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Abstract. Background. Accurate assessment of the fibrosis stage is crucial for effective treatment. Histological
examination, the primary method used for assessing liver fibrosis, has certain limitations due to variation within each
stage. Computer morphometry offers an objective and quantitative approach to complement histological analysis,
providing additional diagnostic information. The purpose of this study was to analyze the computer morphometry
data in patients with chronic liver diseases (CLD) of different etiologies and determine their diagnostic accuracy
for liver fibrosis diagnosis. Materials and methods. Seventy-five patients with CLD, namely 24 with non-alcoholic
fatty liver disease (NAFLD), 8 with alcoholic liver disease (ALD), 1 with toxic hepatitis, and 42 with chronic hepatitis
C (CHC), were included in the study. Percutaneous liver biopsy was performed under ultrasound guidance using a
semi-automatic needle Colt Shot 16 G. The severity of fibrosis was assessed using the Metavir scale. For computer
morphometry, biopsies were photographed and evaluated using the ImageJ 1.45S program (National Institutes
of Health, USA). The computerized fibrosis index (CFl), steatosis index, and the number of apoptotic cells in 5
consecutive high-power fields were calculated. Receiver operating characteristic analysis was performed for CFl
diagnostic accuracy assessment. Results. Advanced liver fibrosis (F3-F4) was diagnosed in 62.5 % of ALD cases
and 31.0 % of CHC. The highest CFl was found in ALD, it exceeded the level of NAFLD and CHC patients by 3.3
(p < 0.01) and 2 times (p < 0.05), respectively. At the same time, people with NAFLD had the highest steatosis
index (0.36 = 0.11), which was 1.7 times higher (p < 0.05) than in ALD and CHC. Moreover, CFl correlated with
the fibrosis stage (r = 0.71, p < 0.05). Stage | of liver fibrosis according to the Metavir scale is characterized by CFl
up to 0.040, stage Il — 0.041-0.130, stage lll — 0.131-0.219, and stage IV — more than 0.220. CFI cut-off value
was 0.017, which confirms the presence of liver fibrosis in patients with chronic liver diseases regardless of the
etiology (sensitivity — 85.2 %, specificity — 100.0 %). Conclusions. Computer morphometry significantly improves
the accuracy and reliability of histological examination, and allows to objectify morphological assessment of liver
steatosis and fibrosis and to ensure long-term storage of the results.
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Introduction

Liver fibrosis and cirrhosis (K.74 in ICD-10) are severe
liver diseases characterized by the partial irreversible replace-
ment of the liver tissue with fibrous connective tissue or stro-
ma [1-3]. In most cases, a fibrotic transformation of the liver
is a consequence of chronic diseases such as viral hepatitis,
autoimmune liver diseases, alcoholic and non-alcoholic ste-
atohepatitis, and biliary or metabolic disorders [4, 5].

It is important to establish the relationship between the
stage of the liver disease and fibrosis before starting treat-
ment, as this relationship directly affects the efficacy of the-

rapy. Recent studies have shown that the amount of fibrous
tissue in the liver correlates with hepatic venous pressure and
can serve as a predictor of clinical decompensation [6].

Currently, histological examination remains the primary
method for assessing and staging liver fibrosis [7, 8]. Howe-
ver, the challenge faced by pathologists lies in the certain
variability within each stage. This is particularly evident in
stage 1V liver fibrosis, where the area of connective tissue
and, consequently, the volume of functional tissue, can vary
significantly. This, in turn, affects both the clinical manifes-
tations of the disease and its prognosis.
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Furthermore, a biopsy may lead to an inaccurate di-
agnosis if the disease affects only a part of the liver rather
than the entire organ. However, most chronic liver diseases
exhibit diffuse fibrotic changes. The reliability of a biopsy
also depends on the sample size. Most studies on the reli-
ability of liver biopsy have been conducted in patients with
chronic hepatitis, as this disease warrants diagnostic biopsy.
It has been recognized that a liver biopsy specimen measu-
ring more than 1.5 cm in length with 6 to 8 portal tracts is
sufficient for histological diagnosis. However, the width of
the biopsy specimen and the type of needle used also play a
significant role due to the unique architecture of the liver [9].
According to most researchers, subcapsular biopsy material
contains more fibrous tissue than profound layers [7]. More-
over, morphological diagnosis is impossible or significantly
complicated in cases of macronodular or mixed cirrhosis, as
large nodules (which can reach a diameter of 5 cm) do not
contain fibrous septa inside.

Due to the fact that fibrosis development plays an im-
portant role in the course of liver diseases, the quantita-
tive assessment of the fibrosis stage becomes a priority for
scientists and practical morphologists. It contributes to the
understanding of the clinical significance of extracellular
matrix excessive deposition.

The main method for liver fibrosis quantitative assess-
ment is morphometry, which primarily involves the examina-
tion of biopsy material obtained through percutaneous biopsy
[10—12]. This technique allows for unbiased evaluation of
changes and enables statistical comparison with the results of
other diagnostic methods (biochemical, biophysical, physio-
logical, etc.) [13]. Additionally, storing research results in
personal computers using specific programs allows for their
use at any time or their transmission to other specialists.

Computerized fibrosis index (CF]I) is the ratio of collagen
area to the total area of the biopsy specimen, obtained from
digital images. The data are heterogeneous due to variations
in the etiology of the studied patient groups, different stai-
ning methods for the biopsies, and the software programs
used for morphometry [14, 15].

Therefore, additional measurement of CFI is beneficial
as it expands the results of histological analysis, significantly
improves its reliability, and accurately describes the extent
of fibrotic transformation. This information can be crucial
in selecting the appropriate treatment approach, predicting
its effectiveness, assessing the severity of the disease, and
the potential development of complications. However, the
data regarding CFI values in liver pathologies of different
etiologies are contradictory and require further research and
consolidation.

The purpose of the study is to analyze the computer mor-
phometry data in patients with chronic liver diseases (CLD)
of different etiologies and determine their diagnostic accu-
racy for liver fibrosis diagnosis.

Materials and methods

A total of 75 patients with CLD were selected for percu-
taneous biopsy: non-alcoholic fatty liver disease (NAFLD)
group — 24 patients; alcoholic liver disease (ALD) — 8 pa-
tients; toxic hepatitis (TH) — 1 patient; chronic hepatitis C
(CHC) — 42 patients.

Percutaneous biopsy was performed under continuous
ultrasound guidance, local anesthesia, using a semi-automatic
Colt Shot 16 G needle. Three tissue cores were taken from the
VII segment of the right lobe of the liver from each patient.

The obtained biopsy specimens were fixed in a 10.0 %
neutral formalin solution, dehydrated in progressively in-
creasing concentrations of alcohol, and embedded in paraf-
fin. Histological sections with a thickness of 3—5 um were
stained with hematoxylin and eosin according to Mallory’s
modification by Slinchenko.

The stage of fibrosis was assessed using the Metavir sco-
ring system (Table 1).

Table 1 — Quantitative histological assessment
of the liver fibrosis degree according
to the Metavir scale

Fibrosis stage Morphological features

Normal structure No fibrosis

Stage | Portal fibrosis without septa
Stage |l Fibrosis with rare septa

Stage lll Numerous septa without cirrhosis
Stage IV Cirrhosis

Computer morphometry was used as an additional me-
thod for the morphological examination. Biopsy samples
were photographed and measurements were performed using
the Imagel 1.45S software (developed at the National In-
stitutes of Health, USA). The CFI (the ratio of the fibrotic
tissue area to the total biopsy specimen area), steatosis index
(the number of hepatocytes with fatty degeneration per 100
cells), and the number of apoptotic cells in 5 consecutive
high-power fields were calculated.

Statistical analysis of the obtained data was conducted using
the Statistica 10.0 software. The mean (M), standard error of
the mean (m), median (Me), lower and upper quartiles (Q1
and Q3) were calculated. The comparison of median values of
variables was performed using the Mann-Whitney U test and
Kruskal-Wallis test. Differences were considered significant at
p < 0.05. To assess the diagnostic accuracy of the parameter,
the analysis of ROC curves was applied. The threshold value,
sensitivity, specificity, area under the ROC curve (AUC), and
its 95% confidence interval (CI) were calculated.

Results and discussion

The distribution of all cases by fibrosis stage (according
to Metavir) is presented in Fig. 1, which shows that advanced
liver fibrosis (F3-F4) was diagnosed in 62.5 % of ALD cases
and 31.0 % of CHC cases. Liver fibrosis was absent in 14
(18.7 %) patients with chronic liver diseases.

According to morphometry data, apoptotic cells were
observed in half of the patients. The highest number of apop-
totic cells, ranging from 5 per high-power field (HPF), was
found in chronic hepatitis C patients, followed by 5—12 per
HPF in NAFLD patients, and more than 12 per HPF in
ALD patients (Fig. 2).

The highest steatosis index was found in the NAFLD
group (0.36 £ 0.11), which corresponds to the morphologi-
cal findings regarding the extent of liver tissue involvement in
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fatty liver disease. In contrast, the fibrosis index in this group of
patients was the lowest, with a value of (0.04 £ 0.01) (Table 2).

In the CHC group, the most significant variations in
the steatosis index were observed, with a mean value of
(0.23 £ 0.03), while the fibrosis index was (0.08 & 0.02). The
ALD group significantly differed from the NAFLD group in
terms of the fibrosis index (0.13 = 0.01, p < 0.01) and steato-
sis index (0.21 £ 0.04, p < 0.05).

A significant strong correlation was found between the
subjective assessment of liver fibrosis stage according to
Metavir and the absolute value of the fibrosis area index
(r=0.71; p <0.05) in patients with CLD.

At the first stage of fibrosis, the connective tissue ap-
peared as small periportal nodules (Fig. 3).

In 15.4 % of cases, the portal tracts were slightly expanded,
and the CFI was within the range of up to 0.040 (Table 3).

The second stage of fibrosis was characterized by the be-
ginning of incomplete portal-portal septa formation, and the
periportal area consisted of dense connective tissue infiltrated
by lymphocytes and plasma cells. The CFI ranged from 0.041
to 0.130. The third stage of fibrosis was characterized by
the expansion of perisinusoidal fibrosis, accumulation of
connective tissue around portal tracts and central vein, and
the presence of complete and incomplete portal-portal and

% 100

No fibrosis Stage |

Stage Il

B NAFLD B CHC W ALD TH

25

Stage IV
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Figure 1 — Distribution of cases according to fibrosis stage based on Metavir
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Figure 2 — Distribution of patients with chronic liver diseases of different etiologies based on the number
of apoptotic cells

Table 2 — Morphometric parameters in patients with chronic liver diseases

Parameter NAFLD (n = 24) CHC (n = 42) ALD (n = 8)
CFlI 0.04 + 0.01 0.08 + 0.02 0.13 £ 0.01***
Steatosis index 0.36 + 0.05 0.23 + 0.03* 0.21 + 0.04*

Notes: * — p < 0.05; ** — p < 0.01 — significance of differences compared to NAFLD; * — p < 0.05 — significance
of differences compared to CHC.

Fi1 F2 F3 F4

Figure 3 — Histological picture of the liver at different stages of fibrosis
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Table 3 — CFI at different stages of fibrosis according to the Metavir scale in patients
with chronic liver diseases of various etiologies, Me (Q1; Q3)

CLD

Stage |

Stage Il

Stage Il

Stage IV

Total

NAFLD (n = 14)

0.025 (0.014; 0.046)

0.055 (0.047; 0.063)

0

0

0.034 (0.017; 0.048)

CHC (n = 39)

0.022 (0.014; 0.040)

0.051 (0.037; 0.092)

0.191 (0.160; 0.201)

0.273 (0.220; 0.287)

0.070 (0.031; 0.184)*

ALD (n=7)

0.017

0.059 (0.051: 0.066)

0.194 (0.186: 0.259)

0.268 (0.260; 0.276)

0.177 (0.059; 0.231)*

Note. * — p < 0.05 — significance of differences compared to NAFLD.
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Figure 4 — CFl values in patients with chronic liver
diseases according to the fibrotic transformation:
0 — patients without liver fibrosis, 1 — patients with
fibrosis

portal-central septa. The CFI ranged from 0.131 to 0.219.
In the fourth stage of fibrosis, the lobular structure of the
liver was significantly disrupted, complete portal-portal and
portal-central septa were observed, along with the formation
of micro- and macronodular structures (nodules). The CFI
was above 0.220.

The overall CFI value in ALD patients was in 5.2 times
(p < 0.05) higher than in the NAFLD group and 2.5 times
higher than in the CHC group.

In patients with liver fibrosis, the median CFI was 0.0523
(0.0230; 0.1774), while in patients without liver fibrosis, this
value was 18 times lower, at 0.0028 (0.0023; 0.0036) — ac-
cording to the Kruskal-Wallis test, the likelihood of the dif-
ference was lower than 0.0001 (Fig. 4).

ROC analysis demonstrated a high area under the ROC
curve (AUC) for the CFI) which was 0.977 (95% CI1 0.912—
0.998) (p < 0.0001). Also, CFI can be used to assess the
risk of liver fibrosis in patients with chronic liver diseases.
The threshold value of CFI, which classifies patients with
CLD into the fibrosis group, was 0.017 (sensitivity — 85.2 %,
specificity — 100.0 %) (Fig. 5).

Therefore, the quantitative assessment of steatosis and fi-
brosis on liver biopsies by computer morphometry is a highly
specific method, promising for evaluating the efficacy of
treatment and confirming the reliability of subjective me-
thods of morphological staging.

Conclusions
1. The computer morphometry of liver biopsies signifi-
cantly improves the accuracy and reliability of histological

100
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Specificity: 100.0
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Figure 5 — ROC curve for CFl-based diagnostic model
for determining liver fibrosis in patients with chronic
liver diseases

examination, objectifies the process of morphological assess-
ment of steatosis and fibrosis, and ensures long-term storage
of results data.

2. The CFI is higher in ALD patients compared to
NAFLD patients (3.3 times higher; p < 0.01) and CHC pa-
tients (2 times higher; p < 0.05). Meanwhile, the steatosis
index was highest in the NAFLD group (0.36 & 0.11), which
was 1.7 times higher (p < 0.05) compared to the values in the
ALD and CHC groups.

3. The CFI correlates with the stage of fibrosis (r =0.71,
p < 0.05). For the first stage of liver fibrosis according to the
Metavir scale, CFI values are typically within the range of up
to 0.040. For the second stage, the range is 0.041—0.130. For
the third stage, it is 0.131—0.219, and for the fourth stage, it
is 0.220 and above.

4. A CFI above 0.017 confirms the presence of liver fi-
brosis in patients with chronic liver diseases regardless of the
etiology of the disease (sensitivity — 85.2 %, specificity —
100.0 %).
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Crenaros IO.M., AiaeHko B.1., laviaap KO.A., 3asropoaHst H.KO., MeTiwko O.[1.
AY «lHcTuTyT ractpoeHteponorii HAMH Yikpainn», m. AHinpo, YikpaiHa

AIArHoCTUYHE 3HOYEHHS NOKA3HUKIB KOMMN'IOTEPHOT MOpPPOMETPIl LLLOAO OLIHKM CTEATO3y
TA Pi6PO3Y B NALIEHTIB i3 XPOHIYHUMU ANDYIHUMU 3OXBOPIOBAHHSIMM MEYIHKU Pi3HOT eTioAOoTrii

Pestome. Axmyaavnicms. Touna ouinka cranii ¢pidpo3y mae Bu-
pilajabHe 3HaYeHHs 1151 e(heKTUBHOTO JIiKyBaHHS. [icTonoriuHe
TMOCTIIKEHHSI — OCHOBHMI METOI, 1110 BUKOPUCTOBYETHCS IS
OLIIHKY (hiOpO3y MEeUiHKM, — Ma€ MeBHI 00MEeKeHHST Yepe3 Bapiallii
B Mexax KoxHoi cTtanii. Komn’'torepHa MopdomeTpist mpornoHye
00’ €KTUBHUIA i KiIIbKICHMIA MiIXiz JUIS JOIIOBHEHHSI TiCTOJIOTYHOTO
aHaJti3y, HaJlalouM TOAaTKOBY MiarHOCTUYHY iH(popMaiiito. Mema
docaidxcenns: TIpOAHAJII3yBaTH MOKA3HUKKM KOMIT I0TEpHOI MOpdo-
METDpii B MALLEHTIB i3 XPOHIYHUMU AUGDY3HUMU 3aXBOPIOBAHHSIMU
neuinky (X/I3I1) pi3Hoi eTiosnorii Ta BUBHAYUTH iX HiarHOCTUYHE
3HAYEHHS 1010 OLiHKY (DiOpo3y nevinku. Mamepiaau ma memoou.
V mocmimkenHs yBivinm 75 oci6 i3 X311, a came: 3 HeaJIKOTOJIb-
HOI0 KHUpOBO10 XBopoboio nevinku (HAXKXIT) — 24 mamientu; 3
aJIKOTOJIBHOIO XBOpoOoto TiediHku (AXIT) — 8, 3 TOKCMYHMM rera-
TUTOM — 1, 3 XpoHiuHuM renatutom C (XI'C) — 42. YepesikipHy
MYHKLIHY 0i0IICi0 BUKOHYBAIM Tl Oe3IIepepBHUM YJIBTPa3BYKO-
BUM KOHTPOJIEM, IIi/i MiCLIEBOIO aHECTe3i€l0, HalliBaBTOMAaTUYHOIO
rosnkoio Colt Shot 16 G. Ouinka crazii ¢idpo3y npoBoauiacs 3a
wKanoto Metavir. Jlist kom'totepHoi MopdomeTpii biortatu ¢hoto-
rpacdyBajIu i 3AiiICHIOBAIM BUMipIOBaHHS 32 JOIIOMOTOIO ITPOrpaMu
ImageJ 1.45S (po3po6iiena B National Institutes of Health, USA).
Po3spaxoByBanu komi’1otepHuii iHnekce ¢ioposy (KID), ingekc cre-

aTo3y Ta KiJIbKiCTh alTONTOTUYHO 3MiHEHMX KJIITUH Y 5 TIOCIiIOBHUX
nossix 3opy. ROC-aHasti3 mpoBOAWIIN JIIST OLIIHKY JiarHOCTUYHOL
touHocTi KID. Pezyavmamu. Bupaxkenuii diopos nedinku (F3-F4)
OyB miarHoctoBanmii y 62,5 % BumnankiB AXIT ta 31,0 % — XI'C.
KI® neuinku € Buium ripu AXI1 nopiBHsHO sk i3 HAXKXII (y 3,3
paza; p <0,01), Tak i 3 XI'C (y 2 pa3u; p < 0,05). BomHouac iHmeKc
crearosy OyB HaiOuTbImit y rpyni HAXKXIT — (0,36 + 0,11), o B
1,7 paza (p < 0,05) repeBuiye mokasHuku B rpymnax AXIT ta XT'C.
KI® neuinku Kopenoe 3i cragieto ¢ioposy (r = 0,71, p < 0,05).
st mepioi cramii (pidpo3y nmeuiHku 3a mkanaow Metavir xapak-
tepauit KI® B mexax no 0,040, mis apyroi — 0,041—0,130, s
tpetboi — 0,131-0,219, ms yetBeproi cramii — 0,220 i Buie. KID
nevinku moHazn 0,017 miaTBepaKye HasiBHICTb (hiOpo3y MediHKU
B oci6 i3 XJ13I1 He3anexXHO Bim eTioJiorii 3aXBOpIoBaHHS (4yT/IU-
Bicth — 85,2 %, cneuudiunicts — 100,0 %). Bucnosxu. Meron
KOMIT I0TepHOI MOp(oMeTpii 6ioNTaTiB MeUiHKK T03BOJIIE 3HAYHO
MiABUIIMTYA TOUYHICTh Ta JOCTOBIPHICTb TiCTOJOTIYHOIO AOCTiIKEH-
Hsl, 00’€KTHBI3yBaTH IpoLiec MOPMOIOTIYHOI OIIiIHKY CTeaTo3y Ta
(idpo3y, 3abe3neuye TpuBae 30epiraHHsI Pe3yJIbTaTiB JOCTiIKEHHSI.
KirouoBi ciioBa: xpoHniuHi 1udy3Hi 3aXBOpIOBaHHS MEYiHKY;
KOMIT'I0TepHa MOpGhOMETpist; KOMIT' IOTepHUI iHAeKe (pidpo3y;
iHIEKC cTearo3y
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