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The number of patients suffering from cholelithiasis continues to grow steadily all over the world. Acute cholecystitis is one of the most danger-
ous complications of cholelithiasis is. The mortality rate in this complication largely depends on the degree of destructive changes in the biliary tract
and ranges from 4 to 26%. In addition to the high mortality rate, acute cholecystitis is characterized by a significant percentage of both preoperative
and postoperative complications. At the same time, in acute cholecystitis, there are no clear recommendations that would allow making a timely
correct decision on the tactics of patient management. Often, clinicians resort to conservative treatment and are late with the operation. Currently,
we are looking for methods that would allow us to predict the risk of developing destructive forms of acute cholecystitis in a timely manner. In
some cases, on the contrary, there is an underestimation of contraindications, especially in somatically burdened patients, and unjustified surgical
activity. Along with this, there is no consensus on the timing of surgical intervention In this review, the main methods for predicting the development
of destructive forms of acute cholecystitis are considered. The new stage of diagnosis of diseases and predicting complications is characterized
by the introduction of various mathematical models in an inextricable relationship with the accumulated diagnostic knowledge. Various methods
are proposed based on the creation of mathematical models and programs for predicting acute calculous cholecystitis in emergency patients. Nu-
merous studies have been devoted to the development of a point system for predicting destructive processes in the gallbladder. The algorithm of
using these methods in patients with acute cholecystitis is presented, as well as the prospects for further search for effective methods for predicting
the destruction of the gallbladder, acceptable for use in a wide clinical practice. At the same time, the problem of predicting the risk of developing
this complication remains relevant. There is a need to search for new methods that would allow predicting the risk of developing destructive forms
of acute cholecystitis at an early stage of the disease and determining the most rational treatment tactics. The number of patients suffering from
cholelithiasis continues to grow steadily all over the world. One of the most dangerous complications of cholelithiasis is acute cholecystitis. The
mortality rate in this complication largely depends on the degree of destructive changes in the biliary tract and ranges from 4 to 26%. In addition
to the high mortality rate, acute cholecystitis is characterized by a significant percentage of both preoperative and postoperative complications.
At the same time, in acute cholecystitis, there are no clear recommendations that would allow making a timely correct decision on the tactics of
patient management. Often, clinicians resort to conservative treatment and are late with the operation. Currently, we are looking for methods that
would allow us to predict the risk of developing destructive forms of acute cholecystitis in a timely manner. In some cases, on the contrary, there
is an underestimation of contraindications, especially in somatically burdened patients, and unjustified surgical activity. Along with this, there is
no consensus on the timing of surgical intervention In this review, the main methods for predicting the development of destructive forms of acute
cholecystitis are considered. The new stage of diagnosis of diseases and predicting complications is characterized by the introduction of various
mathematical models in an inextricable relationship with the accumulated diagnostic knowledge.
Various methods are proposed based on the creation of mathematical models and programs for
predicting acute calculous cholecystitis in emergency patients. Numerous studies have been
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devoted to the development of a point system for predicting destructive processes in the gall-
bladder. The algorithm of using these methods in patients with acute cholecystitis is presented,
as well as the prospects for further search for effective methods for predicting the destruction of
the gallbladder, acceptable for use in a wide clinical practice. At the same time, the problem of
predicting the risk of developing this complication remains relevant. There is a need to search
for new methods that would allow predicting the risk of developing destructive forms of acute
cholecystitis at an early stage of the disease and determining the most rational treatment tactics.

Keywords: cholelithiasis, acute cholecystitis, prognosis, destructive forms, cholelithiasis, di-
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Treatment of acute cholecystitis is over the world and reaches 10-15% in

a difficult problem for clinicians. This
is primarily due to high morbidity and a
significant percentage of deaths. In re-
cent years, there has been a steady in-
crease in patients with cholelithiasis all

the adult population. According to Amer-
ican researchers, 6.3 million men and
14.2 million women aged 20-74 years
suffer from cholelithiasis in the USA
[29]. In ltaly, according to the results of
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a multi-centralized study, the frequen-
cy of stone formation in the biliary tract
reaches 9.5% in men and 18.8% in wom-
en [29]. Along with this, it was found that
acute cholecystitis occurs in 10-20% of
stone carriers, as one of the first mani-
festations of cholelithiasis [9,37,38]. Ac-
cording to various authors, the mortality
rate in acute cholecystitis ranges from
4-26% [9,37,38]. At the same time, with
increasing age of the patient, the number
of adverse outcomes increases. In addi-
tion to high mortality, acute cholecystitis
is characterized by a significant percent-
age of both preoperative and postoper-
ative complications. Thus, in 5-6% of
cases, patients develop purulent-inflam-
matory complications in the postopera-
tive period [9,37,38]. With the increase in
the incidence of cholelithiasis, there is a
steady increase in the number of chole-
cystectomies [17,30,32,33]. The latter is
considered the gold standard in helping
patients with cholelithiasis. At the same
time, for various reasons (the age of the
patient, the presence of severe concomi-
tant pathology, the equipment of the hos-
pital, the experience of the surgeon, etc.),
the tactics of managing patients with
cholelithiasis varies markedly [9,32,33].
Surgical activity in cholelithiasis is quite
high in world practice, which, according
to most clinicians, is a justified measure.
Thus, according to American research-
ers, about 400-500 thousand cholecys-
tectomies are performed annually in the
USA, and about 100 thousand in Germa-
ny [30, 34,36].

At the same time, in acute cholecysti-
tis, there are no clear recommendations
that would make it possible to make a
timely correct decision on patient man-
agement tactics. Clinicians often resort
to conservative treatment and are late
with the operation. In some cases, on
the contrary, there is an underestimation
of contraindications, especially in somat-
ically burdened patients, and unjustified
surgical activity. Along with this, there is
no consensus on the timing of surgical
intervention [15]. This fact is due to the
fact that there are no sufficiently reliable
methods for predicting destructive forms
of acute cholecystitis that would assess
the risk of destructive changes in the bili-
ary tract with high sensitivity and specific-
ity [9, 17,33,38,37].

Currently, the main methods of diagno-
sis of acute cholecystitis are: ultrasound,
computer and magnetic resonance imag-
ing. Kiewet et al. [26] presents the results
of a meta-analysis in which the sensitivity
and specificity of the prognostic signif-
icance of different methods are charac-
terized. Thus, according to metanalysis,

ultrasound of the abdominal cavity has
a sensitivity of 50 to 100%, and a speci-
ficity of 33 to 100% in the diagnosis and
prediction of destructive forms of acute
cholecystitis. Similar results were ob-
tained in other studies [22,26,39]. It was
found that traditional methods of exam-
ination of patients with acute cholecystitis
have a sensitivity of 26-100%, specifici-
ty of 62-88.1%. At the same time, it was
revealed that the positive and negative
predictive value of traditional methods
ranges from 35%-93.7%, while the global
accuracy varies from 70,1-79% [18,21,
23,24,25,27].

It should be noted that the sensitivity
of computed tomography ranges from
31-95%, and the specificity from 45-
100% [1,2,6]. At the same time, it was
found that according to various authors,
the sensitivity of this method is 85%
(95% CI 66-95%), specificity 81% (95%
CI1 69-90%) [26]. The head to head study
indicates that the diagnostic accuracy of
magnetic resonance imaging is compara-
ble to the ultrasound method [1,2,6,26].

In addition to the methods described
above, for the differential diagnosis of
destructive forms of acute cholecystitis,
the determination of the plasma absorp-
tion coefficient of infrared radiation in the
range of 1543-1396 cm-1 is used. This
study is carried out using the hardware
and software system "lcarus". It was
revealed that in all forms of acute cho-
lecystitis, there is a significant decrease
in the radiation absorption index in the
range of 1543-1396 cm-1. Thus, with an
absorption coefficient of 29.7 + 1.1%, ca-
tarrhal cholecystitis is determined, with
an absorption coefficient of 26.4 £+ 1.6% -
phlegmonous, 21.2 + 1.8% - gangrenous,
and with an absorption coefficient of 18.6
+ 0.5% - gangrenous perforative [11].

The diagnosis of destructive cholecys-
titis in children is difficult. The study by
Sushko E.P. describes the use in the di-
agnosis of acute cholecystitis in children
of the determination of antibodies in the
reaction of suppression of hemaggluti-
nation with gallbladder tissue, it was re-
vealed that during the formulation of the
reaction of passive hemagglutination with
an antigen from the extract of the tissue
of the inflamed gallbladder an antibody
titer of 1:32 was obtained. Such a change
in the titer of antibodies is regarded as
reactive cholecystitis [10].

The new stage of diagnosis of dis-
eases and prediction of complications is
characterized by the introduction of var-
ious mathematical models in an inextri-
cable relationship with the accumulated
diagnostic knowledge. Various methods
based on the creation of mathemati-

cal models and programs for predicting
acute calculous cholecystitis in emergen-
cy patients are proposed. In particular,
a program of mathematical prediction of
the development of destruction in acute
cholecystitis is proposed, based on the
study of a number of indicators in periph-
eral blood. At the same time, the method
of support vectors, regression analysis,
and the method of a direct non-cyclic
graph are used. The following criteria
were taken: bilirubin level, AST, leukocyte
concentration, a number of indicators of
the leukocyte formula (segmented leuko-
cytes, monocytes, lymphocytes), ESR,
results of organometry and histometry.
The sensitivity of this mathematical pro-
gram is 79% [7].

Numerous studies have been devoted
to the development of a scoring system
for predicting destructive processes in the
gallbladder. In particular, the use of such
parameters as: age more than 45 years
(1.5 points); heart rate more than 90 per
minute (1 point); male sex (2 points); leu-
kocytosis more than 13 thousand (1.5
points); wall thickness more than 4.5 mm
(1 point). Thus, a high probability of gan-
grenous cholecystitis was determined
with a score of more than 4.5 [20,31].

Mustafin D.G. He described conduct-
ed a study aimed at finding patterns of
change in clinical, laboratory and instru-
mental data using a new mathematical
method based on modeling network neu-
ral substances. In this study, the following
indicators were used as a basis: changes
in tumor necrosis factor, a-2-glycoprotein,
ferritin study in gallbladder tissues, bile
microbiology, ultrasound and CT data of
the gallbladder. As a result of this study,
it was found that different forms of acute
cholecystitis are characterized by certain
changes in the studied parameters (wall
thickening according to ultrasound, wall
compaction according to CT, increased
C-reactive protein and TNF-alpha) [8].

The study of ferritin in patients with
acute cholecystitis as a diagnostic cri-
terion for detecting destructive forms of
acute cholecystitis is described in the
work of Kchibekov. E. A. This method is
based on the study of the level of ferritin
in blood serum and gallbladder tissues.
At the same time, the concentration of
ferritin in the blood serum is 0-10ng /
ml and in the tissues of the gallbladder
0-0.25 mg / | is taken as 1 point. At the
same time, the level of ferritin in the blood
serum of 70 ng /ml corresponds to 7
points, and in the tissues of the gallblad-
der of 0.75 ng / ml - 3 points. Further, the
scores are added up and at a value of 10
points, they do not assume destructive
cholecystitis, and at a value of 10 points



or higher, destructive cholecystitis [13].

Sibilev V.N.'s study indicates the effec-
tiveness of computer infrared blood spec-
trophotometry, which allows confirming
the diagnosis of acute cholecystitis and
predicting the occurrence of destructive
forms [11].

Features of diagnosis and prediction
of acute cholecystitis forms according to
ultrasound of the gallbladder are present-
ed in a number of works. Polymorphism
of ultrasound signs in patients with acute
cholecystitis is indicated. A diverse pic-
ture is associated with both morpholog-
ical changes and various microbial flora
in the gallbladder. At the same time, the
diagnostic significance of ultrasound was
revealed in the so-called "erased" forms,
when there are no changes from the pe-
ripheral blood. The leading ultrasound
criterion is considered to be changes in
the structure of the gallbladder wall [3].
It was also found that destructive chole-
cystitis is characterized by the following
ultrasound criteria: a "double contour"
symptom, the appearance of hyperecho-
ic suspension, a "hanging" symptom, the
presence of perivesical effusion [4]. Along
with this, the effectiveness of determin-
ing ultrasound criteria (length, area and
volume of the gallbladder) in conjunction
with the assessment of blood flow (the
value of the maximum systolic velocity (V
max) and resistance indices (RI, Pl) in the
gallbladder wall in the diagnosis of acute
cholecystitis is noted. It was found that as
hypertension in the gallbladder increas-
es, there is an increase in the extent and
speed of blood flow in venous vessels,
recorded by color duplex scanning. At the
same time, an increase in the frequency
of ultrasound criteria (the ratio of length
to its transverse size) and Doppler pa-
rameters of blood flow (maximum systolic
blood flow velocity and systolic-diastolic
ratio of the Doppler spectrum of blood
flow) allow us to judge intravesical hyper-
tension [28].

Numerous studies have noted that the
traditional use of ultrasound should be
combined with other methods to increase
the informative value of the study. As an
additional method, point shear—wave
elastography (pSWE) should be used.
The use of this method increases the
diagnostic accuracy of ultrasound up to
96.3%, and the specificity up to 95%. In
addition to pSWE, microvascular imag-
ing (SMI) can be used to increase the
accuracy of ultrasound. This method is
used to assess the microcirculatory bed
and blood flow rate in liver tissues. It was
found that the use of SMI increases the
diagnostic accuracy of ultrasound up to
85% [4,12,28].

Along with this, a method of rapid di-
agnosis of destructive changes of the
gallbladder in acute cholecystitis is pro-
posed. The following four criteria are tak-
en as a basis: palpable gallbladder; body
temperature and heart rate; the level of
leukocytosis and rod-shaped shift in the
general blood test; the layering of the
gallbladder wall and effusion around the
gallbladder during ultrasound examina-
tion. It was found that in the absence of
the listed 4 criteria and the presence of
leukocytosis up to 12 thousand, catarrh-
al cholecystitis can be suspected. And if
they are present, including leukocytosis
of more than 12 thousand, heart rate val-
ues of more than 80 beats / min, phleg-
monous cholecystitis is diagnosed [5].

Of particular importance for surgeons
is the diagnosis and prognosis of clini-
cally asymptomatic forms of acute cho-
lecystitis. Among the works devoted to
this problem, the use of immunochemical
methods is of interest. Shikhragimov M.1.
studied the concentration of lactoferrin in
blood serum and saliva by enzyme im-
munoassay to diagnose and predict the
latent form of acute cholecystitis. As a re-
sult of this study, an increase in the con-
centration of lactoferrin was found in pa-
tients with a latent course of destructive
cholecystitis. It is noted that the assess-
ment of lactoferrin concentration makes it
possible to predict destructive forms and
complications of acute cholecystitis [16].
The significance of the lactoferrin study is
described by E.A. Kchibekov [13]. The in-
vention of the latter evaluates the level of
lactoferrin in the blood serum of patients
with acute cholecystitis during hospital
treatment. To clarify the diagnosis, it is
proposed to rank the obtained concen-
trations of lactoferrin, take the value of
200 ng/ml as 1 point, with a value of 8-10
points, catarrhal cholecystitis is predict-
ed, and with a value above 10 points, a
destructive form [14].

Thus, it can be concluded that at the
present stage, the diagnosis of destruc-
tive forms of acute cholecystitis is not
difficult. At the same time, the problem
of predicting the risk of developing this
complication remains relevant. There is
a need to search for new methods that
would make it possible to predict the risk
of developing destructive forms of acute
cholecystitis at an early stage of the dis-
ease and determine the most rational
treatment tactics.
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