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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.

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-
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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
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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
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-
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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 (TEJ), 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
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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
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
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tothe 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].

The study found that portal and gen-
eral perfusion are prognostically valuable
parameters that allow assessing chang-
es in blood flow in liver tissue after antivi-
ral therapy with direct-acting drugs in pa-
tients with liver fibrosis and cirrhosis as a
result of chronic hepatitis C. An increase
in the values of these parameters is most
likely associated with a decrease in the
severity of portal hypertension signs af-
ter completion of specific treatment. Per-
fusion computed tomography provides an
idea of the effect of antiviral therapy on
liver tissue hemodynamics, which allows
judging the degree of fibrosis regression
at each stage of liver disease in the pa-
tients examined [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-
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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 present
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 re-
quirement 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 lumen of the vessel. Un-
like other organs where the ROl is usually
placed only in the artery, in liver CT per-
fusion the ROl should be placed in both
the artery and the portal vein because
the liver has a dual blood supply, from the
hepatic artery and the portal vein. A third
requirement for CT perfusion analysis is
the use of kinetic models to calculate the
various perfusion parameters in the tis-
sues being analyzed. For liver CT perfu-
sion, one of three methods can be used,
including 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-
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Table 1.

Perfusion of liver CT scan
after data processing. A: ROl 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).

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-
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-

-
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Results of liver
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 in-

CT perfusion

DOI: 10.3748/wjg.v28.142.6068 Copyright ©The Author(s) 2022,

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].

tralesional BV, BF and IRFTO with rela-
tively decreased MTT. Perfusion values
in HCC showed increased intralesional
BV and BF with relatively decreased MTT
and IRFTO. Perfusion parameters in liver
abscess 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-
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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-
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 FO (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
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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
I, VIl 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
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Table 1.

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,
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 etal. | 2001 |34 - - - - ™ 0
Guan et al. 2005 |14 (rats) | J - - dh ™
Hashimoto et al. | 2006 |38 J - - - N -
Chen et al. 2009 |39 - - - - - N
Li et al. 2011 |22 ™ N N N - -
lppolito etal. | 2012 | 45 - 0 ™ N T -
Ma et al. 2013 |40 (rats) || N ™ N ™ N
Note: N - increase; |, - decrease; BF - blood flow; BV - blood volume; ALP -
arterial liver perfusion; PLP - portal liver perfusion; HPI - liver perfusion index;
MTT - mean transit time.

Liver perfusion was significantly re-
duced in patients with cirrhosis (67 + 23
ml min-1x 100 ml-1 versus 108 + 34 ml
min-1x 100 ml-1 in the control group (p
=0.009) and 98 + 36 ml min-1x 100 m(-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 secvs. 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-
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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
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 2J.

Severity of the disease
Perfusion Non-cir-
parameter | Norm | rhotic liver | Child A | Child B | Child C r p
(hn=6) | diseases | (n=7) | (n=7) | (n=4)
(n=16)
Liver per-
fusion (ml 108 + 70+22 69+30 |56+13
min1 100 | 34(99) | 78%36(95) 10y (58) (54) -0:55 | < 0,001
ml)
Arterial 17 £16 24 + 9 38+20 |75+30
fraction (%) | (16) 1926009 1 5) (41) | (85) 0.59 | < 0,001
Volume of 25,5 241 +43 23,4 33,9 29,4
distribution |+ 4,4 [23; 5]_ ' +2,1 +8,7 11,7 0,29 |0,07
(%) (24,2) ' (23,7] (36,6) | (30,6)
Mean
. 165 72+122 |33+9 |45+ 21
;gaez]sn time (16) 17 +8(17) (39] (33) (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 signif-
icant changes in liver perfusion and ar-
terial fraction, indicating deterioration of
liver blood supply with disease progres-
sion. Thus, until now, CT perfusion of the
liver has not been a diagnostic method
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 microcircula-
tion disorders that are difficult to detect
using traditional CT or MRI. Most of the
available scientific studies are aimed
at studying changes in the perfusion of
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liver lesions, in particular, changes in
blood flow in HCC and in dynamics, af-
ter its treatment. Also, the results of CT
perfusion of the liver in cirrhosis have
been obtained, proving hemodynamic
changes with its progression. 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 liver with
fibrosis of 1, 2 and 3 degrees in the out-
come 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

Table 2. Correlations between
liver disease severity and
perfusion parameters
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and delay the development of decom-
pensated 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-
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
(DAASs) 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.
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®OTUALU OPUN KY3bMUY

/.

®otnagn HOpuit KyabMuy poguncs B
1949 ropy B ropoge benopeueHcke Kpac-
Homapckoro kpas, Poccuiickon Pepepa-
LWs, MO HaLMOHaNbHOCTM — Fpek.
Obpa3oBaHue Bbiclwee - B 1966 rogy no-
cTynun B AKTIOBUHCKMIA rocynapcTBeH-
HbI MEeAULUNHCKUIA MHCTUTYT, B 1973 ropy
YCMeLwWHOo OKOHYMUN yKasaHHoe y4yebHoe
3aBefieHne Mo cneumnanbHocTh «Jleyeb-
Hoe [eno» W nonyyun keanudukauuio
«Bpau».

TpynoByto feAaTeNbHOCTb Hayan Bpa-
4yoM ckopoi nomoum Kbi3biNOpaMHCKOWM
ropoackon bonbHuubl B 1973 roay, B
¢despane 1976 roga ctan XuMpyprom ro-
poackon BonbHuubl N21, ¢ mapta 1980
roga — xupyprom Kbi3blJIOpAUHCKON Fo-
poackon bonbHULbI, ¢ 1996 no 2017 rog
— 3aBefyLNA XMpYpPruyeckmm otaene-
HueM, ¢ 2017 ropa - Bpay xupypr, ¢ 2019
rofa - pabotaeT Bpa4yoM XMpYyproM-KoH-
CYNIbTaHTOM.

3a rogbl paboTbl MosiogbiM crneun-
anvuctom 0. K. @oTtnagu bl raaBHbIM
BpayoM ropogckon bonbHuLbl b1 Oma-
poB EpHusz Omapynel, a Opa3os KannaH-
6ek bannkbanynbl - 3aBenyoLWMM XUPYP-
rmyeckum otneneHvem. Mpu nopgaepxke
3TUX KBaNMPULMPOBAHHbLIX pyKoBOAUTE-
nen Opun Kysbmny nosHan Bce TalHbI
W HanpaBneHWs MeAULMHCKON cdepbl.
Bpay, NoaroToBAEHHbIN 3TUMK NIOABMMU,
HEeCOMHeHHo, bymeT nydwum B obnactu
MeanumnHbl. OgHako, He orpaHU4YMBasCh

3TuM, bnaropaps csoei nobosHaTenb-
HOCTU, B X0[ie COBEPLUEHCTBOBAHMS CBO-
WX 3HAHWI, OH NOCTOSIHHO NOBbLILIAN WX B
CTpaHax fanbHero u BnuxHero 3apybe-
Xbd, B yacTHocTu: B Mockse, Poccun, B
ropopax KasaHu, Pecnybnuka TaTapcTaH,
B ropoge Yde, bawkopTocTaH, B ropoge
XapbkoBe, YKpavHa, ocBanBaBas coBpe-
MeHHble MHHOBaL MK B 0b6nacTv xmpyprum
CBOEro BpeMeHW K nomoras 60SibHbIM
BCTaBaTb Ha HOTW.

HOpuit Ky3bMmM4 4ecTHO M [OCTOMHO
BbIMOSHAN CBOW CNy>XebHble 0693aHHO-
CTVM ¥ nepBbiM B DBoNbHULE MPUMEHMUN
COBPEMEHHbIA AMarHOCTUYECKUA U ne-
4yebHbIN MeToA Nanapockonuu, Mo3Bo-
NIAOWMNIA  BbINOJHATE BaroTOMUYeckue
onepauuv Npu NeYeHUU A3B Xenyaka
M LBEHaALATUNEPCTHOM KULIKW, BblsiB-
naTb 3aboneBaHua opraHoB rpymHoOn
OpIOLIHOM NOAOCTU, OPraHOB C MOMOLLbIO
cneumnanbHoOro onTUYecKoro MHCTPYMEH-
Ta, M B TO XK€ BPEMS OH peann3oBa MeTo-
Abl JINHTOHa Npu BEINOTHEHUW ONepaLunii
npv NaToNornsax BepTUKaNbHbIX FPaHNL, 1
BbIMOSIHEHMM OMepaLuin Ha CUHUX BeHax
HOr, @ TakXKe He ycTaBan pyKOBOAWUTb U
obyyaTb MOJTOABIX XMPYProB.

BbicokoknaccHbIn  XMPYpr-KOHCY/b-
TaHT, KBaNMOULMPOBAHHLIN Bpay, Yeno-
BeK, 3aC/y>XMBLUMIA MCKPeHHIow 6naro-
LapHoCTb cpepm Hapoga. HOpuit Kysbmuy
- OQMH U3 Bpayen, nepeHecLInxX B xone
OKa3aHUs MefULUMHCKOM MOMOLLKU MHO-
>KECTBO Cepbe3Hblx onepauun, u, bnaro-
Zlapsi CBOeMy MacTepcTBY, MOMOI MHOMUM
naLMeHToM. Y Hero Takxe CUJIbHO pasBu-
Ta MHTYMUMS, bnarogaps YeMy u CBoeMy
OMbITY, OH TOYHO CTaBWA AMArHO3 Nauu-
€HTa, MCNoJsib3ys CBOK MacTepcTBO ANA
BbIMOSIHEHUS CNOXHbIX BUAOB OnepaLuii
1 B 0BLLEN CIOXXHOCTW NPUHSN yYacTue B
okono 10 000 onepaumsx.

Mo ero nmokasaHuaM, NocTaBNEHHbIE
MM LMarHo3bl KaXkAblv pa3 noareepxaa-
NIMCb. 3TO KOHEYHO MPUXOAMT C HaKo-
NSieHHbIM onbITOM, Bnarogaps LOAron u
yrnopHow paboTe.

KeanuduumposaHHbeli Bpay Hpwuii
KysbMnu n3BecteH B Hapoge Kak «Bpau
C 30J10TbIMU pyKaMm».
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3a CBOW MHOTOJIETHUMN N YeCTHbIN
TPYA OH MONYYMUST MHOXEeCTBO Harpap, B
2018 ropy HarpaxpeH Mepanbio «3o050-
ToW pokTop». B 2023 romy HarpaxneH
«3HaKoM oTAmuma» MuHucTepcTea 34pa-
BooxpaHeHus Pecnybnunkun KazaxcraH.
KoHcynstaHuT-xupypr poktop ®otuagwu
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HOpuir Ky3bMuny - Bpay, KOTOpbIM He ycTa-
eT 0byyaTb M HaNpaBATb UYLLMX 33 HUM
MOJIOZbIX CMeLManncToB, 4aBaTh COBETHI
1 0Ka3blBaTb MEAULMHCKYH MoMoLLb. Ye-
JI0BEK, MOMb3YLLKIACA YBaXeHWEM cpe-
OV Konner u 6naropapHocTbio OT naum-
EHTOB.
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Xupypruyeckast cnyxba Pecnybnu-
kn KasaxcTaH noHecna HeBOCMOJIHUMYHO
ytpaty. C rnybokmuM coxkaneHmem coob-
waeM ob yxoLle M3 XU3HMUBbILAOLLErOCS
XVpypra v y4éHoro, 0LHOro U3 0CHOBOMO-
NOXHUKOB XWUPYPrUM MEYEHU, >KENYHbIX
nyTen u NopXxenypnoyHon xenesbl Kasax-
CTaHa, ocHoBaTens 6onbLIOK XMpypruye-
CKoW wkonbl, npeacepatens KasaxcraH-
ckoro obuwectBa xupypros, JlaypeaTta
[ocynapcTBeHHoOn npemun Pecnybnuku
KasaxcTaH, fokTopa MeAnUMHCKMX Hayk,
npodpeccopa CEMCEMBAEBA MAHACA
AXMET)KAPOBUYA.

MaHac Axmerxaposuuy CeliceMba-
eB poaunca 2 uioHa 1950 roga B ropoge
Kaparanga. lMocne okoHYaHWs cpepHei
LWIKONbl MOCTYNMA Ha NevyebHbln dakynb-
TeT CeMunanaTMHCKOro rocyfapCTBeH-
HOro MeAULMHCKOro MHCTUTYTA, KOTOPbIA
okoHunn B 1973 . C 1974 r. no 1977 r. pa-
BoTan BpavyoM-xmMpyprom, 3aTem 3aBefy-
oWwuM otaeneHnem bonblieHapbiMcKoii
panoHHon BonbHMubl BocToyHo-Kasax-
cTaHckon obnactun. B 1977-1978 rr. M.A.
CelicembaeB paboTan xmpyprom B oTge-
NEeHWN 3KCTPeHHoM xupyprumn LleHTpans-
HOM FrOpOACKON KAMHUYeCKON BonbHMLbI
r. AnmaTel. B 1978 r. nepewen Ha ponx-
HOCTb 3aBeAylLLero  XWpypruyeckum
otoenexnveM PecnybnnkaHCKoro KiaunHm-
yeckoro rocnutana wuHBanupos OTeve-
cTBeHHOI BouHbl (r. Anmatsl]. C 1980 r.
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no 1991 r. - Hay4YHbIN COTPYAHUK, a 3aTeM
CTapLUMI HaYYHbIV COTPYLHUK OTAENEHNS
XVPYPrunm  MeyvyeHun, >KenyeBblBOASALLUX
nyTen v nogxxenygouHown >xenessl HUAN
KIMHWNYECKOWN N 3KCMepUMEHTaNbHON XU-
pyprum uM. A.H. CeizraHosa (r. Anmarsl).
B 1988 r. 3awuTtnn KaHAMAaTCKy Auc-
cepTaumio «Bbibop paunoHanbHOW Xu-
PYPrMYecKon TaKTUKK MpU CTOMKOW Me-
XxaHuyeckon xentyxe». C 1991 r. no 1998
r. - 3aBeflylolni oTAENOM Topakoabpo-
MWHaNbHOM XWPYPrum TOro e y4ypex-
feHus. B 1995 r. 3awutmn LoOKTOpCKYyto
avccepTaumnio «[narHoctuka v Xupypru-
yeckoe JieyeHMe MNOCTXONELUCTIKTOMMU-
yeckmx 3aboneBaHUN».

B 1988 r. Manac AxMeT>kapoBuy mn3-
BpaH uneHoM-koppecnoHzeHToM Hauu-
OHanbHOM akagemun Hayk PK. B 1997 .
M.A. CencembaeBy MNpMCBOEHO Yy4yeHoe
3BaHuWe npodeccopa MeanuUmnHbl. B 1998-
2001 rr. agnanca 3aBefyoLWMM oToene-
HWEM XMPYPruun nevyeHu, >Xen4yeBblBOASA-
WMX NyTeN 1 NOJKEeNyLOYHON Xenesbl, C
2001 r. no 2003 r. - gupekTop Hay4Horo
ueHtpa xupyprum um. A.H. CbisraHoBa.
B 2003-2008 rr. - HavyanbHuK Pecny-
BAMKAHCKOr0 KAMHMYECKOro rocnutans
nuBanupos OTeyecTBEeHHOW BOWHbI I. An-
maTbl. C 2008 no 2010 r. BHOBb 3aBefo-
Bajl OTAENIEHUEM XUPYPTUN NMEYEHM, XKEN-
4eBbIBOASLLMX NYTEN U NOLXKENYLOYHON
enesbl HauMoHanbHOro Hay4YHoro LeH-
Tpa. C 2010 r. no 2011 r. M. A. Cenicem-
baeB Ha3HayeH reHepasnbHbIM AUPEKTO-
pom A0 «HHUX M. A.H. Cbizranosa», a
B 2011 r. Manac AxmeTxapoBu4 nsbpaH
npencepateneM coseta aumpektopos AO
«HHUX M. A.H. CbizraHoBa».

C ero uMeHeM CBfI3aHbl BCE OCHOB-
Hble gocTmxeHua HHLUX um. A.H. Cbizra-
HOBa B 06/1aCTV XMPYPIrum NeYeHu, xeny-
HbIX MyTerW W NOIKEeNnyLOYHOW >Xenesbl.
fABnAsgcb copaTHMKOM U yyeHuMkom M.A.
AnvneBa, MaHac Axmemxaposudy Celt-
cembaeB ¢ nepBbix et paboTbl oThREeNe-
HUS PYKOBOAMM 3KCMEPUMEHTaNIbHbIMU
M KIMHWYECKUMWU UCCNefOBaHUAMU MO
npobnemMaM fieyeHUs Xen4yHo-KaMeHHON
BonesHn 1M ero OCNOXHEHWN, ATPOreH-
HbIX MOBPEXAEHWI XENUYHbIX NyTen, no-
CTXONIELLUCTIKTOMUYECKMM  CUHLPOMOM,
oyaroBblXx M Andy3HbIX 3aboneBaHuni
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neyeHun 1 Nogykenyao4vyHon xenessbl. MNopg
pykosoactBoM M.A. CeiceMbaeBa u3-
yyanucb n paspabaTtbiBanucbk crnocobbl
ManoOMHBA3MBHbIX M MYHKLUMOHHbLIX CMO-
coboB neyeHusi, PEKOHCTPYKTUBHbLIX U
BOCCTAHOBUTENbHbIX OMepaLmii Ha XXeny-
HbIX NyTAX.

Bonblwag nccnepgosatensckaa pabo-
Ta Oblna NpoBefeHa Mo U3y4eHuto Crnoco-
00B NeYyeHnsa 0CNIOXKHEHHOTO U HEOCTOX-
HEHHOro 3XMHOKOKKO3a neyvyeHu. LieHTp
NPOBOAMN MUCCNIe[0BaHMS MO UCNOMb30-
BaHMWIO pa3nnMyHbIX cnocobos obpaboTkm
0OCTATOYHbIX MOJIOCTEN C UCMONIb30BAHM-
€M nlasepa, INeKTPUYECKHMX, NNa3MEHHbIX
N KPUOTEHHbIX TEXHONOM NI, Bblnn pa3pa-
BoTaHbl 1 yCOBEPLUEHCTBOBaHbI METOAbI
MX NPOBELEHUS.

Nog pyKoBOLCTBOM 1 HEMOCPEACTBEH-
HoMm yyactunm M.A. CelicembaeBa, LleHTp
0LHUM U3 nepBbix B KaszaxcTaHe Hauan
nccnefoBaHus no npobnemMam neyeHus
LMPPO30B MeYeHn y B3pOCIbIX U LeTeN.

Bonblion obbeM nccnenoBaHui bbin
MOCBSLLEH U3YYEHUIO U BHELPEHUI pe-
3eKUMOHHbBIX W PEeKOHCTPYKTMBHO-Ma-
CTUYecKuX onepauuii npu 3abonesaHu-
AX MOOXKEeNyL0YHOM XKene3bl, HaunMHasg ¢
MCMNONIb30BaHUA MaslOMHBA3MBHbIX CMO-
coboB ¥ [0 06bEMHbBIX PEKOHCTPYKTUB-
HO-BOCCTAHOBUTEJIbHbIX BMELLIATE NbCTB.

Mop pykosopcteoM M.A. Celicembae-
Ba LleHTp akTMBHO BHeapsn nanapocko-
nMyeckne TeXHONOrMM B renaTonaHkpea-
TobMAMApHYI0 XMPYpruto.
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M.A. CeitcembaeB aKTMBHO MNpPOBO-
OVN opraHusaTtopckytlo paboTty, B Teue-
Hne MHorux net pykosogun ObuiectsoM
Xupypros r. AnMatbl U AnMaTuHckon 06-
nactn. B 2015 r. usbpan [Mpe3ngeHToMm
PecnybnukaHckoro obuiecTBeHHOro 06b-
eovHeHus «KasaxcTaHckoe 06LiecTBO
XVPYProB».

Hay4Ho-npakTuyeckyto nesatens-
HOCTb COBMeLLAN ¢ nefarornyeckon pe-
ATENbHOCTLIO, B KayecTBe npodeccopa
xupyprudeckmx kadenp MemULUHCKUX
YHUBEPCUTETOB, YMTaN NeKkLMn 1 NpoBo-
LW CEMUHapBI.

ABTop bonee 350 HayuyHbIx paboT, B
ToM yuncne okono 160 HayyHbIX cTaTew,
ony6NIMKOBaHHbIX B BeAyLMX Hay4HbIX
XypHanax KasaxctaHa u Poccun, 9 mo-
Horpaduil U MeToaMYeCcKUX pyKoBOACTB,
70 aBTOpPCKMUX CBUIETENbCTB Ha M30bpe-
TeHne [NONOXUTENbHbIX MATEHTOB Ha
nsobpetenuns PK]. lMog pykoBoacTsBOM
npodeccopa M.A. CelicembaeBa 3awm-
weHo 7 pokTopckux n 15 KaHamMaaTCcKmx
anccepraumn.

3a BK/Iaj B pasBUTUe 34paBooxpa-
HeHus 1 TpynoBble 3acnyru M.A. Cen-
cembaeB HarpaxpgeH [loyeTHon rpamo-
Ton lNpe3npeHta Pecnybnukn KasaxcTaH
(1995 r.), HarpyoHbIM 3HaKOM «OTAUYHUK
3ppaBooxpaHeHus PK» (2006 r.), opae-
HoM uM. H.W. Muporosa (2011 r.), «3ono-
ToW Mepanblo» KazaxcTaHckon accoum-
auumn aHgockonmyecknx xmpypros (2013
r.), mepansio «<EHbek apparepi» (2017 r.).



