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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
AIH-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 A1 to A4. AF was 
significantly elevated in both AIH-fibrosis (p < 0.001) and 
AIH-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 

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 
AIH-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 AIH-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 mgI/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 
III, IV, VI, VIII, carefully avoiding peripheral areas and large 
vessels. The ROI size was set to >1.0 cm². 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 

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 μm 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 AIH-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 

was A1 in 12 patients, A2 in 16 patients, A3 in 7 patients, and 
A4 in 3 patients. 
Laboratory data:

Among AIH-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 
AIH-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 
AIH-fibrosis and AIH-cirrhosis, respectively, while IgG tested 
positive in 85.7% and 88.2% of patients with AIH-fibrosis and 
AIH-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 
AIH-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 
AIH-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 
AIH-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 
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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 AIH-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.

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.

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/m2) 25.9±4.1 25.1±3.3 22.1±3.4 0.002
Gender (male:female) 3:18 4:13 9:11 0.820
ALT (U/L) 92.2±10.5 87.8±8.2 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

Table 1. Baseline characteristics of study groups.

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].

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 



258

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 

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 

CT perfusion 
parameters AIH-fibrosis (n=21) AIH-cirrhosis

(n=17) Control (n=20) Intergroup differences

AF (ml/100 ml/min)
median 
25th percentile
75th percentile

43.00
34.00
66.00

40.00
34.00
45.50

32.10
29.00
37.00

Fibrosis > Control group
 (p < 0.001)
Cirrhosis > Control group
(p = 0.001)
Fibrosis > Cirrhosis 
(p = 0.294)

PF (ml/100 ml/min)
median 
25th percentile
75th percentile

138.00
125.50
151.50

128.50
116.25
146.00

154.00
146.50
164.00

Control group > Fibrosis (p = 0.001)
Control group > Cirrhosis (p < 0.001)
Cirrhosis < Fibrosis 
(p = 0.084)

PI (%)
median 
25th percentile
75th percentile

23.55
19.98
28.34

23.92
23.30
28.96

21.45
17.32
26.53

Fibrosis > Control group (p < 0.001)
Cirrhosis > Control group (p < 0.001)
Cirrhosis > Fibrosis 
(p = 0.642)

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

AIH: Autoimmune Hepatitis; AF: Arterial Flow; PF: Portal Flow; PI:  Perfusion Index.

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

Table 3. Differential values of AF and PF parameters for AIH-fibrosis and AIH-cirrhosis.

AF: Arterial Flow; AIH: Autoimmune Hepatitis; AUC: Area Under the Curve; CI: Confidence Intervals; PF: Portal Flow.
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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 
AIH-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 IgG 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 AIH-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 AIH without fibrosis (F0) 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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