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Abstract: the aim of this study is to analyze the current advances of CT perfusion 
in the diagnosis of liver disease. Liver fibrosis is a characteristic feature of chronic liv-
er disease and is confirmed by liver biopsy, which is an invasive method. Morpholog-
ic parameters of cirrhosis are evaluated by conventional imaging techniques such as 
ultrasound (US), computed tomography (CT) and magnetic resonance imaging (MRI). 
Additional studies of new imaging modalities are needed for earlier diagnosis, surveil-
lance and accurate treatment, CT perfusion has several advantages by examining the 
arterial and venous blood flow of the liver, which gives a more complete picture of early 
functional changes in the liver. Despite the advantages of this method, the results of 
postprocessing in different stages of fibrosis and etiology of its development are not 
fully understood.
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Introduction
The liver has unique blood flow char-

acteristics, with two sets of inflow ves-
sels (hepatic artery and portal artery) 
and one set of outflow vessels (hepatic 
veins). Blood flow varies with underlying 
liver parenchymal injury such as cirrho-
sis, liver fibrosis, chemotherapy-associ-
ated steatohepatitis, and occlusive jaun-
dice. However, the hemodynamics of the 
diseased liver are complex and not fully 
understood [1]. 

Computed tomography (CT) perfu-
sion of liver is a modern imaging tech-
nique that allows quantitative assess-
ment of blood flow and contrast agent 
distribution in the liver. Perfusion im-
aging allows quantitative determination 
of physiological parameters of liver mi-
crocirculation perfusion at levels signifi-
cantly inferior to the spatial resolution of 
CT and MR imaging. Due to the peculiar-
ities of the structure and architecture, 
perfusion imaging in the liver is a more 

complex task than in other organs. The 
liver is a mobile organ and is significant-
ly deformed by respiratory movements. 
In addition, it has a dual vascular supply, 
and the sinusoidal capillaries in the nor-
mal liver are fenestrated [2]. 

Minimally invasive techniques such 
as perfusion CT allow for extremely ac-
curate assessment of tissue perfusion. 
Modern multidetector CT scanners are 
ideal for measuring perfusion due to their 
high spatial and temporal resolution [3].

Early diagnosis of liver fibrosis (LF) 
is key for treatment to halt the progres-
sion of cirrhosis and hepatocellular car-
cinoma. LF is a hallmark of chronic liver 
disease and is confirmed by liver biopsy, 
which is invasive and prone to sampling 
errors. The morphological parameters 
of cirrhosis are assessed by conven-
tional imaging techniques such as ul-
trasound (US), computed tomography 
(CT) and magnetic resonance imaging 
(MRI). New imaging techniques such as 
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magnetic resonance elastography and 
ultrasound elastography are reliable 
and informative. Further studies of new 
imaging techniques such as perfusion 
CT are needed for earlier diagnosis, fol-
low-up and accurate treatment [4].

The aim of this study is to analyze the 
current and latest advances in CT per-
fusion in the diagnosis of liver diseases.

Materials and methods: A compre-
hensive literature search was performed 
using PubMed and Google Scholar data-
bases. Key words included CT perfusion, 
liver fibrosis and cirrhosis, HCC, liver 
elastometry, liver ultrasound. Articles 
published between 2001 and 2024 were 
included. The review included differ-
ent types of articles including original 
research, literature and systematic re-
views and meta-analysis. Articles were 
selected based on their examination of 
the diagnostic method of CT perfusion 
in liver diseases of various etiologies. 
Articles were included if they contribut-
ed to the understanding of the informa-
tiveness of the method, highlighted the 
latest trends or addressed the gaps in 
current knowledge.

Methods for the diagnosis of liver 
diseases

The liver’s function depends in part 
on its blood flow. The portal vein provides 
about 80% of the hepatic blood flow in 
the absence of liver disease. However, in 
cirrhosis, portal perfusion progressive-
ly decreases due to increased sinusoi-
dal resistance and the development of 
spontaneous portosystemic collaterals. 
With portal vein decompression using 
operative or interventional portosystemic 
shunts, hepatic-portal perfusion is fur-
ther reduced or completely eliminated. 
Thus, total hepatic blood flow becomes 
increasingly dependent on hepatic ar-
terial blood flow. Several noninvasive 
methods have been proposed to quanti-
fy hepatic flow in clinical practice. These 
include imaging techniques based on 
measurements using Doppler sonogra-
phy, magnetic resonance imaging (MRI), 
nuclear medicine, or CT. Hepatic flow at 
the prehepatic level can be measured us-
ing Doppler sonography [5].  However, the 
reproducibility of portal venous flow mea-
surements using Doppler sonography 
remains controversial, and arterial flow 
measurements using this method are 

even more difficult to obtain due to the 
small diameter of the hepatic artery [5].

Ultrasound Elastography is the most 
commonly used instrumental method to 
date for assessing the effectiveness of 
antiviral therapy in patients with chron-
ic hepatitis C. A statistically significant 
decrease in liver tissue stiffness was 
noted in both patients with fibrosis and 
patients with cirrhosis [6]. 

MRI is routinely used to assess cir-
rhosis and its complications. However, 
detecting early stages of fibrosis is more 
challenging and several new MRI tech-
niques have been used for this purpose. 
Innovative techniques MR elastography: 
Similar to sonographic transient elas-
tography (TE), MR elastography is based 
on the fact that the speed and wave-
length of a wave propagating in tissue 
increases as the stiffness of the medi-
um, such as a fibrotic liver, increases. 
MR elastography requires special soft-
ware and hardware. A driver device is 
placed over the patient’s right upper ab-
domen and generates acoustic pressure 
waves with a frequency of 40-120 Hz. 
These waves create shear waves in the 
liver. The images display the propagat-
ing mechanical wave and a special algo-
rithm generates a quantitative stiffness 
map. In several studies, MR elastogra-
phy has detected progressive liver fibro-
sis and cirrhosis in patients with chronic 
hepatitis B. The quantitative assessment 
significantly correlated with the stage of 
fibrosis. It has also proven to be an effec-
tive tool for differentiating low and high 
grade cirrhosis [7].

Unlike ultrasound, MR elastogra-
phy is not affected by the absence of an 
acoustic window, obesity, or the pres-
ence of ascites, and is not operator de-
pendent. MR elastography has been 
established as a diagnostic tool for 
progressive fibrosis regardless of age, 
gender, BMI, inflammation, and the eti-
ology of liver disease. Limitations of MR 
elastography include its cost and the 
fact that it is time consuming. Liver stiff-
ness may also be affected by liver iron 
overload, steatosis, vascular occlusion, 
cholestasis, and portal hypertension [8].

Nuclear medicine techniques such 
as single-photon emission comput-
ed tomography and dynamic positron 
emission tomography have been used to 
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study liver perfusion. These techniques 
are hampered by their limited spatial 
resolution. In particular, noninvasive di-
rect measurement of portal vein activity 
is not possible even with positron emis-
sion tomography, which has the best 
spatial resolution among nuclear med-
icine techniques  [5].

Certain liver perfusion parameters 
can be determined noninvasively from 
CT scans in patients with chronic liver 
disease.

CT scans have shown that liver per-
fusion, hepatic arterial fractional perfu-
sion, and mean transit time of iodinated 
contrast are significantly altered in cir-
rhosis, and that these parameters cor-
relate with the degree of liver dysfunc-
tion based on clinical and biological data 
in chronic liver disease. These findings 
highlight the importance of perfusion as 
a marker of liver function [5].

In this regard, CT perfusion plays an 
important role in the diagnosis and mon-
itoring of chronic liver diseases, due to 
the ability to quantitatively assess the 
parameters of the liver blood supply, 
which allows identifying and monitoring 
pathological changes at the microcircu-
latory level.

Evaluation of hemodynamic param-
eters of the liver

CT perfusion allows measuring im-
portant parameters such as:

Blood flow (hepatic blood flow, HBF) 
is the volume of blood passing through 
a unit of tissue in a certain period of 
time. A decrease in HBF may indicate 
the development of fibrosis or cirrhosis. 
Blood filling (hepatic blood volume, HBV) 
is the total volume of blood in the liver 
tissue. This value also changes with the 
development of fibrosis and cirrhosis. 
Plasma transit time (mean transit time, 
MTT) is the time it takes for blood to pass 
through the liver tissue; may change 
with the development of vascular disor-
ders. Permeability (permeability surface 
area product, PS) is an indicator charac-
terizing the permeability of the vascular 
wall, which increases with inflammatory 
processes and tumor changes.

These parameters help to identify 
even small changes in the structure and 
function of the liver, which can be early 
signs of a chronic disease such as fibro-
sis or cirrhosis.

CT perfusion can be used to assess 
the stage of liver fibrosis, which is espe-
cially important in the absence of avail-
able minimally invasive methods. An in-
crease in the density of connective tissue 
during fibrosis changes the blood flow, 
which allows the use of perfusion param-
eters for a qualitative and quantitative as-
sessment of the degree of damage.

In the early stages of fibrosis, blood 
flow and blood filling can decrease due to 
the onset of changes in microcirculation. 
As the disease progresses (transition to 
cirrhosis), perfusion parameters change 
significantly, and changes in the vascular 
pattern of the liver are also observed.

CT perfusion allows for repeated 
studies and monitoring the dynamics 
of perfusion changes. This can be use-
ful to assess the effectiveness of ther-
apy aimed at slowing the progression 
of fibrosis or improving liver function. 
For example: After antifibrotic therapy, 
blood flow and blood filling parameters 
can be expected to improve. If treatment 
is ineffective, perfusion parameters may 
continue to deteriorate, indicating the 
need to adjust therapy.

One of the important consequences 
of chronic liver disease is the develop-
ment of portal hypertension. CT perfu-
sion can help determine the degree of 
blood flow impairment in the portal sys-
tem, assess changes in arterial and ve-
nous blood flow in the liver, and predict 
the development of complications asso-
ciated with portal hypertension, such as 
esophageal and gastric varices.

Chronic liver disease, especially cir-
rhosis, is a risk factor for the develop-
ment of hepatocellular carcinoma. CT 
perfusion allows us to evaluate areas 
of the liver with increased blood supply, 
which may indicate the development of 
HCC, determine the tumor boundaries 
and the degree of invasion into adjacent 
vessels. After surgery, chemotherapy or 
radiotherapy, CT perfusion can be used 
to monitor the restoration of blood flow 
to the liver or, conversely, to detect recur-
rence of the disease. Perfusion changes 
can indicate the tumor’s response to 
therapy and predict long-term outcome. 
Another result of the authors’ study was 
that perfusion changes in chronic liver 
diseases significantly correlated with 
the severity of the disease [5].
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The study found that portal and gen-
eral perfusion are prognostically valu-
able parameters that allow assessing 
changes in blood flow in liver tissue af-
ter antiviral therapy with direct-acting 
drugs in patients with liver fibrosis and 
cirrhosis as a result of chronic hepati-
tis C. An increase in the values ​​of these 
parameters is most likely associated 
with a decrease in the severity of portal 
hypertension signs after completion of 
specific treatment. Perfusion computed 
tomography provides an idea of ​​the ef-
fect of antiviral therapy on liver tissue 
hemodynamics, which allows judging 
the degree of fibrosis regression at each 
stage of liver disease in the patients ex-
amined [9]. 

Thus, CT perfusion is becoming an 
important tool in the diagnosis and mon-
itoring of chronic liver diseases, provid-
ing physicians with data on hemodynam-
ic changes that cannot be obtained by 
other imaging methods.

Conducting CT perfusion:
Basic principles of CT perfusion: 

Perfusion is the transfer of blood to a 
unit volume of tissue per unit time, and 
usually refers to blood transport at the 
capillary level. CT perfusion is based on 
the increase and subsequent decrease 
in the concentration of contrast agent 
in tissues as a function of time. Since 
tissue attenuation, measured by CT and 
expressed in Hounsfield units, is directly 
proportional to the high concentration of 
contrast agent in the tissue, CT allows 
the assessment of tissue perfusion [10].

CT perfusion analysis is based on 
several fundamental requirements. One 
of them is sequential CT scanning of the 
same volume over time, performed be-
fore, during and after intravenous con-
trast administration to track temporal 
changes in CT attenuation in the tissue 
volume of interest. Tissue enhancement 
measured after contrast administration 
can be divided into two phases depending 
on the distribution of the contrast agent 
in the intravascular or extravascular-ex-
tracellular (terstitial) compartment.

In the first phase, enhancement oc-
curs mainly due to the contrast agent 
in the intravascular space. Later, in the 
second phase, tissue enhancement oc-
curs as the contrast agent moves from 
the intravascular to the extravascular 

extracellular space across the capil-
lary membrane. Thus, in the first phase, 
enhancement is largely determined by 
blood flow, while in the second phase, 
enhancement is dependent on blood vol-
ume and capillary permeability to con-
trast agent [11].

The amount of contrast agent pres-
ent in the volume of interest reflects the 
sum of the amount of contrast agent 
in the blood vessels and the amount of 
contrast agent that has passed into the 
interstitial space by passive diffusion. 
Another requirement for CT perfusion 
analysis is the selection of a vessel 
(usually an artery) supplying the tissue 
of interest to obtain an intensity-time 
curve (arterial input function) by placing 
a region of interest (ROI) within the lu-
men of the vessel. Unlike other organs 
where the ROI is usually placed only in 
the artery, in liver CT perfusion the ROI 
should be placed in both the artery and 
the portal vein because the liver has a 
dual blood supply, from the hepatic ar-
tery and the portal vein. A third require-
ment for CT perfusion analysis is the use 
of kinetic models to calculate the vari-
ous perfusion parameters in the tissues 
being analyzed. For liver CT perfusion, 
one of three methods can be used, in-
cluding the model-free maximum slope 
method, the compartment model-based 
method, and the distributed parameter 
model-based method, or a combination 
of them [10].

A typical CT perfusion protocol con-
sists of a pre-contrast image acquisition 
and subsequent dynamic acquisitions, 
performed sequentially after intrave-
nous administration of iodinated CT 
contrast. The pre-contrast CT scans can 
serve as a localizer to select the ana-
tomical scanning range for the subse-
quent dynamic scan. In the case of liver 
imaging, the scanning range should ide-
ally include the main portal vein so that 
time-intensity curves of both the abdom-
inal aorta and portal vein can be calcu-
lated [12].

Contrast agents should be adminis-
tered in small amounts at high flow rates 
to obtain a short and well-terminated bo-
lus. The iodine concentration of the con-
trast agents should be at least 300 mg 
iodine per milliliter, and the total iodine 
dose administered should be approx-
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imately 12-18 g. It is recommended to 
administer a contrast bolus of 30-60 mL 
of iodinated contrast agent followed by a 
50 mL flush of normal saline at an infu-
sion rate of 4 mL/sec or higher through 
an 18-20 gauge antecubital intravenous 
cannula. The amount of contrast agent 
should be adjusted depending on the con-
centration of the contrast agent. Contrast 
agents with high iodine concentrations (> 
350 mg iodine per milliliter) are general-
ly recommended to obtain a higher con-
trast-to-noise ratio [10].

After acquisition of CT data, various 
CT perfusion parameters can be cal-
culated using either a model-free or a 
model-based approach, with the former 
being easier to implement. Regardless 

of the algorithm used, several image 
processing steps are required to calcu-
late CT perfusion parameters. Image 
processing includes motion correction 
or image alignment, selection of arterial 
(and/or portal) input features, definition 
of ROIs, and voxel-wise calculation of 
perfusion parameters. Perfusion anal-
ysis of the liver is calculated differently 
from that of other organs because the 
liver has a dual blood supply, the hepatic 
artery and the portal vein. Therefore, the 
effective intensity-time curve obtained 
from liver tissue is the result of super-
position of the arterial and venous com-
ponents [10,13]

Post-processing of CT perfusion of 
the liver is shown in the figure1 [14]. 

Table 1. 
Perfusion of liver CT scan 

after data processing. A: ROI is 
located on the abdominal aorta 

and portal vein for perfusion 
calculation; B-D: Perfusion 

parameters of liver CT scan are 
calculated automatically, in-

cluding hepatic artery fraction 
(B), liver blood flow (C), and 

liver blood volume (D).

Results of liver CT perfusion 
post-processing.

In the study by Vignesh G. et al. [15], 
CT perfusion values ​​are compared in liver 
pathologies such as HCC, hemangioma, 
abscess and simple liver cysts. Perfusion 
parameters in liver cysts showed no in-
tracystic blood flow (BV), blood flow ve-
locity (BF) and mean transit time (MTT) 
with increased induced residual fraction 
time to onset (IRFTO). Perfusion values ​​
in hemangioma showed increased intral-
esional BV, BF and IRFTO with relatively 
decreased MTT. Perfusion values ​​in HCC 
showed increased intralesional BV and 

BF with relatively decreased MTT and 
IRFTO. Perfusion parameters in liver ab-
scess showed decreased intralesional 
BV, BF and PS with increased MTT and 
IRFTO. Of all the parameters evaluated, 
four parameters, namely BF, BV, MTT and 
IRFTO, showed statistical significance in 
differentiating benign and malignant le-
sions. Of the 36 patients, 18 had malig-
nant lesions and 14 had benign lesions. 
Since the growth and migration of can-
cer cells depend on the proliferation of 
new blood vessels through the process 
of tumor angiogenesis, tissue perfusion 
is of critical importance in oncology. An-



BULLETIN OF SURGERY IN KAZAKHSTAN     №3   2024 103

A NEW PERSPECTIVE ON DIAGNOSIS: 
THE POTENTIAL OF CT PERFUSION IN CHRONIC LIVER DISEASE (LITERATURE REVIEW)

giogenesis can be quantified to assess 
tumor growth at an early stage and ob-
tain prognostic, predictive and surrogate 
power. CT perfusion also allows for the 
assessment of how chemotherapy and 
radiotherapy affect tumor vascularization 
and perfusion [3]. 

Ronot M. et al. [2] in their study found 
significant changes in some perfusion 
parameters in patients with cirrhosis. 
The study showed an increase in CT per-
fusion indices of arterial perfusion and 
a decrease in portal venous perfusion. 
There was an increase in arterial frac-
tion and mean transit time in cirrhotic 
liver compared to normal liver. The au-
thors also observed a decrease in por-
tal and total liver perfusion. In addition, 
they showed that patients with chronic 
liver disease without cirrhosis also had 
altered perfusion parameters (including 
total liver perfusion, arterial fraction, 
and mean transit time), which were sig-
nificantly different from those in patients 
with cirrhosis. Fibrosis was assessed 
using the METAVIR score, with the final 
population consisting of patients with 
stage F1 (mild fibrosis) in 58% of pa-
tients, F2 (moderate fibrosis) in 27%, and 
F3 (intermediate fibrosis) in 15%. There 
were no patients with F0 (no fibrosis) or 
F4 (severe fibrosis). Twenty-one patients 
also had steatosis (fatty liver infiltra-
tion), of which seven were mild, six were 
moderate, and eight were severe. Portal 
venous perfusion and total liver perfu-
sion were significantly lower in patients 
with intermediate fibrosis compared 
with minimal fibrosis. Mean blood tran-
sit time was increased in patients with 
intermediate fibrosis. Arterial perfusion 
and volume of distribution did not dif-
fer significantly between groups. Mean 
transit time was an independent factor 
associated with fibrosis. A cutoff value 
of 13.4 seconds can be used to distin-
guish between minimal and intermedi-
ate fibrosis with a sensitivity of 71% and 
a specificity of 65%. These data help to 
better understand how liver character-
istics change with fibrosis progression 
and can be used to diagnose and monitor 
liver health in patients.	

The study Dushyant V. et al. [16] dis-
cusses the use of CT perfusion to assess 
HCC vascularization and the correlation 
of CT perfusion parameters with tumor 

grade and serum markers. The study in-
cluded 30 patients with unresectable or 
metastatic HCC. CT perfusion parame-
ters including parenchymal blood flow, 
blood volume, mean transit time, and 
permeability surface area product were 
analyzed and compared among tumors 
of varying grades with or without por-
tal vein invasion or cirrhosis, and with 
different extrahepatic metastases. The 
results showed a significant difference 
in CT perfusion parameters between 
primary HCC and liver parenchyma, with 
well-differentiated HCC demonstrating 
significantly higher perfusion values ​​
than other grades. There was no signif-
icant difference in tumor perfusion be-
tween the presence or absence of por-
tal vein invasion or cirrhosis, and lymph 
node metastases had lower perfusion 
values ​​compared with other extrahe-
patic metastases. In addition, the study 
found no significant correlation between 
CT perfusion parameters and serum 
markers.	

Stashuk G. [9] in their study examined 
61 patients with liver fibrosis and cirrho-
sis as a result of chronic viral hepatitis 
C, of ​​which 26 patients underwent anti-
viral therapy (AVT) with the achievement 
of a sustained virological response (SVR) 
24 weeks after the end of treatment. All 
patients underwent CT perfusion of the 
liver on a 256-slice Philips ICT computed 
tomography scanner (Netherlands). The 
parameters of arterial, portal, general 
perfusion and liver perfusion index were 
determined in each patient in segments 
III, VII and VIII of the liver using the linear 
regression method. The authors found 
that the use of direct-acting antivirals 
(DAAs) in patients with chronic hepati-
tis C virus infection provides a sustained 
virological response (SVR) in more than 
90% of patients. Such therapy reduc-
es the hepatic venous pressure gradi-
ent and promotes fibrosis regression. 
Elastography was used to assess the 
effectiveness of DAAs: in a 2020 study, 
a decrease in liver tissue stiffness was 
recorded 12 weeks after therapy in both 
patients with fibrosis and cirrhosis, ex-
cept for those with ascites.

After DAA, patients with liver fibro-
sis showed significant improvement in 
portal and total perfusion, as well as a 
decrease in the liver perfusion index, 
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which is associated with a decrease in 
inflammation and regression of fibrosis. 
While patients with cirrhosis showed 
less effectiveness in improving perfu-
sion, especially in severe stages of the 
disease. Thus, more than 90% of pa-
tients achieved a sustained virological 
response (SVR), indicating high efficacy 
of therapy against the hepatitis C virus. 
Patients with compensated cirrhosis 
show moderate improvements in perfu-
sion, but in patients with decompensat-
ed cirrhosis, significant improvements 
in blood flow are achieved less often. 
This confirms that severe stages of cir-
rhosis complicate the restoration of 

blood flow and the effectiveness of DAA. 
As the study showed, liver cirrhosis is 
an independent factor that limits the ef-
fectiveness of antiviral therapy, probably 
due to the already existing structural 
changes in the liver. These data high-
light that the use of DAAs is preferable 
in the early stages of fibrosis, when the 
liver’s regenerative capacity has not yet 
been lost.

Hayri O. et al. [3] in his work he com-
pares the studies of other authors on 
changes in CT perfusion parameters in 
liver cirrhosis (Table 1).

Changes in CT perfusion parame-
ters in liver cirrhosis

Study Year Quantity BF BV ALP PLP HPI MTT
Van Beers et al. 2001 34 - - - - ↑ ↑
Guan et al. 2005 14 (rats) ↓ ↓ - - ↑ ↑
Hashimoto et al. 2006 38 ↓ - - - ↑ -
Chen et al. 2009 39 - - - - - ↓
Li et al. 2011 22 ↑ ↑ ↑ ↑ - -
Ippolito et al. 2012 45 - ↑ ↑ ↓ ↑ -
Ma et al. 2013 40 (rats) ↓ ↓ ↑ ↓ ↑ ↓
Note: ↑ - increase; ↓ - decrease; BF - blood flow; BV - blood volume; ALP - 
arterial liver perfusion; PLP - portal liver perfusion; HPI - liver perfusion index; 
MTT - mean transit time.

Table 1. 

Liver perfusion was significantly re-
duced in patients with cirrhosis (67 ± 23 
ml min–1 x 100 ml–1 versus 108 ± 34 ml 
min–1 x 100 ml–1 in the control group (p 
= 0.009) and 98 ± 36 ml min–1 x 100 ml–1 
in patients with non-cirrhotic chronic 
liver disease (p = 0.003)). The arterial 
fraction was significantly increased in 
patients with cirrhosis (41 ± 27% vs. 17 
± 16% in controls (p = 0.022) and 19 ± 6% 
in patients with non-cirrhotic chronic liv-
er disease (p = 0.004)). The mean transit 
time was also significantly increased in 
patients with cirrhosis (51 ± 79 sec vs. 16 
± 5 sec in controls (p < 0.001) and 17 ± 8 
sec in patients with non-cirrhotic chron-
ic liver disease (p < 0.001)). There was no 
significant difference in the volume of 
distribution between the groups (25.5 ± 
4.4% in controls, 24.1 ± 4.3% in patients 
with non-cirrhotic chronic liver disease, 
and 28.9 ± 8.6% in patients with cirrhosis 
(p = 0.22)). There was no significant dif-
ference between the control group and 
patients with non-cirrhotic liver disease 

in any parameter [17].
At the diagnosis of cirrhosis, the ar-

eas under the ROC curves were 0.81 ± 
0.07 for liver perfusion, 0.78 ± 0.08 for 
arterial fraction and 0.89 ± 0.05 for mean 
transit time. The areas under the ROC 
curves did not differ significantly (liver 
perfusion vs. arterial fraction, p = 0.69; 
liver perfusion vs. mean transit time, p 
= 0.14; arterial fraction vs. mean tran-
sit time, p = 0.13) (Fig. 4). The best cut-
off point for differentiating patients with 
cirrhosis from patients without cirrho-
sis was considered to be a mean tran-
sit time of 22.6 sec, yielding a sensitivity 
and specificity of 81%.	 Increased vascu-
lar resistance in cirrhotic liver reduces 
portal perfusion. The decrease in portal 
perfusion is buffered by hepatic arteri-
alization, increasing the arterial fraction 
of liver perfusion. However, the increase 
in arterial perfusion is often insufficient 
to maintain total liver perfusion in cir-
rhosis due to high extrahepatic porto-
systemic shunting, which explains why 
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Table 2. Correlations between 
liver disease severity and 
perfusion parameters

the authors observed a decrease in to-
tal liver perfusion. The authors found 
that perfusion parameters measured 
by CT tended to be altered in patients 
with non-cirrhotic chronic liver disease. 
Some hemodynamic changes may occur 
in the liver before the development of 

cirrhosis. However, the differences be-
tween control subjects and patients with 
non-cirrhotic chronic liver disease did 
not reach statistically significant levels 
in the patient group. In contrast, perfu-
sion parameters were significantly al-
tered in cirrhosis (Table 2).

Perfusion 
parameter

Severity of the disease

 r pNorm 
(n = 6)

Non-cir-
rhotic liver 

diseases 
(n = 16)

Child A 
(n = 7)

Child B 
(n = 7)

Child C 
(n = 4)

Liver per-
fusion (ml 
min¹ 100 
ml¹)

108 ± 
34 (99) 98 ± 36 (95) 70 ± 22 

(64)
69 ± 30 
(58)

56 ± 13 
(54) -0,55 < 0,001

Arterial 
fraction (%)

17 ± 16 
(16) 19 ± 6 (19) 24 ± 9 

(24)
38 ± 20 
(41)

75 ± 30 
(85) 0,59 < 0,001

Volume of 
distribution 
(%)

25,5 
± 4,4 
(24,2)

24,1 ± 4,3 
(23,5)

23,4 
± 2,1 
(23,7)

33,9 
± 8,7 
(36,6)

29,4 ± 
11,7 
(30,6)

0,29 0,07

Mean 
transit time 
(sec)

16 ± 5 
(16) 17 ± 8 (17) 72 ± 12ᵃ 

(39)
33 ± 9 
(33)

45 ± 21 
(42) 0,70 < 0,001

Note: Each row shows the correlation (r) and significance (p) between the five 
disease severity classes and a given perfusion parameter. Data are presented 
as mean ± standard deviation; median is shown in parentheses. Child A, Child 
B, and Child C classification refer to the Child-Pugh classification. ᵃThe mean 
transit time in patients with Child A cirrhosis is higher than in Child B patients 
due to one patient with a high transit time.

The table above demonstrates sig-
nificant changes in liver perfusion and 
arterial fraction, indicating deterioration 
of liver blood supply with disease pro-
gression. Thus, until now, CT perfusion of 
the liver has not been a diagnostic meth-
od of choice for liver diseases and has 
been used for scientific purposes to study 
changes in its blood flow. However, CT 
perfusion measures parameters such as 
blood flow, blood filling and mean tran-
sit time, which gives a more complete 
picture of early functional changes in the 
liver. This can be especially useful for the 
early detection of microcirculation disor-
ders that are difficult to detect using tra-
ditional CT or MRI. Most of the available 
scientific studies are aimed at studying 
changes in the perfusion of liver lesions, 
in particular, changes in blood flow in HCC 
and in dynamics, after its treatment. Also, 
the results of CT perfusion of the liver in 

cirrhosis have been obtained, proving 
hemodynamic changes with its progres-
sion. To date, there are a limited number 
of studies devoted to CT perfusion of the 
liver in its fibrotic changes and different 
stages. Ronot M. et al.; Stashuk G. et al. 
[2,9] in their studies obtained correlated 
data on hemodynamic changes in the liv-
er with fibrosis of 1, 2 and 3 degrees in the 
outcome of viral hepatitis C. The develop-
ment of liver fibrosis with different etiol-
ogies and stages of the disease remains 
incompletely studied and relevant, since 
obtaining data on early changes in liver 
perfusion will allow timely treatment and 
delay the development of decompensated 
liver cirrhosis [18].

What’s known: CT perfusion has 
long been utilized as a valuable imaging 
tool in oncology to evaluate tumor vas-
cularity, detect angiogenesis, and mon-
itor responses to therapies. In the con-
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text of liver pathology, previous research 
has shown its capability to distinguish 
between benign and malignant lesions 
by analyzing perfusion parameters such 
as blood flow (BF), blood volume (BV), 
and mean transit time (MTT). Studies 
have indicated that these parameters 
often vary significantly in conditions like 
hepatocellular carcinoma (HCC), cirrho-
sis, and fibrosis, providing insight into 
how perfusion changes reflect disease 
severity and progression.

What’s new: Recent studies expand 
the application of CT perfusion in liv-
er disease, emphasizing its potential 
to non-invasively monitor chronic liver 
conditions beyond oncology. Findings 
show that perfusion metrics can differ-
entiate stages of fibrosis and cirrhosis, 
detect early hemodynamic changes, 
and assess liver health more precisely. 
Furthermore, the studies highlight the 
promising role of CT perfusion in evalu-
ating the effectiveness of antiviral ther-
apies, such as direct-acting antivirals 
(DAAs) for hepatitis C, by demonstrating 
perfusion improvements correlated with 
fibrosis regression. However, they also 
note challenges related to standardizing 
CT perfusion protocols, which could af-
fect its broader clinical adoption.

Limitations: CT perfusion methodol-
ogy and parameters may vary depending 
on the equipment and protocols used. The 
lack of standard values ​​and interpretation 
methods limits the reproducibility of re-
sults and makes it difficult to compare data 
between different studies, which reduces 
the clinical applicability of the method for 
monitoring chronic liver diseases.

Conclusion
The reviewed studies underscore the 

value of CT perfusion in assessing liver 

pathology, especially in differentiating be-
tween benign and malignant lesions and 
tracking liver disease progression, in-
cluding cirrhosis and fibrosis. Perfusion 
parameters like blood flow (BF), blood 
volume (BV), mean transit time (MTT), and 
induced residual fraction time to onset 
(IRFTO) show significant promise as bio-
markers, offering insights into vascular 
changes associated with liver diseases. 
Particularly in oncology, perfusion CT en-
ables early detection of tumor angiogene-
sis, monitoring of therapeutic effects, and 
prediction of patient outcomes. Addition-
ally, in patients with chronic liver diseas-
es, changes in CT perfusion parameters 
correlate with the severity of fibrosis and 
cirrhosis, highlighting the potential for 
CT perfusion to be a useful, non-invasive 
tool for monitoring disease progression. 
Despite this promise, standardization of 
CT perfusion techniques remains a chal-
lenge, limiting its broad clinical adoption. 
Nonetheless, as techniques advance and 
protocols are refined, CT perfusion could 
become a vital imaging tool in diagnosing 
and managing chronic liver diseases and 
hepatic malignancies.
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