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zpusob detekce jaterni fibrézy
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Jaterni biopsie — tzv. ,gold standart”,

but imperfect standart
-

Nevyhody jaterni biopsie:

- invazivni vysetreni

e dostatecny vzorek? (2-3 cm,

11 PB)

* sampling error

* interobserver variability
* 25mm biopsie ma 25%
riziko Spatné klasifikace

* nemoznost dynamického

sledovani

* problematické opakovani
vysetreni




Vlyznam neinvazivnich metod urceni
stupné jaterni fibrozy (elastografie)

* ProcC je elastografie dulezita?
— Progn6za onemocnéni (pacienta)
— Zaklad rozhodnuti o indikaci |écby
— Monitorace progrese/regrese onemocnéni
— Urceni prognozy
— Monitorace odpovédi na lécbu

e Detekce CSPH (> 10 mmHg) a JV (ev. JV
indikovanych k |écbé)



Baveno VI workshop 2015

 TE > 20 kPa vysoce pravdéepodobné predikuje
CSPH (a tedy pacienty s vysoce susp.

endoskopickymi zn. portalni hypertenze)

* Screeningova endoskopie nemusi byti
bezpecné provadéna u pacientu s TE < 20 kPa
a s trombo > 150 000



Kompresni (kvazistaticka) elastografie — STRAIN ELASTO

posouzeni deformace na zakladé srovnani obrazl pred a po kompresi
tlak na sondu, silny USG pulz, nebo preneseni pohybu z okoli (pulzace)
Neumoznuje, resp. neumoznovala kvantifikaci

Indexy vychazejici z poméru riznych oblasti

Hodnoceni histogramu



Strain Imaging
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measurement methods. In strain imaging (2). tissue displacement is measured by correlation of RF echo signals between search

tography physics,
windows (baxes) in the states before and after compression. Inshearmnmug(b).pamdemouonuperpuﬁmhrwmeﬁmmndmveprommhm&m

speed ¢; related to shear modulus G. In B-mede ultrasound (c), particle motion is parallel to the direction of wave propaga

modulus K

with longitudi

| wave speed ¢ related to bulk
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Transient elastography

- FibroScan

» Strain elastografie je primarné kvalitativni metoda elastografie zalozena na odpoveédi tkané

na externeé i interné generova
* Kompresi indukovana tkanova

nou silu
deformaci (strain)

* Tuzsi tkdné se deformuji méné (nizsi strain/tlak/napéti/stress) a naopak

o Casti tkané se zobrazuji v rGznych barvach a hodnoti se komparativné a prekryvaji B-mode

sonografického vysetreni

Rlzné barvy se pouzivaji k demonstrovani rozdill mezi ROI a referencéni tkani

Semikvantitativni hodnoceni vyuziva poméru tuhosti dvou oblasti — strain ratio
Strain elastografie ma velmi Siroké vyuziti na rizné organy




Interpretace

* staging zdvisi na typu patologie — vZdy je nutno pfihlédnout ke klinickym udajdm

SCORING CARD CORRELATION BETWEEN LIVER STIFFNESS (kPa) & FIBROSIS STAGE
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“According to Metavir score: Transient elastography (FibroScan): V. de Lédinghen, [ Vergniol, Gastroentérologie Clin Bio (2008} 32, 58-67
““According to Brunt score: Nahon et al. f Hepatol (2009) 49 1062-68, Nguyen-Khac et al, Aliment Pharmacol Ther (2008}, 28, 1188-98
“"According to Brunt score: Wong et al. Hepatology (2010} 51, 454-62Transient efastography (FibroScan®}: V. de Lédinghen, | Vergniol, Gastroentérologie Clin Bio (2008) 32, 58-67

reliable tool in hepatology SCORING CARD




Vyuzitelnost Fibroscanu — selhani metody
(13 669 vysetreni)

Castera, Hepatology 2010

Selhani metody — 0 validnich méreni Neinterpretovatelné vysledky

Cca 20%
elhani metod

Hlavni limitace vysetreni:
* omezena zkusenost vysetrujiciho
* obezita
e znamky metabolického syndromu
* ascites
* interference: edém, cholestaza, inflamace, kongesce

Vyhody: rychlost, neinvazivnost, bedside, opakovani




Pokles elasticity pri alkoholové
detoxifikaci a poklesu jaternich testu

Abstinence od alkoholu Pokles jaternich testt
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Strain elastography (Hi-RTE)
Hitachi Preirus

" =
. ' Klicové parametry:
” = * histogrram
g B * Liver fibrosis index (LF index)
ke * %area
e ——— Vyuziva udert srdce (srdecniho cyklu) k vyvolani deformace
(FO-F3) (F4)

jaterni tkané



HI-RTE Toshiba

Kombinace HI-RTE s konvecni US sondou zvysSuje dg. presnost
Presna a reprodukovatelna

Kvantifikacni moznosti: Strain Ratio a Strain Histogram (diffuse
liver disease), FDA schvaleno

HI-RTE dostupna na Hitachi HI Visions s nejméné 30 rzn.
sondami

Aplikovatelnost a vyuzitelnost:

— Prsa

—  Stitna 7laza Jatra:

—  Kaze * Difuzni jaterni onemocnéni:

—  Varlata e Zhodnoceni stupné fibrozy

— Prostata » Zhodnoceni potreby jaterni biopsie
—  Cervix * Fokalni jaterni léze

— Pankreas .

Pomoc pri diferenciaci mezi B a M |ézi
— Jatra

(HCC, meta, FNH, hemangiom, adenom)

— Lymfatické uzliny

— Biopsy targeting !!



Klinicky postup méreni RT-E (Hitachi)

Standartni B-mode USG vysSetreni

Prava ruka za hlavu

Sonda zamérena smérem k srdci (strain image je vytvoren tlakem srdecnich
cykld)

Elastograficky mod

Pacient zadrzi dech ve stfrednim inspiriu na 4-5 sekund

ROl umistit do 1-2cm pod jaterni pouzdro

Do ROI nezahrnout velké cévy

Registrovat cca 5-10 obrazu (frames), méreni v maximalné negativni vychylce
krivky

Méreni 5 — 10x k ziskani median value

Klicové u difuzniho jaterni procesu je: strain histogram a liver fibrosis index

Mérené hodnoty: mean strain (MEAN), % of blue area (AREA), complexity of
blue area (COMP), tvar histogramu (odrazi disttribuci bodu)

Liver fibrosis index



Klicové hodnocené parametry

Histogram

Urcuje distribuci jdn. pixel(, color-coded histogram, kazdy pixel specifickou numerickou
hodnotu (0 — 256)

Vypodita tissue mean elasticity (TME), vyjadrena v arbitrary units. Nizsi hodnoty —
zvySena tuhost jaterniho parenchymu

Jednoduchd metoda, ale semi-kvantitativni

Elastic ratio

Pomeér strain distribuce dvou srovnavanych ROI

Zavedeno ke zlepSeni hodnoceni elastogramu, méné subjektivni
Semikvantitativni informace

Srovnavaci ROI (,interni“ kontrola) jsou malé intrahepatalni cévy/zily

Liver fibrosis index

Vyvoj TME vypoctu
Pocita mean value elasticity a standatni deviaci pixell s dalSimi parametry odvozenymi
od elastogramu (aktualné Tatsumi: 9 odliSnych parametra)

Aktualné automaticky provedeno by Hitachi module



RTE v hodnoceni difuzni jaterni léze

Stage F1 Stage F2 Stage F3 Stage F4

Optické subjektivni hodnoceni....velmi nepresné



Strain histogram kvantifikace
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Presnost Liver fibrosis (LF) index

FO-1/F2-4
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Liver fibrosis Index

Automaticky kalkulovan ;
AUROC pro F4: 0,300
AUROC pro F3 a vice: 0,865
AUROC pro F2 a vice: 0,846

RTE zohlednuje pouze
progresi jaterni fibrozy a

a 1\
méfeni neni ovlivhéno e
potenc. ovlin. faktory: g 5 [lenaicnd e~
— Inflamace . , |
— Kongesce L
— cholestaza .

Yada, 2015



Vyuziti RTE-Toshiba pro dg. fibrézy u HCV
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Hodnoceni fokalnich jaternich lézi

Haemangioma
(Type A)

Metastatic Liver Tumor
(Rectal Adenoca) (Type C)

- A —

| Hepatocellular Carcinoma
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Vyuziti RTE-Toshiba pro dg.
fibrozy u HBV
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Stage

RTE uzitecna pro urceni stupné jaterni fibrozy
RTE neni ovlivnéna inflamaci v ramci fluktuace
jaternich test pfi aktivaci onemocnéni

LFI je automaticky kalkulovan pfistrojem a tésné
koreluje se stupném fibrézy a umoznuje
diskriminaci jdn. stupnu fibrézy

, 0.6

1.0
0.9
0.8

0.7

0.5
04 —
0.3 —
0.2 —

0.1

S0-51/52-54

AUC = 0.858

o

1.0 4
0.9 —
0.8 —
07 -
0.6 —
0.5 —
04 -
0.3 —
0.2 —

0.1

F FE T T ITF T 1 %50 %01 %0 84

01 02 03 04 05 06 07 08 09 10
S0-S3/54

AUC = 0.868

o

T T T T T I T T T T T T T

L LI B
01 02 03 04 05 06 07 08 09 10



EUS-RT-Elastografie

Elastografické vysetreni béhem
konvencniho EUS vysetfeni (pouze
strain elastography)

Pankreas

— Malé duktalni karcinomy

— Pokrocilé karcinomy

— NET/metastazy do pankreatu

— Al pankreatitida

Lymfatické uzliny

— Vysoka senzitivita i specificita pro

charakterizaci lymf. uzliny,
architektura LU

Subepitelialni léze
— GIST, lipom,
Navigace FNAB
— Add-on adjunctive tool

detekuje malé strukturalni deformace
zplsobené kompresi a stupné
relativni deformace mezi ROl a
referencni tkani (céva), generuje
,red-green-blue” mapu

Strain elastogram je indukovan
palpaci sondou/vnitfni tvorba tlaku
(cévy, srdce, respiracni kontrakce)

Semikvantitativni medota, ukazuje
RELATIVNI tuhost tkané

ROI je manualné vybran — skutecny
region-of-interest

— Musi byt dostatecné velky
Vysledky studii jsou slibné pro dif.dg.
solidnich expanzi ¢i LU

NemUze nahradit konvenéni FNAB,
ale doplnuijici vysetreni

— Muaze ukdzat nejtvrdsi ¢ast léze, navigovat
FNAB

— Tvrdsi ¢asti lymfatickych uzlin



 EUS/RTE pro chronickou pankreatitidu
— Dulezita metoda pro dg. CP
— RTE muze poskytnout dalsi info k tuhosti tkané
— SR 2,25 ukazuje presnost 91,1%

 EUS-RTE pro diagnostiku zvetsenych uzlin
— Diferenciace mezi benignimi a malignimi uzlinami je klicova, nicméné
stale neuspokojiva a nejista
— Maligni LU jsou tuzsi nez benigni
— Predominane modrych oblasti povazovana za zn. malignity
— SZ pro maligni LU 100% a SP 50% "

* Subepithelidlni masa/expanze

— Benigni expanze: ostré ohranicni, velkost mensi nez 3cm, hladké
kontury, uniformni echogenicita, absence infiltrativnich znamek

— RTE: internediate tuhost, béhem sledovani beze zmény nalezu



Benigni a maligni pankreatické lozisko

* Metaanalyza: diferenciace maligniho loziska SZ 95-97%, SP 70-76%



Zakladni klasifikaCni systém

Score Color pattern Stiffness Histology

1 Green Homogeneous soft Normal pancreatic tissue

2 Green, vellow and red Soft heterogeneity Fibrosis

3 Mostly blue with minimal heterogeneity Hard Early pancreatic adenocarcinoma

i Central green hypoechoic region and blue tissue outer layer Hard Neuroendocrine tumor, metastasis
5 Blue lesions with heterogeneity due to necrosis Hard Advanced pancreatic adenocarcinoma

* PPV proTU 92%

Score  Color pattern _ Stiffness Histology Rel . Presnost 89%
1 Homogeneous green  Soft Normal pancreas [38] e S7Z100%
2 Heterogeneous, Soft Inflammatory [38] . SP855%
green-Predominant pancreatic masses ’
3 heterogeneous, blue-  Hard  Pancreatic malignant [38] Kvantitativni EUS-RTE
Predominant tumors * M43 vyssi presnost (97%)
1 homogeneous blue Hard Pancreatic [38] e SP92,2%
neuroendocrine

malignant lesions

EUS elastography mizZe rozliSit CaPa od zdnétlivych expanzi: SZ 100%, SP 96%
EUS elastography mize rozliSit CaPa od NET: SZ 100%, SP 88%

* Tumorozni expanze jsou intenzivné modré, zanétlivé maji smiSenou barevnost
* SR tumor 39,08+/- 20,54 versus SR zanét 23,66 +/- 12,65 (p < 0,05]



Pokrocily Ca pankreatu/early ca pankreatu
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Edém v terénu chronické pankreatitidy
Chron. Kalcifikujici pankreatitida

Autoimunitni pankreatitida
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Submukozni GIST
Submkozni lozisko jicnu

Str. Ratio Str. Ratio
Str.Ratio 10 % : 112 /s 44 Str.Ratio

— Str. Ratio
Strain Ratio




Elastografie RTE

* Moznost efektivniho vyuziti pro diagnostiku difaznich
jaternich |ézi a urCeni stupné fibrozy véetné moznosti
kvantifikace

— LFI tésné koreluje se stupném jaterni fibrozy a neni ovlivnény ostatnimi
promeénnymi interferujicimi s tuhosti jater

* Svyhodou vyuziti i pro orientaci v tuhosti rady jinych
patologickych procesu (s ,,jednou sondou®)

* Velmi vyhodné vyuziti jako pridatna modalita pri EUS
vysetreni
— Biopsy targetting






Elastografie — hodnoceni deformace tkané

(t,b-t,a) — (t;b-;a)

E= t,b-t,a

Jaterni metastaza
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Presnost RTE pri detekci fibrozy u pacientu s HBV

e RTE patri mezi strain elastography

e Meéri relativni tuhost dvou odliSnych ROl a komprese tkané je dana udery
srdce a srdecnim cyklem

* RTE zobrazuje tuhost prekrytim B-modu USG vysetrfeni barevnou mapou a
indikuje relativné mékkost ¢i naopak tuhost oblasti

e Méné oolvinéno BMI Ci ascitem
* Studie prokazaly, ze RTE je uzite¢na a efektivni v dg. jaterni fibrozy
* Ddlezita je analyza obrazu k vylou€eni subjektivniho hodnoceni

* Je pouzito 9 rysli/parametr( obrazu k vypocitani a kvantifikaci barevného
obrazu a vypocet je udavan jako LFIl, opakované korelovano s
histologickym nalezem

e Studie upozornuji na rozdilné vysledky jaterni tuhosti u pac. s HCV a HBC

Wu T., Dig Dis Sci, 2014



RTE

Jatra jsou organem idealné pristupnym sonografickému a elastografickému
vysetreni

prognoza pac. s jaternim onemocnénim zavisi na stadiu fibrozy a rychlosti
jeji progrese

Stadium jarerni fibrézy determinuje riziko dekompenzace jaterniho
onemocnéni a rizika komplikaci (HCC)

JB ,gold standart”, neni idedlni z rady divodu a také pro dlouhodobé
pravidelné sledovani

Vétsina USG base elastografickych modalit nabizi kvantitativni zhodnoceni
tuhosti jater, zatimco RTE poskytuje barevné kodovanou zhodnoceni
relativni elasticity tkané v B-modu....proto je nutné sekundarni zhodnoceni
RT elastogramu k ziskani semikvnatitativni infomrmace



RTE zobrazovaci technika ktera primo odhalije fyzickalni vlastnosti tkané
pomoci US sondy

Lienarni sondy
Nejdrfive B-mode imaging k vizualizaci ¢asti jaternicho parenchymu
Pak je elastogr module aktivovaan

Komprese srdce (pordukuje strain displacement v tkani pod vys. Sondou..
— generuje elastogram

Operator mlze vybrat rlznd misto, riznou colour map



nové sondy vyuzivaji atumatického displacementu jaterniho parenchmu
zpUsobeného udery srdce a ne manalni komplrese...dllezita vyhoda, palp.
Mechan komprese obtizné standardizované...(velky zdroj inter a
ingttraobservaer variability)

Ve vybrané ROl by nemély byt velké cévy nad 3mm...zpUsobuje radu
arterfaktu
Srovnani RTE a TE...limitace obezhita, uzké mzz prostory, ascites
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Srovnani TE, ARFl a SWE

AUROC for cirrhosis
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Cassinoto et al. J Hepatol 2014; 61: 550-7



Srovnani ARFI vs. TE pro urceni cirhdzy (A) a
tézké fibrézy (B)
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Cassinoto, Radiology, 2013

ARFI 0,66 0,73 0,94 0,97
TE 0,78 0,82 0,94 0,94

13 studii, n=1163 pacientﬁ Friedrich-Rust, J V Hep 2013



Stejné cut-off pro jednotlivé diagndzy?
(TE, Fibroscan)

11.0 125

22.7

75 KPa

HBV
F4: 8% 25% 54%

HCV ALD

Castera, Gastroenterology 2005
Marcellin, Liver Int 2009
Nahon J Hepatol 2008

HCV 5.2-9.5 11.9-14.8
HBV 5.2-8.3 10.0-14.0
NAFLD 6.6-7.4 10.3-17.0
Alkohol onem. 7.8 19.5-22.7
PBC/PSC 7.3-8.8 16.9-17.3

Modifikovano z EASL-ALEH, J Hepatol 2015



Survival free of

Zavislost jaterni elasticity a pritomnosti
komplikaci jaterniho onemocneéni

any complications

1.0

0.8

0.6 -4

0.4 -

0.2 4

0.0

1_‘“—\_\ LS <21.1 kPa
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|k i
“

T LS 221.1 kPa

|
0 200 400 600 800

Days

N=100 patients CLD

Cumulative incidence rate

1.0

0.8

0.6+

0.4

0.2+

0.0

P=0.001

LSM > 19kPa

~++ LSM < 19kPa

T
0

T T T T T T
10 20 30 40 50 60

Months after enroliment

T
70

N=128 HBV patients F3-F4

Robic et al. ] Hepatol 2011; 55: 1017-24

Kim et al. PloSOne 2012; 7: €36676



Normal Cirhoza

13,5 65

75 kPa

Predikce mortality u pacientd s HCV

Fibroscan Fibrometer

— <9.5 kPa 1e £75
>9.5 kPa
>75
024 ~ >.80
)8
>.85
>30 kPa >.20
06+ >20 kPa |
>40 kPa
04
04
>50 kPa
24 = >95
~ P<.0001
T ) » % 5 .8
3 B 40 0 L) ; F‘ " ”“‘) -
ollow~ mon
Follow-up (months) P ¢ s
Liver biopsy
¥
\omn
=t FaF4
26
04—
02
) O P<.0001
o o g . o Vergniol, Gastroenterology, 2011
Follow-up (months)



[J 4

PrezZiti pacientu s PSC v zavislosti na elasticité

jater a zmeéne elasticity v case (1rok)

D E«q
0.9
L-0
0.81 ©
0.71 - ©ox ALSM/dt < 1.3 kPa/year
o ! eOen LSM < 18.5 kPa 0.71 : (n = 89)
- J (n = 145) ) \
g 0.6 |_: *é 0.61 ] o
$ 059 i g 05 e
£ 0.4 - £ 0.4 b=
(7] : «n Lsnennnnunans -
0.3 o 0 :
Sensitivity 0.57 o Y —— -0 ensitivity 0. i
0.21 Specificit))’/ 0.93 0.2 Specificity 0.78 00
Positive predictive value 0.57 LSM > 18.5 kPa 0.1 ZgZI;It\{\?ep;;?ggi:gt\i’\?evsglfeobsg7 ALSM/3t > 1.3 kPalyear
0.1+ xegative %'%%ictive value 0.93 (n=23) "' Accuracy 0.78 : (n = 40)
5 ccuracy 0. of : : . . .
0 1 2 3 4 5 6 7 8 9

Extended follow-up (years)
Follow-up (years)

N=168 PSC patients Corpechot et al. Gastroenterology 2014;



Vyuziti elastografie u pacientu s PBC

Survival according to baseline LSM

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Survival without adverse outcome

1 2 3 4 5
Total follow-up (years)

Survival without adverse outcome

0.9
0.8
0=
0.6
0.5
0.4
0.3
0.2
0.1 H

1“E°—mm-moomo—o

Survival according to ALSM/0t

LR <2.1 kPa/year

.....

Extended follow-up (years)

Prognostické faktory vyvoje PBC

(multivariantni analyza)

T Vo hodnoty:
* 9,8 kPa pro F3/F4

A LS / rok

Celkovy bilirubin

Paris | criteria

1,3 (1,15-1,49)
1,08 (1,03 —1,16)
0,34 (0,08 — 0,56)

ALP < 3xULN, AST < 2xULN, bili <1mg dl v dobé diagndzy

< 0,0001

* 17,3 kPa pro F4

0,0001

0,04

Corpechot, 2006, 2012



Nonalcoholic Fatty Liver Disease

Cumulative survival (%)

& Liver Fibrosis, but No Other Histologic Features, Is
Associated With Long-term Outcomes of Patients With

Y P=.238

1.0
0.8+
0.6+
I Non-NASH, Fib ()
11 Non-NASH, Fib (+)
047 | _++ NASH, Fib ()
I NASH, Fib (+)
~~ Censored
0.2 |- Censored
i~ Censored
—— Censored
0.04
0 5 10 15 20

279
56
43

241

Doporucené postupy EASL u pacientd s NAFLD:
* screening jaterni fibrézy u pacientd s metabolickym syndromem a DM2T

Follow-up (years)

24
46
35

197

197
30
3

124

137
19
20
58

72

12
18

P= 800

Non-NASH, Fib (-)
Non-NASH, Fib (+)
NASH, Fib (-)
NASH, Fib (+)

Cumn Survival (%)

Angulo P., 2015

Survival free of liver transplantation

5 10
Follow-up (years)

15

20

- cansored
 cansored



Diagnosticka presnost elastografického
vysetreni pro urceni stupné fibrozy u NAFLD

Fibrosis Stage

SSl, kPa
>F2

>F3
F4

FibroScan, kPa
>F2

>F3
Fa

ARH, m/s
>F2

>F3

F4

AUROC (95% C)

0.86 (0.79-0.90)
0.89 (0.83-0.92)

0.88 (0.82-0.92)

*M probe only

0.82 (0.76-0.87)
0.86 (0.80-0.90)

0.87 (0.79-0.92)

0.77 (0.70-0.83)
0.84 (0.78-0.89)

0.84 (0.78-0.89)

Cassinotto, Hepatology 2016

Best Accuracy

80% (185/232)
85% (196/232)

87% (202/232)

77% (172/223)
79% (175/223)

89% (198/223)

74% (175/236)

79% (1867236)

84% (199/236)

MR elastografie (3D)

Inflammation, ! Fibrosis
but no Fibrosis

Simple Steatosis

* nejpresnéjsi neinvazivni etekce elasticity
* mUzZe presné kvantifikovat ¢i vyloucit fibrozu
* méné dostupna a nakladna









Pokrocilost jaterniho onemocnéni

Progndza, léCba a management pacientl s chronickym
onemocnenim jater zavisi na stupni jaterni fibrozy

Jaterni biopsie byla dlouho ,,zlatym standartem” této
diagnostiky

V posledni dekadé prudky rozvoj neinvazivnich moznosti
detekce stupné jaterni fibrdézy (validovany predevsim pro HBV
a HCV) - Sia

Metavir skore: FO — F4




Neinvazivni detekce stupnée jaterni
fibrozy

* Dva odlisné, ale komplementarni zpusoby detekce

Séroveé biomarkery Elasticita jater

e

N e _‘_
IH AAAAAIS

k.HU, laminin, PIIINP, type IV collagen,
MMP, TIMP-1, TGF-beta, YKL-40

Obrat (tvorba a odstrarfiovani) extracelularni Castera, Pinzani Lancet 2010

kolagenni matrix v jaterni tkani



Sérove biomarkery vs. Elastografie

Sérové biomarkery

ﬁl\’/hody \

dobra reprodukovatelnost
vysoka pouzitelnost (95%)
nizka cena a dobra
dostupnost

* Nevyhody
nespecifické pro jaterni tkan
cirhozy
cena a dostupnost

k patentovanych metodik J

Elastografie

KV\’/hody \

vysetruje pouze vlastnosti
jater
vysoka presnost pro detekci
cirhozy
user-friendly

* Nevyhody
nizsi pouzitelnost (80%)
falesna pozitivita
(inflamace)
nutnost vyuziti drahého

K pristroje /




Nejvice validované testy

APRI (AST x 100/trombo)

* Metaanalyza pro signifikantni fibrézu (F3-4)
— AUROC 0,77

Fibrotest !
 Metaanalyza pro F>2 - AUROC 0,84

F1

oo I B
* Srovnani jednotlivych postupl pro F3/4:
— Fibrotest AUROC 0,78 ]

~ Fbrometr AUROC 079 L
— APRI AUROCO0,72

— Hepascore AUROCO0,78 _

Degos, JoH, 2010



Presnost jednotlivych metod v detekci cirhozy
(Udaje z velkych metaanalyz, tisice pacientu)

I T N - N S S

Fibroscan (TE) 0,84-0,87 0,89 0,93-0,96
(7,3-7,9kPa)  (8,8-10,2kPa)  (11,7-15,6)
ARFI 0,84-0,87 0,89-0,91 0,92-0,93
(1,34-1,35m/s) (1,55-1,61m/s) (1,8-1,87 m/s)
Shear-wave 2D 0,86 0,91 0,93
7,1 kPa 9,2 kPa 13,5 kPa
MRE 0,93-0,98 0,99

Friedrich-Rust, 2016



Which cut-offs for cirrhosis?

11.0 12.5 22.7

75 KPa

HBV HCV ALD
F4: 8% 25% 54%

Castera et al. Gastroenterology 2005 Marcellin et al. Liver Int 2009 Nahon et al. J Hep 2008



Jaterni elasticita a HVPG v predikci
klinické dekompenzace u cirhotiku

Doba bez klinické komplikace (dny)

1.0
h LS <21.1 kPa
L
\ I
08 !
1I
L'I
0.6 - e
1L —
=
=T LS 221.1 kPa
04 - R bt
I1
0.2
OO [ [ I I
0 200 400 600 800
AUROC 0,845

1.0 5

T HVPG <10 mmHg
08 |
|
0.6 - k.
HVPG 210 mmHg
0.4 ————-
1
|
0.2
0.0 T I I I
0 200 400 600 800
Days
AUROC 0,830

Robic, J Hepatol 2011



Performance of transient elastography in
different liver diseases

Fibrosis stage F2-4 F4

Disease Cutoff (kPa) Sn(%)  Sp(%)  Cutoff (kPa) Sn(%)  Sp(%)
Chronic hepatitis C 5295 56-97 32-91 119-14.8 72-94 85-96
Chronic hepatitis B 52-83 99-94 38-91 10.0-14.0 52-98 59-98
NAFLD 6.6-74 67-100  64-92 103170 78100 8397
Alcoholic liver disease 18 80 91 19.5-22.7 84-86 83-84
PBC/PSC 7388 67-84  87-100 16.9-17.3 93 95-99

Modified from EASL-ALEH. ) Hepatol 2015;63:237



Jaterni elasticita

Real-time tissue

Shear wave-based
elastography

elastography

—

Mechanical Focused acoustic
push beams
Transient ARFI Supersonic shear-
elastography imaging wave imaging




Pokles elasticity jater v zavislosti na
hodnoté poklesu ALT

<100 | 100- : 200Uy
200 |

&

g
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Pokles
elasticity
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change in LS during observ ation
I

Mueller et al, World J Gastroenterol 2010 28;16(8):966-972.



Prognostickeé faktory vyvoje PBC

(multivariantni analyza)

A LS / rok 1,3 (1,15-1,49) < 0,0001
Celkovy bilirubin 1,08 (1,03 -1,16) 0,0001
Paris | criteria 0,34 (0,08 — 0,56) 0,04

ALP < 3xULN, AST < 2xULN, bili < 1mg dl v dobé diagndzy

Hodnota LS a predevsim jeji zména béhem sledovani pacientt s PBC (A 1 rok) je
silnym prediktorem dlouhodobé progndzy téchto pacient(

Méreni elasticity se mlze stat dilezitym a uzite€nym ndstrojem pfi managementu
pacient( s PBC



HCV — ARF|

Diagnosticka presnost ARFI pro signifikantni fibrézu (F2) a cirhdzu (F4)

Cut-off Cut-off Se (%) Sp (%)
F2 m/s F4 m/s F2/F4 F2/F4

Fierbintean
u

Lupsor
Rizzo
Sporea
Friedrich
Nierhoff

2009

2009
2011
2011
2012
2012

1,22 1,94
102 1,34 2,00
139 1,31 2,11
911 1,33 1,55
Meta-a 1,34 1,80
Meta-a 1,35 1,87

100/99

68/80
81/83
69/84
79/92

71/98

93/95
70/86
76/80
85/86

Soresi, World JG 2014
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MR Elastography and NAFLD

TPR (sensitivity)
0.4
1

AUC =0.924
p=val <0.0001

1
I
Ik

o
0.0
1

T T T T i T T
0 . : 2 3 B 0.0 0.2 04 0.6 08 1.0
Fibrosis stage FPR (1-specificity)

Stage 0 Stage 1

1.69 kPa 2.11kPa 3.20 kPa 6.22 kPa 6.91kPa

Loomba et al, Hepatology 2014



Liver stiffness & survival

B ..

' — <9.5 kPa
>9.5 kPa
0.8+

9 L|_
— b >30 kPa
g 0.6+ — >20 kPa
2
3 >40 kPa
7
— 0.4+
G
e
)
>
O e >50 kPa
024
b P<.0001
0 20 40 60 80

Follow-up (months)

N=1457 HCV patients with a follow-up of § years
Vergniol et al. Gastroenterology 2011; 140: 1970-9




Liver stiffness & survival

A .

0.91
0.81

0.7 o

LSM < 18.5 kPa
== (n = 145)

0.6- L:
0.51 'i
0.4 L

0.3 i
Sensitivity 0.57 o T -0
0.21 Specificity 0.93
Positive predictive value 0.57 LSM > 18.5 kPa
0.14 Negative predictive value 0.93 (n =23)
Accuracy 0.88
0 T T T T T T T

0 1 2 3 4 5 6 7

Follow-up (years)

Survival rate

00~
©

N=168 PSC patients Corpechot et al. Gastroenterology 2014;



Liver stiffness & survival

D .

0.9
cD‘---O OO0
0.8 ©
cedce ALSM/dt < 1.3 kPa/year
0.7+ h (n=89)
= 0.61 "
g = L0y
'g 0.54 d':)
s © 5
g 0.4+ |
» I
0.3 ‘E
Sensitivity 0.82 i
0.2 gpecificity 0.78 ‘00
ositive predictive value 0.36
0.1 Negative predictive value 0.97 ALf’M/ ot > 1.3 kPa/year
Accuracy 0.78 (n = 40)
0 T T T T 1
0 1 2 3 4 5

Extended follow-up (years)

N=168 PSC patients Corpechot et al. Gastroenterology 2014;
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Predikce mortality u pacientu s HCV

Fibroscan

P<.0001

— 9.5 kPa 1.0
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280 20 80 a0 Vergniol, Gastroenterology, 2011
Follow-up (months)



Predikce progrese fibrozy pomoci
opakovaného sledovani elastografii

%
s | baseline LSM | Delta LSM SVR
=== —_— kPa/Rok
modra <7 4 N
30 -1 ———
zelena >=7 ano
i $edd >=7 a<14 0 ne
Zluta >=7 a<14 0-<1 ne
40 - \_ y,
oranzova >=7a<l14 >1 ne
S cervena >=14 0 ne
. p<0.001 gerna >=14 >0 ne
g 170 20 3‘0 41(; 50 60

Vergniol, Hepatology 2014



Predikce mortality u pacientu s HBV

(A) a b ©) 4 b
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Figure 2 | Overall survival probability (Kaplan-Meier analysis) of 600 patients chronically infected by HBV according
to: (A) liver stiffness (a: cut-off of 9 kPa; b: cut-off of 20 kPa), (B) Fibrotest (a: cut-off of 0.73; b: cut-off of 0.85), (C)
blood tests (a: APRI; b: FIB-4) and (D) Liver biopsy.




Algoritmus vyuziti v klinické praxi

saved liver biopsy 92 %

Hepalitis C
Treatment-naive
No co-morbidity

4

o o 8 A ol
— 96%

17%

¥ Y 3.5 % 5%
»|  Concordance | misclassified misclassified
1
Repeat exams i
b :00‘ ol -{ No significant fibrosis I I Grey area | [ Severe fibrosis-cirrhosis l-
explanations to
discordance FON0 Fim-2 F2/3 Fam FM5-6
‘ 1 |
Liver i No liver blopsy Liver blopsy If No liver blopsy
results Influence | | Follow-up or treatment | | results influence Treatment <
management according to genotype management VaricesHCC screening

Castera, Gastroenterology 2012



ARFI — vyhody a nevyhody

* VVyhody:
— Implementovan v bézném USG pristroji (resp. sonde)
— Vysoka moznost aplikovatelnosti
— Presnost a ucinnost velmi blizka TE

* Nevyhody:
— Potreba dalsi klinicka validace
— Uzké rozpéti vysledkd (0,5- 4,4 m/s)
— Neexistuji kritéria kvality (IQR)



50

Now There Are Many (Stages) Where Before'There 2°
Was One: In Search of a Pathophysiological
Classification of Cirrhosis

Guadalupe Garcia-Tsao,' Scott Friedman,* John Iredale,* and Massimo Pinzani* HEPATO! =7 Vol. 51, No. Aigi
5-yr Mortality - 20-88%

Histobgical T F1-F3 XXX S REEL LR F4 (Cirrhosis) Tl

Clinical Non-cirrhotic Compensated Compensated

Symptoms None None (no varices)  None (varices

present)

Sub-stage - Stage 1 Stage 2
Hemodynamic .
>b >10 ,
(HVPG, mmig) 6 >4

Biological Fibrogenesis Scar and Thick (acellular)
and X-linking scar and
Angiogenesis nodules

D’Amico et al. APT 2014 Garcia-Tsao et al. Hepatology 2010; 51: 1445-9



Klinické vyuziti neinvazivnich metod

(elastografie)

* Neinvazivni metody maji vyssi klinicky potencial nez
jaterni biopsie

* Lépe umoznuiji:
— Predikovat klinické komplikace

— Predikovat rozvoj portalni hypertenze, jicnovych varixu a
ev.rizikovych jicnovych varixu

— Predikovat rozvoj HCC

— Sledovat vyvoj fibrézy béhem a po ukonceni |éCby

vV evV/

— Presnost pro cirhozu je AUROC 0,94

* But, there is no perfect method
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Predikce mortality u pacientu s HCV
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Predikce mortality u pacientu s HBV
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Figure 2 | Overall survival probability (Kaplan-Meier analysis) of 600 patients chronically infected by HBV according
to: (A) liver stiffness (a: cut-off of 9 kPa; b: cut-off of 20 kPa), (B) Fibrotest (a: cut-off of 0.73; b: cut-off of 0.85), (C)
blood tests (a: APRI; b: FIB-4) and (D) Liver biopsy.




Jaterni elasticita a HVPG v predikci
klinické dekompenzace u cirhotiku

Doba bez klinické komplikace (dny)
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Robic, J Hepatol 2011



LSM for predicting outcome
after SVR in HCV-cirrhosis

100 -

.......

80 - o,

‘‘‘‘‘‘‘‘‘‘

60

------------------------

>12.5 kPa

40

<7.1 kPa

Disease progression-free patients (%)

20 ="- 7.1-949 kPa
wi's 9.5-12.49 kPa
- 2125 kPa
0-
T T T T T T T
0 20 40 60 80 100 120

Time from LSM to outcome (months)

=341 Cirrhotic HCV patients with a median follow-up 23 mo
Sultanik et al. APT 2016



Monitorace TE po lécbe - HCV

515 pacientd s HCV. 323 lécenych (62,7%) a 192 nelécenych (32,7%)

72 weeks or 24 weeks

FibroScan (kPa) Baseline 24 weeks P 48weeks or EOT” P of follow up” P
Treated 106+89* 9.0%7.2 <0.001 88+7.0 <0.001 8.5+6.6 <0.001
SVR 9.3+5.9*% 7.7%+4.1 <0.001 7.7+47 <0.001 74%44 <0.001
RR 12.9+12.9* 11.4%£99 0.009 10.9+9.5 0.01 10.1+8.7 <0.001
NR 124+11.3* 11£10.2 0.001 10.6%£10.2 0.02 11.3+9.1 0.05
Untreated 59+27°* 6.3+34 0.3 6+3.3 0.8 6+3.2 0.7
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Martinez SM, PLOS 2012



Slezina pri portalni hypertenzi

* Splenomegalie je bézny nalez pri portalni hypertenzi
(PHY)

* Zmeény ve sleziné v dusledku PHY:
— Zména denzity (tkanova hyperplazie, fibroza)
— Portalni kongesce

e Tyto zmény (mechanické) mohou byti kvantifikovany
elastografii
— TE (FibroScan®) — metoda s nemoznosti vyuziti USG obrazu.
— ARFI — presna detekce mista méreni USG



Moznosti neinvazivni detekce portalni
hypertenze

Portalni hypertenze je dusledkem rozvoje jaterni
cirhozy

Urévenl' zavaznosti portalni hypertenze je invazivni a je
mozné pouze:

— Meéreni HVPG

— Endoskopicka detekce jicnovych varixu

Neinvazivni moznost detekce PHY chuda:
— Biochemické parametry (APRI)

— ,mixed” indexy (trombo/velikost sleziny)
— Elastografie sleziny (FibroScan, ARFI)



Rizika a chyby meéreni jaterni elasticity

FIBROZA

< 6 kPa 75 kPa
>

( Akutni edém jater
Kongesce ] , "
(zvyeni Filniho tlaku) | (akutni hepatitida -
L ALT)
N
Mechanicka cholestaza ( Infiltrace
(zvySeni tlaku (inflamace, amyloidosa
v choledochu) ) L malignita)
( Potrava
(postprandidlni
\ hyperémie)




EASL guidelines

e Jaterni elasticita:

— nejistna a kontroverzni je moznost predikce prfitomnosti a
velikosti JV (jaterni elasticita)

— AUROC ve studiich pro prfitomnost JV 0,74 — 0,85,
cut-off 13,9 — 21,5 kPa

— Sz predikce JV je vysoka: 76 —95%
— Sp je neuspokojiva: 43 — 78%
e Elasticita sleziny:

— studie Collechia (100 pac.), fada parametru
* SS a LS nejpresnéjsi v identifikaci pacientl s JV a riznymi stupni
* Novym parametrem pro predikci CSPH a JV je LSPS

EASL-ALEH clinical Practice Guidelines: Non-invasive tests
for evaluation of liver disease severity. ] Hepatol 2015



Zavér — elasticita a CSPH/JV

* Je mozné nahradit HVPG meérenim elasticity?

— Ne, korelace je velmi slaba a nedostatecna, pokud je
HVPG > 10 mm Hg, zmeény elasticity neodrazi HVPG
Zmeny

* Muze byt alespon CSPH vyloucena elastografii?
— Ano, ANTICIPATE study

* Muze elastografie poskytovat prognostickou
stratifikaci pro klinické cile? (varixy, klinické
udalosti)

— Ano. Jisté u virového onemocneéni jater, u dalsich dg.
chybi data



ARFI (acoustic radiation force impulse) metodika

USG pristroj Siemens Accuson S2000

B-mode ultrasonografie

— Umoznuje bézné USG vysetreni

— Umoznuje nalézt optimalni misto vysetreni ARFI
Vyslani silného (a kratkého — 0,3 ms) akustického
signalu (vybuzeni tkané) s naslednou detekci
Sireni vin sondou

— TE (FibroScan): mechanicky impulz
Méreni v 10 rliznych mistech (PL, LL), primér

Maly ROI (region of interest) — 1 x 0,4cm
— 1-2 cm pod kapsulou

Hodnota kvantitativni v m/s

Nejsou standardizované hodnoty, ale v recentni
literature se lisi jen minimalné

Srovnatelna metoda s TE (FibroScan)




Sensitivity

Srovnani ARFI vs. TE pro urceni cirhdzy (A) a
tézké fibrézy (B)

1.00

L |.’_|_;__;_/| [ L B | B T
=4 : - B —
0.75 < 075 |- o
£ 1] & i i
> I, . |
B 050 4 £ om0 | n
@ 1 G I d
» 1l o i
. —— ARFI i i —— ARFI ]
0.25 | M Probe — 0.25 M Probe —
_ ! i
0-00-lllllllllllllllllll- 0'00-,,,,|,,,,|,.,.|....-
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
Cassinoto, Radiology, 2013
— SRR
//
.
ARFI 0,66 0,73 0,94 0,97
TE 0,78 0,82 0,94 0,94
— ARFI
. ---- TE
PN R N T N Friedrich-Rust, J V Hep 2013

1-Specificity



ARFI vs. TE pri urceni stadia fibrézy u
chronickych jaternich onemocnéni (pravy lalok,
levy lalok, oba laloky)

AUROC
1

0,9

0,8
0,7
0,6 mFS
0,5 m ARFI-R
0,4 ARFI-L
0,3 = ARFI-RL
0,2
0,1

0 - . . . .

F2 F3 F4

Bardou, EASL, 2013




Vypocet a presnost optimalniho cut-off v
jednotlivych skupinach

Cut-off: 1,297 m/s Cut-off: 1,679 m/s
FOtvsF234 FO012vsF34
100 : : 100 | : b p—
80 : 80
2 60 > 60fF
D 5 : 1[N
S 40 - 5 40 |
(/)] i b L
20§ 20[f
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

AUROC=0,916 PPV 88%
SZ 84% NPV 89%

AUROC=0,896 PPV 81%
SZ 83% NPV 90,5%

SP 88% SP92%




Vypocet a presnost optimalniho cut-off
v jednotlivych skupinach

F0123vsF4

100} -

Cut-off: 1,92 m/s

80

AUROC=0,984
SZ294,9
SP 92,8

60|

Sensitivity

40

Cut-off: 1,92 m/s
PPV: 89%
NPV 97%

20

20 40 60 80
100-Specificity

T T e P e T T
FO1vsF234 1,297 m/s 0,896 83% 88% 81% 90,5%
FO12vsF34 1,679 m/s 0,916 84% 92% 88% 89%
FO123vsF4 1,92 m/s 0,984 95% 93% 89% 97%



Vyvoj elasticity jater (ARFI) prevedené
do F stadia cirhozy
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Vyvoj hodnot ARFI m/s béhem |écby

m/s
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Vyhody ARFI vs. TE

Ascites
Obezita
Uzké interkostalni prostory
Nekroinlamatorni aktivita?

Nevyhoda:

— Lokalné intepretované vysledky
* Neni validace

— Lokalni cut-off hodnoty pro jednotlivé stupné



ARFI jater a sleziny. F2, nizka elasticita sleziny

x 0.44 4
---X MRACEK MIROSLAV X--- 09:29:47 21-Jan-2013 ---X MRACEK MIROSLAV X--- 09:31:40 21-Jan-2013

-—--X 7609122037 X-—- KZM FN PLZEN -—--X 7609122037 X-—- KZM FN PLZEN
MI: 1.7 E MI: 1.7

Vs=1.34 m/s BT N Vs=1.60 m/s
Depth=5.5 cm - s - % ) Depth=5.5 cm

Cooling 1 9fps 18cm Cooling 1 Ofps 18cm

Fr29 Fr4

Station Name:ANTARESRDGL02




Jaterni cirh

---X KOKRMENTOVA HELENA X---
-—--X 5662270130 X-—
MI: 1.7

Oza (JB), malé jicnové varixy

09:28:10 29-Jan-2013
KZM FN PLZEN

Vs=1.89 m/s
Depth=5.5 cm

---X KOKRMENTOVA HELENA X---
-—--X 5662270130 X-—
MI: 1.7 a

Cooling 1

09:28:52 29-Jan-2013
KZM FN PLZEN

Vs=3.32 m/s
Depth=4.5 cm




Jaterni cirhoza (klinika, USG), signifikantni
jicnové varixy

---X KOSAR MARTIN X--—- 08:43:49 28-Jan-2013 ---X KOSAR MARTIN X--—- 08:46:38 28-Jan-2013
—--X 7007252219 X-—- KZM FN PLZEN -—--X 7007252219 X-—- KZM FN PLZEN
MI:1.7 a g ) \ MI: 1.7 a

Vs=2.63 m/s i : 65 Vs=4.33 m/s
Depth=5.5 cm . Depth=5.5 cm

Cooling 1 . Cooling 1 Ofps 18cm

N Fr49

Station Name:ANTARESRDGL02 0 Station Name ANTARESRDGLO02




Hazard ratio (95% Cl) Khi-2

1.30 (1.15 —1.49)
1.08 (1.03 — 1.16)

Paris | criteria **

*Yearly variation rate of LSM.
** ALP <3 xULN, AST <2 xULN, and total g < 1 mg/dl at baseline.



= The absolute value of LSM assessed by Fibroscan®
and more significantly its variation over time are
strong predictors of long-term outcome in PBC.

= Consequently, Fibroscan® may become a key player
in the routine management of PBC as well as a
useful means for therapeutic ation in clinical
trials.




= The absolute value of LSM assessed by Fibroscan®
and more significantly its variation over time are
strong predictors of long-term outcome in PBC.

= Consequently, Fibroscan® may become a key player
in the routine management of PBC as well as a
useful means for therapeutic ation in clinical
trials.




4,5

3,5

2,5

ARFI m/s

1,5

0,5

ARFI jater PBC — vlastni data

68 pacientu

AUROC Cut-off SZ SP
(m/s) (%) (%)

FO-1 vs. F2-4 1,24 90,2 77,6
FO-2 vs.F3-4 0,93 1,92 92,9 95,0
FO-3 vs.F4 0,99 2,45 95,7 92,8

Statisticky vyznamné korelace nalezeny:

1=

*FO vs. F3, FO vs. F4
*F1vs.F3,Flvs. F4

*F2 vs. F3, F2 vs. F4, F3 vs. F4

FO

F1

F2

' ' Statisticky nevyznamné:
F3 F4 *FO vs. F1, FO vs. F2,
*F1vs. F2, F2 vs. F3



ARFI sleziny s ohledem na detekci
pritomnosti JV
e Zarazeni pacienti s jaterni cirhdzou (IS) bez
ohledu na USG ci lab. znamky portalni hypertenze

* \/ytvoren soubor z pacientu s jaterni cirhézou
(AIH + PBC)

* Celkem 37 pacientt (26 + 11 z obou skupin)

* Jicnové varixy hodnoceny jako:
— Nepritomné
— Pritomneé
* Nesignifikantni (malé, < 5mm, NS)

 Signifikantni (velké, > 5mm, S)



ARFI jater a sleziny v predikci pritomnosti JV

pocet n (%)

Nepritomné 15 (40%)
Pritomné 22 (60%)
Nesignifikantni 15 (68%)
Signifikantni 7 (32%)
(n) median +/- SD median +/- SD
Nepritomné 2,42 +/- 0,41 2,92 +/- 0,36
Pritomné 22 2,58 +/-0,49 3,48 +/- 0,38
Nesignifikantni 15 2,60 +/- 0,38 3,14 +/- 0,35
Signifikantni 7 2,62 +/-0,51 3,63 +/-0,38

Cut off hodnoty pro detekci signifikantnich varix( dle dg:
* AIH: 3,42 m/s (AUROC 0,81)
* PBC: 3,86 m/s (AUROC 0,83)



ARFI jater a sleziny v predikci pritomnosti JV

* Nebyla zjisténa statisticka diference mezi elasticitou jater
(ARFI) a pritomnosti/nepfritomnosti jicnovych varix{

e Byla zjisténa signifikantni statisticka korelace (p< 0.01) mezi
elasticitou sleziny a pfitomnosti varixt v€etné jejich

vyznamnosti
— Statisticka vyznamnost zjiSténa mezi skupinou bez varixt a s varixy a
rovnéz mezi skupinou se NS a S jicnovymi varixy
— AUROC pro predikci pfitomnosti varixu byla 0,83 a pro predikci
signifikantnich varixu 0,86









Zaver

* ARFI v kombinaci s USG je idealni kombinaci pro
optimalizaci hepatologického vysetreni
— Elasticita jater umoznuje presny odhad stupné fibrozy

— Elasticita sleziny umoznuje rychlou orientaci v pritomnosti
a stupni portalni hypertenze (stratifikace rizika)

— Kombinaci ARFI jater a sleziny umoznuje urcit rizikovost
pacienta

* Obé metody idealni pro kontinualni monitoring
vyvoje (progrese/regrese) jaterniho onemocnéni



Zaver

V soucasné dobe je k dispozici rada presnych metod k
neinvazivni detekci stupné jaterni fibrozy

Kombinace dvou ruznych metod (TE + sérum) dale
Zvysuje presnost vysetreni

Aktualné je TE nejpresnejsi a nejvalidovanéjsi metodou
k urCeni stupne fibrozy

Neinvazivni metoda, predevsim USG (TE, ARFI) jsou

zfetelné vyhodné pro longitudinalni detekci
progrese/regrese stupné jaterniho onemocnéni

Stupen detekce jaterniho postizeni koreluje s frekvenci
a rizikem komplikaci (JV, krvaceni, ascites, HCC)

Vyznam hlavneé v indikaci protivirové |écby HCV infekce
(absolutni indikace od F2)



Korelace mezi ARFI (m/s) a jednotlivymi
biologickymi parametry

Body mass index -0,076 0,52

Trombocyty -0,612 <0,05
INR -0,61 < 0,05
Albumin -0,69 < 0,05
AST 0,629 < 0,05
ALT 0,282 0,071
Bilirubin 0,29 0,052

GMT 0,352 0,098



Moznosti neinvazivni detekce jaterni fibrozy

e Grading jaterni fibrozy je klicovy ke stanoveni pokrocilosti
jaterniho onemocnéni
— Zavisi prognoza a |éCebna strategie

» Jaterni biopsie: vyhody vs. rizika/nevyhody
— Z hlediska diagnostiky jaterniho onemocnéni je v soucasné dobé jeji
prinos omezeny

* Neinvazivni detekce stupné jaterni fibrozy:
— Serologické testy (FibroSure, FibroTest)

— Méreni stupné jaterni fibrozy elastograficky
* Transient elastography (Fibroscan®, kPa), CAVE: limitace
* ARFI (Acoustic radiation Force Impulse, m/s)



Potential for Sampling Error in Liver

Biopsies
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Diagnhosticky vyznam jaterni biopsie ?

Virové hepatitidy
Metabolicka onemocnéni jater
NASH

AlH a Al onemocnéni jater (PBC, PSC, overlap)






Fibrosis Staging in NASH

F1: Perisinusoidal

€O

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Noninvasive Diagnosis of Liver Fibrosis
in NAFLD

AST/platelet ratio = NASH FibroSure = VCTE FibroScan
index = ELF = MR elastography
= FIB-4 index " HepaScore = ARFI
= NAFLD fibrosis score

= BARD score

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Back to Our Case ... NAFLD Fibrosis
Score

AST

—

Platelet count, cells x 10°

Albumin, g/L

ﬁ_

<-1.455 FO-F2 FO-F2

> (0.676 F3-F4 F3-F4

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Back to Our Case ... NAFLD Fibrosis
Score

AST 63

—

Platelet count, cells x 10° 200

Albumin, g/L 4.0

| |

<-1.455 FO-F2

1.45t0 3.25
> 0.676 F3-F4 F3-F4

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Can Noninvasive Clinical or Lab Tests
Distinguish NASH Stages 0-2 vs 3-47

Sensitivity (%)

e Strength of noninvasive fibrosis predictive tests is in their ability
to

— Least accurate in identifying middle ranges of fibrosis

clinicaloptions.com



http://www.clinicaloptions.com/oncology

How Reliable Is Noninvasive Imaging
Assessment of Liver Fibrosis in NAFLD?

b Fibrosis stage 0 Fibrosis stage 1 Fibrosis stage 2 Fibrosis stage 3 Fibrosis stage 4

US SWE

Nature Reviews | Disease Primers

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Diaghostic Performance of Supersonic
Shear Imaging, FibroScan, and ARFI

Supersonic shear imaging
=>F2

=>F3

= F4

FibroScan (M probe only)
=2>F2

=>F3

= F4

0.86 (0.79-0.90)
0.89 (0.83-0.92)
0.88 (0.82-0.92)

0.82 (0.76-0.87)

0.86 (0.80-0.90)
0.87 (0.79-0.92)

0.77 (0.70-0.83)
0.84 (0.78-0.89)
0.84 (0.78-0.89)

80 (185/232)
85 (196/232)
87 (202/232)

77 (172/223)
79 (175/223)
89 (198/223)

74 (175/236)
79 (186/236)
84 (199/236)

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Vibration-Controlled Transient
Elastography: Cutoffs for Fibrosis

10- 9.9 FO-F2
.| F2-F4
g{ <72 M 34
(0
g 6
o
3 4
2 -
0
uUslil Europel?! France and
Hong Kong!3!

clinicaloptions.com



http://www.clinicaloptions.com/oncology

Vibration-Controlled Transient
Elastography: Known Confounders

Inflammation

Obesity

Nonfasting

Cholestasis

Alcohol use
Congestion

Operator inexperience

clinicaloptions.com



http://www.clinicaloptions.com/oncology

NASH
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Fibroscan

Elastography and Outcome
Prediction in NAFLD

556 NAFLD patients with baseline LSM, followed
for a median period of 6.4 yrs=> 83 pts died
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Boursier et al, J HEP in press



Diagnosticka presnost elastografického
vysetreni pro urceni stupné fibrozy u NAFLD

Fibrosis Stage

SSl, kPa
>F2

>F3
F4

FibroScan, kPa
>F2

>F3
Fa

ARH, m/s
>F2

>F3

F4

AUROC (95% C)

0.86 (0.79-0.90)
0.89 (0.83-0.92)

0.88 (0.82-0.92)

*M probe only

0.82 (0.76-0.87)
0.86 (0.80-0.90)

0.87 (0.79-0.92)

0.77 (0.70-0.83)
0.84 (0.78-0.89)

0.84 (0.78-0.89)

Cassinotto, Hepatology 2016

Best Accuracy

80% (185/232)
85% (196/232)

87% (202/232)

77% (172/223)
79% (175/223)

89% (198/223)

74% (175/236)

79% (1867236)

84% (199/236)

MR elastografie (3D)

Inflammation, ! Fibrosis
but no Fibrosis

Simple Steatosis

* nejpresnéjsi neinvazivni etekce elasticity
* mUzZe presné kvantifikovat ¢i vyloucit fibrozu
* méné dostupna a nakladna
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MR Elastography and NAFLD

TPR (sensitivity)
0.4
1

AUC =0.924
p=val <0.0001

1
I
Ik

o
0.0
1

T T T T i T T
0 . : 2 3 B 0.0 0.2 04 0.6 08 1.0
Fibrosis stage FPR (1-specificity)

Stage 0 Stage 1

1.69 kPa 2.11kPa 3.20 kPa 6.22 kPa 6.91kPa

Loomba et al, Hepatology 2014



MR elastography

Stage 4

e
"

/

v

N/

6.91kPa

Advantages:
, I - Canassess the whole liver
81 . ' H - Possible to do HCC screening at the same session
RS A }L Q s l - Not limited by obesity or ascites
4T L

0 3 4

Disadvantages:
- Cost
- Availability

H
Fibrosis stage

LoombaR et al. Hepatology
2014,;60:1920




Liver Stiffness by Transient Elastography
and NAFLD

TE has moderate accuracy for diagnosis F2-F4 fibrosis (Sens 79%, Spec 75%)

“Study Cutoff (kPa) Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)
Gaia 2011 70 0.76[0.58,0.89) 0.79(0.64,0.91] —
Kumar 2013 70 0.78[0.64,0.88 0.79(0.67, 0.88] —
Lupsor 2010 68 067[041,087) 0.84(0.71,0.93] b
Myers 2010 ! 7.7  094[0.71,1.00) 0.61([0.42, 0.77] ——
Petta 2011 725 0.69[0.57,0.80) 0.71[0.59, 0.80] -
Wong 2010 | 70 0.79[0.70,0.87) 0.76 [0.68, 0.83] -
Yoneda 2008 665 0.88([0.76,0.96] 0.74[0.59, 0.86] Pt a—— r'; i
0 02040608 10 02040608 1

TE has good accuracy for diagnosis F3-F4 fibrosis (Sens 85%, Spec 82%)
Study Cutoff (kPa) Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% Cl)

Gala 2011 80 065[0.38,0.86] 0.80[0.67,0.90) —— —&
Kumar 2013 90 0.85[0.66,0.96) 0.88[0.80,0.94) —a B
Lupsor 2010 104  1.00[0.48,1.00]  0.97 [0.89, 1.00) — -
Myers 2010 103  0.70[0.35,0.93]  0.75[0.59, 0.87) —— ——
Petta 2011 875 0.76[0.58,0.89]  0.78[0.69, 0.85] -
Wong 2010 87 084[0.72,092) 0.83[0.77,0.88] - -
Yoneda 2008 98  0.85[0.66,0.96) 0.81[0.70,0.90] —a- -
Yoneda 2010 99  100[069,1.000 093[081,099), , . . ——® . . . —®

0 02040608

02040608 1

Kwok et al, APT 2014



Liver Stiffness by Transient Elastography

and NAFLD

TE has excellent accuracy for diagnosis F4 fibrosis (Sens 92%, Spec 92%)

Study

Gaia 2011
Kumar 2013
Myers 2010
Wong 2010
Yoneda 2008
Yoneda 2010

Cutoff (kPa) Sensitivity (95% CI) Specificity (95% Cl)

10.5
11.8
1.1
10.3
17.5
16.0

0.78 [0.40, 0.97)
0.90 [0.55, 1.00]
1.00 [0.54, 1.00]
0.92 [0.74, 0.99]
1.00 [0.66, 1.00]
1.00 [0.54, 1.00]

0.95 [0.87, 0.99]
0.88 [0.81, 0.94]
0.82 [0.67,0.92)
0.88 [0.83, 0.92)
0.97 [0.90, 0.99]
0.98 (0.89, 1.00]
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)

US-based Acoustic Radiation Force Impulse

Elastography and NAFLD

Study Country n Outcome AUC

Yoneda 2010 Japan 54 |F3-F4 0.93 I
F4 0.97

Palmeri 2011 USA 172 F3-F4 0.90

Osaki 2010 Japan 23 ‘[F3-F4 0.94

Friederich-Rust Germany ol F2-F4 0.84

2011

Braticevici 2013 Romania 64 F1-F4

Cassinotto 2016 France 291 F2-F4 0.77
P |
F3-F4 0.84
F4 0.84




" Severe Steatosis Affects LSM
values

40,0 40,0
p=0.001 p=0.7

7 3007 2 3007
o o
¥ €
4 %
v v
g E
g 20,04 & 2007
- ~
v
2 H
= -

10,04 10,01

Ry T T v T T
Steatosis <66% Steatosis 266% Steatosis <66% Steatosis 266%
N«142 - N«39 Ne14
NAFLD FO-F2 NAFLD F3-F4

-
In FO-F2 patients, after stratification for presence/absence of ballooning, or

presence/absence of grade 2-3 lobular inflammation, or for both, LSM values

kwere signficantly higher in all subgroups with severe histological steatosis

Petta S et al Hepatology 2015



ﬂ False Positive Results of LSM for F3-F4
Fibrosis, according to Severe Steatosis

False positive for F3-F4 fibrosis (%)

40

3

24/181

Steatosis <66%

2472

Steatosis >66%

Petta S et al Hepatology 2015



Take Home Messages

. Elastography by Fibroscan, ARFI and SSI has a good
accuracy for the noninvasive diagnosis of F3-F4 fibrosis
in NAFLD

. Comparison Studies reported a higher accuracy of MRe
compared with Fibroscan or ARFI only for some degree
of liver fibrosis

. Diagnostic approaches aimed to superside limits of
elastography could improve its diagnostic accuracy

. Elastography could also be useful for predicting
mortality in NAFLD



MR elastography vs ARFl in NAFLD

I T

0.80 0.58 091 0.89 0.62 0.012
ARF 0.66 0.54 0.77 0.77 0.55

F2-4 MRE 0.89 0.67 0.96 0.85 0.89 0.343
ARF 0.85 0.82 0.78 0.57 0.92

F3-4 MRE 0.93 0.91 0.93 0.73 0.98 0.113
ARF 0.90 0.95 0.74 0.43 0.99

F4 MRE 0.88 0.89 091 0.44 0.99 0.418
ARF 0.86 0.78 0.93 0.47 0.98

N=125

HAPXARRER

Faculty of Medicine Cui et al. Hepatology 2016;63:453

The Chinese University of Hong Kong



MRE vs FibroScan in NAFLD patients

.m

C‘;g;ﬁ' AUROC Se Sp PPV NPV C:;‘;ﬁ AUROC Se Sp PPV NPV

RIS S 080 75% 8% 99% 8% 7.0 078 62% 100% 100% 87%
2F2 3.4 089 8/% 8% 8% 8% 110 082 65% 89% 88% 66%
2F3 48 089 75% 8% 5% 81% 114 0.88 8% 84% 75% 92%

F4 6.7 097 91% 9% 59% 99% 140 092 100% 76% 73% 100%

HAPXARRER

Faculty of Medicine Imajo et al. Gastroenterology 2016;150:626

The Chinese University of Hong Kong



False-positive liver stiffness/elasticity

Food intake (fast for at least 2 hours)
High ALT

Biliary obstruction

Congestive heart failure

Amyloidosis

Steatosis?




Vyznamné limitace elastografické detekce

jaterni fibrozy
,keep these limits in mind“

Know the ALT

Operators should
have performed
> 100 exams

Have patients fast
for 3 hours prior

lnﬂammation

Inexperience

Non-fastlng
Confounders
Examine for right Congostlon
heart fail
= Choleetasis
Know the alkaline
ty phosphatase

Determine
drinking status

Use an XL probe
at BMI = 30

Prosta steatdza neovliviiuje hodnotu liver stiffness,
NASH v3ak jiz hodnotu ovliviiuje ( 4 ) Tapper, CGH 2015



LS rapidly decreases during alcohol detoxification

600 - | Alcohol detoxifcation
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F2 Fibrosis

o

Mueller et al, World J Gastroenterol 2010 28;16(8):966-972.



Liver stiffness decreases In patients with
GOT>100 U/l

GOT group <100 | 100- | =200 Ul
200
Decrease of 55 N : |
GOT g ;
é 20 ; :
2 16 :
Decreaseof £ f
LS €, i 5

:  em ,

GOT<100UL E GOT 100-200U/L ; GOT>200UL

Mueller et al, World J Gastroenterol 2010 28;16(8):966-972.



Hepatitis C
(HIV coinfection)
Treatment-naive

A4

Use of non-invasive tests
as first-line in HCV patients

Combine
Two non-invasive
tests:
TE + serum
biomarker
I
B v
Discordance » Concordance
v ¥ : .
Repeat exams and No severe fibrosis- Severe fibrosis-
search for cirrhosis cirrhosis
explanations
Discordance Y

EASL-ALEH Clinical practice Guidelines. J Hepatol 2015; 63: 237-64.

No liver biopsy
follow-up or antiviral
treatment
(if extra-hepatic
manifestations)

No liver biopsy
antiviral treatment
screening for
varices
screening for HCC




Zaver

Prudky rozvoj neinvazivnich testl jaterni fibrézy za poslednich 10-12 let

Elastografie je:

— technicky jednoducha/bed-side

— libovolné opakovatelna

— relativné levna

— dostatecné presna (signifikantni fibréza)
Schopnost stratifikovat rizikovost pacient:

— predikce jaterni dekompenzace

— alokace cirhotik( do rizikovych skupin

V éfe NAFLD/NASH (kryptogenni jaterni cirhdzy) umozni detekci pokrocilé
fibrozy v populaci

Neinvazivni testy (elastografie) vSak vidy musi byt interpretovany
specialistou a v kontextu dalSich signifikantnich parametr (demografie,

diagndza, hodnoty jat.testd, kardiovaskuldarni onemocnéni ad.)



Zaver 2

* Vysledky jednoho vysetfeni nemohou byti snadno prevedeny
do madu jiného vysetreni Ci jiné interpretace

Uvédomovat si metodologické aspekty jednotlivych vysetreni
e JAterni elastografie ma



Take Home messages (1)

* Non-invasive tests are now ready for « prime time » to
pioritize naive HCV patients for DAA.

« They must be interpreted by specialists according to
clinical context and quality criteria.

 TE is the most used and validated technique for
diagnosing cirrhosis (better at ruling out than ruling in).



Take Home messages (2)

 Its main limitation is its limited applicability in case of
obesity and lack of operator experience.

* Monitoring of liver stiffness during antiviral treatment has
limited value.

 In patients with HCV cirrhosis and SVR, follow-up with TE
IS not currently recommended but deserves to be
evaluated.



Unmet needs

How to assess cirrhosis regression in the absence of
paired liver biopsy ?

What are the importance of architectural disturbances ?

Is liver stiffness a good surrogate of cirrhosis regression ?

Could we stop surveillance in a subset of patients ?



Fibrosis Quantity and Distribution in Explanted

Cirrhotic Liver Depending on Etiology
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Recommendations
Interpretation of non-invasive tests

Non-invasive tests should always be interpreted

by specialists in liver disease, according to the

clinical context, considering the results of other tests
(biochemical, radiological and endoscopic) and taking
into account the recommended quality criteria for each
test and its possible pitfalls (A1)

EASL-ALEH Clinical practice Guidelines. J Hepatol 2015; 63: 237-64.



Metodologicke problémy elastografie

e absence optimalniho referencniho standartu

 z hlediska klinickych postupu (i z mého
hlediska) vhodna v zasadnich situacich
aplikace dvou odlisnych vysetreni



Cut-off values for LS assessed by ARFl according to ALT level

Fibrosis

Cut-off: >1.29 m/s

Se: 62.6%

Sp: 79.4%
PPV: 81.3%
NPV: 59.3%

Accuracy: 69.3%
AUROC: 0.758

Cut-off: >1.59 m/s
Se: 75.2%

Sp: 86%
PPV: 57.3%
NPV: 93.2%

Accuracy: 83.8%
AUROC: 0.839

ALT=1L1-SXULN

Cut-off: >1.34 m/s
Se: 75.4%

Sp: 753%
PPV: 88%
NPV: 55.8%
Accuracy: 75.2%
AUROC: 0.799

Cut-off: >1.57 m/s

Se:90.2%

Sp: 72.5%
PPV: 48.8%
NPV: 96.1%

Accuracy: 76.3%
AUROC: 0.859

Cut—off: >1.44 m/s
Se:79.4%

Sp: 62.1%
PPV: 71.1%
NPV: 2%
AUROC: 0.747

Cut-off: >1.75 m/s
Se:92.9%

Sp: 73.5%
PPV: 50%
NPV: 97.2%
Accuracy: 77.7%
AUROC: 0.887




 performed in all patients with a
ultrasound system
of tissue using short-
duration acoustic pulses in a region of
interest chosen by the examiner =

TRANSDUCER

that spread
away from the region N O
of interest =




METHODS - ARFI

simultaneously, of lower intensity
than that of the push pulse are generated.
the moment of

marks the period of time elapsed
between the generating of shear waves and their entire

crossing of the region of interest

by recording the shear wave front at several locations
and correlating these measurements with the elapsed
time, the

generally, the stiffer a region in the tissue,




METHODS - ARFI

scanning - between the ribs in the right liver
lobe, with minimal scan pressure

measurements
in every patient,

value calculated,
result measured in




All cirrhoses are not alike !
The Laennec scoring system

Septa thickness J / nodules size §,

Courtesy of Pr Pierre Bedossa



All cirrhoses are not alike !

Clinical relevance

Cumulative incidence rate

of liver-related events

0.74
0.6+
0.5+
0.4+
0.3
0.2
0.1

b=0.018 A Stage 4B
|
|
|
|
| Stage 4C
|

Nx_ .l
r ol Stage 4A Stage 3

0O 1 2 3 4 5 6 7 8 9 10 11
Year of enrollment

N=175 patients with CLD median follow-up: $2.4 mo

Kim et al. J Hepatol 2012; 57: 556-63




All cirrhoses are not alike !
The Laennec scoring system

Septa thickness J' / nodules size \,

Courtesy of Pr Pierre Bedossa



ODPAD



Vyznamné limitace elastografické detekce

jaterni fibrozy
,keep these limits in mind“

Know the ALT

Operators should
have performed
> 100 exams

Have patients fast
for 3 hours prior

lnﬂammation

Inexperience

Non-fastlng
Confounders
Examine for right Congostlon
heart fail
= Choleetasis
Know the alkaline
ty phosphatase

Determine
drinking status

Use an XL probe
at BMI = 30

Prosta steatdza neovliviiuje hodnotu liver stiffness,
NASH v3ak jiz hodnotu ovliviiuje ( 4 ) Tapper, CGH 2015



Limitace sérologickych metod

* Vyhody: vysoka aplikovatelnost, dobra
reprodukovatelnost, relat. dobra validace

 Nevyhody:
— Nespecifické testy pro jaterni tkan (komorbidity)
— Nepresné pro stredni stupné fibrozy (F1-F2)
— Nepresné pro urceni cirhdzy (F4)
— Vysledky nejsou k dispozici okamzité
— Ovlivnéni mimojaternimi procesy:
* K.hyaluronova, bilirubin, haptoglobin, cholesterol
— Nemoznost presného stanoveni v rlznych laboratorich
— Neni standardizace a metodika jednotlivych stanoveni






Shear Wave Elastography

Transient Elastography ARFI Supersonic Shear
(FibroScan®, Echosens, Pans, France) {Acoustic Radiation Force Impulse, lmagine {Aixplorer)
Siemens ACUSON $2000/S3000)

g

ime

S T

Ultrasound flashes




Presnost vyuziti Fibroscanu pro detekci signifikantni
fibrozy (F>2) a cirhdzy (F4) u HBV a HCV pacient

Cut-offs AUROC
Authors Etiologies Year ( (kPa) \ Se (%) Sp (%) CC (%)

Castera et al®€ HCV 2005 183 74 71 0.83 67 89 73
25 125 0.95 87 91 390

Ziol et als7 HCV 2005 251 65 86 0.79 56 91 68
19 146 0.87 26 96 94

Arena et al*® HCV 2008 150 56 78 0.91 83 82 83
19 148 0.98 a4 92 92

Lupsor et al®® HCV 2008 324 65 74 0.86 76 84 79
21 119 0.94 87 o1 g0

Degos et al®4 HCV 2010 913 62 D 0.75 90 32 57
14 129 0.90 72 g9 87

Zarski et alf® HCV 2012 382 47 5.2 0.82 97 35 64
14 129 0.93 17 90 28

Coco et al® HBV (HCV) 2007 228 62 83 0.93 85 91 37
507 140 0.96 78 98 88

Oliveri et al’® HBV 2008 188 26 LA 0.97 94 &8 30
20° 118 0.97 86 96 94

Marcellin et al’? HBY 2009 173 50 12 0.81 70 83 76
8 110 0.93 93 87 94

Chan et ai’? HBV 2009 161 25 12-13.4° 0.93 a8 75 85
Degos et al® HBV 2010 284 42 5.2 0.78 89 38 59
10 \ 129 0.85J 52 93 89

N ——




Transient elastography for cirrhosis
(n=1007 patients with various CLD, 165 with cirrhosis)

correctly classified 92 %

83% 17%

|
3 14.6 -
F<4
96%

3.5% 4.5%
misclassified misclassified

Ganne-Carrié et al. Hepatology 2006; 44: 1511-7



Vyznam elastografie pri detekci
signifikantni fibrozy a cirhdzy
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Editorial

JOURNAL OF
HEPATOLOGY

"BEASL 7

Soft technique, hard end-points

Jaume Bosch*

Journal of Hepatology 2011 vol. 55 | 955-956

Liver stiffness and liver-related events

Survival free of

any complications
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Robic et al. J Hepatol 2011; 55: 1017-24



Liver stiffness and liver-related events

Cumulative incidence rate

1.0+

0.8+

0.6

0.4+

0.2

0.0

P =0.001

—r—s LSM > 19kPa

_pwwersmiees LSM < 19KPa

I 1 i 1 1 1 I

10 20 30 40 50 60 70

Months after enroliment
N=128 HBV patients F3-F4

Kim et al. PloSOne 2012; 7: e36676



RTE

Jatra jsou organem idealné pristupnym sonografickému a elastografickému
vysetreni

prognoza pac. s jaternim onemocnénim zavisi na stadiu fibrozy a rychlosti
jeji progrese

Stadium jarerni fibrézy determinuje riziko dekompenzace jaterniho
onemocnéni a rizika komplikaci (HCC)

JB ,gold standart”, neni idedlni z rady divodu a také pro dlouhodobé
pravidelné sledovani

Vétsina USG base elastografickych modalit nabizi kvantitativni zhodnoceni
tuhosti jater, zatimco RTE poskytuje barevné kodovanou zhodnoceni
relativni elasticity tkané v B-modu....proto je nutné sekundarni zhodnoceni
RT elastogramu k ziskani semikvnatitativni infomrmace



RTE zobrazovaci technika ktera primo odhalije fyzickalni vlastnosti tkané
pomoci US sondy

Lienarni sondy
Nejdrfive B-mode imaging k vizualizaci ¢asti jaternicho parenchymu
Pak je elastogr module aktivovaan

Komprese srdce (pordukuje strain displacement v tkani pod vys. Sondou..
— generuje elastogram

Operator mlze vybrat rlznd misto, riznou colour map



nové sondy vyuzivaji atumatického displacementu jaterniho parenchmu
zpUsobeného udery srdce a ne manalni komplrese...dllezita vyhoda, palp.
Mechan komprese obtizné standardizované...(velky zdroj inter a
ingttraobservaer variability)

Ve vybrané ROl by nemély byt velké cévy nad 3mm...zpUsobuje radu
arterfaktu
Srovnani RTE a TE...limitace obezhita, uzké mzz prostory, ascites



Klinicky postup meéreni RT-E

Standartni B-mode USG vysSetreni

Prava ruka za hlavu

Sonda zamérena smérem k srdci (strain image je vytvoren tlakem srdecnich
cykld)

Elastograficky mod

Pacient zadrzi dech ve stfrednim inspiriu na 4-5 sekund

ROl umistit do 1-2cm pod jaterni pouzdro

Do ROI nezahrnout velké cévy

Registrovat cca 5-10 obrazu (frames), méreni v maximalné negativni vychylce
krivky

Méreni 5 — 10x k ziskani median value

Klicové u difuzniho jaterni procesu je: strain histogram a liver fibrosis index

Mérené hodnoty: mean strain (MEAN), % of blue area (AREA), complexity of
blue area (COMP), tvar histogramu (odrazi disttribuci bodu)

Liver fibrosis index



Klicové hodnocené parametry

Histogram

— Urcuje distribuci jdn. pixel(, color-coded histogram, kazdy pixel specifickou numerickou
hodnotu (0 — 256)

— Vypocita tissue mean elasticity (TME), vyjadrena v arbitrary units. Nizsi hodnoty — zvysena
tuhost jaterniho parenchymu

— Jednoduchda metoda, ale semi-kvantitativni

Elastic ratio
— Pomeér strain distribuce dvou srovnavanych ROI
— Zavedeno ke zlepSeni hodnoceni elastogramu, méné subjektivni
— Semikvantitativni informace
— Srovnavaci ROI (,interni“ kontrola) jsou malé intrahepatalni cévy/zily

Liver fibrosis index
— Vyvoj TME vypoctu
— Japonsky a Némecky index

— Pocitd mean value elasticity a standatni deviaci pixelG s dalSimi parametry odvozenymi od
elastogramu (aktudlné Tatsumi: 9 odliSnych parametra)

— Aktudlné automaticky provedeno by Hitachi module






Fig. 5. Calculation of the elastic ratio of a 35-y-old healthy volunteer using a small intrahepatic vein as the internal con-
trol. (a) The first real-time elastography (RTE) image (a) reveals a small hepatic vein (2 mm) within the color-coded elas-
togram, which is depicted as a homogeneously soft structure. (b) In the second RTE image, a large elliptical region of
interest of 65 mm?” (Z,) was positioned in the liver parenchyma, excluding the hepatic vein, and a smaller elliptical region
of interest of 0.9 mm~ (Z;) was positioned inside the lumen of the venous vessel, which was considered the internal con-
trol. (¢) The elastography software generated the histogram of pixel distribution inside the selected regions of interest,
providing two numerical values (74 for Z, and 93 for Z,. expressed in arbitrary units) for calculating the elastic ratio
Z,y/Z,. In this case, the elastic ratio was 1.26, a normal value according to the cutoff values previously reported by
Koizumi et al. (2011). Images obtained as described for Figure 1.



ZpUosbhy interpretace elastogramu

Kvalitatativni zhodnoce color-coded map okamzitd mtoda analzy elastogramu
Elastogram ukazuje relativni tuhost tkani v B-modu US obrazu

Semikvantitativni hodnoceni:

Histogram pixel distribution...hodnoceno okam?Zité Ci nasledné, katzdy pixel ma spec. Numerickou hodnotu 0-256
reprezentujici elasticitu (0O-modry — hard)

Pro kvantifikaci jsou vSechny pixel data v obrazu transformovano do histogramu

Kalkulovano tissue mean elasticity...mean different pixel values

Nizsi TME indikuji zvySenou tkan elasticitu

ELASTIC RATIO: pomeér strai distribuce dvou selektovanych ROI...zavedeno ke zlepSeni elastogramu analyzy a
interpretace, making its less subjekctive...ale stale semikvantitativni hodnoceni

Velky elipiticky ¢i obdélnikovy ROI je umistén do jat. Parenchmu a a mensi-..nekolik mm2 je umisten do homogenni
meékké anatomické struktury...jako tzv interni kontrola (velka céva, bile duct nebo focal lesion)

Mozny rizny vybér internich kontrol, |ze i srovnavat dva vétsi okrsky atd......
Mean elastic ratio je obtained from 10 valid elastograms
FIBROSIS index: dalsi evoluce metody...mozny u Hitachii RTE module. German elastic index.

Elastic ratio k uréceni METAVIR score..0,89...0,94...0,95..AUC 0,95

ER je lepSi nez sérové markery a dalsi neinvahzivni skore



RTE relativné nova metoda pro méreni elasticity tkané

Pouziiva B-mode US pristroju, elastograf. Modu inkorporovan v
konvencnim US scanneru

Kalkuluje relativni tuhost tkané a ukazuje to jako real-time color image

US sonda méfri displacement tkané

US scanner, linear probe, color —coded elastography image v B modu v real
timu

Ukazuje relativni tissue stiffness...kvantitativni mérreni je nutné...nayva se
elastic ratio

Je pomr distrubce strain ve dvou slektovanych regionech ROI

Hepatic vein nebo portal vein interni kontrola

Ratio v IH venozni small vessel je déleno hodnotou jaterniho parenchymu
a generuje elasti ratio. ROl v jatrech mala hepaticka Zila (nic se neméni)
vel. 0,3x0,5cm a ROl v jatrech minim. 2x1cm, 1cm pod povrchem...



HI-RTE Toshiba

Kombinace HI-RTE s konvecni US sondou zvysuje dg. presnost detekce Ca
Presna a reprodukovatelna

Kvantifikacni moznosti: Strain Ratio a Strain Histogram (diffuse liver disease),
FDA schvaleno

HI-RTE dostupna na Hitachi HI Visions s nejméné 30 rzn. Sondami
Aplikovatelnost a vyuzitelnost:

— Prsa

— Stitna 7laza Jatra:

— Kuze e Difuzni jaterni onemocnéni:

— Varlata * Zhodnoceni stupné fibrozy

~ Prostata  Zhodnoceni potteby jaterni bio

— Cervix * Fokalni jaterni léze

: f;tr::reas * Pomoc pfi diferenciaci mezi B a M lézi

(HCC, meta, FNH, hemangiom, adenom)

— Lymfatické uzliny
— Biopsy targeting !!




RTE v hodnoceni difuzni jaterni léze

Stage F1 Stage F2 Stage F3 Stage F4

Optické subjektivni hodnoceni....velmi nepresné



Strain histogram kvantifikace

Abdomen-elasto Abdomen-elasto
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LF Index = 1.23




Presnost Liver fibrosis (LF) index

FO-1/F2-4
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Liver fibrosis Index

Automaticky kalkulovan ;
AUROC pro F4: 0,300
AUROC pro F3 a vice: 0,865
AUROC pro F2 a vice: 0,846

RTE zohlednuje pouze
progresi jaterni fibrozy a

a 1\
méfeni neni ovlivhéno e
potenc. ovlin. faktory: g 5 [lenaicnd e~
— Inflamace . , |
— Kongesce L
— cholestaza .

Yada, 2015



Vyuziti RTE-Toshiba pro dg. fibrézy u HCV
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Hodnoceni fokalnich jaternich lézi
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Presnost RTE pri detekci fibrozy u pacientu s HBV

e RTE patri mezi strain elastography

e Meéri relativni tuhost dvou odliSnych ROl a komprese tkané je dana udery
srdce a srdecnim cyklem

* RTE zobrazuje tuhost prekrytim B-modu USG vysetrfeni barevnou mapou a
indikuje relativné mékkost ¢i naopak tuhost oblasti

e Méné oolvinéno BMI Ci ascitem
* Studie prokazaly, ze RTE je uzite¢na a efektivni v dg. jaterni fibrozy
* Ddlezita je analyza obrazu k vylou€eni subjektivniho hodnoceni

* Je pouzito 9 rysli/parametr( obrazu k vypocitani a kvantifikaci barevného
obrazu a vypocet je udavan jako LFIl, opakované korelovano s
histologickym nalezem

e Studie upozornuji na rozdilné vysledky jaterni tuhosti u pac. s HCV a HBC

Wu T., Dig Dis Sci, 2014
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RTE uzitecna pro urceni stupné jaterni fibrozy
RTE neni ovlivnéna inflamaci v ramci flukturace
jaternich test pfi aktivaci onemocnéni

LFI je automaticky kalkulovan pfistrojem a tésné
koreluje se stupném fibrézy a umoznuje
diskriminaci jdn. stupnu fibrézy
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EUS-RT-Elastografie

Elastografické vysetreni béhem konvencéniho EUS vySetreni (pouze SE)

* Pankreas
— Akutni pankreatitida
— Malé duktalni karcinomy
— Karcinomy
— NET
— Al pankreatitida
* Lymfatické uzliny

— Vysoka senzitivita i specificita pro charakterizaci lymf. uzliny,
architektura LU

* Subepitelialni léze
— GIST, lipom,
* Navigace FNAB
— Add-on adjunctive tool



Zakladni klasifikaCni systém

Score Color pattern Stiffness Histology

1 Green Homogeneous soft Normal pancreatic tissue

2 Green, vellow and red Soft heterogeneity Fibrosis

3 Mostly blue with minimal heterogeneity Hard Early pancreatic adenocarcinoma

i Central green hypoechoic region and blue tissue outer layer Hard Neuroendocrine tumor, metastasis
5 Blue lesions with heterogeneity due to necrosis Hard Advanced pancreatic adenocarcinoma

* PPV proTU 92%

Score  Color pattem  Stiffness Histology Rel . Presnost 89%
1 Homogeneous green  Soft Normal pancreas [38] e S7Z100%
2 Heterogeneous, Soft Inflammatory [38] . SP855%
green-Predominant pancreatic masses ’
3 heterogeneous, blue- Hard  Pancreatic malignant  [38] Kvantiativni EUS-RTE
Predominant tumors * M43 vyssi presnost (97%)
1 homogeneous blue Hard Pancreatic [38] e SP92,2%
neurcendocrine

malignant lesions

EUS elastography mizZe rozliSit CaPa od zdnétlivych expanzi: SZ 100%, SP 96%
EUS elastography mize rozliSit CaPa od NET: SZ 100%, SP 88%

* Tumorozni expanze jsou intenzivné modré, zanétlivé maji smiSenou barevnost
* SR tumor 39,08+/- 20,54 versus SR zanét 23,66 +/- 12,65 (p < 0,05]



Benigni a maligni pankreatické lozisko
* Metaanalyza: diferenciace maligniho loziska SZ 95-97%, SP 70-76%



 EUS/RTE pro chronickou pankreatitidu
— Dulezita metoda pro dg. CP
— RTE muze poskytnout dalsi info k tuhosti tkané
— SR 2,25 ukazuje presnost 91,1%

 EUS-RTE pro diagnostiku zveétsenych uzlin
— Diferenciace mezi benignimi a malignimi uzlinami je kliCcova, nicméné
stale neuspokojiva a nejista
— Maligni LU jsou tuzsi nez benigni
— Predominane modrych oblasti povazovana za zn. malignity
— SZ pro maligni LU 100% a SP 50%

— Metaanalyza 7 studii (368 pac)
« SZ88%, SP 85%




* Subepithelidlni masa/expanze

— Benigni expanze: ostré ohranicni, velkost mensi nez 3cm, hladké
kontury, uniformni echogenicita, absence infiltrativnich znamek

— RTE: internediate tuhost, béhem sledovani beze zmény nalezu



EUS — E detekuje malé strukturalni defomace zplUsobené kompresi a
stupné relativni deformace mezi ROI a referencni tkani (céva), generuje
red-green-blue mapu

ROI je manualné vybran — skutecny region-of-interest

EUS s vysokofrekvencni sondou nabizi high-resolution obrazy v dané
lokalité

Kombinace EUS a RTE zvysuje diagnostickou vytéznou EUS
Vysledky studii jsou slibné pro dif.dg. solidnich expanzi ¢i LU

Nemuze nahradit konvencni FNAB, ale doplnujici vySetreni
— MuZe ukdzat nejtvrdsi ¢ast |éze, navigovat FNAB
— Tvrdsi ¢asti lymfatickych uzlin



Technika provedeni

Dobre zfetelny a reprodukovatelny EUS obraz
Manipulaci sondou vytvarime nezbytny mirny tlak
Zridka mirny externi tlak

ROI musi byt dostatecné velky, mél by obsahovat i okolni tkan jako
referenci (zfrejmé idealné 50:50 %)

Semikvantitativni provedeni
— Vypocet Strain ratio (area A — |éze a area B — referencni zona) a SR je pomeér



EUS — RTE klinické aplikace



EUS-RTE

e Kvalitativni

* semikvantitativni



Elasticita jater v predikci CSPH J
( HVPG > 10 mm Hg)
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METAVIR skore

Staging according to Metavir Score
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Asselah et al. Gene expression and hepatitis C virus infection. Gut 2009



