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(01530,030d0l BMIs,3560L 3965,9096m0L
10d9,9e9bmobL 3965,30603306M0 dowrocm+wdobo,
5e5606530b6mEH®BLEBYHIBs (ALT),

3139 G5G50bMGHEMBLGBYMSDs (AST), 4o8s

3 A530bGHMBLRIMsDs (GGT),bogMmsdmEolM

B 350Bgdeo G980 9ds (INR) ,006HmIdM303H900L
5m©YbM0d5,390Mmymd0b0). J0©gdMEo F9093gd0
0993505690 8990b3935-30b6EGHMMob 353096¢3)0d0.

3900b3930L XMBoL 52 353096306 32 353096E 30
QOBGHMMES Boges3530L 35M03MmBIo 396900l
3OBYOMBS. 59 35309063 d0 Jogdmero 2D SWE-ob o
EGD-ob g59m33¢930L 89092900 89350056090
9603569, M50m5 ©y39y0bs 2D SWE-ob  Hmewo
Loygans3s30L 350m03mBGO0L 4583 9bsdo. JoMs sTobo,
B396 g9630bogm bgs 3awobozm®-domdodom®o
dmbs3999003 990mb3930L X aMBoL 353095GH)0d0
39003mD00 s oL goM9dg. MBRM™ 9B, yobgzobowgm
9 33093900 Boyas3s30l 356M030mbol baGobbols
dobgz00 .

3900bg930L xan30L 52 353096GHT0 gMmsbgmls
393500560 3¢0060396 - domdodo®o s 2D SWE-ol

990093990 35Lw9bgdo 839MbsEMdOL sfYgds9Y o
939960b65¢0md0ol 99909. 35abo@M- MH9HBMbsblivero
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24993309300 o050 batolbols $6v) 83390060
300OMBO I F0OMDBO {dM3e0bes dgdmbggzol
X29530L 42 353096330 s 59 Fmbs39990L F935056g0
2D SWE-00 8009000 39093900. 99000b3930L xawa30l
11 3530960l domxzlool 35bvIbgdBg oYHEbMdOM
3963L0Bw3Mgm 2D SWE -0l 8gMdbmdganmds o
13930BOOIMDS, PIWIBIOMNO S YOMYNTBOMO

360 MbmB0oM9gds000 86083690Mmdqd0 30derols

08B MOHO0 sB0sbgdol MH™L s 2D SWE
393500569 TE-b.

B396 993939600 8mbs3gdms 35Bs,LosE 9930935690
MmO 9990b3930L 0Ly 3MbGHOMEOL XML
3530963900l 8mbs399900: s1530,d9l0,W55350JdOL
9GH0MEMY05, ©30dol BMIs,030d0l
LEAHOMIGMIOMXO 330 GdGd0,35600L 39608 OsdgG MO,
9 96m0bL Logdomo HBmds,gegbmol 39bol osdg@®o,
9mb5399900 SL30EOL 5OBYOdMBOL Tglobgd,306MH3060
dowomdobo pmol/L, ALT U/L, AST U/L, GGT U/L,
INR,006H™3d0m30¢g00L Gomgbmds 1079/L,
390mamdobo g/dL ,oemdwdobo g/ (898mbggzol
X3900),6051533060390005,0030d¢0l Lod3z3M039
230Bmdowo Kpa-do, Logarsdsgzol 30003mbmwo 396930
3MLgdMd0L 99dmbggzsdo d9gz39boe 0dbs Imbsizgdgdo
dobo bstobbol dobggzom.sligzg 890mbgg30L X amx3do
05260@MMH-M9BMbBLYYE0 25dm33g30L
390099900,000m5300b 89093900, B0dOMLIS6OL
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399033930L 890093900 ©s 337boemdols dg3wgy
995358900 9990 IMbs(3999d0: 30dol
100336039,3560L 3960l 0539BHM0,9wgbmols Logdomo
BMds,909bmob 3960L ©0s3YE0,306030600
dowommdobo pmol/L, ALT U/L, AST U/L, GGT U/L,
INR, 0630m303900b Mom@gbmds 1079/L,
390mamdobo g/dL, sedwmdobo g/L. 396l bgwrm
3OO0 890092900 3o355b50Bgm o
9m35b0bgomgm dolo LEsEGOLEH03MMO sbsErobo.

dmb5(399900L 9993565 s LESEGHOLEH03MMO sBsobo
396bmO 3095 BEIGOLEBHIMNOO 3BrIMYGSDs SPSS 23.0
3990g969000m. M30LMdM030 (33WoEIdOL dobgz0m
296Lb353900L BEBSBHOLE0IMMO BHYLEGHOMYdS bEgdME.
bo- 33500M5¢ dgMmEOL 35dmygbgdom (Pearson’s chi-
square test). m® {939 ©9M)30090IL 33WIQL
dmE0U 206Lbbz53900 4960LsBLIMYdIMS
59030009090 9650B739d0L t BHgbBol (Independent
samples t-test) Lodw9oEGOOM. MODY I9¢) XIRL OO
0193000 33w>©oL Jobgzom 3sblibgsggdols
A9bEH0MH9dOLMZ0L godm3z0949bgm gMMNBsJEBHMM0sbo
ANOVA 9gom@o (One-way ANOVA). Lo®fdwbmdol
053969090 (p), ®MIgeog bs3wgdo ogm 0.05-bg
(p<0.05) gobobogdms MH®aMM3 LEGHGHOLE0IMMS®
LoOHIMb.
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336930 890092900 S 3500 565¢roBo
3990b3935 3MmBEGHMMEOL Xa539d0L FgM9ds

03000l JOH™b03MEo ©s9350Jd0L GEBHOMEMY0s 0™
999009p0: HCV-34 (65,4 %); HBV-7 (13,5 %) ;
HCV/HBV-5 (9,6 %); se3m3mey®o-4 (7,7 %) ;
HCV/se@w3m3mmmémo-1 (1,9 %); dowostrmwo-1 (1,9 %);

3930l OML Y EHMIORIOOMO 250Mm3IZg30L
dmb5(3999000m 3030 LEBHMYJEHMOIEO (33CP0GIGO0
56 0gm godmbs@rero 52 (50 %) 353096330
(Lo3MBEOMEM X37)B0). Fgdnb3g30L X3IBTo
299m30bs 30dwol dbwgdwydo LEMWYIGHWOYwo
339090900 10 (9,6 %) 353096& 0, Bmdogco
(33w090900 18 (17,3%) 353096330 s 9339060
LEHOMIGHMIOMO 33090 24 (23,1%) 353096 T0.
Sb30GO godmzwobs 28 (26,9 %) 3530963 d0.
Loygans3s30L 35Mm03mbMeo 396980l sGBGdMDS
299m3eobs 32 (30,8 %) 353096¢do.

B30bL 33093580 2D-SWE 8009dwe0o 030deols
1093360030 35639693 9dOL sbsEPOBOLIMZ0L
2990myg9bgdeos Independent samples T test, Logoss Bobl,
60 d9000b3930L X 3MBoL 35309639030 ©30dol
Lodwoem 093360039 995096 17.51 Kpa, bmerm
Lo3mbEOMEM Xama3do 3.98 Kpa o gl 496Lbg039ds
LoOHIMBMs.BsgLO FYgd0 0dbs Jogdmero Lbgs
33w939080,0009935 00 IMbs(399900 96 gdmbggms
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9656 gmL. Kpa H50m@96md6030 3s6Lb35390900

1535659M® 4563306HMBYOME0S godmyqbgdmeo

335M5GM0m, M5P Lb35slbZs IFoMBMYdEGOL 5J300

29bLb353900 J35¢mqd0 (Zaki, Hazem, and Elsamman,

n.d.).

B396 9036l 893505090 slig39 obgmo

3505393HM900,003MM0355: 3000l BMIs,3500L 3960l

05393 60,9e9gbmol Loya®dg,gagbomols 3gbol

053930, 3003060 dowomdobo, ALT, AST, GGT,

INR, 006™3dm30¢900L Gom©qbmds, 3g0myemdobo,

960530b 5¢ddobo s 99dmnbgzgzs -3mbEHOMEol

X 3930030.009dwo 330939000 ALyogLo (Danish et

al. 2021)( Zaki, Hazem, and Elsamman, n.d.) 396l

331935303 508MmBbs, MM 3530963H90L 30deOl
JOMb0o3Mwo 9350090000 Y39ges Imbs39080 Jmbsm
Lo®HIMbM 33e00egd900 (bGowo N1).

sbogmo N1. 8960b3935-30260G0¢mob y289%0b
G90563985.8035(053029¢10 56500 Yo (30027)3000989010 (3305 IOOL

T 3gboo)
9oboloomgdgo | Lsdowm | Lodwogm U. P
296Ub35390s | 2oobMs

3bd30
d9dbg93o 49.62 1.32 13.0 <0.05
3mbdHOmwo | 48.29 15.9

03000l bmds
d90mbg93o 155.56 13.21 22.6 <0.001

21




3mb@Gmeo | 142.35 9.9

3960l 3965
d90bg93o 14.17 4.08 2.2 <0.01
3mb@GmMwo 10.09 1.4

9w 9bools

Log®™dg
d90mbgggo 156.71 48.75 28.1 <0.001
3mb@GmMwo 107.96

11.8

99bmob 396
d90mbgggo 9.92 4.41 3.1 <0.001
3mb@Gmwo | 5.51 1.3

LSM_kPa
999mbgqzo 17.52 13.53 8.6 <0.001
3mbGHOmwo | 3.98 0.5

30653060

00 oMgd0bo
999mbgaao 31.65 28.95 55.8 <0.001
3mb@Gmwo | 2.69 1.0

ALT
990mbgq3o 68.74 48.14 42.9 <0.001
3mbdHOmewo | 20.59

8.6

AST
990mbgq3o 91.09 71.08 66.2 <0.001
3mbdHOmewo | 20.01 8.9
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GGT
999mbgqao 172.79 143.43 230.5 <0.001
3mb@Gmwo | 29.35 13.6
INR
d90mbggzo 1.43 0.32 0.3 <0.001
3mb@GmMwo 1.11 0.1
00OMIdMG30GHJOO
999mbgqgo 196.42 83.50 126.5 <0.001
3mb@Gmwo | 279.92 67.3
390mamdobo
d90mbggzo 37.51 117.75 52.1 <0.001
3mb@GmM@o 155.27 12.7
5e0d)dobo
d90bg93o 188.21 - 179.6
3mbGHOHmwo | 0 0

2D SWE-ob 8956905 EGD-ob 99009390056

9900b3930L XMB0L 52 353095GH06 Logwsdsgol
395003mbME0 396980l 5OBYGOMBS OsRbMBEHMm©S 32
(61,60 %) 353096330 (L300 N 3).5d96 I bobolbols
39003Mmb0 godmzwobs 8 (15,40 %)353096@&30, 11
bseolbols 3s®0o3mbo - 10 (19,20 %) 353096300, 111
bo6olbolb 3o603mbo -7 (13,50 %) 353096380 s IV
bs6olbol 356030mBo sbg3zg 7 (13,50 %) 353096@30.
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brtsmo N 3. g90mgsbidimgodielizedoryamo 3sdmigzemgg00
@05360UH00g83em0 Usgemsdsgol 396980l gs6Goz2Bo.

B396L B0g® 250mzgboer 04bs, H™A z0deols
JO™bo3Mwo 93500900l dmbg 3530963 9dd0 w30dol
100330039 99050M9d0m FMT53JOIE0 0ym, 1939,
03000l 033360039 MBOM oMo 0Ym 0
35(309639080,089wms(3 99 R0EI Logwsdsgzols
3969000 350H03MmBME0 93500909, 3006 0
35309619080, ®MIGembs3 96 InoJLOME
boys3530L 356M030MBME0 396900.450@ sdobs A39b
390035300690,0m3 Loywsdsgzol 396gdolL 30M03mbgdOL
bs6oLboL 5@ gdLmMIb MM 0HBMPYds 30dEol
108336039. 3530963)9dL, MMIgGEMS3 56 3Jmbosm
Logamadagol 396900bL 300:03mbo, ©30deol Lod33m 039
10.87 Kpa geogmyemoom bogergdo 3jmbosm, 30t 0d
353096)90L, OHMIgW M3 50MBbsm I/ 11 bsGolbols
Loya3s30L 396900l 35603mbo s 22. 14 Kpa
9609700 bs3wgdo, 3oMy 111/ IV bsGobbols

24



Boygas3s30L 35003mBob dJmby 3530963 90U.
3600369c0m35605 0loE, OMA 353096(3)9dL, Mmdgamsg 1/
II Bsrolbob 30m03mbo 3Jmbsm, 11.26 Kpa
960092900 b53wgd0 Jmbosom III/ IV bsGobbols
35600300l 9JMbg90mb 99569d0m. 50bodbmeo
2396Lb353905 LESGHOLEGH0ZWMs© Bo®HIMbms.

B396L oM, 2D SWE g50m33w9g3000 d00gdmeo
03000l bod336m03g 212 Kpa doBbgomen 0dbs domoqw
056396908 sc. Ggladsdols, B3gbo dmbsgdgdol
90b93000 9330005 30356M5MM,HMA3 ¥30dwol
JOM™bo3wo 93509008 O™ 2D SWE -ob
09939300 Jgl5degdqe0s Boyrs3530L 3560 3MBE0
3969000 30MabmbocYds. dolo IMAbMBYEMdS
1393080MMdS 5GOL 100 % s 76 %, dgLodsdoLO©;
(AUROC: 0.973); 05090000 Q5 “956YMmzom0
36OMabmb Mo 3609369 mdgd0 0ym dglsdsdolog 40 %
5 100 %.

B396L J0gM 9990Mgdw 0dbs Mogo dmboizgdgdo
3900b3930L X230l 35309639330 Loyars3dsgols
39003mD0ms s Job 4o6Mmqdy. 36033690 m3zs60
39bUb353905 508MBbs 9999 Imbs3999ddo : 3ol
3960l ©0539¢©0,50960m0bL LogMdg,qwgbomol 3960l
053930, INR,390mgmd0bdo s GmamMs
5306086900 30dwol Lod@zoagdo (EbGowo N2).
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6b®oemo N2.bsyers3s30b g560300b 30689880 bbzsoslbbgs

3009002980 803560560790 s65¢r0bO

Joboboomgdgeo | Lodmowm | Lsdwysem L. P
3obLbg303905 | 49sbMS

abo30
565 48.00 2.62 15.30 0.51
30 50.63 11.48

3000l Bmds
NON 153.50 3.34 18.34 0.58
30 156.48 25.09

3960l 3965
565 13.22 1.54 2.17 <0.05
30 14.76 2.04

9w 9bools

Lboa™dg
565 134.55 36.01 26.99 <0.001
30 170.56 18.27

9w9bomols 39bo
5625 8.10 2.95 2.60 <0.001
30 11.05 2.78

LSM_kPa
565 10.84 10.85 3.36 <0.001
30 21.69 8.28

30653060

0006 wd0bo
565 32.93 2.08 73.36 0.90
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30 30.85 42.76
ALT
565 66.53 3.58 40.24 0.76
30 70.11 45.03
AST
NON 78.50 20.46 55.90 0.25
30 98.96 71.66
GGT
565 155.70 27.22 285.51 0.71
30 182.93 195.04
INR
MON 1.31 0.19 0.24 <0.05
30 1.50 0.38
0OMIdM30GHJO0
565 232.45 58.54 96.36 0.07
30 173.90 138.91
390mamdobo
NON 68.69 50.66 66.19 <0.01
30 18.03 27.47
sendmdobo
5625 240.00 84.16 195.55 0.11
30 155.84 163.67

* 30 = bsgars3530 356030000 og3L 9t - bsgersdsgol 35030060 56 553l

ol 3mbs3999%0,60mAgoi goblbzsggdms
35309619030 350m03MmB00 s 35M0IZMBOL gocgdy,
39630b0g0 HMYMO 903355 Logwsds30l 356M03Mmbol
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bs6oLbol 5@ gdobmab gMmag. B396ds 33eg350

5$3965,000 3560H030mDol bo®olbols 8o@Hqdslmsb ghmao

LGoGOLEGH03MM6 36083690Mm356500 Fgo339ws TbMmEMm©
9w9bmol Loy®dg,9w9bmols 3960l 0sdgBHMO s M
04g3s Mbs 030dwol Lod3zzmogg (GbMowo N3).

3b®oemo N3. 80356053029¢m0 565¢70Y0 (©s0me300989¢70

63¢735@980b T 3gbho) dgdombzg3908l dmtol bsgemsdsgo
dogerol 35603020l bstolbbols dobgogoom

3sbsllosmgdgo | LsdMsm | BodwyoeEm L. P
2o6Lb353905 | 39O

9e9bmols

Loa®Mdy
I/IT bsolbbo | 162.94 17.41 13.82 <0.01
IrIv 180.36 19.03

boGolbo

LSM_kPa
I/IT bsGobbo | 16.77 11.26 5.34 <0.001
Iy/Iv 28.03 7.02

boGolbo

3960l 39bs
I/IT bsobbo | 14.17 1.33 222 0.06
/v 15.51 1.54

boGolbo

9w9bmob 39bs
I/IT bsGobbo | 9.96 251 2.27 <0.05
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/v 12.4 2.82
bsolbo
INR
I/11 bséobbo | 1.56 0.12 0.43 0.35
/v 1.43 0.29
bstolbo
390 mdobo
I/11 bséobbo | 18.59 1.28 32.67 0.89
/v 17.31 20.07
bstolbo

* I bs&olbbo- bsyersdsgo doerol I/ bstobbob 356503000
*III/TV bs&obbo- bsyersdszgo doqrol II/TV bstolbob 356503000

B39b6L B0gM 250mgzobos w30dwol Lod3zzmMogol (LS)
3600369 m3560 goblibzs3905 ©30dmol JOHMmbogzmwo
05535009008 MM EV-0b 3dmby 3530963)90Ls s EV-
ol 56 9gmbg 353096¢3gOL FMEOL. 53039 3bsbgom, GmI
03000l 0d336M039 0BOYdS, 35(103MBOL baGrolbols
05¢3%905Lm5b 9O s SYN039 F9YAJO0S B0WYOWO
36590 Bb3s 330093500.9L Y39wsx396M0 30 J0m0mgdL
0085%9,003 LS g5bLsb03ms 9839dG60s 565 dbmerme
EV-0l 5619300l 30:06mb0o6mgd530, 56599 dob
Lbgoslibgs ba®obbgdl dmmol orgMgbiosiosdos
(Mohammed Tag-Adeen 2017).

29




2D SWE 030deobl §hmbogmmo ©ssgsgdols
3399M65¢rmd59¢g s 339Mbsgmdols 999ge

03000l §OHMb0 3o 9350930l dJmby
9990b3g930L XaBoL 52 3530963 I3MEbs™mdo©b 24
33060b 890893 333 PoIGHOOS 3Ewol @MYL
9Jmb3Mm3096OH0 250m33g39, 2D SWE s go3mbE®mmems
3b65e0Bg00. 300900 8909900 993505690
939960b5c0md5dY 5OLgdMe Imbo39990L o
399m3w0bs, MH™A: 93MHbscrmdol 9dwgy 44
35309630l 9M>MMds s 36006036~
@3MMSGHMOH0Y0 35839698 gd0 33390050
3999xMdIBS. 5 353096V 96 JMbsS Fodmbs@aro
230999x mdYBYdS s 30609 0Ym T33O0 3eobozm®
@53MMSGHMOHO0Io 8mbs3g8900. 3 353096@L
939960b5cnmd0ol Jobgoz50 909b0dbgdMm©s
55350900l 3OHMaMqLio. B3gbo d9dmbzg30L xyMBol
35309619030 939MbsMd0EIL 24 3306M0L 999
03000l b0d33Mm030L A5BMIZ0LLL 5dMAbEs H™Ad LSM
36009369 md9d0 9993060 Bodwgsem 17.51 335-©sb
15,45 335-009. 396l 33c935d0 LSM 990306905 56 0gm
0539330609090 563 9BHOMEMR0LMB, 563 bgbosb
Q5 503 31530056. 83OBsMdOL F9dgy 365bgm,Bxn0
3603369 m© 0ym d933woo 3560l 3960l (p=0,42)
5 99600l 3960l ©0sdgEH™o (p=0.08 ). gL
(33W090900 56 0Ym bGSGHOLEGH03MMS©
360336900 m3560.5¢5@0LE03)M5© Lo®HdMbm s©dMmBbLs
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9 96mob LogMdol  (33e0gds (p <0.05).
360393690cm3bsco d9d300s Lolberol dMs@do ALT (p
<0.001) s AST (p<0.01). bEoEOLEGH03MM® LoeHImbm
0y 5939 399myemdobol (p <0.001) s IGsEoL
0ed9dobol(p <0.001) mbol dsEgds. LESEHOLEH0IWMS©

960036936500 8Mm08s3)> 0OHMIdM3E0GJOOL

650096m053 (p <0.001). LEGsGHOLEOIMMS© Lo®fdmbem

(33%090900 56 58Mm3w0bEs 30MH 3060

00 06dobol (p <0,75) s INR-ob 8609369cmd9dd0
(p <0,43) (gbOoo N4).

6b®0oem0.N4 8035605302900 sbsgrobo (sdmeyz00989¢70

63e3@960b T dgbho)

3oboliosmgdgero

Lodwoen
®

Lodwoeom
256Lbg53905

L.
PRGN ION

3960l 39bs

939960bscmdsd)

15.97

939Mbsemdol
999092

13.81

2.15

13.13

0.42

9w9bmobl Loy®mdy

939960b5¢0md5d©Y

156.71

9399MbsemdOol
93900

155.44

1.26

4.24

<0.05

9w9bmob 396

93665 MdsdY

9.96

0.32

1.32

0.08
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939960bseomdol | 9.63
9990093
LSM
17.51 2.05 2.22 <0.001
9399065 Mdsd©)
93960bs¢omdol | 15.45
9390
30653060
00oMmd0obo
31.64 1.19 27.00 <0.75
936b5eMdsdY
939960b5¢omdol | 30.45
999093
ALT
68.73 25.57 31.18 <0.001
93990bseMdsd©Y
93960bs¢eomdols | 43.15
9390
AST
105.31 50.14 113.25 <0.01
93996065 mdsd)
939Mbsgmdols | 55.16
99909
INR
1.42 0.01 0.10 <0.43
93665 MdsdY
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9390bseomdols | 1.41
93900
0OMIdM30GHJO0
181.79 23.59 20.90 <0.001
9399065 Mdsd©)
93960bscomdols | 205.38
93933
390mmdobo
11.96 0.41 0.65 <0.001
939960bscmdsd)
939Mbogmdols | 12.38
93933
sedmdobo
34.95 3.19 3.78 <0.001
039960bscrmdsdy
93mMbogomdols | 38.14
93900

B3960 330930L AbsgLs 369bgm,M™A B3¢ 33¢g3580
39930605 2D-SWE 25%m339300m 030deol bod33¢o39

939960b5c0mdol 8980099,58939 oofjos dMs@do ALT s

AST L58m5m E™bgd s IM0To@S FMSEHOL 5¢d)d0bTos.

565MB7b0 35B39690gd0lL 33000 gds 56 0gm

960 3603369cmg560 bgegl 33¢09390d0. (Suda et al.
2017) (Olariu et al. 2019)(Kohla et al. 2020) (Yaras et al.
2020) (Chen, Tseng, and Tseng 2020) (Kavak et al. 2022)
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2D SWE s MRI 03030l §embozmwmo @ssg3swgdols
©OMUL

B3960 330930l BoMAwgddo 2D SWE 9953559000
03000l BodOMDBO 9350MJm 530939 JoaboE®
9BMbsbLo 458m33w930L d909ga90L.(LYMsmo N 4;
N5 )d9eol ol MRI 359m33ag300 52 3530963006
42 353096330 godm3e0bs dorsero bomolbols
300OMBO s 30OMDbBo (F3 s F4). bEs@obGozwmeo
LoOHIMBMMBOLMZ0L 58 42 353096@L 939509 2D
SWE-0m 958m3wgbowo 55939 domso bsGolbol
B0dOMBO S G0OMDBO s dob JsB3969d s dogoRbogm
> 8,7 Kpa . 50 42 35309530056 40 353096330
QLGOS 15939 2D SWE -om dsmaoero boGolbol
30dOMBO S 30OMDB0.956v) 3000l FodOHMDBOL ( F3
o F4) 89535890590 MRI 090 3300935b 95 % -0
©593mbgzg3s 2D SWE . dobo dg0dbmdganmds o
1393080OMdS 0ym 95 % s 40 %, Ggbsds30L;
(AUROC: 0.936); 0050090000 Q5 “956YMmzOm0
36mabmb Mo 3609369 mdgd0 oym Fglsdsdolo 87 %
Q> 66 %.
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bydsoo N4 mgodemols 2D SWE gsdmbsbryemgbs. mzodamols
bod336039 A9xslbgdriamos,Grmgmés 13,5 Kpa.

byGsmoN5.  Bsgbodm-G9bmabsbleyewo  (H8mg(55%05.300¢n0ls
2086 bo-T1 dgpembogro 390msbryemgBs 360Gsbdeyero

350em09(3980l 890c098.0300cm0l 3569bgodsd0 3emobgds
03330728000 56353026(5B5bH0(BIBs0 FgiH03560 B565(03980.

599056 259m30bstg 99830005 3mdzsm, Mmd 2D SWE
3mO9omgdls MRI  -096  ©@30dol  Jembozmwo
Q055350090900L OML 83390000 BOBOHMDBOL S F0MHMBOL
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©053bmBEB035d0.  B39bL  FmlsDBMGISL  SILEHWEOHOL
OMMEOMobYwo 330093900,L5005(3 3000l
0o6x396s  fowrol  Lodwmseem  Tlp 96033690 mdgd0
90mbggms SWE-ol  900m33w930L  dmbs39d9dUL,
009959005350 3090l 5350JO0L BHo3obs (Suyama et al.
2021)(R.-K. Li et al. n.d.). ©¥33s 5OLYIMOL 3300935,L5S
50 odbs  bsbobo  86083b6gwmgzsbo  3mgarszos  Tlp
9mbs39990Ls s ¥30dW Ol BOBOMDBL dmMob (Takayama et
al. 2015). 359mmJdweos dmbaHMgds 0dol dglsbgd, Grmd
03000l 1300MHMBOL 5690 b3oE0g00L
299m3w9bsdo Jglodergdgeros WRcMem daMAbmd0sMY 0gml
T1lp MRI 5 850500 bo®olbols 53000mMmBol s 3oMmbob
3983 9gbolmzol woMgdmwo oyml 2D SWE. gl dmgwgbs
d90dngds  s0bLbsL  0dom,mmd  Tlq  Mgwedusgool
3obobyMdwoggdsl  M@dm  dgdo© 39b5306Md7dL
Jumzo0ol 693GMbBo, 3000l GHGMBLYI3HJO0,56m90000
MROIOIO0L  0bBOGHMS30s... 300067  JMsygbol
©93MB0(305.  L35MIMOM, MHMT gl 350MEOMQOIMO
(33090900  ©939mglo  sobobgds Tlp -oom. 3ol
Lodo®mobdomm, SWE s3s90L Lo3zmo39l Mgédm dg@o
LoBMLGHOM, B3 FgBos Jumzowol bodlzzmo39, MY
§obo3argdomo GHowmgdo LiMegs© dmdMmsmdgb dswowo
10933600308  Jumzogddo @s bgws  3MEIWIO06
Q505¢0 1093360030l IJmbg Jumgzgowgddo (R.-K. Li et al.
n.d.)

2D SWE @5 TE 89056905 docmgzlools 3¢gagdmsb

B39bL 33293580 11 353096@ 30 2oB6bmEM309wqd M
00mgxgLool 3sbwbgdl g3ssmgo 2D SWE-ob s TE-ob
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24599M33w930L 39092900 (besmo N 6; N 7). domglbooom
03000l 306mBo (F4) osbidm®os 10 3530963 d0.
B3960 99093900l Jobggom ©z0deol oMmbol
399m3wmgbsdo 2D SWE-ol 936»3dbmdgermds o
139(30830MMS 0gm 90 % s 100 %, sEYdOMNO s
5MHYNBoM0 3OMPbMBIo 3608369wmdgd0 ogm
d9L50530Ls 100 % 5 50 %. TE -ogol Iedbmdgemds
5 B39EOBOMOMBdS ogm 80 % s 100 %, s©HdOMO s

M5MHYNBoM0 3OMPbMLEwo 360d3bgemdgdo ogm
99Lodsdolog 100 % s 33,3 %.

betsoo N 6. 3000l 060 2D SWE 3sdcmbsbeyemgds. mz0demols
b03d3365089 89925U9879¢m0s,6Gmg 06 41,3 Kpa.

N 2T,

beydsoro N 7. @300¢mols
3oldeagreag 090 36593969¢90. 30dewol oG do.
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2D SWE-U 500mBbqs o363 Gopoeno d3mdbmdgenmds
Q5 995694 BoM0 3OHMYbMBoMYds0 36033690 Mds
3000609 TE -b. L3930B0MIOMBS S VSWIIOMNO
36MabmboMmgdso 3603369 mds 0ym bMliGo
9ObsoGo 2D SWE-0ob s TE-ol godm3zag3gddo.

31336900

0 03000l §Ombo3meo ©s9350930L ddmby
353096390L 5096036500 ©30dol dMTsEgdEo
100330039 ( p<0.001 ) s LEHGHOLEHOZMMS®
LsOFIMbM (330w gdgd0 3e00bo3zME-domjodomE
9mbs3999080: 30dwol Hbmds ( p<0.001 ),
9w 9bmob Log®dg ( p<0.001 ), gergborols 3gbol
©05393H0( p< 0.001 ), 306330600 dooO*9d0bo
(p<0.001 ), ALT( p<0.001 ), AST( p<0.001 ),
GGT( p<0.001 ),INR( p<0.001 ),
0OMIdME0GHJOOL Momgbmds ( p<0.001 ),
390mamdobo( p<0.001 ), 3060l 396s ( p<0.01 ).

0 2D SWE -00 3580m3w0bs, ®ma 353096390l

©390l §OH™Mb0 30 55350 JO0m, HMIYMSE3
509b0dbgdsm Loyasdsgol 396900l 3sMm03mbo,

MRO® 5050 59300 ¥30dwol Lod3zzcmo3zy (p
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<0.001), 300069 353096¢390L 35003MBOL goM9dY
5 Loyasdsgo doerol 35003mbol boGolbol
353905Lmb ghHmo© 303 WYBROM 0ToBHYOL
03000l bod3z3M039 (p <0.001). Bggbo 33930l

90b9300 ©030dwol JOHMbo3MEo 5350YdOL
©OmL 2D SWE -ob 893390000> 99L53¢09d9e00s

Boga3530L 35603mbMwo 396930
36MHmabmbocMgds 100% daeabmdgwmdom 76 %
139(3080MOMIOM, gbsdsdola (AUROC: 0.973).
©HIO0MO S LI9OYMBOMO 3MMPBMDMwo
96039369cmd900 ogm 40 % s 100 %.

LoY53530 0ol 35(03MBoL dJmby
35309639056 LBoGoLE03Ms© 360836903560
(33L0gdY00 yddM3wobs G98gy
9mbs3989080 : 396M0L 3960l OsdgGMo (p <0.05),
9w9bmob Log™dg (p <0.001), gergbools 39bols
©0539@®o (p <0.001), INR (p <0.05),
390mamdobo (p <0.01). Loyensdsgo doerol
35003mDBoL boGolbob Jo?gdslimsb ghmo
LEHOGHOLEGH03MMs© IB0TZbgm3z565 Tgozows
dbmEwm gergbomol boa®mdg (p <0.01) s
9w96m0b 3960l osdgBMo (p <0.05).

©30dol §OH™bo3mwo 5350090l
93996065¢0md0ob 9999y LBo®fdmbm
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LAHOGOLE03M0 3609369 MdOM Yodx Mmdgls
2D SWE-o» 9935693900 030dwol bod3zzmogzg
(p<0.001), sbggg gergbmobl bog®dg (p <0.05 ),
Lobbewol 8Gs@do ALT (p <0.001) s AST (p
<0.01), sgddobob (p <0.001), 3g3maemdobols (p
<0.001), ®®®3dm3oEgdobL (p <0.001)

95639690 gd0.

2D SWE-50 bggbl 33c0935d0 563965 ovomgdols
abo3L0 999ga0,6053 MRI 9583309350 .
©300¢0l  Jo0oo bamolbol godO®MBoL (F3) o
30OMmbBoL (F4) 99535890590 MRI g0dm33w0935L 95
% -000 ©sgdmMbgg3zs 2D SWE-ol 59m33eg30L
390999%0. 2D SWE -0l 9363dbmdgermds @
139(3080MOMdS 0ym 95 % s 40 %, dgLsd5d0LS;
(AUROC: 0.936). 050090000 Q5 “)50MYmaz0m0
36HmabmboMmgdso 3609369 mdgd0 0ym
d9L50530L5 87 % s 66 %.

B39bL 33093580 M30dwwol (306HMboL
399m3w9bsdo 2D SWE 3Jmbs 930690
M30053HLMds TE -056 dgsmgdom . 2D SWE
da6dbMdGEMdS s B3YEOBOIOMdS 0y 90 % s
100 %, 59000 QS “Y5MIYMBOMNO
36mabmbmwo 3609369 mdgd0 oym
d9Lodsdolo 100 % s 50 %.TE -bongob
93M3dbMmdgeMds s B3xE0BOIOMds ogm 80 % o
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100 %, Q5YBI0MO QS MHYMBOMO
36OMabmboMgdso 3603369cmdgd0 0ym
d9lodsdolag 100 % s 33,3 %.

93dgbs30d

1. 2D SWE 9580330935 Bo@o®gl y3gws

35309631 03030l JOHMb03ME0 ©55350Jd0m.

2. 2D SWE g50m33w935 Bom@otqls yggaw
3530961 ©30d0ol 59350090900l
93290b65¢0md0ol ImboGmEmobyobmgol.

3. Lodmdsganm 33093900 0gbsls
296bm®mE0ggdyero 2D SWE
99L5ddEMBYGOOL YoLOTRIONMIIWS.
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Introduction:

Timely diagnosis of diffuse liver disease is an actual problem
in modern medicine. Due to the fact that diffuse liver
diseases are characterized by a progressive course, liver tissue
is deeply damaged over time and fibrosis develops, which
leads to the subsequent formation of cirrhosis and increase
the risk of developing hepatocellular carcinoma. Fibrous and
cirrhotic changes of the liver cause damage to the structure
and function of the liver, portal hypertension develops,
varicose veins of the esophagus and stomach with further
bleeding, ascites, liver failure, hepatic encephalopathy...
These complications threaten human life and lead to a fairly
high percentage of lethality. That is why diagnosis of diffuse
liver diseases at an early stage is a principle issue and remains

a special challenge in radiology.

Liver diseases cause about 2 million people death worldwide
every year; about 1 million - with complications of cirrhosis,
1 million - with viral hepatitis and hepatocellular carcinoma
(Asrani et al. 2019).

Duration and progression of chronic inflammatory processes
in the liver tissue determine degree of its fibrosis, which
provides prognosis of the disease and affects the patient's
quality of life. One of the main approaches to prevent
mortality caused by liver disease is to prevent the

progression of fibrogenesis. Moreover, scientific discoveries
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during the last decade have significantly and beneficially
changed awareness of the liver fibrosis mechanisms. Studies
have shown that liver fibrosis is reversible. (Roehlen,
Crouchet, and Baumert 2020) To consider statistical and
epidemiological data of liver diseases, the problem is general
and serious. Therefore, it becomes even more critical and
vital to detect the stage of fibrosis during diffuse liver
diseases in order to stop progression of the disease and

promote the process of fibrosis reversal.

Some of the methods of liver disease study complement
each other, while some methods are considered as
alternative approaches. A modern algorithm for the study
of diffuse liver disease is impossible without an
elastographic study. The results obtained during
elastographic study and their correct interpretation are one

of the most important issues in modern radiology.

Aim of the study: revealing the capabilities of shear wave
elastography in the diagnosis of diffuse liver diseases and
comparison with other instrumental examinations.

Assessing its advantages and limitations.
Assignments of the study:

[0 Assessment of liver stiffness by shear wave
elastography (2D-SWE) and determination of
clinical-biochemical data of: liver size, portal vein

diameter, spleen size, splenic vein diameter, direct

44



bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase ~ (AST), gamma  glutamine
transferase (GGT), international normalized ratio
(INR), number of platelets, hemoglobin in patients
with chronic liver disease. Comparison of obtained

data with control group patients.

Comparative  analysis of 2D-SWE  and
esophagogastroduodenoscopy data in the detection
of esophageal varicose veins, as well as clinical-
biochemical data evaluation of: liver size, portal vein
diameter, spleen size, splenic vein diameter, direct
bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase =~ (AST), gamma  glutamine
transferase (GGT), international normalized ratio
(INR), number of platelets, hemoglobin in

accordance with esophageal varices and its degree.

Evaluation of 2D-SWE capabilities in the treatment
of chronic liver disease and determination of
clinical-biochemical data of: liver size, portal vein
diameter, spleen size, splenic vein diameter, direct
bilirubin, alanine aminotransferase (ALT), aspartate
aminotransferase =~ (AST), gamma  glutamine
transferase (GGT), international normalized ratio
(INR), number of platelets, hemoglobin after

treatment.
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[0 Evaluation of the diagnostic value of 2D-SWE in

relation to magnetic resonance imaging.

[0 Determination of sensitivity, specificity, positive and
negative predictive values of 2D-SWE and transient
elastography (TE). Evaluation of their ability to

detect liver fibrosis, comparative analysis.

Importance and novelty of the presented study:

Study results significantly enrich the existing knowledge
about ultrasound elastography. Based on our knowledge,
this is the first study in which the value of 2D-SWE was
simultaneously discussed in relation to the detection of
diffuse liver disease, clinical-biochemical data, magnetic
resonance imaging, esophagogastroduodenoscopy, and

transient elastography.

We studied the possibilities of shear wave elastography in
patients with chronic liver diseases of various etiologies.
The important role of 2D-SWE in the assessment of liver
fibrosis before and after treatment, as well as in the
prediction of esophageal varices, was revealed. 2D-SWE
showed 95% similarity with MRI in detecting severe
fibrosis and cirrhosis. Based on liver biopsy results, 2D-

SWE showed more superiority than TE in detecting liver
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cirrhosis . For 2D SWE, sensitivity and specificity were 90
% and 100%, and positive and negative predictive values

were 100 % and 50%, respectively. And for TE, sensitivity
and specificity were 80% and 100%, positive and negative

predictive values were 100% and 33,3%, respectively.

Study results will be considered and implemented in
practical medical activities, which will be important for
patient management by hepatologists, therapists and

radiologists.
Provisions issued for protection:

Liver stiffness assessed by 2D-SWE reveals liver fibrosis and

determines its grade.

Clinical-biochemical data is correlated with statistical
significance along with the increase in liver stiffness
assessed by 2D-SWE.

Based on 2D-SWE, it is possible to predict esophageal

varices and judge their quality.

2D-SWE is useful for monitoring liver fibrosis during the

treatment period.

2D-SWE correlates with MRI in severe fibrosis and

cirrhosis.

2D-SWE has more advantages and in some cases provides

higher diagnostic capabilities than TE.
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Review of scientific literature
Elastography

Elastography is an imaging technique based on tissue
elasticity and serves for noninvasive assessment of tissue
mechanical properties. It has received more and more
attention in recent years. This technique reveals altered
elasticity in soft tissues during various diseases, which is the
result of specific pathological and physiological processes.
Analysis of obtained qualitative and quantitative

information may be used for diagnostic purposes.

US elastography is is based on the hypothesis that the
development of fibrosis in the tissue determines a decrease

in elasticity and an increase in stiffness (Soresi et al. 2014).

There are US strain elastography (SE) known as real-time
elastography (Hi-RTE) and shear wave elastography (SWE).
SE is a qualitative examination technique and assesses tissue
stiffness after manual compression. SWE is a technique that
makes a quantitative measurement of stiffness in kilopascals

following an acoustic or mechanical pulse from an apparatus.

TE (Fibroscan) is the only method without imaging between
SWE methods. And the other methods Acoustic Radiation
Force Impulse (ARFI) (Siemens, Erlangen, Germany and
Philips) and 2D-Real Time Shear Waves Elastography (2D-

SWE) (Aixplorer system, Supersonic Imagine, Aix-en-
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Provence, France), both of them are imaging methods and

are loaded into US machines (Lurie et al. 2015).

Thus, it was established that tissue stiffness is a biomarker
of tissue pathology. Different elastographic techniques are
used for examination of different tissues and diseases, based
on the priorities (Ozturk et al. 2018).

Two-dimensional shear wave elastography

Two-dimensional shear wave elastography (2D SWE) uses
acoustic radiation force impulse (ARFI) to induce shear
waves in liver tissue. 2D SWE induces shear waves at
multiple points and produces a cone shaped shear wave front

extending laterally from the ARFI axis (Figure N 1).

Figure N1. Schematic image showing physical principles of ultrasonographic shear
wave elastography

Propagation of shear waves is reflected and displayed on a
colored elasticity map called an elastogram. The size of the
elastogram region varies according to operator control and

preference. The operator can place a circular region within
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this elastogram, wherever he/she deems necessary to avoid
artifacts. ROI-o The mean shear wave velocity expressed
in m/sec is obtained in the ROI. The multiple measurements
taken from the tissue and converted through algebraic
calculations to Young's modulus (kPa)(Figure N 2) are
mechanism by which tissue stiffness is quantified through
this technique (Y. N. Zhang et al. 2020) (Lurie et al. 2015).

[AveT11  11.1kPa
{ sD.T11

| AveT12  15.1kPa|
| sp.T12 1.5kPa |
| AveT13  17.7kPa|
SD.T13 1.7kPa |

Figure N 2. 2D-SWE (Two-Dimensional Shear Wave ElaElastography)
Image (F4) cirrhosis in liver. liver stiffness expressed by Young modulus
in kPa

Newly introduced 2D-SWE method had very good results.
Of course, new research is still being done around this
method. Research conducted in recent years is very

interesting and reliable.
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According to 2D SWE, the stiffness of liver tissue in healthy
volunteers was found to be 4.5-5.5 kPa. (Jeong, Cho, and
Sohn 2018) (Leung et al. 2013).

However, differences between liver segments were
detected. The mean values of elasticity of the right
posterior, right anterior, left medial, and left lateral
segments of the liver were determined as 4 kPa + 2.2 kPa;
3.9 kPa + 2.1 kPa; 3.8 kPa + 2.1 kPa and 3.7 kPa + 1.9 kPa.
It should be pointed out that there was not significant
difference in liver elasticity indicators between women and
men. There was not correlation between age and liver
elasticity (Arda et al. 2013). Elasticity is not affected by
ethnicity

either in normal livers (Leung et al. 2013). Optimal SWE
values for different stages of fibrosis are as follows: if F > 2,
7.1 kPa; if F > 3, 8.7 kPa and F = 4, respectively, 10.4 kPa.
(Frulio and Trillaud 2013).

Advantages of two-dimensional shear wave elastography:

It is a simple and painless technique with good
reproducibility. Results are quick and immediate. Since SWE
is integrated on a conventional ultrasound imaging
diagnostic machine, it allows for a morphological, detailed
study of both the right and left lobes of the liver and is the
best way to determine the overall distribution of fibrosis.
(Frulio and Trillaud 2013)(Gerber et al. 2015) Other organs
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are studied as needed. (eg spleen). It is also important that
examination is performed in real time and we have the
opportunity to easily select an area free of artifacts. We can
select the size of the Q-Box and carry out a retrospectral

study with the images stored on the device.

Disadvantage of this method is that there are not yet enough
studies to speak more convincingly about this technique,
although the existing initial results are encouraging and

promising. (Frulio and Trillaud 2013)

2D SWE method unlike TE is used in ascites (Lurie et al.
2015) (A et al. 2015) and in overweight patients (A et al.
2015).

Data of two-dimensional SWE were certainly significantly
higher than the results of the study conducted by
conventional ultrasonography in the case of liver fibrosis,
but there was not significant difference between them in the

diagnosis of decompensated cirrhosi (Lurie et al. 2015).
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MATERIALS AND METHODS

The paper is a retrospective case-control examination and is
based on the analysis of shear wave elastography results in

relation to other instrumental studies.

This examination was conducted in P.Todua Medical Center
(Tevdore Mghvdeli st. # 13, Tbilisi 0112) in 2019 - 2023
years. Informed consent was obtained from all patients
during the instrumental examination. The examination
included 104 patients. 78 patients were male, and 26 patients
were female. Their age was 18-77 years. We used data of 52
patients for the examination who were diagnosed with
chronic liver disease based on clinical and laboratory tests.
We united 52 patients in the control group who had been
undergone similar examinations as the case group patients
due to various dyspeptic complaints, but liver pathology was

not found in the examinations.

During the examination, patients underwent abdominal
ultrasonography, shear wave elastography to measure liver
stiffness, esophagogastroduodenoscopy (EGD) to detect
esophageal varices, and laboratory tests within 2-15 days.

We made up the case group with patients who, in addition
to the mentioned examinations, had a magnetic resonance
examination of the abdominal cavity, and after treatment, an

ultrasonographic examination of the abdominal cavity, shear
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wave elastography and laboratory analyses. All patients in

the case group were receiving appropriate treatment.

Liver biopsy was carried out for only 11 patients of the case
group. We also obtained the results of liver TE examinations

performed during the same period for these 11 patients.

Exclusion criteria were: insufficient clinical data, acute
hepatitis, hepatocellular carcinoma, encephalopathy, portal
vein thrombosis, kidney, heart, lung and blood diseases. As
well as radiotherapy or chemotherapy received by

extrahepatic tumors.
‘We considered:

Liver 2D SWE and other clinical-biochemical data of 104
patients included in the examination (age, liver size, portal
vein, spleen size, splenic vein, direct bilirubin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
gamma glutamine transferase (GGT), international
normalized ratio (INR), number of platelets, hemoglobin).

The obtained results were compared to case-control patients.

Esophageal varices were confirmed in 32 of 52 patients of the
case group. We compared the results of 2D SWE and EGD
examination obtained in these patients in order to determine
role of 2D SWE in the detection of esophageal varices. In
addition, we examined other clinical-biochemical data in the

case group of patients with and without varicose veins.
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Moreover, we considered these changes according to the

grade of esophageal varices.

We compared clinical-biochemical and 2D SWE results of 52

patients of the case group before and after treatment.

Magnetic resonance imaging revealed severe fibrosis and
cirrhosis in 42 patients of the case group, and we compared
the results of 2D SWE with these data.

We determined sensitivity and specificity, positive and
negative predictive values of 2D SWE in diffuse liver injury
and compared 2D SWE with TE based on the biopsy results

of 11 patients in the case group.

We created a database where we entered data from both case
and control patients: age, gender, disease etiology, liver size,
liver structural changes, diameter of the portal vein, spleen
length size, splenic vein diameter, data on the presence of
ascites, direct bilirubin pmol/L, ALT U/L, AST U/L, GGT
U/L, INR, number of platelets 10"9/L, hemoglobin g/dL,
albumin g/L (case group), as well as, liver stiffness measured
in Kpa, in case of esophageal varicose veins, data were
collected according to its grade. Also, in the case group,
results of magnetic resonance examination, biopsy results,
fibroscan examination results and the following data
evaluated after treatment: diameter of the portal vein, spleen

length size, splenic vein diameter, direct bilirubin pmol/L,
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ALT U/L, AST U/L, GGT U/L, INR, number of platelets
1079/L, hemoglobin g/dL, albumin g/L.

We analyzed available results and made a statistical analysis
of it.

Data entry and statistical analysis were performed by SPSS
23.0 statistical software. Statistical testing of the difference
according to the qualitative variables was performed by the
chi-square method (Pearson's chi-square test). Differences
between two continuous independent variables were
determined by the independent samples t-test. One-way
ANOVA was used to test for differences in continuous
variables between more than two groups. A confidence level
(p) less than 0.05 (p<0.05) was considered statistically

significant.
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Examination results and their analysis
Comparison of case-control groups

Etiology of chronic liver disease was as follows HCV-34
(65,4 %); HBV-7 (13,5 %) ; HCV/HBV-5 (9,6 %); alcoholic-
4 (7,7 %) ; HCV/ alcoholic -1 (1,9 %); biliary -1 (1,9 %);

According to abdominal ultrasound data, structural changes
were not expressed in the liver in 52 patients (50 %) (control
patients). Mild structural liver changes were detected in 10
(9,6 %) patients, moderate changes in 18 (17,3%) patients
and severe structural changes in 24 (23,1%) patients in the
case group. Ascites was detected in 28 ( 26,9 %) patients.
Presence of esophageal varicose veins was detected in 32
(30.8%) patients.

In our study, independent samples T test was used to analyze
the liver stiffness values obtained by 2D-SWE, where it can
be seen that average liver stiffness in the case group is 17.51
Kpa, while in the controls it is 3.98 Kpa, and this difference

is reliable.

Similar results were obtained in other examinations,
although data were inconsistent. Kpa quantitative
differences are likely due to the hardware used, as different
manufacturers have different scales (Zaki, Hazem, and

Elsamman, n.d.).
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We also compared parameters such as liver size, portal vein

diameter, splenic length, splenic vein diameter, direct

bilirubin,

ALT,AST,GGT,INR,

number

of platelet,

hemoglobin, serum albumin and case-control groups.

Similar to existing studies (Danish et al. 2021)( Zaki, Hazem,

and Elsamman, n.d.) our study also found that patients with

chronic liver disease had significant changes in all

parameters (Table N 1).

Table N1. Comparison of case-control groups . Bivariate analysis (T test of

independent variables)

Feature Average Mean Standard P
difference deviation

Age
Case 49.62 1.32 13.0 <0.05
Conrol 48.29 15.9

Liver size
Case 155.56 13.21 22.6 <0.001
Conrol 142.35 9.9

Portal vein
Case 14.17 4.08 2.2 <0.01
Conrol 10.09 1.4

Spleen

length
Case 156.71 48.75 28.1 <0.001
Conrol 107.96 11.8

Splenic vein
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Case 9.92 4.41 3.1 <0.001
Conrol 5.51 1.3

LSM_kPa
Case 17.52 13.53 8.6 <0.001
Conrol 3.98 0.5

Direct

bilirubin
Case 31.65 28.95 55.8 <0.001
Conrol 2.69 1.0

ALT
Case 68.74 48.14 429 <0.001
Conrol 20.59 8.6

AST
Case 91.09 71.08 66.2 <0.001
Conrol 20.01 8.9

GGT
Case 172.79 143.43 230.5 <0.001
Conrol 29.35 13.6

INR
Case 1.43 0.32 0.3 <0.001
Conrol 1.11 0.1

Platelets
Case 196.42 83.50 126.5 <0.001
Conrol 279.92 67.3

Hemoglobin
Case 37.51 117.75 52.1 <0.001
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Conrol 155.27 12.7

Albumin

Case 188.21 - 179.6
Conrol 0 0

Comparison of 2D SWE with EGD results

32 (61.60 %) out of 52 patients of the case group was
diagnosed by esophageal varicose veins (Figure N 3).
Grade I varicose was detected in 8 (15.40%) patients,
varicose veins of the II degree - in 10 (19.20 %) patients,
varicose veins of the III degree - in 7 (13.50 %) patients and

varicose veins of the IV degree also in 7 (13.50 %) patients.

Figure N 3. Varicose veins of the esophagus diagnosed by
esogastrofibroscopic examination.
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We confirmed that patients with chronic liver disease had
increased liver stiffness, as well as, we found that liver
stiffness was higher in patients with esophageal varices
than in patients without esophageal varices. In addition, we
revealed that with increase in the grade of esophageal
varices, liver stiffness increases. Those who did not have
varicose veins had 10.87 Kpa units less compared to those
with varicose veins of the I/ II grade, and the mentioned
difference is statistically reliable. And those who did not
have varicose veins had 22.14 Kpa units less compared to
those with III / IV grade varicose veins, and the mentioned
difference is also statistically reliable. It is also important
that patients who had varicose veins of the I/ II grade had
11.26 Kpa units less compared to those with varicose veins
of the III / IV grade and the mentioned difference is
statistically reliable

In our examination, we considered a liver stiffness >12 Kpa

as high according to shear wave elastography.

Therefore, according to the data of our study, 2D SWE can
predict esophageal varices in chronic liver disease. Its
sensitivity and specificity were 100% and 76%, respectively;
(AUROC: 0.973); Positive and negative predictive values
were 40% and 100%, respectively.

The above-mentioned parameters were also compared in our
case group of patients with and without esophageal varices.

A significant difference was found in the following data:
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diameter of the portal vein, spleen length, diameter of the
splenic vein, INR, hemoglobin and, as we mentioned, in the
stiffness of the liver (Table N2).

Table N 2. Bivariate analysis (T test of independent variables) between

cases by esophageal varices

Feature Average | Mean Standard | p
difference | deviation

Age
No 48.00 2.62 15.30 0.51
Yes 50.63 11.48

Liver size
No 153.50 | 3.34 18.34 0.58
Yes 156.48 25.09

Portal vein
No 13.22 1.54 2.17 <0.05
Yes 14.76 2.04

Spleen

length
No 13455 | 36.01 26.99 <0.001
Yes 170.56 18.27

Splenic vein
No 8.10 2.95 2.60 <0.001
Yes 11.05 2.78

LSM_kPa
No 10.84 10.85 3.36 <0.001
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Yes 21.69 8.28

Direct

bilirubin
No 32.93 2.08 73.36 0.90
Yes 30.85 42.76

ALT
No 66.53 3.58 40.24 0.76
Yes 70.11 45.03

AST
No 78.50 20.46 55.90 0.25
Yes 98.96 71.66

GGT
No 155.70 | 27.22 285.51 0.71
Yes 182.93 195.04

INR
No 1.31 0.19 0.24 <0.05
Yes 1.50 0.38

Platelets
No 232.45 | 58.54 96.36 0.07
Yes 173.90 138.91

Hemoglobin
No 68.69 50.66 66.19 <0.01
Yes 18.03 27.47

Albumin
No 240.00 | 84.16 195.55 0.11
Yes 155.84 163.67
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* Yes - has esophageal varices * No — does not have esophageal varices

We considered data, which differed in patients with and

without varicose veins, how the esophagus changed with

increase in the grade of varicose veins. Our study showed

that only the spleen length, the splenic vein diameter and of

course liver stiffness changed statistically significantly with

increase in the grade of varicose veins (Table N 3),

Table N3. Bivariate analysis (T test of independent variables) between

cases according to grade of esophageal varices

Feature Average | Mean Standard | p
difference | deviation

Spleen length
I/IT Grade 16294 | 17.41 13.82 <0.01
III/IV Grade | 180.36 19.03

LSM_kPa
I/IT Grade 16.77 11.26 5.34 <0.001
ITI/IV Grade | 28.03 7.02

Portal vein
I/IT Grade 14.17 1.33 222 0.06
III/IV Grade | 15.51 1.54

Splenic vein
I/IT Grade 9.96 251 2.27 <0.05
ITII/IV Grade | 12.4 2.82

INR
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I/II Grade 1.56 0.12 0.43 0.35

III/IV Grade | 1.43 0.29
Hemoglobin

I/II Grade 18.59 1.28 32.67 0.89

II/IV Grade | 17.31 20.07

*I/II Grade - I/II grade varicose veins of esophageal tube

*[II/IV Grade - III/IV grade varicose veins of esophageal tube

We found a significant difference in LS between patients
with EV and patients without EV in chronic liver disease We
have also found out that liver stiffness increases with
increasing grade of varices and similar results were obtained
in a number of other studies. All these indicates that LSM is
effective not only in predicting the presence of EV, but also
in differentiating between its various grades (Mohammed
Tag-Adeen 2017).

2D SWE before and after treatment of chronic liver disease

52 patients of the case group with chronic liver disease were
again subjected to abdominal ultrasound examination, 2D
SWE and controlled analyses after 24 weeks of treatment.
We compared the obtained results with data available before

the treatment and it was revealed that: after the treatment,

65




condition of 44 patients and clinical and laboratory
parameters improved dramatically. 5 patients did not have
improvement and clinical laboratory data was little changed.
3 patients had disease progression despite treatment. After
24 weeks of treatment, when measuring liver stiffness, it was
found that LSM values decreased from an average of 17.51
kPa to 15.45 kPa in the patients of our case group. In our
study, LSM reduction was not associated with etiology,
gender, or age. After the treatment, we saw that diameter of
the portal vein (p = 0.42) and the splenic vein (p = 0.08) were
slightly changed. These changes were not statistically
significant. Change in the length of spleen was found to be
statistically significant (p < 0.05). Significantly decreased
blood serum ALT (p < 0.001) and AST (p < 0.01). There was
also a statistically significant increase in hemoglobin (p <
0.001) and serum albumin (p < 0.001) levels. Platelet number
increased statistically significantly (p < 0.001). Significant
changes were not detected in direct bilirubin (p < 0.75) and
INR values (p < 0.43) (Table 4).

Table. N4 Bivariate analysis (T test of independent variables)

Feature Average | Mean Standard P
difference | deviation
Portal vein
Before treatment | 15.97 2.15 13.13 0.42

After treatment 13.81

Spleen length
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Before treatment | 156.71 1.26 4.24 <0.05
After treatment 155.44

Splenic vein
Before treatment | 9.96 0.32 1.32 0.08
After treatment 9.63

LSM
Before treatment | 17.51 2.05 2.22 <0.001
After treatment 15.45

Direct bilirubin
Before treatment | 31.64 1.19 27.00 <0.75
After treatment 30.45

ALT
Before treatment | 68.73 25.57 31.18 <0.001
After treatment 43.15

AST
Before treatment | 105.31 50.14 113.25 <0.01
After treatment 55.16

INR
Before treatment | 1.42 0.01 0.10 <0.43
After treatment 1.41

Platelets
Before treatment | 181.79 23.59 20.90 <0.001
After treatment 205.38

Hemoglobin
Before treatment | 11.96 0.41 0.65 <0.001
After treatment 12.38
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Albumin

Before treatment | 34.95 3.19 3.78

After treatment 38.14

<0.001

Similar to our study, we found that in many studies, liver
stiffness measured by 2D-SWE decreased after treatment, as
well as mean levels of serum ALT and AST and increased
serum albumin. The changes in other parameters were not
significant in similar studies (Suda et al. 2017) (Olariu et al.
2019)(Kohla et al. 2020) (Yaras et al. 2020) (Chen, Tseng, and
Tseng 2020) (Kavak et al. 2022).

2D SWE and MRI in chronic liver disease

During our study, liver fibrosis assessed by 2D SWE was also
compared with the results of magnetic resonance imaging
(Figure N 4; N5 ). Abdominal MRI examination revealed
severe fibrosis and cirrhosis (F3 and F4) in 42 out of 52
patients. We compared these 42 patients with high-grade
fibrosis and cirrhosis detected by 2D SWE for statistical
reliability and considered > 8.7 Kpa as its indicator. In 40 of
these 42 patients, severe fibrosis and cirrhosis were also
confirmed by 2D SWE. That is, in the assessment of liver
fibrosis (F3 and F4), 2D SWE will coincide with MRI
examination by 95%. Its sensitivity and specificity were 95%
and 40%, respectively; (AUROC: 0.936); (Figure.N3) positive

68




and negative predictive values were 87% and 66%,

respectively.

Ave.T1 13.5kPa
SD.T1 3.9kPa

Figure N 4. 2D SWE of liver. Liver stiffness is estimated as 13.5 Kpa.

Figure N5. Magnetic resonance imaging. Fibrosis of the liver - TI-
weighted image after contrast enhancement. Multiple non-contrast dot
inclusions are revealed in the liver parenchyma.
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Therefore, we can say that 2D SWE agrees with MRI in the
diagnosis of severe fibrosis and cirrhosis in chronic liver
diseases. Our opinion is confirmed by a recent study, where
mean T1lp values of liver right were positively correlated
with mean SWE values, regardless of the type of liver disease
(Suyama et al. 2021)(R.-K. Li et al. n.d.). However, there is
one study that did not see a significant correlation between
Tlp value and liver fibrosis (Takayama et al. 2015). One
study suggested that Tlp MRI may be more sensitive in
detecting early stages of liver fibrosis and 2D SWE may be
valuable in detecting high-grade fibrosis and cirrhosis. This
phenomenon can be explained by the fact that prolongation
of T1q relaxation is caused more by tissue macromolecular
materials (tissue necrosis, protein transudates and
infiltration of inflammatory cells) than by collagen
deposition. Possibly, these pathological changes are better
reflected by T1p. In contrast, SWE estimates stiffness greater
accuracy that is greater than tissue stiffness because shear
waves move rapidly in dense tissues and propagate slowly in
soft tissues (R.-K. Li et al. n.d.).

Comparison of 2D SWE and TE with biopsy findings

We compared 2D SWE and TE examination results with
biopsy responses in 11 patients in our study (Figure N6; N7).

Liver cirrhosis (F4) was detected by biopsy in 10 patients.
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According to the results, sensitivity and specificity of 2D
SWE in detecting liver fibrosis were 90 % and 100%, and
positive and negative predictive values were 100 % and 50%,

respectively.

As for TE, sensitivity and specificity were 80 % and 100%,

and positive and negative predictive values were 100% and

33,3 %, respectively.

Figure N 6. Liver cirrhosis 2D SWE image. Liver Stiffness is estimated as
41.3 Kpa.

Figure N 7. Histological preparation of the liver. cirrhosis of the liver
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2D SWE was found to have higher sensitivity and negative
predictive value than TE. Specificity andositive predictive

value was exactly the same in 2D SWE and TE examinations.

Conclusions

[1 Shear wave elastography (2D SWE) showed
increased liver stiffness assessed by Kpa (p<0.001)
and statistically significant changes in clinical-
biochemical data in patients with chronic liver
disease: liver size (p< 0.001), spleen length (p<
0.001), splenic vein diameter (p< 0.001), direct
bilirubin (p< 0.001), ALT (p< 0.001), AST (p< 0.001),
GGT (p < 0.001), INR (p< 0.001), number of platelets
(p< 0.001), hemoglobin (p< 0.001), portal vein (p<
0.01).

[0 2D SWE revealed that patients with chronic liver
disease with esophageal varices had higher liver
stiffness (p < 0.001) than patients without varices and
the degree of esophageal varices increases, the liver
stiffness increases (p < 0.001) as well. According to
our study, 2D SWE can predict esophageal varices in

chronic liver disease with 100% sensitivity and 76%
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specificity, respectively (AUROC: 0.973). Positive

and negative predictive values were 40% and 100%.

Statistically significant changes were also found in
patients with esophageal varices in the following
data: portal vein diameter (p < 0.05), splenic length
(p < 0.001), splenic vein diameter (p < 0.001), INR (p
< 0.05), hemoglobin (p < 0.01 ). Only the length of
the spleen (p < 0.01) and the diameter of the splenic
vein (p < 0.05) changed statistically significantly as

the degree of esophageal varices increased.

After treatment of chronic liver disease, 2D SWE-
estimated liver stiffness (p < 0.001), as well as spleen
length (p < 0.05), blood serum ALT (p < 0.001) and
AST (p < 0.01), albumin (p < 0.001), hemoglobin (p <
0.001), platelets (p < 0.001) indicators improved with

reliable statistical significance.

2D SWE in our examination showed almost similar
results as MRI examination. MRI examination is 95%
consistent with the 2D SWE examination results in
the assessment of severe liver fibrosis (F3) and
cirrhosis (F4). Sensitivity and specificity of 2D SWE
were 95% and 40%, respectively (AUROC: 0.936).
Positive and negative predictive values were 87%

and 66%, respectively.
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[0 Our examination indicated that 2D SWE was
superior to TE in detecting liver cirrhosis. 2D SWE
sensitivity and specificity were 90% and 100%,
positive and negative predictive values were 100%
and 50%, respectively. As for TE, sensitivity and
specificity were 80% and 100%, positive and
negative predictive values were 100% and 33.3%,

respectively.

Recommendations

1. 2D SWE should be carried out for all patients with

chronic liver disease.

2. 2D SWE should be performed for all patients to

monitor liver diseases.

3. Future studies should be conducted to find
possibilities of 2D SWE.
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