizice
(>3 hours)

¢asna stadia ATTRwt
a ATTRv (Val30Met)

kostni léze hrudniho kose

N

00:0000
(- -} e

Marchionni G et al., J Clin Med 2025;14: 8458
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Neinvazivni diagnostika ATTR srdecni amyloidozy

The four Essential Criteria

O 6 ©O

APPROPRIATE CLINICAL CHARACTERISTIC POSITIVE CARDIAC ABSENCE OF A
SUSPICION FINDINGS ON CARDIAC SCINTIGRAPHY? MONOCLONAL
Eclummurn feat||.|res: Hrleart Lailu re, IMAGING Planar uptake grade 22, PROTEIN
ilateral carpal tunnel syndrome, i .
biceps tendgn rupture,gpinal izl e H/CLZ21.5 (1hrjor 21.3 (3hr) Required tests: Serum
stenosis, arrhythmias, conduction +  Increased LV wall thickness ’
system disease, orthostatic (>12 mm) AND FLC? assay, serum and

hypotension, peripheral or
autonomic neuropathy
(hereditary ATTR)

Demographic clues: Typically, =60
years old (wild-type) and more
commoaon in individuals of African-
Caribbean ancestry with
hereditary variants (e.g., V122I).

Red flags: Disproportionate wall
thickening without hypertension,
low voltage on ECG despite
increase wall thickness

+  Small LV cavity size
+  Diastolic dysfunction

+  Apical sparing (“bulls-eye”)
strain pattern

= Biatrial enlargement

Cardiac MRI findings:

+ Diffuse late gadolinium
enhancement

+  Abnormal myocardial nulling

* Elevated extracellular volume
(ECV) fraction

Confirmed myocardial
uptake by SPECT imaging

Cardiac Biopsy should be
considered if typical
imaging findings are absent
or high clinical suspicion
with negative cardiac
scintigraphy

1Bone avid tracers: DPD, PYP, HMDP image
according to current society guidelines,
which are evolving, Some centers no langer
perfarm planar imaging.

?Heart to Cantralateral Chest ratio

urine immunofixation®

Hematology input
recommended for test
interpretation

Diagnosis of CA ATTR via
cardiac scintigraphy is
invalid if a monoclonal
protein is detected -
tissue biopsy required
*Free light chain

4 Protein electrophoresis alone or with “reflex”
immunofixation is not adequate

Muchtar E et al., Amyloid 2025;32: 379



Co si odnést ?

Ke klinickému podezreni na ATTR-kardiomyopatii vede u jedincu se zesilenim stén LK
Fada projevu kardialnich- nejen srdecCni selhani, ale i prevodni poruchy, fibrilace sini -
a extrakardialnich (sy karpalniho tunelu, neuropatie...).

Klinické podezreni na AT TR-kardiomyopatii je dale podporeno komplexnim vyhodnocenim
spolecné pfitomnosti fady ,varovnych® nalezu echokardiografickych, EKG (absence voltaze
hypertrofie LK, pfevodni poruchy, KS, fibrilace sini) a laboratornich (T7

NTproBNP, chronicka troponinémie), event. MRI (typ LGE, vysoky ECV).

Tyto tzv. varovné znamky nejsou nikdy vyjadreny vSechny najednou a rozhodujici stran
podezieni na ATTR je dat si pfitomné manifestace choroby do souvislosti !
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Co si odnést ?

Pri podezreni na srdeCni amyloidozu nejprve vyluCujeme AL amyloidozu a teprve poté
iIndikujeme 99mTc-scintigrafil.

99mTc-scintigrafii indikujeme u pacientl s néjakou mirou predtestové pravdépodobnosti
srdeCni amyloidozy (minimalné zesileni stén LK) a jeji vysledky je nutné interpretovat
v kontextu hematologické laboratore a moznych pficin jeji faleSné pozitivity i negativity.

Biopsie myokardu na prukaz ATTR, resp. amyloiddzy srdce jako takové, je stale indikovana
pri nejasném vysledku neinvazivnich vysetreni.



Seznam pouzitych zkratek

ATTR — transthyretinova amyloid6za

ATTR-CM / ATTR-CA — transthyretinova amyloidéza s postizenim srdce (kardiomyopatie)
ATTRwt — transthyretinova amyloid6za divokého (wild-type) typu
ATTRvV — hereditarni (variantni) transthyretinova amyloidéza

AL amyloidéza — amyloidéza z lehkych fetézcu imunoglobulin(
ECHO - echokardiografie

EKG - elektrokardiogram

CMR / MRI — kardialni magneticka resonance

LGE — pozdni gadoliniové syceni (late gadolinium enhancement)
ECV - extracelularni objem (extracellular volume)

SPECT - jednofotonova emisni tomografie

Tc-99m — technetium-99m

Perugini skore — semikvantitativni hodnoceni myokardialni akumulace radiofarmaka (stuperi 0—3)
LK — leva komora

PK — prava komora

EF — ejekeni frakce

GLS - globalni longitudinalni strain

IVS — interventrikularni septum

AVB — atrioventrikularni blok

RBBB — blok pravého Tawarova raménka

LAHB — levy pfedni hemiblock

KS — komorové extrasystoly

FS — fibrilace sini

NT-proBNP — N-terminalni fragment natriuretického peptide

FLC (k/A) — volné lehké fetézce imunoglobulinG

IFE / IELFO — imunofixace elektroforézy
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Déekuji za pozornost !



