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Introduction: The review deals with the aspects of noninvasive instrumental diagnosis of diffuse
liver diseases on the fibrosis and cirrhosis stage, which is characterized by tendency to progression and
the rapid development of complications. Contemporary data of the studies results on the most popular
methods of elastography are presented.

Aim of our review was to analyze the published data of the modern methods of diagnosis of liver
fibrosis and cirrhosis.

Materials and Methods: Selection of publications using the key words was performed in PubMed
Medline database and scientific search system Google Scholar.

Results: There are different opinions of the authors about the pros and cons of Transient
elastography (TE) and Acoustic Radiation Force Impulse (ARFI). However, the scope of studies and
clinical diagnostic aspects in TE greatly exceeds the number of those for ARFI.

Conclusions: Issues of determining of effective non-invasive instrumental methods in patients with
chronic liver diseases remain to be actual.
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BeegeHue: 0O630p nNOCBALEH acnekTaM HEWHBA3WBHOM  MHCTPYMEHTANbHOM  AMarHOCTUKM
O dy3HOW naTonorMM neveHn Ha craguu ¢mbpo3a ¥ UMppos3a, KOTOpble XapaKTepusylTcs
CKMOHHOCTBIO K MPOrpeccMpoBaHMI0 1 BbICTPbIM Pa3BUTUEM OCROXHEHWNA. [puBEeaeHbl COBPEMEHHbIE
[aHHble pe3ynbTaToOB MCCNEAOBaHWA, MOCBALEHHbIX M3Y4eHUo Hanbonee nonynspHbIX METOA0B
anacrorpaduu.

Lenb: AHanua nutepaTtypHbIX AaHHbIX O COBPEMEHHBIX crnocobax aumarHoCTukm ubposa u Lmpposa
neyeHw.

Matepuanbl U MetoAbl: NpoBeAeH NMoucK nybnmKauuin C NPUMEHEHUEM KITOYEBLIX COB B Gase
naHHbIX PubMed Medline 1 B HayuHom nouckosom cucteme Google Scholar.

PesynbTatbl: CylecTBYOT pa3nuyHble MHEHWS aBTOPOB O MPEMMyLLECTBaXx W HepocTaTkax
TpaHauneHTHoM anactorpacdumn (TE) M akyCcTuyeckom umnynbCHO-BONHOBOW anactorpacdum (ARFI) B
anarHocTuke ¢ubposa n umpposa neyveHn. OgHako 06bem NCCrnegoBaHUN U KITMHUKO-ANArHOCTUYECKMX
acnekToB B obnactv TE B 3Ha4NTENbHON Mepe NPeBbIWAeT YMCo Takosbix Ans ARFI.

BbiBogbl: Bonpockl onpegenenns ahdeKTUBHbIX HEMHBA3MBHbLIX MHCTPYMEHTarbHbIX METOAOB
obcnenoBaHNs NauyeHTOB C XPOHUYECKON NaTONOTMEN NEYEHN OCTAKOTCS aKTyarbHbIMM.

KntoyeBblie cnoBa: hnbpo3 neyeHu, LMppo3 neyeHun, TpaHaneHTHas anactorpadus, akycTuieckas
MMNYMbCHO-BOMHOBAS 3nactorpaus
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Kipicne: LLony xegen nporpeccusira xaHe ackbiHyFa 6enimai ¢onbpos xeHe Lmppo3 catacbiHaarb
GaybipablH, Anddy3abl aypynapbiH WHBA3WBTI €MEC MHCTPYMEHTaNbAi AMarHOCTUKACHIHbIH, ©3€KTi
MacenenepiHe apHanfaH. OnactorpadusiHbiH, €H, Ken TapafaH ofiCTepiHe apHanFaH 3epTTeynepaiH
HaTWXKENEPi KOPCETIMreH.

BepinreH agebueTTik WwonyaslH, Makcatbl - 6ayblp ubpo3bl MeH LMppo3bl Typanbl 3amaHayw
AmarHocTukarblK aAicTepi xannbl aaebueTTepai Taybin, CoFaH Tanaay xacay.

Marepuangap meH apictep: Herisri cesgepai kongaHa otbipbin PubMed Medline makanasnbik
6asacblHaa xaHe Google Scholar FbinbiMu i3gey Xymneci keMeriMeH Xyprisinai.

Hotuxenepi: TpaHaveHtTi anactorpagmst (TE) MeH aKkycTMKamnblk WMMYNbC  TOMKbIHAbI
anactorpacust (ARFI) apTbIKLWbINbIKTapbl MEH XeTIMCI3AIKTepi XanblHAa aBToprapablH nikipi Gipkenki
emec. CoHbiveH bipre TE canacbiHgafbl 3epTTeynepaiH, Kemnemi MeH KIMHUKa-guMarHoCTUKanblk
acnektinepi ARFI-re kapaFaHaa HeFyprbIM XoFapb!.

KopbITbiHAbI: BaybipablH, anddysasl aypynapbiHbIHbIH, TUIMAI MHBA3WBTI eMEC UHCTPYMeHTanbi
AmarHocTukacbiHa bannaHbICTbl CypakTap e3ekTi 6onbin Tabbinagp!.

Herisri ce3apep: Gaybip pnbposbl, Gayblp UMPPO3bl, TPAH3WEHTTI anactorpadus, akycTuKanblk
UMNYMbC TONKbIHABI AnacTorpagus.
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Chronic liver diseases may develop as a result Liver biopsy remains to be considered as the
of various injurious agents like Hepatitis viruses B “gold  standard” of diagnosis of chronic
& C, alcohol consumption, autoimmune disorders,  hepatopathies. The most popular fibrosis staging
certain medicines, metabolic disorders including  system is METAVIR, which is represented by five
iron, cupper and fat injury, obesity and others.  stages: FO (no fibrosis), F1 (portal fibrosis without
Chronic liver disease with or without fibrosis  septa: minimal fibrosis), F2 (portal fibrosis with
comprise a wide spectrum of clinical conditons few septa: moderate fibrosis or clinically
ranging from the asymptomatic state, that is  significant fibrosis), F3 (septal fibrosis with many
usually accidentally discovered to the emergence  septa but no cirrhosis: severe fibrosis) and F4
of cirrhotic or end stage liver disease (cirrhosis). Most of non-invasive tests adapted
manifestations. Portal hypertension is almost an  their scoring scales in according to this
inescapable outcome of liver cirrhosis which is  classification.
present clinically with ascites, and esophageal or Liver biopsy has several drawbacks including
gastric varices, that frequently lead to disastrous  the significant morbidity (3%) and mortality
bleeding [9]. Spontaneous bacterial peritonitis,  (0.03%) that it carries [10]. Liver biopsy is also
encephalopathy, hepato-renal syndrome are  known for its sampling errors, with inter-observer
other serious manifestations of the disease. and intra-observer diagnostic discrepancies,
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which makes it of limited benefit both in clinical
practice and medical research [6, 32]. Evaluation
of portal hypertension and esophageal varices by
HVPG and endoscopy is also limited by their
invasiveness although they are known as the gold
standard techniques in this respect [8].

Non-invasive imaging tests for evaluation of
liver fibrosis have been developed. Some
procedures were introduced as an alternative for
hepatopathological evaluation these included
laboratory, which use different combinations of
marker indices from the serum [1]. As the imaging
methods the ultrasound waves are utilized in
determining virtual transient elastography of the
liver as an indicator of fibrotic, steatotic and
cirrhotic changes [22].

Berzigotti A. et al. divided all the ultrasound
techniques of liver fibrosis evaluation to two large
groups [7]. The first group comprises the well-
validated methods such as grey-scale ultrasound,
colour-and-power Doppler, pulse wave Doppler
US, transient elastography. Another group is
represented by novel techniques which need
validation: high-frequency grey scale ultrasound,
real-time elastography, acoustic radiation force
impulse imaging, shear-wave elastography

This review collects the data on the most
widely used imaging methods for the non-invasive
diagnosis of liver fibrosis, with particular accent
on transient elastography and acoustic radiation
force impulse imaging. The process of including
the articles to this review is shown on Figure 1.

Figure 1: Review flow diagram
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Transient elastography

Technique
Transient Elastography (TE) (FibroScan,
Echosens, Paris, France) is a dynamic

quantitative technique which uses acoustic waves
with frequency 50 MHz, generated by external
probe [5]. Liver stiffness (LS) measurement is
performed in the right lobe, with patient in supine
position, by intercostal approach, with the right
arm in maximum abduction. At least 10 valid
measurements must be obtained, with a success
rate (SR = ratio of the number of successful

acquisitions divided by the total number of
acquisitions) = 60% and a ratio of the interquartile
range interval (IQR=the difference between the
75th and 25th percentile, essentially the range of
the middle 50% of the data) <30%. Liver elasticity
is expressed in kilopascals (kPa).

Clinical applications

There are several studies dedicated to liver
stiffnress measurements in normal people
assessed by TE (Table 1) [15, 16, 23, 25, 34, 35].
The vast majority of study participants are
represented by Europeans.

Table 1.
Normal values of LSM by TE.
Roulot D. | Colombo S. Sirli R. Corpechot C. Fung J. Kim S.
Number
of study 429 327 152 71 28 69
participants
. Healthy living- Living
Population Medical Blood donors Healthy Healthy related liver | kidney and
check-up volunteers | volunteers .
donors liver donors
L?K\g;l;e 54+15* | 49417* | 48+1.3* 48(2.5-6.9)**|4.6(2.0-7.1)**|3.9-53***
*  meanzSD

* * median (range)
* * *fifth and 95th percentiles

Initially, TE was applied in patients with
chronic hepatitis C. Some studies shown that
the AUROC of TE ranged from 0.77 to 0.90, with
a cutoff value of 6.2-8.7 kPa for assessment of
significant fibrosis (F=2), and an AUROC of 0.90-
0.97 and cutoff value of 9.6-14.8 kPa for
assessment of cirrhosis [4, 12, 30, 39].

In 202 chronic hepatitis B patients liver
fibrosis was evaluated by means of liver biopsy
and TE. It was shown that these two methods
significantly correlated (r=0.65, P<0.001) with
ROC curves for F22, F=23 and F=4 indicating
0.81, 0.93 and 0.93 respectively[28]. Sporea et al
showed that a significant direct correlation
between LS measurements and fibrosis was
found in HBV patients (r=0.408, P <0.0001) [37].

Chan et al. have shown that liver stiffness
readings increase in patients with chronic
hepatits B and C with elevated ALT: for
predicting severe fibrosis (F = 2) - 9 kPa in
patients with normal ALT and 12 kPa in patients
with ALT higher than 5 times the upper limit of
normal; and for predicting liver cirrhosis (F=4) —
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12 kPa in patients with normal ALT and 13.4 kPa
in those with high ALT [13].

Fibroscan is still being validated in patients
with NAFLD due to the high failure rate due to
invalid measurements in overweighed or obese
patients. The using of standard M-probe was
followed with 14-17% failure rates [11, 31]. For
the more accuracy of TE measurements in obese
patients the XL-probe with the frequency 50 MHz
and 35-75 mm depth was suggested [19, 29].
Controlled attenuation parameter (CAP) has been
offered as a noninvasive method for detection
and quantified measurement of hepatic steatosis.
Some studies showed that CAP was a good tool
for efficient separation of steatosis grades [14,
18].

Pavlov Ch. Et al showed that transient
elastography as an efficient tool of non-invasive
diagnostics of liver fibrosis for the screening in the
patients presenting with hepatic pathology in
Moscow [2]. But another study of these research
group demonstrated that performance of TE is
restricted with BMI=28 [3].
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Another limitation of using the TE in patients with
CLD is the impossibility to obtain in patients with
ascites because the elastic waves are unable to
propagate through liquids. On the other hand
several studies have shown the similar performance
of TE and hepatic venous pressure gradient for
predicting the portal hypertension [33].

Acoustic Radiation Force Impulse

Technique

By short-duration acoustic radiation forces (with
a transmission frequency of 2.67 MHz), it
generates localized displacements in a selected
region of interest (ROI; a box with dimension of 1
cm x 0.5 cm chosen while performing conventional
B-mode) at depth of 8 cm. Patients should be
supine, with the right arm in maximum abduction.
Probe is placed parallel to the intercostal space. 5-
10 measurements are performed in the right lobe,
with the patient holding his/her breath gently. The
measurement (m/s) is displayed on the screen
after a moment. The results of measurements of
ARFI being expressed in m/s could be converted
into kilo Pascal (kPa) using the Siemens software
for being comparable with TE results in the same
patient.

Clinical application

Mean normal values for ARFI range about
0.8-1.56 m/s [17, 27].

Similar with TE, ARFI was first used and
validated in patients with chronic hepatitis C.

Comparative description of TE and ARFI.

According to study of Freidrich-Rust et al. the
best LS cut-off values assessed by ARFI for
predicting F=2, F=3 and F=4 were: 1.35 m/s, 1.55
m/s and 1.75 m/s respectively [21].

Sporea et al showed that the mean liver
stiffness values of the same stage of fibrosis
obtained by ARFI were similar between patients
with chronic hepatitis B and those with chronic
hepatitis C [36]. In another study of these authors
a significant direct correlation between LS
measurements and fibrosis in HCV patients
(Spearman’s r=0.578, P<0.0001) was detected
[37].

The range of studies was dedicated to
evaluate the diagnostic capability of ARFI in
NASH/NAFLD patients. Kuroda H. et al.
proposed the option of ARFI combination with the
calculation of the special indicators acoustical
structure quantification and focal disturbance ratio
to identify NAFLD invivo [26]. Guzman-Aroca et al
performed the ARFlI measurements in 32
asymptomatic patients with morbid obesity for
differentiating NAFLD from NASH [24]. Some
studies reported that inflammation increase LS
measurement in NAFLD patients [20, 38].

Conclusion

The comparative characteristics of TE and
ARFI are presented on Table 2.

Table 2.

Characteristics Transient Acoustic Radiation
Elastography Force Impulse

Requirement of special device Needs a dedicated | Used as implementation to conventional US
machine systems

Possibility of ROI selection Cannot be chosen by Chosen by operator
operator

Units kPa m/s (can be be converted into kilo Pascal

(kPa) using the Siemens software)

Range of values High Narrow

Applicability for patients with Low High

obesity or ascites

Discrimination between Unable Unable

transitional stages of fibrosis

Performance for significant High High

fibrosis and cirrhosis

Validation Well-validated Needs validation
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In conclusion of our short review on liver
elastography using, we can say that the
elastographic methods showed good results for
the assessment of liver stiffness. TE s
increasingly used in daily practice while the other
elastographic methods try to prove their value in
clinical studies.

Nowadays the diagnostic value of liver
elastography has been widely discussed in a
large number of studies abroad. However, there
is a shortage of researches dedicated to technical
aspects and clinical appliances in Newly
Independent States, especially in our country.
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