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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective of the study: Computed tomography (CT) perfusion
provides a non-invasive approach to assessing hemodynamic
alterations in chronic liver diseases. While its usefulness has
been demonstrated in viral hepatitis, evidence regarding
autoimmune hepatitis (AIH) remains limited. This study aimed
to compare CT perfusion parameters - arterial flow (AF), portal
flow (PF), and perfusion index (PI) — in patients with AIH —
related fibrosis and cirrhosis versus healthy controls (potential
liver donors).

Materials and methods: In this single-center prospective
study, 21 patients with AIH-related fibrosis and 17 patients with
AlH-related cirrhosis were compared with 20 potential living
liver donors, i.e. the control group. CT perfusion parameters,
including AF, PF and PI were calculated.

Results: Histological staging identified fibrosis stages (F1-F3
stage fibrosis) in 21 patients and cirrhosis (F4) in 17 patients.
Inflammatory activity grades ranged from Al to A4. AF was
significantly elevated in both AIH-fibrosis (p < 0.001) and
AlIH-cirrhosis (p = 0.001) compared with the control group,
but did not differ significantly between fibrosis and cirrhosis
(p = 0.294). PF was significantly reduced in AIH-fibrosis (p =
0.001) and AIH-cirrhosis (p < 0.001) compared with controls,
with no significant difference between fibrosis and cirrhosis (p
=0.084). Both AF and PF demonstrated high sensitivity (95%)
in differentiating patients for both AIH-related fibrosis and
cirrhosis from the control group.

Conclusion: Increased AF and reduced PF, already evident at
the fibrosis stage, may serve as non-invasive markers of AIH-
related liver injury severity.

Key words. CT perfusion, autoimmune hepatitis, liver fibrosis.

Introduction.

Chronic liver diseases cover a spectrum of conditions
including chronic hepatitis, liver fibrosis and cirrhosis. Liver
biopsy is currently considered the gold standard for assessing
the extent of fibrosis and cirrhosis [1]. However, it is an invasive
and potentially risky procedure associated with pain and, in
some cases, life-threatening complications [2]. This has created
an urgent need for reliable non-invasive or minimum invasive
markers for the diagnosis of chronic liver diseases.

Computed tomography (CT) perfusion has emerged as a
promising imaging technique for detecting liver pathological
changes before the development of cirrhosis, even at early
stages of fibrosis [3]. Thus, CT perfusion parameters enable the
assessment of the severity of chronic liver diseases. Previous
studies have examined CT perfusion in cases of viral hepatitis
B and C, demonstrating its potential advantage in quantifying
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perfusion changes in fibrosis and cirrhosis [2,4,5]. However,
data on autoimmune liver diseases remain scarce.

Autoimmune hepatitis (AIH) is an immune-mediated
liver disease with a dynamic and heterogeneous clinical
course. Diagnosis of AIH is difficult owing to the lack of
specific disease features and it relies on the combination of
the following: (1) histological features of hepatitis and (2)
laboratory data, including elevated aminotransferases (AST and
ALT), autoantibodies (anti-smooth muscle antibodies (ASMA)
and/or anti-nuclear antibodies (ANA)), and immunoglobulin
G (IgG). AIH can occur in patients of a wide age range, with
variable serological markers and a diverse clinical spectrum
from asymptomatic to fulminant liver failure [6,7].

In cases of decompensated cirrhosis or acute liver failure,
liver transplantation is indicated [8]. Non-invasive imaging
techniques are being increasingly used to complement
histological examination. Ultrasound elastography is valuable
for monitoring disease progression in treated patients with
AIH, although liver inflammation may confound liver stiffness
measurements, sometimes leading to false-positive results.
It has been shown that in patients treated for less than three
months, liver stiffness correlates more strongly with histologic
grade (inflammatory activity) than with stage (fibrosis). Modern
imaging techniques such as elastography, magnetic resonance
imaging (MRI) can differentiate cirrhosis or advanced fibrosis
from normal liver. However, the accurate staging of early
fibrosis remains challenging [9].

Thus, there remains a crucial need for a non-invasive yet
reliable method for the assessment of autoimmune liver
injury. CT perfusion, which enables quantitative evaluation
of hemodynamic changes in hepatic microcirculation, may
fill this diagnostic gap. The aim of this study was to compare
CT perfusion parameters, including arterial flow (AF), portal
flow (PF), and perfusion index (PI), in patients with fibrosis
and cirrhosis secondary to AIH with those of a control group
(potential liver donors).

Materials and Methods.

This study was approved by the Ethics Committee of the
National Scientific Surgery Center named after A.N. Syzganov
((Approval No. 4 (92) dated 10th of November 2023).

Study design and population:

This single-center prospective study was conducted between
December 2023 and April 2025 and included 21 patients with
AlH-related liver fibrosis and 17 patients with AIH-related liver
cirrhosis. The control group consisted of 20 potential related
living liver donors.

Inclusion criteria (AIH group): patients of both genders, over
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18 years, with serologically, biochemically and histologically
confirmed liver fibrosis or cirrhosis secondary to autoimmune
hepatitis Type 1 before basis therapy.

Exclusion criteria (AIH group): viral hepatitis, drug-induced
hepatitis, other types of autoimmune liver disease (primary
biliary cholangitis (PBC), primary sclerosing cholangitis (PSC),
and overlap with AIH syndromes), acute stage of AIH, Wilson’s
disease, hemochromatosis, non-alcoholic steatohepatitis, focal
liver lesions, hepatic vein abnormalities (thrombosis, cavernous
transformation), history of splenectomy, dysfunction of vital
organs (cardiac, renal, or respiratory failure), and refusal to
participate.

Inclusion criteria (control group): potential donors for living
donor liver transplantation with clinically and radiologically
confirmed healthy livers.

Exclusion criteria (control group): donors with hepatic
steatosis >5% confirmed by biopsy, focal liver lesions (cysts or
hemangiomas), and refusal to participate.

A flowchart illustrating the patient selection process is
presented in Figure 1.

The patients were diagnosed based on laboratory,
immunological, serological, diagnostic and clinical data. The
severity of AlH-related cirrhosis was assessed utilising the
Child-Pugh score. Electronic medical records were reviewed to
collect the data on patients’ characteristics, including age, sex,
body mass index (BMI), laboratory and serological findings.

CT acquisition protocol:

CT perfusion imaging was performed in the cranio-caudal
direction using a 160-slice MDCT scanner (Aquilion Prime SP,
Canon Medical Systems, Japan). Scan parameters included a
tube voltage of 80 kVp, tube current of 30 mAs, gantry rotation
time of 0.5 s, and slice thickness of 0.5 mm, with a detector
coverage of 8 cm. Patients were instructed to maintain shallow
breathing without deep inspiration or breath-holding during
image acquisition.

Initially, an unenhanced scan was acquired for anatomical
localization of abdominal organs. Intravenous contrast medium

was then administered via a 20-G cubital vein catheter using
a dual-syringe automated power injector (Ulrich, Germany).
A non-ionic iodinated contrast agent (Ultravist 370 mgl/mL;
Schering, Berlin, Germany) was injected at a dose of 50 mL;
in patients with obesity, the dose was increased to 60 mL.
The injection rate was 4.5-5.0 mL/s. The dynamic perfusion
scan lasted 92 seconds and consisted of a single pre-contrast
acquisition, followed by 20 consecutive scans at 4-second
intervals and additional 3 scans at 5-second intervals.

Image post-processing:

Two radiologists with 7 and 12 years of experience in
abdominal radiology, respectively, who were blinded to the
clinical and histopathological data, independently performed
image post-processing. Perfusion analysis was conducted using
the dedicated workstation Vitrea (Canon Medical Systems,
USA) with the “4D Dual Input Liver” application.

Perfusion values were calculated using a dual-input maximum
slope model. Regions of interest (ROIs) were manually placed
in the abdominal aorta, portal vein, hepatic parenchyma, and
spleen, with a graph generated to produce time-density curves
(TDC). For the liver, ROIs were positioned within segments
I, 1V, VI, VIII, carefully avoiding peripheral areas and large
vessels. The ROI size was set to >1.0 cm?. Perfusion parameters:
arterial flow (AF) ml/min/100 ml, portal flow (PF) ml/min/100
ml and perfusion index (PI; AF/(AF + PF)) % were calculated
on perfusion maps (Figure 2).

Ultrasound examination and liver biopsy:

All patients, including those in the control group (potential
liver donors), underwent abdominal ultrasound examination
(Hitachi, Japan) by a radiologist with 15 years of experience
in order to exclude focal liver lesions, hepatic steatosis, and
hepatic venous pathology (thrombosis, occlusion, or cavernous
transformation).

Subsequently, percutaneous liver biopsy was performed under
ultrasound guidance in patients with liver fibrosis and cirrhosis
secondary to AIH 10-14 days before CT perfusion. Before the

All patients (n=149)

Exclusions: /
* acute stage of AIH (5) /
* PBC, PSC and overlap syndromes (n=38) B //
* steatosis >5% (n=6) S/
» focal liver lesions (n=5) /
* cavernous transformation (n= 12) oA
* dysfunction of cardiac and respiratory failure (n=2) //
+ refusal to participate (n=4) //
,///
4//
/
///
7
S
E
Study groups

AlH-related fibrosis (n=21)
AlH-related cirrhosis (n = 17)

X Exclusions:
\, *  steatosis >5% (n=2)

N\ + focal liver lesions (cyst/ hemangioma) (n=4)
refusal to participate (n=13)

Control group
Potential living liver donors (n = 20)

Figure 1. Flowchart of study exclusion criteria.
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operation, blood routine examination and blood clotting time
detection were conducted. Under local anesthesia and after
aseptic preparation of the surgical field, a puncture needle was
advanced into the peritoneal cavity through the right intercostal
space. The passage of the needle through the liver capsule and
into the parenchyma (segment VIII) was confirmed by both
real-time ultrasound visualization and tactile feedback. Tissue
sampling was conducted using an automated biopsy device (Pro-
Mag™ Ultra, Canada) equipped with a 16-G % 20 cm needle. A
single liver core biopsy specimen was obtained, measuring 19
mm in length.

Histopathologic analysis:

Tissue samples were fixed in 10% neutral buffered formalin.
The specimens were then dehydrated using a standard protocol
in a closed-system tissue processor (Thermo SCIENTIFIC
Excelsior AS, USA) and embedded in paraffin. Paraffin sections
4-5 pum thick were cut on a rotary microtome (Sakura Accu-Cut
SRM 200, Japan). For routine examination, the sections were
stained with hematoxylin using the automated stainer (Thermo
SCIENTIFIC Gemini AS, USA). Histochemical analysis was
performed with the following staining methods: Masson’s
trichrome, Schiff’s reagent, Perls’ Prussian blue, orcein, and
silver impregnation.

Prepared slides were examined under microscopes (ZEISS
AXIO Imager Z2, Germany) equipped with an Axiocam 506
color camera and ZEISS ZEN Imaging Software.

The assessment of fibrosis and inflammatory activity was
performed using the modified Ishak classification and the
Batts-Ludwig system, with correlation to the Meta-analysis of
Histological Data in Viral Hepatitis (METAVIR) score.

Statistical analysis:

Descriptive statistics are reported as mean =+ standard
deviation (SD) for normally distributed variables and as median
with interquartile range (IQR) for non-normally distributed
variables. The normality of distribution was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests.

Interobserver agreement between the two radiologists was
evaluated using the interclass correlation coefficient (ICC),
which was calculated on the full dataset with 95% confidence
intervals (CI).

Group comparisons of CT perfusion parameters were
performed using one-way ANOVA test followed by the post
hoc test or the Kruskal-Wallis test.

The diagnostic value of CT perfusion parameters for AIH-
fibrosis and AIH-cirrhosis was evaluated using the receiver
operating characteristic (ROC) curve analysis, with calculation
of the area under the curve (AUC), sensitivity, and specificity.

A p value < 0.05 was considered to indicate statistical
significance.

All statistical analyses of the data were performed using IBM
SPSS statistics (version 27).

Results.

Biopsy results:

Among AlH-fibrosis patients the stage F1 was observed in
10 patients, F2 in 7 patients, F3 in 4 patients, and F4 (AIH-
cirrhosis) in 17 patients. The degree of inflammatory activity
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was Al in 12 patients, A2 in 16 patients, A3 in 7 patients, and
A4 in 3 patients.

Laboratory data:

Among AlH-cirrhosis patients according to the Child-Pugh
score, Class A was identified in 9 patients, Class B in 7 patients,
and Class C in 1 patient.

The mean age of patients with fibrosis was 40.8 £+ 14.4 years,
of those with cirrhosis was 41.2 £ 15.3 years, and of liver donors
was 31.9 + 8.6 years. No statistically significant differences
were found between the groups in terms of age (p = 0.51) and
gender (p = 0.820), while the body mass index (BMI) of the
donors was significantly lower in comparison with the AIH-
fibrosis and AIH-cirrhosis groups (p = 0.002). Laboratory tests
showed proportionally elevated ALT and AST levels in both
AlH-fibrosis and AIH-cirrhosis groups (p = 0.794 and p =
0.055 respectively). ANA tested positive in 85.7% of patients
with AIH-fibrosis, and in 94.1% of patients with AIH-cirrhosis.
ASMA tested positive in 76.2% and 88.2% of patients with
AlH-fibrosis and AIH-cirrhosis, respectively, while IgG tested
positive in 85.7% and 88.2% of patients with AIH-fibrosis and
AlH-cirrhosis, respectively (Table 1).

Patients with AIH-fibrosis had a mean BMI of 25.9 + 4.1,
those with AIH-cirrhosis had 25.1 + 3.3, whereas the control
group demonstrated a lower mean BMI of 22.1 + 3.4. One-way
ANOVA confirmed a statistically significant difference in BMI
among the groups (p = 0.002).

To assess whether differences in BMI between the groups
affected perfusion measurements, an ANCOVA was performed
with BMI included as a covariate. The analysis demonstrated
that BMI had no significant effect on AF (p = 0.485) or PF
(p = 0.269) in patients with both fibrosis and cirrhosis. After
BMI adjustment, the differences in AF and PF between groups
remained statistically significant, indicating that BMI did not
confound the observed perfusion patterns.

Inter-observer agreement:

For the assessment of inter-observer fluctuation, two
radiologists (Radiologist 1 and Radiologist 2) independently
calculated CT perfusion parameters AF and PF. The ICC was
high for the CT perfusion parameter AF: 0.885, 95% CI (0.790-
0.939), as well as for PF: ICC 0.730, 95% CI (0.476-0.861) in
AlIH-fibrosis and AIH-cirrhosis patients. In the control group
(liver donors), ICC values were also high: AF: 0.885, 95%
CI (0.790-0.939) and PF: ICC 0.722, 95% CI (0.299-0.890).
Subsequently, the mean values of AF and PF were used for
further analysis.

CT perfusion parameters:

The Kruskal-Wallis test and one-way ANOVA test have
revealed a statistically significant increase in AF values in
AlH-fibrosis (p < 0.001) and AIH-cirrhosis (p = 0.001) patients
compared to those in the control group. However, no statistically
significant difference was found between AF values in AIH-
fibrosis patients with AIH-cirrhosis (p = 0.294) patients.

The CT perfusion parameter PF was significantly decreased in
AlH-fibrosis patients (p = 0.001) and AIH-cirrhosis patients (p
< 0.001) compared to PF values in the control group, whereas
no statistically significant difference was found between PF



values in patients with AIH-fibrosis and AIH-cirrhosis (p =
0.084) patients (Table 2 and Figure 3).

For each parameter and each disease subgroup, the area under
the ROC curve (AUC) with 95% confidence intervals (CI),
optimal cut-off values, as well as sensitivity and specificity are
provided (Figure 4).

AF demonstrated high sensitivity (95%) for both AIH-fibrosis
and AlIH-cirrhosis, with specificity values of 71% and 70%
respectively. PF also showed high sensitivity (95%), with
specificity of 60% for AIH-fibrosis and 76% for AIH-cirrhosis.
Detailed data are presented in Table 3.

Discussion.

The liver possesses unique hemodynamic characteristics, with
two inflow pathways (via hepatic artery and portal vein) and
a single outflow (via hepatic veins). The magnitude of hepatic

blood flow changes depending on the background parenchymal
injury, such as fibrosis or cirrhosis [10]. In cirrhosis, caused by
damage to hepatic sinusoids and lobular structure, portal venous
inflow encounters increased resistance. As the portal pressure
rises, the overall hepatic blood supply decreases. Compensatory
hepatic arterial perfusion may increase. However, portal venous
inflow accounts for approximately three-quarters of total hepatic
blood supply. Therefore, the compensatory increase in arterial
perfusion cannot fully restore the substantial reduction in portal
venous flow. This so-called “buffer response” is insufficient to
maintain adequate hepatic perfusion [11,12].

Previous studies have shown that abnormal liver perfusion
represents a key pathophysiological alteration in cirrhosis [13].
Wang et al. [14] reported that arterial enhancement fraction
(AEF) values were higher in patients with advanced cirrhosis
compared with those with milder cases. This suggests that

Figure 2. Perfusion maps: arterial flow (AF) — right top, portal flow (PF) — right bottom, perfusion index (PI) — left bottom.
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Figure 3. Boxplot illustrating a) AF values in the control, AIH-fibrosis and AIH-cirrhosis groups and b) PF values in the control, AIH-fibrosis and

AIH-cirrhosis groups.
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Figure 4. Receiver operating characteristic curve to differentiate AF parameter for AIH-fibrosis (left top) and AIH-cirrhosis (right top) with
control group, and PF parameter for AIH-fibrosis (left bottom) and AIH-cirrhosis (left bottom) with control group.

Table 1. Baseline characteristics of study groups.

Parameters AIH-fibrosis AIH- cirrhosis Control p- value
Age (years) 40.8+14.4 41.2+15.3 31.9£8.6 0.510
BMI (kg/m?) 25.9+4.1 25.1+£3.3 22.1+43.4 0.002
Gender (male:female) 3:18 4:13 9:11 0.820
ALT (U/L) 92.2+10.5 87.848.2 N/A 0.794
AST (U/L) 83.4+8.2 70.1+6.6 N/A 0.055
ANA positive (%) 85.7 94.1 N/A 0.317
ASMA positive (%) 76.2 88.2 N/A 0.414
IgG positive (%) 85.7 88.2 N/A 0.564

AIH: Autoimmune Hepatitis;, ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ANA: Antinuclear Antibodies; ASMA: Anti-
Smooth Muscle Antibodies; BMI: Body Mass Index. Data are Presented as Mean + Standard Deviation.

arterial perfusion parameters may be associated with the degree
of hepatic dysfunction. Mild hepatic impairment is mainly
characterized by hepatocyte degeneration, necrosis, and limited
fibrotic proliferation, whereas in moderate and severe cirrhosis
extensive collagen deposition occurs, with fibrous septa
connecting portal tracts and central veins. Regenerative nodules
can compress peripheral hepatic and portal veins, leading
to stenosis or even occlusion, thereby increasing vascular
resistance and causing abnormal portal and arterial perfusion
[15,16].
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CT perfusion allows for the detection of both regional and
global perfusion changes, and it is an effective method for
assessing the hemodynamic characteristics of various diseases.
Among currently available imaging methods, CT perfusion is
considered to be minimally invasive, and it provides highly
reliable quantitative evaluation of abdominal organ perfusion
and focal lesions [17]. The advantages of CT perfusion include
wide availability, relatively low cost, and feasibility for
integration into routine CT protocols [11]. The main drawback
remains radiation exposure, although modern protocols using



Table 2. CT perfusion parameters in patients with AIH-fibrosis, AIH-cirrhosis, and in normal liver parenchyma of living donors.

CT perfusion AIH-fibrosis (n=21) AI_H—c1rrh051s Control (n=20) Intergroup differences
parameters (n=17)

Fibrosis > Control group
AF (ml/100 ml/min) (p<0.001)
median 43.00 40.00 32.10 Cirrhosis > Control group
25th percentile 34.00 34.00 29.00 (p=0.001)
75th percentile 66.00 45.50 37.00 Fibrosis > Cirrhosis

(p=0.294)
PF (m1/100 ml/min) Control group > Fibrosis (p=0.001)
median 138.00 128.50 154.00 Control group > Cirrhosis (p < 0.001)
25th percentile 125.50 116.25 146.50 Cirrhosis < Fibrosis
75th percentile 151.50 146.00 164.00 (p=10.084)
PI (%) Fibrosis > Control group (p < 0.001)
median 23.55 23.92 21.45 Cirrhosis > Control group (p < 0.001)
25th percentile 19.98 23.30 17.32 Cirrhosis > Fibrosis
75th percentile 28.34 28.96 26.53 (p=0.642)
AIH: Autoimmune Hepatitis; AF: Arterial Flow,; PF: Portal Flow, PI: Perfusion Index.
Table 3. Differential values of AF and PF parameters for AIH-fibrosis and AIH-cirrhosis.
Parameter/group AUC 95% CI Cut-off value Sensitivity (%) Specificity (%)
AF/fibrosis 0.833 0.710-0.956 43.50 95 71
AF/cirrhosis 0.809 0.671-0.946 43.00 95 70
PF/fibrosis 0.810 0.680-0.939 156.50 95 60
PF/cirrhosis 0.888 0.782-0.994 137.01 95 76

AF: Arterial Flow; AIH: Autoimmune Hepatitis; AUC: Area Under the Curve; CI: Confidence Intervals; PF: Portal Flow.

reduced tube voltage and current significantly reduce the
dose. In our study, perfusion CT was performed at 80 kVp
and 30 mAs. Despite the implementation of dose-reduction
protocols, CT perfusion should be reserved for selected clinical
indications. It may still offer diagnostic advantages in specific
scenarios where elastography is insufficient or cannot be
performed. These situations include: inability to obtain reliable
liver stiffness measurements due to obesity, ascites, or narrow
intercostal spaces; the need to assess hepatic perfusion during
acute exacerbations of autoimmune hepatitis.

Most previous CT perfusion studies had focused on
hepatocellular carcinoma and its treatment response, hepatic
metastases, pre- and post-transplant hemodynamics, as well
as diffuse liver diseases in viral hepatitis B and C [3,14,18-
20]. Studies on viral hepatitis have consistently demonstrated
a gradual reduction in total liver perfusion (TLP) and portal
fraction (PF), with compensatory increases in arterial fraction
(AF) [9,21].

Guan et al. [5] in animal models of chronic liver disease,
demonstrated that PF decreases with progressive fibrosis,
accompanied by sinusoidal capillarization, collagen deposition,
and gradual reductions in blood flow (BF), blood volume (BV),
and mean transit time (MTT). Hashimoto et al. [1] also reported
reductions in hepatic blood flow in advanced chronic liver
disease, with higher HPI values in patients with cirrhosis (Child
B-C) compared with healthy individuals [3].

The inflammatory pattern in AIH differs fundamentally from
viral hepatitis. While viral hepatitis predominantly affects
lobular and sinusoidal zones, AIH is characterized by portal and
periportal inflammation, massive plasma cell infiltration, and
interface hepatitis with hepatocyte necrosis. This localization
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may contribute to earlier impairment of portal blood flow
compared with that in viral hepatitis. Under conditions of
periportal inflammation and fibrosis, characteristic of AIH,
earlier and more pronounced increases in AF and PI may be
observed. Damage to the portal system and collagen thickening
of the portal tracts increase vascular resistance and stimulate
compensatory arterial inflow [22-24].

In our study, quantitative CT perfusion parameters were
assessed in patients with fibrosis and cirrhosis secondary to
AIH and compared with a control group of potential living liver
donors. In AIH patients, AF and PI values were significantly
higher, while PF was significantly lower compared with
those in controls. No statistically significant differences in
AF, PF, and PI were found between the fibrosis and cirrhosis
subgroups. A probable explanation lies in the dominant effect
of inflammatory activity, a characteristic feature of autoimmune
hepatitis, on liver microcirculation. Inflammatory hyperemia
can affect perfusion parameters, especially AF, thereby masking
perfusion differences due solely to the fibrosis stage. In our
study, 10 patients (26.3%) exhibited high inflammatory activity
(activity stage 3 and 4). Nishie et al. [25] investigated CT
perfusion parameters in acute hepatitis, including patients with
autoimmune hepatitis. The authors demonstrated a characteristic
increase in AF and PI in patients with acute hepatitis compared
to the control group.

Van Beers et al. [26] demonstrated that in patients with
cirrhosis and chronic liver disease TLP decreases, while
HPI and MTT increase. The most informative criterion for
differentiating cirrhosis from non-cirrhotic liver disease was an
MTT cutoff that provided 81% sensitivity and 81% specificity.
In our study, the best cutoff values for differentiating AIH



patients with fibrosis and cirrhosis from controls were AF and
PF, with a sensitivity of 95%.

Bretas et al. [11] demonstrated high reproducibility of
measurements, with ICC values ranging from 0.82 to 0.86 for
arterial and portal perfusion. In our study, two radiologists with
different levels of abdominal imaging experience performed
independent post-processing, achieving good ICC values for AF
(0.885) and PF (0.730).

Furthermore, in our study, we observed cases of seronegative
AlH-fibrosis and AIH-cirrhosis. According to the European
Association for the Study of the Liver (EASL), most patients
diagnosed with AIH (85%-95%) exhibit elevated I1gG levels
[27]. In our study, IgG was elevated in 85.7% and 88.2% of
patients with AIH-fibrosis and AIH-cirrhosis, respectively.
Komori et al. [8] reported that in the Japanese population with
acute AIH, antinuclear antibody (ANA) was negative in 27%
of cases, while more than 50% of patients demonstrated normal
IgG levels.

In our study, we did not include patients with acute-onset AIH
without histological evidence of fibrosis or cirrhosis. However,
in patients with AIH-fibrosis and AIH-cirrhosis, the histological
assessment demonstrated high inflammatory activity (A3 in
7 patients, A4 in 3 patients). Clinically acute presentation,
including elevated transaminases, was observed in 9 patients
(23.7%).

Additionally, in our study population, the BMI of patients
with fibrosis and cirrhosis was higher compared with the control
group’s. The control (donor) group was younger (mean age
31.9 years) with healthy livers and had no evidence of hepatic
steatosis. Additional statistical testing demonstrated that BMI
did not influence perfusion parameters AF and PF. Furthermore,
the intergroup differences in perfusion persisted after adjustment
for BMI. Therefore, the observed alterations in hepatic perfusion
are likely related to AlH-associated hemodynamic changes
rather than differences in body habitus.

Limitations.

First, the small number of patients and uneven distribution
have limited this study which may have influenced the reliability
of the results. Second, no comparative analysis of CT perfusion
parameters between different stages of fibrosis and cirrhosis was
performed.

Future studies should include larger cohorts of patients
with acute ATH without fibrosis (FO) as well as AIH patients
with fibrosis. The analyses should take into account not only
the fibrosis stage but also the activity stage, considering the
peculiarities of AIH pathogenesis, particularly inflammatory
activity, for its early detection.

Given the relatively small sample size (~20 subjects per group),
ROC curve estimates may be overly optimistic, with wide
confidence intervals reflecting model instability. Therefore,
ROC performance should be interpreted with caution.

Conclusion.

The findings of this study suggest that a pronounced increase in
AF and a decrease in PF at the stages of AIH-related fibrosis and
cirrhosis, may help detect and monitor liver damage compared
with healthy livers.
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