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The opinion on the cystic pathology of the biliary tract, based

on their own clinical experience

E.l. Brekhov, V.V. Kalinnikov, A.V.Sychev

Central State Medical Academy of Department of Presidential Affairs. Moscow, Russia

Abstract

The experience of studying the diagnosis and the surgical treatment of bile duct cysts by the domestic and foreign researchers is
generalized. The authors point out that the clinical picture of this pathology is usually scanty and nonspecific. The main initial diagnostic
method is ultrasonic echolocation. In most cases CT, NMR, ERCPG, etc are also necessary. However, the final diagnosis is established
after histological examination. A radical method of the treatment is the surgical operation. The nature and extent of the intervention
depends on the type of the cysts. Complete removal of the cystic formations with an adequate drainage for decompression of the
biliary tract is the standard radical surgical treatment of this category of the patients. All these patients need subsequent periodic

examinations to identify possible malignancy.

Key words: bile duct cysts, cystic pathology, biliary tract, choledochal cysts, endoscopic retrograde cholangiograms,

malignancies in the cysts.

Cystic dilations of the gallbladder, involving extra-
hepatic and intrahepatic bile ducts are quite rare anom-
alies. Although this pathology was first documented by
Vater and Ezler in 1723, the first complete clinical de-
scription of this defect was published in 1852 by Douglas
[1, 2]. At that time, these changes were considered con-
genital McWhorter G.L.in 1924 [2]. In 1959 Alonso-Lej
et al. published a detailed review of 94 cases of common
bile duct cysts added two own cases. They classified the
mentioned cysts into 3 types [3]. In 1977, Todani et al.
divided the bile duct cysts into 5 types, adding 2 new
types (types IV and V) [4]. The subtypes found in chol-
angiography were also described.

Now the classification is as follows:

* Type 1 (Figure 1) - Cystic sac or spindle-shaped
dilatation of the common bile duct (most common type,
90-95% of cases).

Fig. 1. Cyst of the bile duct of type 1.

ISSN 1818-460X. Kremlin medicine journal. Journal of research and practice. No1, 2019 e

* Type 1A is bag-shaped configuration, involves
the entire common bile duct or most of it.

* Type 1B is bag-shaped configuration and in-
volves a limited segment of the bile duct.

*  Type 1C is more spindly in configuration and
involves most or all of the hepatitis choledoch.

Type 2 (Figure 2) - Diverticulum of the common
bile duct.

*  Type 3 (Figure 3) -Hleedochocele, cystic dila-
tation of the distal part of the common bile duct.

* Type 4 (Figure 4) - Cystic sac or spindle-shaped
dilatation of the common bile duct, associated with a
cystic spindle-shaped or saccule dilatation of the intra-
hepatic bile ducts.

* Type 5 (Figure 5) - Cystic spindle-shaped, or
saccule dilatation of intrahepatic bile ducts, associated
with the normal common bile duct; can be associated
with hepatic fibrosis (the association is referred to as
Caroli's disease) [5].

v*

Fig. 2. Cyst of the bile duct of type 2.



Frequency: The prevalence of the bile cysts is from
approximately 1 case in 13,000 to 1 in 2,000,000 people.
The bile ducts are much more common in Asia than in
Western countries [6]. Approximately 33-50% of the re-
ports about this pathology come from Japan, where the
frequency of these cysts is close to 1 case per 1000 popu-
lation [7,8]. In an extensive survey published in 1980,
Yamaguchi et al. examined 1,433 cases, 1,204 (more
than two-thirds) of which were from Japan [9].

It is known that type 1 is the most frequent. In types
1 and 4, the ratio between women and men is approxi-
mately 4: 1, and in types 2, 3 and 5, cysts occur with
equal frequency in both sexes.

Cysts of the bile ducts can be found in people of any
age. Two-thirds of them are detected in children under
10 years [10,11,12,13,14,15,16]. About 20% of cysts
Fig. 3. Cyst of the bile duct of type 3. are found in elderly people [17,18,19,20]. In rare cases,
cysts of the common bile duct were found in prenatal ul-
trasonography during pregnancy 15 weeks, shortly after
birth, the children underwent a surgical treatment [21].

Pathogenesis

The exact cause of the formation of the bile duct
cysts remains unclear. Many authors believe that they
are congenital, because most cysts are diagnosed in
infants and children. However, due to the fact that ap-
proximately 20% of hepatitis choledochal cysts are di-
agnosed in adults, including elderly patients, allowed
to assume several more development mechanisms
[14,17,22,23,24]:

*  Weakness of the bile duct wall [6,25,26].

*  Development of the distal department of cho-
ledochus [27].

* A combination of the duct obstruction and
weakness of the wall [28].

* Reflux of pancreatic enzymes into the common
bile duct, a secondary anomaly of the pancreatobiliary
compound [18,29,30,31,32,33].

In 1969, Babbitt and colleagues, after analyzing
the cholangiograms of the patients with the common
bile duct cysts, found in most of them an anomaly of
the pancreatobiliary pancreatobiliary communica-
tion in which the pancreatic duct was more proximal.
They hypothesized that such an anomaly caused reflux
of pancreatic secretion in holedoch, as the pressure in
the pancreatic duct was higher than the pressure in the
bile duct. It was concluded that the classical triad: fever,
abdominal pain, and jaundice occurred due to the re-
current cholangitis attacks. As a result of inflammation,
the choledochal wall was damaged, followed by healing
and thickening, which led to the obstruction in the dis-
tal part of the bile duct [29].

In 1977, Spitz supported the concept of distal ob-
struction of the common bile duct as the cause of the
formation of the choledochal cysts, demonstrating the

Fig. 5. Cyst of the bile duct of type 5.
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dilatation of the bile duct in lambs obtained by ligating
the duct near the confluence of the duodenum [27]. The
same experiment was performed to simulate the dilata-
tion of the bile duct in mature sheep.

In 1974, Kato et al. were the first researchers who
created the cyst of the common bile duct in experimen-
tal animals by transpupillary curettage of the bile duct
and subsequent, 3-4 days later, ligation of the ampulla
of the falcon papilla [28].

In 1984, Todani et al. performed an analysis of the
endoscopic retrograde cholangiograms (cholangiopan-
creatograms) and confirmed this anomaly in the com-
mon canal [33]. Cystic lesions were found in most
patients. There are other authors' reports of the same
research results [18,30,31,34,35]. Reflux pancreatic en-
zymes in the common bile duct can occur quite early,
even in embryonic period, leading to the damage of the
duct wall. The distal part of the choledoch is the most
vulnerable, and with repeated injuries, its stenosis may
occur.

Experimental support of this concept was reported
by Kato et al. in 1974. They imposed an anastomosis
between the main pancreatic duct and the gallbladder
in dogs. Within 9 days after the application of the anas-
tomosis, all the animals studied had different degrees
of dilatation of the common bile duct, with edematic
changes in its wall. They concluded that proteolytic en-
zymes were responsible for this damage [28].

Miyano et al. (1981 and 1984) created an experi-
mental model of an abnormal choledochocampanic
compound, creating an end-to-side choledochocin-
choracic anastomosis in puppies. They successfully re-
produced the dilation of choledoch in all experimental
animals without exception [31,32].

All these theories are applicable to types 1, 3 and
4, but they cannot be used to explain 2 and 5 types of
the common bile duct cysts in which the common bile
duct is normal. Perhaps genetic factors play a major
role [6,8,23]. Thus, at present there are two most well-
founded theories - reflux of pancreatic enzymes into the
common bile duct, with an abnormal pancreatobiliary
compound and obstruction of the distal part of the cho-
ledochus [36].

Pathological features

The size of the cyst of the common bile duct of type
1 is very variable [6,11,12,17,19,34,37,38]. The volume
of the cyst can reach up to several hundred milliliters of
bile with pancreatic enzymes. The thickness of the cyst
wall is also variable.

Intrahepatic cysts can be fusiform or saccular and
are connected with the common bile duct. Suspension
and stones are sometimes present within the cyst [6,8].
The bile duct, distal to the cyst, is usually stenosed. The
liver can have a different level of fibrosis or cirrhosis
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with portal hypertension. A histological examination of
the wall of the cyst of the common bile duct revealed a
dense fibrous connective tissue with the inflammation
and the formation of mucosal and submucous layers.

The inflammation is much less developed in young
patients than in older patients [8,35,39,40]. The cyst is
lined with a thin, fragmented cover, but not the normal
lining of the biliary tract.

The inflammatory process with the intrahepatic cyst
location is more frequent than in the extrahepatic cyst
location.

Histological examination: the signs of chronic in-
flammation are observed in the wall of the cyst. It is thin,
fibrous, and often devoid of a true epithelial surface, al-
though it can be lined with a low columnar epithelium.
It is noted that the infants can develop a complete ob-
struction of the distal part of the common bile duct as a
result of an acute or chronic inflammation. In the liver,
there may be intraductal fibrosis and portal swelling.
Cirrhosis like changes may occur in adults with chroni-
cal illness. The most unpleasant histological finding is
cholangiocarcinoma.

Cysts of common bile duct and malignancy

The possibility of cancer in the wall of the cyst of the
common bile duct or in the remaining gall-stone after
complete cyst resection is a recognized fact. Malignant
development is believed to be the result of a prolonged
stagnation of the bile and chronic inflammation with
metaplasia. Typical malignant development - adenosk-
vamozny cancer or small cell cancer.

Malignancies in the cysts of the common bile duct
can undergo the distal section of the choledochus, more
than half the cases of the cyst wall (even after success-
ful internal drainage), or intrahepatic bile ducts. The
complete cyst resection does not prevent the risk of
malignant degeneration in the remaining bile ducts.
The risk of cancer increases with the age of the patient
[4,14,41,42,43,44,45]. So the detection of malignancy
in the resected cyst is 0.7% in patients operated up to 10
years of age; 6.8% in patients operated in 11-20 years;
and 14.3% in patients operated after 20 years. Malig-
nancy can occur many years after the removal of the
cyst and develop in areas of bilious tree distant from the
cyst, for example, the gallbladder.

Any type of the cyst can be prone to malignant
transformation, but the greatest prevalence of the onco-
logical process is observed in types 1, 4, 5. The increased
risk of malignancy of the bile tree, even after radical sur-
gery, requires monitoring of such patients.

Lethality / Complicated course: variants of compli-
cated course associated with the bile duct cysts depend
on the age of the patients. Infants and children may de-
velop pancreatitis, cholangitis and signs of hepatocel-
lular injury. In adults with subclinical duct inflamma-



tion and bile congestion that may have been present for
many years, one or more severe complications such as
pancreatitis, choledocholithiasis, cholangitis, intrahe-
patic abscesses, portal hypertension, cirrhosis may oc-
cur. Cholangiocarcinoma is the most dangerous com-
plication of choledoch cysts. Lethality varies depending
on the level of the complication.

Prenatal diagnosis

In connection with the development of prenatal
ultrasound, an increasing number of the common bile
cysts in the fetus was reported: Hammada, 1998; Lipset,
1994; Marchildon, 1988; Mackenzie, 2001; Shamberg-
er, 1995[17,21,46,47,48,49]. Incomplete obstruction of
a large cyst is one of the typical clinical manifestations
in newborns and infants [50]. The earliest cyst of the
common bile duct reported is found in the fetus dur-
ing gestation of 15 weeks, which may correspond to the
time of formation of the pancreatic enzymes.

Prenatal detection of the cystic structure in the ex-
trahepatic sections of the bile duct suggests a diagnosis
of choledochal cyst, after which the diagnosis must be
verified by successive ultrasound examinations. In most
surgical clinics, they prefer to remove the cyst shortly
after birth. Within a few weeks, it is necessary to sta-
bilize the child's condition and carry out the necessary
examinations. The surgical treatment in newborns has
shown that it is technically simple and well tolerated by
the patients.

Clinical manifestations

Patients with choledochal cysts are divided into two
groups according tot their age [12,14,17,39,40].

The first group includes infants younger than 1 year
with hepatomegaly or without an obvious increase in
liver size, with obstructive jaundice and acholic feces.
This clinical picture is indistinguishable from that which
occurs with biliary atresia, in the absence of palpation of
the formations (cysts) of the right half of the abdomi-
nal cavity. The presence of cystic formation may be sus-
pected during clinical examination and is confirmed on
ultrasonography, only thus the diagnosis of the cyst cho-
ledoch is competent.

In 1995, Todani et al. found that 26 out of 28 infants
with a clinical picture younger than 1 year had cysts of
choledoch, whereas only 3 out of 8 children aged 13-
24 months had that pathology [40]. Other symptoms,
such as vomiting, fever, and abdominal pain with hy-
peramilazemia were not often detected [19]. In infants
diagnosed with a common bile duct cyst in the prenatal
period, jaundice often didn’t not appear until 1-3 weeks
after birth [51,52].

In contrast, the second group, infants over 1 year
old, with the so-called adult form of the cyst of the com-
mon bile duct, generally had 1 or more components of

the classical triad: pain, jaundice, and palpation of the
cyst. The entire triad is present in less than 30% of pa-
tients [14]. Jaundice and intermittent fever were often
associated with an undefined abdominal pain. The pain
was associated with developing cholangitis and moder-
ate chronic pancreatitis.

Unidentified cysts of the common bile duct can lead
to choledocholithiasis, cirrhosis of the liver with portal
hypertension, rupture of the cyst, and cancer of the bili-
ary tract.

Laboratory tests that may be useful for diagnosis and
preoperative assessment of patients with bile duct cysts
include: direct bilirubin, alkaline phosphatase, serum
glutamine oxalate transaminase (SGOT), serum gluta-
mine pyruvate transaminase (SGPT), gamma-glutamyl
transferase (GGT), a coagulation system, a clinical
blood test.

None of these tests is determinative for the diagnosis
of the common bile duct cyst.

Instrumental methods of research.

1. Ultrasonography is the best initial study, allowing
to detect the changes in the bile duct and liver. In new-
borns, this may be the only method of investigation. In
the antenatal period Sgro and colleagues detected Caro-
li's disease (2004) only with the help of ultrasound [23].

2. CT and NMR help to outline the anatomy of the
lesion and the structures closest to it, and can also de-
termine the presence of an enlargement of the intrahe-
patic part of the bile ducts. Adult patients may benefit
from CT scans in combination with cholangiography.

3. Radiography with cholangiography, when giving
contrast per os or intravenous administration, is of lim-
ited use and is considered obsolete.

4. Scintigraphy with 99Tc diisopropyl iminodiac-
etate can show complete obstruction of the distal bile
duct [14,17].

5. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is the choice in older patients. In expe-
rienced hands, ERCP can be performed with a high
degree of success, even in infants. Successfully imple-
mented ERCPH objectively demonstrates the anatomi-
cal relationship of the pancreatic-biliary compound
[4,11,33,34]. Percutaneous transhepatic cholangiogra-
phy can also be used for indications.

6. The method of magnetic resonance with cholan-
giopancreatography has more diagnostic value compare
to cholangiography and ERCP in patients with chole-
dochal and biliary ducts in general [31,53,54,55,56].

Treatment

The basis of treatment is the surgical removal of the
cyst with subsequent decompression of the biliary tract,
except type 5 (with numerous intrahepatic formations).
The tactic of the surgical treatment of patients with the
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cysts of the common bile duct has developed most dur-
ing the last three decades. At present, a complete resec-
tion of the cyst and the gallbladder has become the main
method of choice. Other operations, such as cystoduo-
denostomy or cystojunostomy, cannot be considered
radical, besides they have a high risk of complications
and the greatest potential risk of malignant degenera-
tion in the residual cyst. Even after a complete resection
of the cyst, sporadic cases of cancer in the remaining
gall bladder occur.

In the past, aspiration external drainage was used,
which is a simple and quick procedure, although very
painful. However, external drainage of the gall bladder
was often accompanied by numerous complications, in-
cluding recurrent cholangitis and biliary fistula. Mortal-
ity rates were also high [6,14,17].

Internal drainage: cystoduodenoanastomosis or
cystojunoanastomosis, also used in the past. In these
variants of operations, there was free reflux of pan-
creatic enzymes in the cyst through an abnormal
pancreatobiliary compound that led to the develop-
ment of cholangitis, the formation of anastomotic
stricture, and the possibility of cancer of the biliary
tract. Among the patients undergoing cystoduodeno-
anastomosis or cystojunoanastomosis, 60% remained
on symptomatic treatment, and 40% required re-op-
eration [57,58].

Complete removal of the cyst in types 1, 2 and 4,
accompanied by the reconstruction of gall bladder with
hepatocojunostomy (method Roux) is widespread, as
the preferred method in the treatment of cysts common
bile duct. This procedure involves resection of the dis-
tal choledochus, which blocks the reflux of pancreatic
enzymes and reduces the risk of malignancy of the bile
ducts.

Complete removal of the cyst is possible in infants
and young children. In adult patients with recurrent
cholangitis and inflammation, resection of the antero-
lateral part of the cyst is indicated, leaving the wall ad-
jacent to the portal vein. This technique is also the most
promising in patients who have undergone cystoenter-
ostomy and require a second operation, due to repeated
attacks of cholangitis.

Intraoperative cholangiography is performed by
puncturing the cyst or gall bladder. It determines the ex-
act anatomy of the cyst of the common bile duct and its
relationship to the pancreas. Usually cholecystectomy is
performed simultaneously.

Biliary reconstructions can most often be performed
with hepatitis-neurastomy on Roux, as high as pos-
sible [8,11,39,60]. However, some authors, including
Raffensperger and Shamberger, used the jejunum seg-
ment to prevent reflux. This idea was not accepted by
everyone. Installation of any stands is usually not shown
[49,61,62,63].
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With type 2 cysts of the common bile duct, a sim-
ple removal of the diverticulum with ductoplasty for
the reconstruction of the common bile duct is all that
is required. Laparoscopic removal was successfully per-
formed with this rather rare type of cyst in 2000 [64].

With type 3 cysts of the common bile duct, duo-
denotomy with separate drainage of the biliary and
pancreatic ducts directly into the duodenum is shown
[34,60,65].

In patients with type 4 cysts of the common bile
duct with intrahepatic cysts, each case should be evalu-
ated individually, necessarily adequate drainage of the
gallbladder. Resection of the enlarged extrahepatic bile
ducts should be performed to the liver gates, followed
by hepatitis-yoanastomosis at the level of the liver gates,
can provide adequate outflow of the bile and effective
decompression of the intrahepatic cysts. If the intrahe-
patic cysts are localized in a limited part of the liver, par-
tial liver resection is indicated [18,66,67].

At type 5 of the cyst of the common bile duct, pa-
tients with a limited spread of cysts are shown hepatic
lobectomy. If the disease is disseminated, affecting
both liver lobes, the treatment is palliative or, in ex-
ceptional cases, liver transplantation may be required
[14,60,68,69,70].

Complications after the surgical treatment were
mainly observed in patients with types 1, 4 and 5 cysts.
Mortality and relapse of the disease are low after surgi-
cal removal of cystic formations, in comparison with the
methods of their internal drainage.

Postoperative complications:

1. Holangite.

2. Formation of stones.

3. Constriction of anastomosis.

4. Dilation of intrahepatic bile ducts, especially
with 4 and 5 types of cysts of the common bile duct.

5. Malignancy.

We have been studying this problem for more than
30 years, since the first time we encountered cystic for-
mation of extrahepatic bile ducts. During the planned
operation for chronic calculous cholecystitis, a local
expansion of hepatiko choledocha was detected, condi-
tionally, in the region of the confluence of the vesicular
duct. This education was initially taken for the region of
the "neck"” of the gallbladder and the surgeon, being sure
that he had produced only cholecystectomy, resected
part of the extrahepatic bile duct. With intraoperative
cholangiography (the terminal part of the supraduode-
nal department of choledocha was taken for the stump
of the vesicular duct), it became clear what happened.
In the operating room, Professor E.I. Brekhov. Tak-
ing into account what has happened, reconstruction
to Roux. The postoperative period proceeded without
complications. The patient was discharged on the 12th



day after the operation. Diagnosis at discharge: Cyst of
common bile duct, type 1B. With a histological exami-
nation, the diagnosis of the cyst is confirmed. Later it
was observed for 5 years. Data for the stricture of anas-
tomosis and malignancy were not revealed.

In the following, about 23 cysts of the bile ducts
were performed. Of these, with the established diagno-
sis of the cyst of the bile duct of type 1, 8 patients were
routinely operated. All of them were subjected to a re-
section of the cystic-altered extrahepatic bile ducts and
hepatic neuronostomy according to Roux.

Also, the patient with the diagnosis was prepared for
the operation in a planned order: Peptic ulcer of duo-
denal ulcer, complicated by stenosis of the outlet stom-
ach. During the preoperative examination, in addition
to the above pathology, the hepaticocholedochus cyst,
a rounded shape, 5.0 cm in diameter was detected. A
simultaneous operation was performed: 2/3 resection
of the stomach according to Balfour. Cholecystectomy.
Resection of hepatitis choledoch. Hepatikojannoanas-
tomoz end-to-side. The cystic-altered part of the hepat-
icocholedochus is resected proximally by 1.0 cm below
the bifurcation of the right and left hepatic ducts, and in
the distal slightly above the border of the supraduodenal
and retro-duodenal parts. The distal part is sewn with a
double-suture. Gastroentero and hepatitis yunoanasto-
moz is divided by a mechanical seam.

In 12 cases, as in our first observation, the cysts of
extrahepatic bile ducts are diagnosed intraoperatively.
Resections of hepatiko-choledocha with cystic lesions
of various volumes were performed. In 4 cases, a hepa-
topojunostomia was performed according to Roux, and
in 8, hepatitis yunoanastomosis with entero-entero
anastomosis was applied.

Two cases require a separate mention, due to the
fact that the diagnosis of cysts was not performed in-
traoperatively and the situation is regarded as iatrogenic
technical error.

In the first observation, when performing a chole-
cystectomy, a significant part of the hepatoc choledocha
was resected, in the proximal part above the fusion of
the right and left hepatic ducts. In connection with the
extent of the defeat, a reconstructive-reconstructive op-
eration was impossible. The external drainage of both
hepatic ducts has been performed, the safety drainage
has been placed in the abdominal cavity. In the future,
the safety drainage was removed and the patient was
discharged for outpatient treatment. Repeated hospital-
ization after 4 months. Reconstructive surgery was per-
formed anastomoz in Roux.

In the other case, from the second day after the
planned laparoscopic cholecystectomy, the progres-
sive icterus of the skin and the sclera were noted. The
RCCP was performed, in which the filling of the ter-
minal part of the common bile duct with filling of the

contrast medium was detected during 4.5 cm, there was
no further contrasting. Iatrogenic trauma of extrahe-
patic bile ducts is suspected. Transhepatic drainage of
the biliary tract and cholangiography were performed,
which showed contrasting intrahepatic, right and left
hepatic bile ducts. The filling of the common bile duct
with contrast medium is about 1.0 cm. The patient was
discharged from the hospital and two months later she
was hospitalized again for a reconstructive-reconstruc-
tive operation.

Hepatic fusion on the Roux was made. The postop-
erative period proceeded without complications.

In both cases, morphological examination was used
to diagnose cysts (type 1) in the resected parts of the he-
paticocholedochus.

Thus, based on the literature and our own research,
we can formulate the following conclusions:

1. Patients with suspected cystic changes in the bile
duct require a thorough and comprehensive study of the
biliopancreato-duodenal region.

2. To resolve the issue of surgical (operative) treat-
ment, it is necessary to determine the nature and type
of cystic lesions, clear topographic and anatomical rela-
tionships with neighboring organs.

3. The operation of "choice" for cysts of the first
type is a resection of hepatitis choledoch with hepatitis-
inhurations according to Roux. However, based on our
observation with exclusive combined pathology, other
variants of reconstructions are possible.

4. In emergency situations, when detecting both
the cysts and iatrogenic intraoperatively, it is possible to
make simpler decisions that do not complicate the situ-
ation, including the choice of anastomosing and exter-
nal drainage.

5. In spite of the fact that the results of surgical treat-
ment with the pathological changes under consideration
are, as a rule, good, the risk of malignancy takes place.
Therefore, all patients in this category should be under
observation for at least 5 years.

Summarizing the above, it can be stated that the
complete removal of the cyst with adequate drainage for
decompression of the biliary tract is the standard radical
surgical treatment of this category of the patients. All
these patients need subsequent periodic examinations
for the purpose of early detection of complications and
possible malignancy.
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The practical application of modern guidelines for the
diagnosis and treatment of exocrine pancreatic insufficiency in
patients with chronic pancreatitis
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Abstract

The article presents an overview of current European and Russian guidelines of the diagnosis and management of exocrine
pancreatic insufficiency in patients with chronic pancreatitis. The results of our own comparative studies on the treatment of pancreatic
enzyme insufficiency in 55 patients treated with enzyme replacement therapy with adequate and low doses confirm the advisability of
using the recommended doses of enzyme replacement therapy (ERT) (micronized polyenzyme drugs), since not only the reduction of
the clinical signs are observed, but also the normalization of the nutritional status. The results of the study indicate that the optimal way
to assess the effectiveness of the ERT is to normalize the anthropometric and biochemical parameters of the nutritional status.

Key words: chronic pancreatitis; exocrine pancreatic insufficiency; nutritional status; treatment.

In February 2017, terms of the Russian consensus on
the diagnosis and treatment of chronic pancreatitis were
presented. Purposes of this consensus document, prepared
on initiative of the Russian " Pancreatic Club " were the
identification and consolidation of leading domestic spe-
cialists’ views (gastroenterologists, surgeons, pediatricians)
on current diagnosis and treatment issues of chronic pan-
creatitis (CP) [1].

In March 2017 Paneuropean clinical guidelines for the
diagnosis and treatment of chronic pancreatitis, based on
the principles of evidence-based medicine, were published.
Twelve interdisciplinary groups presented systematic re-
views of the scientific literature describing etiology of CP,
instrumental diagnostics using visualization methods, diag-
nostics of exocrine pancreatic insufficiency (EPI), surgical,
medical and endoscopic treatment; treatment of pancreat-
ic pseudocysts, pancreatic pain, mallutrition and nutrition,
pancreatogenic diabetes, the natural course of the disease
and quality of life [2].

It should be noted that all the recommendations, built
on the basis of modern scientific data, are close to the
framework. Following recommendations are given in the
Russian consensus section on the diagnosis of the EPI:

1. In clinical practice, estimation of pancreatic elastase
in feces should be used to identify exocrine pancreatic in-
sufficiency, because this test is the most accessible.

2. After CP diagnosis, an examination of pancreas exo-
crine function should be conducted.

3. Progression or emergence of new symptoms that may
be associated with EPI, are grounds for re-examination of
its exocrine function, if previous data did not differ from the
normal range.

4. Patients with diabetes mellitus have an increased risk
of developing exocrine pancreatic insufficiency, therefore,
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if there are clinical signs, functional tests should be per-
formed.

European recommendations, in response to the ques-
tion “What analysis / research is indicated for the diagnosis
of exocrine pancreatic insufficiency in clinical practice?”,
Indicate the following:

“In a clinical setting, it is necessary to conduct a non-
invasive functional study of the pancreas. Fecal elastase-1
(FE-1) analysis is widely available, and a breath test using
13C-mixed triglycerides seems to be an alternative exami-
nation. The use of MRCP with secretin can also be used as
a diagnostic method for exocrine pancreatic insufficiency,
but this technique provides only “semi-quantitative data”.
Thus, estimation of pancreatic elastase in feces comes first
concerning EPI diagnosis in everyday practice.

Approaches to the medical correction of exocrine pan-
creatic insufficiency are almost identical: the indications
for replacement enzyme therapy are clinical symptoms or
laboratory signs of malabsorption. To identify signs of mal-
lutrition, it is recommended to conduct an appropriate
nutritional assessment. The classic indication for enzyme
replacement therapy is steatorrhea with the excretion of fat
with feces at a level of> 15 g / day. However, the quantita-
tive determination of fat in feces is often not carried out.
Therefore, the indications for enzyme replacement therapy
are also the pathological results of a functional study of
the pancreas in conjunction with clinical signs of malab-
sorption or anthropometric and (or) biochemical signs of
malnutrition. These signs include: weight loss, diarrhea,
marked flatulence, and abdominal pain. Low values of
the most common markers of nutritional deficiency (fat-
soluble vitamins, prealbumin, retinol-binding protein and
magnesium) are also an indication for the appointment
of enzyme replacement therapy. Body weight, body mass



index, shoulder circumference, cholesterol, lymphocyte
level, muscular strength of the hand (compression into a
fist), symptoms of specific nutritional deficiency (hair loss,
glossitis, dermatitis, parasthesia) can be used as other pa-
rameters of the clinical assessment of nutritional status.

The drugs of choice for the treatment of exocrine pan-
creatic insufficiency include microencapsulated pancre-
atine preparations in the enteric coating, the size is up to
2 mm. Micro- or mini-tablets of 2.2—2.5 mm in size can
also be effective, although there is much less scientific evi-
dence about this. Small differences are observed in relation
to the recommended dose of lipase: according to the Euro-
pean recommendations, 40-50 thousand units with main
meals should be used for initial therapy and half of this dose
should be used for intermediate meals. Domestic recom-
mendations offer 25 -40 thousand units for the main meal,
and 10-20 thousand units for snacks with remark that we
are talking about the minimum doses.

To assess the effectiveness of enzyme replacement
therapy, it is proposed to determine the dynamics of symp-
toms associated with maldigestion (steatorrhea, weight loss,
flatulence), and the parameters of the nutritional status of
patients (anthropometric and biochemical). In the domes-
tic recommendations, clinical indicators are suggested for
evaluating effectiveness: weight gain, normalization of vita-
min status, cessation of abdominal symptoms. The analysis
of the data suggests that Russian and European approaches
are identical in both diagnosis and treatment of exocrine
pancreatic insufficiency in patients with CP.

However, a review of real practical recommendations
given to patients with CP with exocrine pancreatic insuf-
ficiency in clinics or hospitals, doctors of various specialties
(general practitioners, surgeons, less often - gastroenter-
ologists) suggests that the above provisions on the required
doses of multienzyme preparations are not always followed.
Often you can find recommendations with an indication of
the daily dose of the multienzyme medication 30 - 60 thou-
sand units for lipase activity. There is an opinion among
both patients and, unfortunately, individual doctors about
the deterioration of the pancreas during the treatment with
adequate (100-150 thousand units) doses of modern multi-
enzyme medications. Another reason for non-compliance
with the latest recommendations may be the high cost of
microencapsulated pancreatin drugs.

The purpose of this study was to compare the effective-
ness of enzyme replacement therapy with microencapsu-
lated multienzyme preparations in patients with chronic
pancreatitis with exocrine pancreatic insufficiency using
adequate and low doses. The first group consisted of 40
patients with CP and exocrine pancreatic insufficiency,
proved by the fecal elastase test results, and treated with en-
zyme replacement therapy at a dose of 100-150 thousand
units for lipase activity, depending on the degree of exocrine
pancreatic insufficiency. The second group consisted of 15
patients with CP with exocrine pancreatic insufficiency,

who for various reasons (impossibility or reluctance, the
existing recommendations of other doctors) received en-
zyme replacement therapy in a random dose, from 10 to 25
thousand units for lipase activity for food intake, the aver-
age dose amounted to 12.5 thousand units for a meal. The
follow-up period was 3 months. General data is presented
in table 1.

Table 1
Group 1 2
Number of patients 40 15
Average age 54,9+13,8 54.7%+14,0
Number of men 24 (60%) 9 (60%)
Number of women 16 (40%) 6 (40%)

Investigation of patients was the collection of com-
plaints and anamnesis, physical examination, registration
of anthropometric indicators (height, weight). Evaluation
of clinical symptoms was carried out on a 5-point scale: 1
point - a symptom is absent, 2 points - symptom severity
is weak (you cannot notice if you do not think), 3 points -

Table 2
Clinical and anamnestic data of patients of the studied groups
Group 1 2nd
Number of patients 40 15
Duration of illness, years 4.1£7,2 | 2,939
Alcohol 24 (60%) |8 (53%)
Smoking 18 (45%) | 7 (47%)
Complications | Ectasia of Wirsung's duct | 7 (17,5%) | 8 (53%)
of CP
Pancreatic Pseudocyst | 11 (27,5%) | 7 (47%)
Lithiasis of Wirsung's 2 (5%) 2(13%)
duct
Infiltrates 2(5%) | 2(13%)
Pancreas Fibrosis 7(17,5%) | 1(7%)
Pancreatic calcifications | 5 (12,5%) | 3 (20%)
Etiology of the Alcoholic 25(62,5%) | 7 (47%)
disease
Biliary 5012,5%) | 4 (27%)
Idiopathic 8(20%) | 4(27%)
Pancreatectomy 2(5%) 0(0%)
Concomitant Duodenal ulcer 4 (10%) 0(0%)
pathology
Stomach ulcer 2 (5%) 0 (0%)
Chronic alimentary 6 (15%) | 2(13%)
hepatitis
A history of 7(17,5%) | 0(0%)
cholecystectomy
Cholelithiasis 2(5%) 3(20%)
Chronic cholecystitis 12,5%) | 2(13%)
Diabetes 8(20%) | 3(20%)
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moderate symptom severity (you cannot ignore, but does
not violate daily activity or sleep), 4 points - the severity of
the symptom is strong (disrupts daytime activity or sleep), 5
points - the severity of the symptom is very strong (signifi-
cantly disrupts daytime activity or sleep, rest is required);
studied clinical and biochemical blood tests, conducted an
ultrasound examination of the abdominal cavity organs.
Determination of fecal elastase-1 was carried out by en-
zyme immunoassay (once at the beginning of the study).
The results of the study with values above 200 pg / g of feces
were considered normal, with values from 100 to 200 pg /
g of feces, a moderate degree of exocrine pancreatic insuf-
ficiency was recorded, with values below 100 pg / g of feces
- a pronounced degree of exocrine pancreatic insufficiency.

Statistical processing of the results was carried out us-
ing StatSoft STATISTICA 10 software. Student's t-test was
used to analyze the parametric data, and Wilcoxon signed-
rank test for non-parametric data. Differences with p<0.05
were considered statistically significant.

Characteristics of the studied patients are presented in
table 2.

Evaluation of parameters number of nutritional status
is presented in table 3.

Table 3
Initial parameters of patients’ nutritional status

Parameters 1 group 2" group
BMI (kg / m?) 22,2435 20,4+2,8
Hemoglobin (g /1) 130,8£19,9 | 128,5%18,2
LYM 2,14+1,3 2,0+0,7
Cholesterol (mmol /1) 4,7%1,43 4,75%1,7
HDL (mmol /1) 1,25+0,36 1,2£0,5
Triglycerides (mmol / L) 1,34£0,73 1,4%0,6
Total protein (g /1) 70,5+8,9 63,6£16,4
Albumin (g /1) 36,116,7 29,8%10,3
Prothrombin index (%) 91,7%18,6 90,5+19,0

As demonstrated in the table, no significant differences
in the studied parameters of the nutritional status were ob-
served before treatment.

Comparison of clinical efficacy is presented in Tables
4 and 5.

The table shows that group 2 is characterized by a less
pronounced dynamic in almost all symptoms.

Table 4
The frequency of symptoms before and after treatment
1%t group 2 " group
Parameters
Before treatment After treatment Before treatment After treatment
Pain 20 (50%) 12 (30%) 8(53%) 5(33%)
Heartburn 6 (15%) 0 (0%) 1(7%) 1(7%)
Nausea 4 (10%) 0(0%) 1 (7%) 1(7%)
Belching 2(5%) 1(2,5%) 10 (67%) 8(53%)
Abdomen heaviness 22 (55%) 12 (30%) 3(20%) 2 (13%)
Early satiety 19 (47,5%) 10 (25%) 4(27%) 2 (13%)
Flatulence 29 (72,5%) 13 (32,5%) 5(33%) 3(20%)
Frequent bowel movements 20 (50%) 9 (22,5%) 0 0
Table 5
Symptom intensity before and after treatment
1%t group 2 " group
Parameters
Before treatment After treatment Before treatment After treatment

Pain 1,8%0,8 1,2£0,4* 1,73£0,8 1,3£0,5*%
Heartburn 1,3£0,6 1* 1,1£0,3 1,1£0,3
Nausea 1,1+0,2 1 1,1£0,3 1,1£0,3
Belching 1,1£0,2 1,0£0,1 1,7£0,5 1,5+0,5
Abdomen heaviness 1,9£0,9 1,3+0,6* 1,2610,6 1,15+0,4
Early satiety 1,7+0,8 1,3£0,4* 1,261+0,5 1,15£0,4
Flatulence 2,4+1,1 1,4%0,6* 1,33£0,5 1,23£0,4
Frequent bowel movements 2,1+1,2 1,3£0,6* 0,77+0,4 0,85+0,4

* differences are statistically reliable (t-test for paired samples, P<0.05).
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Dynamics of clinical blood analysis

Table 6

Indicator Igroup 2 group
Before treatment After treatment Before treatment After treatment
Erythrocytes (102 /1) 4,410,7 4,5+0,7 4,21+0,5 3,910,6*
Hemoglobin (g /1) 130,85+21,7 135,0+14,9* 128,5+18,2 111,1+11,8
Platelets (10° / L) 275,9+115,1 253,8472,2 301,6+77,5 441,5+280,4
Leukocytes (10° /1) 7,1£3,6 6,9512,1 9,98%3,6 6,812,3*
Lymphocytes (%) 29,2487 33,417,6% 21,2%11,8 22,3£16,8
LYM (10°/L) 2,14£1,3 2,6x1,1* 1,75£0,9 1,65£0,5
ESR (mm / hour) 12,4£7,5 11,0£6,1 15,2£7,6 26,8%12,9
* differences are statistically reliable (t-test for paired samples, P<0.05).
Table 7
Dynamics of biochemical blood analysis
1* group 2 group
Indicator
Before treatment After treatment Before treatment After treatment

Cholesterol (mmol /1) 4,7+1,43 5,1+1,2*% 4,75%1,7 4,8%1,6
HDL (mmol /1) 1,25£0,36 1,4£0,4* 1,2£0,5 1,1£0,5
Triglycerides (mmol / L) 1,34£0,73 1,47£0,7* 1,46x0,6 1,4£0,7
Total protein (g /1) 70,5£8,9 72,916,8* 63,6t16,4 65,1+7,7
Albumin (g /1) 36,1+6,7 40,9+5,8* 29,7£10,3 34,616,3
Prothrombin index (%) 91,7£18,6 97,4+15,4* 72,6£15.9 70,0+17,1

* differences are statistically reliable (t-test for paired samples, P<0.05).

The intensity of the symptoms before and after treat-
ment are presented in table 5

The table shows that in 1 group there was a significant
positive dynamics of pain, heartburn, abdomen heaviness,
early satiety, flatulence and bowel movements frequency,
whereas group 2 showed a significant positive dynamic only
of pain severity.

Comparison of laboratory studies presented in tables 6
and 7.

From the data presented in the table we can see that
in group 1 there was a significant positive change in hemo-
globin level, relative and absolute number of lymphocytes,
whereas in group 2 there was a decrease in the level of eryth-
rocytes and leukocytes, with an increase in ESR.

Dynamics of biochemical blood analysis is shown in
Table 7.

Thus, in group 1, there was a significant positive trend
in all the studied parameters, while in group 2, no reliable
positive dynamics were found for any of them, moreover,
there was a tendency to decrease in such parameters as total
protein, albumin and prothrombin index.

Comparison of the dynamics of BMI. In the first group,
there was a significant positive dynamics of BMI: from 22.2
+3.5kg/m?t023.0 £3.2kg/ m?(p=0.000004), whereas

in the second group there was no dynamics - from 20,4 +
2,8kg /m?t020,2 = 3,3kg / m?

Conclusion

The results of the study suggest that the use of multi-
enzyme drugs for the treatment of exocrine pancreatic in-
sufficiency in patients with chronic pancreatitis should be
carried out in doses prescribed by modern guidelines. At the
same time, there is significant positive dynamics of symp-
toms and improvement of anthropometric and biochemi-
cal markers of nutritional insufficiency. In case of treatment
with insufficient doses, there is a positive dynamics of the
clinical picture, however, there are no changes in the indi-
cators characterizing the nutritional status, which indicates
a low efficacy of therapy with insufficient doses of enzyme
drugs. Despite the fact that the disappearance of clinical
signs of malabsorption is generally considered the most
important criterion for the success of enzyme replacement
therapy, it has been shown that relief of symptoms is not
always combined with normalization of nutritional status.
A recent review showed that the best way to assess the effec-
tiveness of enzyme replacement therapy is normalization of
the nutritional status parameters, both anthropometric and
biochemical [3].
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disease
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Abstract

The literature review presents current data on the effect of the COMT, MAO-A, MAO-B, DAT, DRD2, VMAT2, TPH2 and SNCA
genes on the course of Parkinson's disease, the effectiveness of therapy and their connection with a number of mental disorders. The
work studies 77 articles and monographs devoted to the problems of genetics, neurology and psychiatry, published in the period
from 1972 to 2018. Timely recognition of the genetic features of the course of the disease will optimize drug therapy, predict the
development of early complications of the disease, such as cognitive decline, affective, obsessive-compulsive, psychotic disorders, as
well as impulse-control disorders. Genetic prediction is also particularly relevant in the aspect of preparing and selecting patients for

surgeries for deep brain stimulation.

Key words: Parkinson’s disease, neurology, genetics, psychiatry.

Parkinson's disease is a neurodegenerative disease
with a wide range of both motor and non-motor mani-
festations. The variability of the clinical picture due to
various combinations of motor and non-motor symp-
toms is quite large, which requires finding new ways to
optimally manage and predict the effectiveness of treat-
ment, as well as determine the leading symptoms of dis-
ability.

Accumulation of new knowledge regarding neuro-
pathology, neurochemistry and neuroimaging has led to
consideration of the severity of the disease with a focus
on "the overall severity of non-motor symptoms" [1,2]
moving away from an isolated assessment of motor sta-
tus [3].

It should be emphasized that in many cases the non-
motor manifestations of a disease, in particular of neu-
ropsychiatric rank, constitute a significant difficulty in
managing patients, leading to neurochemical collisions
when it is necessary to simultaneously correct affective,
cognitive, motor and autonomic status. Based on this,
the prediction of the development of neuropsychiatric
symptoms in patients with PD is of great practical inter-
est. One of these possibilities was the results of genetic
studies of recent years, which revealed commonality of
some changes in genome of psychiatric and neurode-
generative diseases. The resulting neurochemical cas-
cades determine occurrence of mixed neuropsychiatric
symptom complexes. The ability to study functioning
of a gene in a continuous process during neurodegen-
eration and in conditions of exacerbation / remission of
mental disorder provides a more holistic picture of the
syndromes of neurotransmitter dysregulation as a single
continuum, which despite the determining phenotypic
differences between neurological and mental diseases, is
determined by polygenetic factors.

Presumably, this equifinality effect is determined
by both the direct influence of gene polymorphisms
and the compensatory resources of the brain [3], which
makes it possible to predict the variability and accen-
tuation of the clinical picture of diseases with genetic
intersections.

In particular, PD has been shown to develop de-
mentia or mild cognitive impairment with a mutation
in the glucocerebrosidase (GBA) gene, as well as the
development of depression and sleep disorders during
a mutation in the LRRK2 gene [5]. However, the most
interesting are mutations, not only participating in the
development of neuropsychiatric symptoms, but also
changing the response to drug therapy (Table 1).

The evolution of views on the causes of the emer-
gence of PD reflects the development of technology in
the world and science [6]. The study of the genesis of
PD became possible after appearance of methods of lo-
cal toxic destruction of the black substance in primates,
which formed basis of the theory of oxidative stress and
influence of free radicals on the functioning of mito-
chondria. Traditionally, the most common targets for
studying the genesis of PD are disorders of autophagy
of nerve cells, as well as changes in the function of ly-
sosomes and mitochondria, and a large number of re-
searches have been devoted to the study of these aspects
of PD appearance [7].

The development of genetics and the identification
of the first PARK gene in 1977 shifted the emphasis
in the study to the aspect of influencing the dynamics
and clinical picture of PD genomic polymorphisms of
-synuclein. The influence of the APPL2, NUCKSI,
LAG3, SNCA Repl 263, LRRK2 gene polymorphisms
on the functioning of a-synuclein and the phenotypic
features of mental and neurodegenerative diseases is
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discussed in the world scientific literature. Identifica-
tion of the genetic basis of familial cases of PD allowed
identification of genetic predictors of the sporadic form
of PD. Associated with hereditary forms of PD are the
PARK1, PARK2, PARKS genes, mutations of which
cause disturbances in the ubiquintin-proteasome path-
way of protein degradation, and PARK7, the mitochon-
drial nuclear protein gene, normally involved in the
process of cell apoptosis [8-10].

The emergence of the possibility of sequencing indi-
vidual DNA regions made it possible to introduce viral
models for the occurrence of PD and intensively study
the peculiarities of local expression of gene mutations
that are involved in the occurrence of certain diseases,
the dynamics of the spread of gene polymorphisms in the
brain. The following areas of research into the genomic
characteristics of PD seem to be relevant: the study of
the features of the genes that determine the function-
ing of mitochondria and the effect of mutations in mi-
tochondrial DNA on neuron activity and the release of
neurotransmitters into the synaptic cleft; the effect of
-synuclein variations on the functional state of the cell;
the effect of gene mutations of Iysosomal proteins on
DNA repair, protein utilization, cell apoptosis; features
of dopamine receptors, dopamine transfer proteins and
proteins associated with dopamine cleavage [8-11].

The genetic method of learning is also used in psy-
chiatry. The material of the meta-analysis of M. Nagel
et al. (2018) presents promising areas for the study of the
genesis of mental diseases: gene polymorphisms that in-
fluence the formation and functioning of dopaminergic,
serotonergic neurons, GABAergic secondary projection
spine neurons [12].

Due to the nosological diversity of mental diseases,
it becomes possible to compare the genetic functioning
of neurons during illness and remission on one group
of cells, for example, when studying addiction disorders
and recurrent depressive disorders, which is impossible
due to irreversible changes in the spectrum model of
neurodegenerative diseases.

The emergence of genetic research methods in a
new way sanctifies the genesis of neurological and men-
tal diseases, in which, despite the phenotypic differenc-
es, common polygenetic factors have been identified.

The study of the genome in psychiatry is character-
ized by a shift in attention to “positive” manifestations
of mental disorders (psychosis, anxiety, depression,
psychomotor agitation) [13-15] In neurology, however,
there is a shift in emphasis on the loss or irreversible
deterioration in the quality of a function (movement
disorders, irreversible changes in personality structure,
cognitive decline) [16].

The study of protective factors of both neurologi-
cal and mental diseases seems promising. For example,
the PARKI16 locus responsible for DNA repair and
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timely utilization of non-functional proteins, including
the genes rs823128 (NUCKSI1), rs1572931 (RAB29),
rs823156 (SLC41A1) is considered protective against
PD [17], but not studied with respect to other diseases.

Another promising direction of studying the genetic
features of mental and neurological diseases is the com-
parison of the genomic profile of diseases that reduce
the likelihood of each other. In particular, the study of
the SNAP25 genes SLC6A3, DAT1, DRD4, HTRI1B,
TPH2, SLC6A2, CDHI13 did not show similar poly-
morphisms in patients with attention deficit disorder
and PD, although both diseases are based on one or
another pathology of the dopamine system homeosta-
sis of the brain [18]. Despite the negative results, such
information may shed light on the genesis of both psy-
chiatric and neurological diseases. The comparison of
the genetic and neurophysiological features of schizo-
phrenia and PD seems to be promising. A sequential
manifesto in one patient of these two diseases is a rare
phenomenon and is an ambiguous task for a clinician
[19]. In particular, it was shown on the model of appli-
cation of typical antipsychotics, not only the effect on
the D2 receptors of the brain, but also an increase in
oxidative stress leads to the appearance of parkinsonism
symptoms in psychiatric patients [20].

At first glance, schizophrenia and the spectrum of
endogenous diseases and PD have a different genesis and
different topical localization of the lesions of the long
dopaminergic systems of the central nervous system: PD
at the stage of motor symptoms will be characterized by
predominant dysfunction of the nigrostriatal pathways
of the mesostriatal system, while at schizophrenia there
is a malfunction of mesolimbic and mesostriatal systems
[21]. On the other hand, both diseases lead to deteriora-
tion of social functioning and a significant increase in
economic costs, cognitive decline, narrowing the range
of interests and simplifying cognitive activity, increasing
dependence on others, in both diseases there can be de-
ceptions of perception, delusions, affective and anxiety
disorders [22].

Despite various violations of the cognitive sphere in
the form of a violation of associative processes in schizo-
phrenia and predominantly mental disorders against
the background of increased rigidity of thinking in PD,
there are a number of common cognitive characteristics
(working, verbal memory, pace of performance, motor
skills, speech fluency, planning) that undergo changes
with the progression of both conditions [23,24], each of
the diseases has its own most probable predictor genes:
if for PD these are the genes responsible for supporting
bruising genome integrity, protein utilization and timely
apoptosis, dopaminergic neuroblasts, middle spine neu-
rons, serotonergic neurons, vesicular leptomeningeal
cells, radial glial cells, oligodendrocyte [12] progenitor
are the most likely predictor genes for schizophrenia.



Literature review

In the aspect of dopamine dysregulation, PD is
comparable to the group of impulse-control disorders
and a tendency to addictions. For example, a number
of studies have shown an inverse correlation between
smoking and PD [25]. The adherence to smoking also
reflects the brain's ability to plasticize the release of do-
pamine in response to external influences, for example,
stimulation with nicotine through an action on the ace-
tylcholine system. The acetylcholine system is char-
acterized by a variety of receptor subtypes (9 different
types of o and [ subunits), differing in localization and
degree of permeability, and genetic features. The most
sensitive to nicotine are a7-containing receptors located
on the bodies and terminals of dopaminergic neurons in
the ventral tegmental area and the compact part of the
substantia nigra, which allows nicotine to directly in-
fluence and alter the impulse release of dopamine. The
effect of nicotine is also noted on the prefrontal cortex,
in which dopamine determines the executive function,
motivation, plasticity of behavior and decision making
for actions not only on the acetylcholine receptors, but
on the glutamatergic and GABA system. Thus, the in-
verse correlation of PD and states of impulse-control
disturbances or dependencies on surfactants is not only
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a statistically important indicator, but also shows new
directions of approaches to treatment of PD and sheds
light on aspects of PD genesis that were poorly under-
stood before [26,27]

Materials and methods

In the review, 77 works were used, 75 of them were
articles on genetics, clinical features of PD and mental
diseases, 2 monographs on PD and psychiatry. 57 were
published in the period from 2008 to 2018, 16 in the pe-
riod from 1997 to 2007, 3 in the period from 1972 to
1995. 34 on the topic of the clinic and the genetic char-
acteristics of PD.

42 articles were research papers (7,539 patients), as
well as 7 studies on animal models and 2 studies per-
formed in the laboratory by genome sequencing or cre-
ating a hybrid DNA model.

In neurological articles (13 papers), in addition
to clinical observation, the most commonly used
tests were UPDRS, QUIP score (Questionnaire for
Impulsive Disorders in Parkinson's Disease-Rating
Scale), MMSE (Mini-Mental State Examination),
CES-D (Center for Epidemiologic Studies Depres-
sion Scale).
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Psychiatric articles (29 papers) noted the use of
WAIS-R tests (Silverstein's method with scores from the
Vocabulary and Block Design subtests of the Wechsler
Adult Intelligence Scale-Revised), SCID-IV (Struc-
tured Clinical Interview for DSM-1V), ToM (test used
to evaluate social cognition), Thematic Apperception
Test , PANSS, CBCL/6—18 (Child Behavior Checklist
for the age range of 6—18 years old), HAM-D (Hamil-
ton Depression Rating Scale), CDSS (Calgary depres-
sion scale for schizophrenia ), MINI (Mini Internation-
al Neuropsychiatric Interview ) , HAMD-17 (Hamilton
Rating Scale for Depression ), HAMA (Hamilton Anxi-
ety Scale ).

The study used 43 literature reviews, 7 - meta-ana-
lyzes: 3 reviews on genetics, 7 reviews and 2 meta-ana-
lyzes on psychiatry, 16 reviews and 5 meta-analyzes on
the topic of PD.

Further, the review examined current studies high-
lighting some of the genetic features of Parkinson's dis-
ease (PD) and the genetic relationship between PD and
a number of mental illnesses.

1. COMT - Catechol-O-methyltransferase cata-
lyzes the breakdown of catecholamines: dopamine, epi-
nephrine, norepinephrine. COMT polymorphisms in
the cortico-striatal pathways of the brain are involved
in the formation of early dementia in PD, regardless of
the progression of motor disorders [28]. Antipsychotic
medication was present in 30% of patients with a view to
curing mental symptoms years before the onset of motor
manifestations of PD, which subsequently delayed the
verification of PD by expanding the scope of diagnostic
search [29].

The appearance of mental disorders long before
the manifestation of the first motor symptoms of PD is
consecrated within the framework of two theories. On
the one hand, the concept of H. Braak (“Braakhypoth-
esis” 2003) presents mental disorders in the premorbid
period as a manifestation of the first two stages of PD
formation, during which the serotonergic nuclei of the
brain stem seam is affected long before the substance is
damaged. According to another point of view, affective
pathology in the premorbid period of PD is caused by
the pathology of a neurobiological substrate common to
both mental and neurological diseases [30].

In addition to PD, the 22q11.2 deletion syndrome
(COMT gene) was studied on a model of mental illness:
24% of carriers of COMT polymorphism show symp-
toms of a psychotic register in a history, 31.4% have af-
fective and anxiety disorders. [31,32]. The effect of the
deletion of the COMT gene is also noted in patients
with schizophrenia, in whom the 22q11.2 locus poly-
morphism occurs in 1% of cases and determines the
phenotype of patients. Patients with schizophrenia who
carry a 22ql1.2 deletion phenotypically differ in the
early onset of the disease from 12 to 26 years, a lesser
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severity of negative disorders, a tendency to explosive
reactions and impulsive actions [33]. The 22q11.2 de-
letion carriers are also distinguished by the features of
cognitive function: 40% had moderate mental retarda-
tion, poor results in tests for motor skills, verbal skills
and social intelligence [34].

Thus, common to carriers of COMT gene poly-
morphisms, both PD patients and psychiatric patients,
will have symptoms of early cognitive decline, a his-
tory of mental illness and subsequent antipsychotic or
dopaminergic therapy, which reflects a metabolic cat-
echolamine caused by the genetic characteristics of the
COMT enzyme.

2. MAO - (monoamine oxidase), an enzyme that
participates in the catabolism of both endogenous and
exogenous monoamines and is encoded by an X-linked
gene, which causes uneven phenotypic manifestations of
MAO depending on the sex of the patient [11,12]. MAO
is divided into two subspecies: MAO A is a fermenting
adrenaline, noradrenaline, serotonin, histamine, dopa-
mine, and highly specialized MAO-B, the substrates for
which are phenylethylamine and dopamine. MAO-B
polymorphisms, which slow down or accelerate the func-
tion of monoamine oxidase, cause dyskinesia at the peak
of the levodopa dose, accelerate cognitive decline. [35].

The participation of the rs1137070 and rs3741049
polymorphisms (A / A allele) of the MAO enzyme was
noted in the formation of depressive disorders, includ-
ing those that are not sensitive to placebo [36,37], bi-
polar affective disorders [38], schizophrenia [39], and
borderline personality disorder [40], and the formation
of attention deficit disorder in adolescents [41,42]. Ge-
netic variations of MAO, together with SERT, and to
a lesser extent COMT, determined the phenotypic fea-
tures of depressive patients with schizophrenia in the
form of aggression, impulsivity, speedy increase of nega-
tive symptomes.

Common to PD and mental disorders in the disrup-
tion of the functioning of MAO are a rapid decline in
cognitive function, the paradox of the action of drugs
(dopaminergic drugs, antidepressants) [43], as well as
a predisposition to occurrence of affective disorders
throughout life.

3. DRD1, DRD2, DRD3 - dopamine receptor
genes. Polymorphism of the gene encoding D2 recep-
tors (rs1800497) is associated with a decrease in the
density of dopamine receptors in the striatum, which
leads to the formation of parkinsonian symptoms [44].
DRD2 (rs1800497) and DRD1 (rs4532 and rs4867798)
polymorphism carriers, despite being well tolerated by
dopamine replacement therapy, are at risk of impulse
control disorders, due to the effect of dopaminergic
therapy on the ventral striatum, the most associated
with the symptoms of the pathological search for posi-
tive reinforcement [ 45.46].



Literature review

Studies in the general population showed the in-
volvement of DRD2 mutations in the formation of
behavioral control disorders and addictive disorders:
according to O.H. Della Torre (2018) DRD2 polymor-
phism (rs6277) determines the personality character-
istics of children: a tendency to conflict and ignoring
social norms. A decrease in the density of DRD2 / 3
receptors in the striatum is observed among adults with
impaired learning function (dependence on positive re-
inforcement) [47,48].

4. DAT is a transmembrane transporter of dopamine,
which reverses it from the synaptic cleft into the cytosol
of the cell and it is associated with a large number of
neuropsychiatric disorders. Recessive polymorphism of
the DAT gene with a variant number of tandem repeats
(DAT1-VNTR) of the 3'-region is often found in PD
[49].

Polymorphisms DATI1-VNTR, r1s27072, 1527048
and rs2963238 were found in 24% of patients with al-
coholism in a study on the European population, they
lead to more severe alcoholic palimpsests and the for-
mation of dependence, in particular to methylpheni-
date, the DAT blocker, which has a psycho-stimulating
effect. [50, 51]. The DAT gene together with the COMT
genes, dopamine (DRD1, DRD2, DRD3, DRD4) and
serotonin receptors, serotonin transporters (HTR2A,
SHTT), and glutamate receptors (GRIN2B), is in-
volved in the formation of obsessive-compulsive behav-
iorin PD [52]

5. 5STPH2 (tryptophan hydroxylase) - an enzyme in-
volved in the synthesis of serotonin and melatonin, to-
gether with VMAT?2 determine the functioning of the se-
rotonin system in PD, while the relationship between the
serotonin transporter SERT and PD was refuted in L. Gao
meta-analysis (2014), created on the basis of 9 studies of
the genetic characteristics of PD and the association of
PD with depression. Tryptophan hydroxylase participates
in the first stage of serotonin synthesis, catalyzes the ad-
dition of the —HO group (hydroxylation) to 5-hydroxy-
tryptophan, affects the transcription of serotonin receptor
RNA (5HT) and is predominantly (up to 50%) localized in
the striatum and prefrontal cortex [53,54]. Normally, the
activity of SHT receptors inhibits the action of dopamine
in the ventral part of the tire and the accessory brain nucle-
us [55], while the level of serotonin decreases, a decrease
in the tonic inhibitory effect on dopamine and impaired
fronto-striatal pathways is observed, which is reflected in
impulsive behavior and a decrease in criticism to errors
and increased search behavior [56,57].

The study of TPH2 mutations in PD is most relevant
in terms of impulsive behavior and abuse of dopami-
nergic drugs. TPH2 mutations (rs1352250, rs6582078
SNPs, GGA haplotype) determined the severity of ad-
ditive behavior in PD, which is not corrected with a de-
crease in the dosage of drugs [58].

Interconnection TPH2 and impulsive behavior
also proved to psychiatric samples: polymorphisms
rs6582078 and rs1352250 predisposed to risky behavior
and acceptance of impulsive solutions [59], affective
carriers of 1s7305115 A / G and G / G alleles are at risk
of suicide attempt [60].

6. SNCA - the gene encoding alpha-synuclein, pre-
synaptic chaperone, is the dominant gene and is found
in familial forms of PD with dominant inheritance. The
repeated SNCA polymorphism is called REP1; in the
presence of a long SNCA Repl 263 allele, the risk of
developing PD increases: the risk of oxidative stress
increases. Reduced SNCA transcription, although a
protective factor for PD, increases the risk of alcohol
abuse, which in turn increases the likelihood of poly-
morphisms [61].

Although the study of SNCA pathology is associated
with the motor sphere, it is important to pay attention
to the non-motor aspects of PD: SNCA carriers (Repl
263) were distinguished by a quick early onset of the dis-
ease, an increase in dementia and the presence of hal-
lucinations that occurred and develop independently of
the dynamics of the motor symptoms. [62].

7. VMAT2 is an integral membrane protein that
transports and packs monoamines: dopamine, norepi-
nephrine, serotonin and histamine, from the cell cytosol
to synaptic vesicles, and is involved in the breakdown of
toxic cytosolic unpackaged dopamine, which becomes
vulnerable to creating active oxygen forms [63]. In the ni-
grostriatal and mesolimbic pathways, VMAT?2 is involved
in the vesicular release of GABA. On the basis of the am-
plified DNA of two African and European ethnic groups,
polymorphisms were detected, these groups increase the
synthesis of VMAT?2 (1rs60543597, rs12412905), which is
a protective factor for PD [64]. S.P. Alter study (2016),
conducted in mice, showed that a decrease in the ex-
pression of the VMAT?2 gene (SLC18A2) does not affect
the degradation of serotonergic cells, but increases the
sensitivity of 5-HT1A autoreceptors, most common in
the human CNS [65,66]. A partial decrease in VMAT?2
production (“VMAT?2 knockout”) negatively affects the
elimination of endogenous neurotoxins and stimulates
the development of oxidative stress, an important stage in
the pathogenesis of PD [67; 68]. The decrease in VMAT?2
production was correlated with the appearance of non-
depressive apathy, with PD on a mouse brain model in
the form of reducing the need for home improvement and
reducing interest in sugar, while maintaining the results
of the swimming test within the norm, which indicates
the absence of an affective component in the behavior.
[69]. VMAT?2 gene mutations are found in most narco-
logical, psychiatric and neurological diseases, as well as
being one of the nine defining gene markers for schizo-
phrenia (CHGB, SLCI18A2, SLC25A27, ESD, C4A /
C4B, TCP1, CHL1, CTNNA2) [70].
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8. GABA (GABA) - y-Aminobutyric acid inhibitory
neurotransmitter central nervous. GABA has an inhibi-
tory effect on the release of dopamine and noradrena-
line in the frontal lobes, while the activity of the GABA
neurons themselves is under the control of serotonin:
activation of 5-HT2C receptors leads to an increase in
GABA activity and a decrease in dopamine in the fron-
tal lobes. This mechanism probably explains both the
appearance of apathy with long-term therapy with anti-
depressants from the SSRI group, and the anti-apathet-

ic action of 5-HT2C inhibitors (Fluoxetini, Agomela-
tini) [71,72].

According to https://www.snpedia.com, a resource
reporting information about polymorphisms in the hu-
man genome, in humans, the GABA function is encod-
ed in 29 genes on different chromosomes, with many
variants of polymorphisms that encode for synthesis,
degradation, transport, and GABA receptors.

he involvement of GABA in the pathogenesis of
PD is traced at all stages of the formation of the dis-

Table

Variants of gene mutations that affect the therapy and phenotypic features of Parkinson's disease are promising for study in

clinical practice

. The number
s%lz?t; m(E'(;)ll)l,i-s m Cl;;?:;o' Plf':;?l?g:c Clinical manifestation Tests of patients Author
examined
COMT 1$6269 22 Change COMT | The rapid increase of cognitive | MMSE 409 Lin C.H., 2018
rs4633 activity defect
154818
14680
COMT COMT 22 High COMT The need for high doses of - 162 Sampaio TFE,
H/H activity levodopa 2018
COMT |COMT L/L 22 Low COMT The need for high doses of - 162 Sampaio T.E,
activity levodopa 2018
COMT 22q11.2 22 Change COMT | The presence of mental - Systematic Boot E., 2015
neneLus activity disorders before the review of 45
manifestation of PD, the high clinical cases
prevalence of mental non-
motor disorders against the
background of the reception
Levodopa
MAO-B| MAO-B X- MAO-B activity | The emergence of dyskinesia - 95 patients Biatecka M.,
A/A chromo- |decrease on the background of the peak 2004
some dose of Levodopa
MAO-B| MAO-B X- Increased The need for high doses of - 95 patients Biatecka M.,
G/G chromo- | MAO-B activity |levodopa 2004
some
DAT 5 Increase in Best effect L -DOPA on motor | UPDRS 61 patients Moreau C.,
1rs3836790 the main functions (gait) UPDRS 2015
28363170 concentration
of dopamine
transporter
DRD2 | rs1800497 11 Decreased Increased risk of impulse- UPDRS 11 matmenToB | McDonel K.E.,
(Taql baseline control disorders inpatients CES-D 2018
Apolymor- dopamine in the |with a dopaminergic therapy MMSE
phism striatum QUIP
Al /Al Al
/ A2)
VMAT?2 | 160543597, 10 Increase VMAT?2 | Reducing the risk of PD - Amplified DNA Glatt C.E.,
rs12412905 output of African 2006
and European
samples
TPH2 | rs1352250, 12 Reduced TPH2 | Increased risk of impulse Impulsive- 154 patients Gao L., 2014
1s6582078, production control disorders Compulsive
GGA Disorders
haplotype in
Parkinson’s
Disease-
Rating
Scale
QUIP
MMSE 154
patient
SNCA SNCA 4 Enhancement of | Increased risk of early onset of - 426 patients Corrado L.,
(Repl 263) SNCA expression | PD, complicated by psychotic 2018
events and an increase in
dementia
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ease. In the early stages of the disease, the pathology of
GABA affects functioning of posterior nuclei of the va-
gus nerve, nucleus of the glossopharyngeal nerve, locus
coeruleus, hypothalamus, mesolimbic and nigrostriatal
dopaminergic systems, which clinically manifested in
violations of the gastrointestinal tract, loss or change
in sense of smell, sleep disorders and the emergence of
anxiety, anhedonia, apathy, hypomimia and difficulty in
motivating movement [73,74]. At the stages of the first
motor symptoms of GABA disease, there is an imbal-
ance of GABA in the central nervous system: an in-
crease in GABA in the striatopallidal complex promotes
the development of bradykinesia and rigidity, reduces
tremor and postural instability. During the collapse of
the GABA system, there is a decrease in cognitive and
motor function due to the effect on the striato-hippo-
campal and thalamocortical system [75].

At the moment, there is a certain lack of informa-
tion on the effect of mutations of GABA genes on men-
tal and neurodegenerative diseases.

9. PINK1 is a recessive gene that affects the func-
tioning of the Parkin gene, the activity of which deter-
mines the timely autophagy of depolarized mitochon-
dria. In the clinical case, L. Ephraty et al., (2007) of a
familial PD disease in PINK1 mutation carriers were
brothers 25 and 33 years old, they had an early mani-
festation of the disease in the form of anxiety-depressive
disorder with antisocial behavior and impulse-control
disorders. The parents of the patients had behavioral
disorders and a tendency to affective diseases without
signs of parkinsonism [76].

Prospects for the study of genetic features, comorbid

mental pathology, with PD in clinical practice.

Evaluation of genetic features in order to determine
a patient’s treatment strategy is a common practice
worldwide [77]. The study of such enzymes as COMT,
MAO-A, MAO-B, DAT, DRD2, VMAT?2, TPH2 and
SNCA is a promising direction for personalized treat-
ment of PD.

An important aspect of the study of genetic features
in clinical practice is the determination of the prospects
for the operation of deep brain stimulation (DBS). In a
study by E. Lohmann et al. (2008) patients of PD were
treated with Parkin gene carriers in comparison with the
sporadic form of PD and the heterozygous form of PD
[78]. The Parkin gene encodes ubiquitin ligase, which
regulates mitochondrial DNA recovery, mitochondrial
division, timely elimination of non-functional pro-
teins, is characterized by recessive inheritance, i.e. for
complete phenotypic manifestation, two mutations in
the carrier DNA are necessary. Parkin mutation carri-
ers are characterized by early onset of the disease, slow
progression and good response to dopaminergic therapy
drugs [79] 24 months after surgery, homozygous Parkin

carriers were characterized by lower doses of dopami-
nergic therapy, but they had worse results on testing the
cognitive decline on the MATTIS scale.

Thus, the assessment of genetic features in order
to determine a patient's treatment strategy is a com-
mon practice throughout the world [77, 80]. The study
of such enzyme genes as COMT, MAO-A, MAO-B,
DAT, DRD2, VMAT2, TPH2 and SNCA is a promis-
ing direction in developing personalized therapy strate-
gies based not only on the assessment of clinical status,
but also on their endophenotype, as well as reflects the
transition from the nosological approach to the study of
both mental and neurological disorders to the dimen-
sional one.
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Abstract

The aim of the study was to study the possible association of the polymorphic variant G (-308) A of the tumor necrosis factor
alpha (TNF) gene with the structure and function of the myocardium in patients with arterial hypertension (AH) and coronary heart
disease (CHD). Patients were selected for the study from those included in the observation programs of ORACLE | and Il (ORACLE -
ObseRvation after Acute Coronary syndrome for development of irEatment options). A total of 875 patients with hypertension were
examined, with an average age of 62.7 + 12.57 years (531 men (60.8%) and 344 women (39.2%)).

In the examined group, there were 137 (15.8%) patients suffering from type 2 diabetes mellitus, 645 (73.7%) with a history of
coronary artery disease before inclusion in the study, 78 (9.0%) suffered a stroke, 519 (59.3 %) had hypertension of 3 severities. The
frequency distribution of alleles and genotypes of the TNF gene (AA - 7 patients (0.7%), AG genotype - 237 patients (27.1%),
GG genotype - 631 patients (72.1%) differed from those expected by Hardy-Weinberg equation by reducing the frequency of the
rare homozygous genotype: chi-square 9.87, p <0.005. In patients with LVH, the frequency of the GG genotype, allele G and the
frequency of allele A of the TNF gene were significantly lower. Allele A carriers in the homo- and heterozygous state had a greater
LVMI, a lower left ventricular ejection fraction, and a ratio of peak rates E and A. In a multifactorial regression analysis, the male

gender, the level of systolic pressure, the age of patients, and the presence of genotype allele A of the TNF gene.
Key words: arterial hypertension, left ventricular myocardial hypertrophy, tumor necrosis factor, gene, polymorphism.

The tumor necrosis factor alpha (TNF) is one of the
pro-inflammatory cytokines involved not only in the
regulation of inflammation, but also influencing the
formation of insulin resistance, activation of the renin-
angiotensin system (RAAS) and the activation of growth
factors. Shown, that increased tumor necrosis factor is
associated with an increase in cardiovascular risk. It is
known that this factor is associated not only with the
formation of the immune response, but also the de-
velopment of atherosclerosis, endothelial dysfunction,
insulin resistance, coagulation disorders. Experimental
evidence of the involvement of tumor necrosis factor al-
pha in the development of left ventricular hypertrophy
(LVH) in animals has been found [1]. At the same time,
LVH in patients with cardiovascular diseases is an addi-
tional risk factor for adverse outcomes. This determines
the interest in the pathogenic mechanisms of LVH de-
velopment, in particular, associated with the activation
of the inflammatory system. The expression of TNF is
largely determined by genetic factors, one of the vari-
ants of which is the polymorphism G (-308) A, which is
located in the region of the gene promoter. In this re-
gard, the goal of our study was to examine the possible
association of the polymorphic variant G (-308) A of the
tumor necrosis factor alpha (TNF) gene with the struc-
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ture and function of the myocardium in patients with
arterial hypertension (AH) and coronary heart disease
(CHD).

Material and research methods

Patients were selected for the study from those in-
cluded in the observation programs of ORACLE (OR-
ACLE - ObseRvation after Acute Coronary syndrome for
deve Lopment of trEatment options) - ORACLE I (2004-
2009) and ORACLE I1 (2014-2018). A total of 2695 pa-
tients who had an episode of acute coronary syndrome
were observed in the studies. To assess the association
of the parameters of the structure and function of the
myocardium and TNF gene polymorphism, 875 patients
with hypertension were selected, who underwent an
echocardiographic study, as well as those who did not
tolerate large-focal myocardial infarction and did not
have valvar heart disease. The average age was 62.7 +
12.57 years (531 men (60.8%) and 344 women (39.2%)),
137 (15.8%) patients had type 2 diabetes, 645 (73.7 %)
had a history of coronary artery disease before inclusion
in the study, 78 (9.0%) suffered a stroke, 519 (59.3%) had
AH 3 severity.

In an echocardiographic (EchoCG) study in M-
mode at the level of the chords of the mitral valve from



the parasternal access, the end-diastolic (CCD), the
final systolic size (CCP), the thickness of the interven-
tricular septum (TMV) and the thickness of the poste-
rior wall of the left ventricle (TSSL). The mass of the
myocardium of the left ventricle (MLM) was calculated
by the formula R. Devereux and N. Reichek, 1977[2]:

1.04x{(TMZHP+TZSLZh+KDR)*-KDR?} -13.6.

The left ventricular myocardial mass index (LVMI)
was calculated as the ratio of left ventricular myocardial
mass to body surface area (Cornell criterion: 115 g /m?
was considered the upper limit of normal for men and
95 g / m? for women).

The global diastolic function of the left ventricle was
assessed by trans-mitral blood flow using pulse wave
Doppler echocardiography from the apical access at the
four-dimensional position with the position of the con-
trol volume at the ends of the mitral valve cusps. The
following indicators were determined: the maximum
speed of the early (Amax) filling of the LV, the maxi-
mum speed of the late (Amax) filling of the LV, their
E / A ratio, and the time of isovolumetric relaxation
(IVRT) of the LV.

The determination of the alleles and genotypes of
the TNF gene was performed using PCR. We used 2.5x
PCR-RYV reaction mixture containing SynTag DNA
polymerase with antibodies inhibiting the activity of
the enzyme (CJSC Syntol, Moscow). Oligonucleotide
primers were synthesized by Evrogen (Moscow). Ge-
nomic DNA was isolated from whole blood of patients
by the method of extraction with a mixture of phenol
and chloroform after incubating blood samples with
proteinase K in the presence of 0.1% sodium dodecyl
sulfate.

Alleles of polymorphic markers were identified us-
ing hybridization-fluorescence analysis (TagMan®
analysis) on a Bio-Rad CFX96 C1000 Touch real-time
amplifier (Bio-Rad Laboratories, Inc., USA) in 25 pl of
the reaction mixture of the following composition: 2.5x
Reaction mixture for PCR-RYV, 4 pcol of each primer
and probe, 25 ng of genomic DNA.

Conditions for amplification of the DNA fragment:
pre-denaturation of 95°C /2 min, 95°C /10s,60° C/
60 s - 40 cycles. The composition of primers and probes
are presented in table 1.

Statistical data processing was carried out using
the SPSS 23.0 program. For extended indicators, an
analysis was made of the distribution and criteria for its
compliance with the normal one. Since the distribution
of all the studied parameters corresponded to the nor-
mal, parametric calculation methods were used for the
analysis. For extended variables, the mean values and
standard deviation from the mean (M = SD) were cal-
culated. To assess the significance of differences in the
means used t-test. Discrete values were compared by

Table 1
Used primers and probes
Primer Allele Sequence
Straight - TGGAAGTTAGAAGGAAACAGAC
Back - ACACAAGCATCAAGGATACC
Probe 1 G FAM-CCGTCCCCATGCCC-BHQI1
Probe 2 A HEX-CCGTCCTCATGCCC-BHQ1

Pearson criterion y,. To assess the independence of the
influence of various factors on myocardial hypertrophy,
logistic regression was used. Parameters that demon-
strated statistical significance in a single-factor analysis
were included in the multivariate analysis. For all types
of analysis, p <0.05 was considered statistically signifi-
cant.

The correctness of the distribution of genotype fre-
quencies was determined by matching the Hardy-Wein-
berg equilibrium (pi2 + 2pipj + pj2 = 1) and was calcu-
lated using the Gen Expert Expert software calculator.

Results

The frequency distribution of alleles and genotypes
of the TNF gene (AA - 7 patients (0.7%), AG genotype
- 237 patients (27.1%), GG genotype - 631 patients
(72.1%) differed from those expected by Hardy-Wein-
berg equation by reducing the frequency of the rare ho-
mozygous genotype: chi-square 9.87, p <0.005.

In total, 400 patients in the examined group had
LVH. In this group there were more men. Patients with
LVH were older in age, had a higher level of systolic
blood pressure (BP), more often circulatory insufficien-
cy was recorded. Patients with LVH had a lower level of
glomerular filtration rate (Table 2).

Carriers of allele A in the homo and heterozygous
state had a greater LVMI, a lower left ventricular ejec-
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Legend: On “X”: Allele A; Allele G; AA genotype; GA genotype;
GG genotype;

The dark blue color marks the existence of: LVH - left ventricular hypertrophy.
The light blue color marks the inexistence of: LVH - left ventricular hypertrophy.
Figure 1. Frequency distribution of genotypes of the TNF gene in patients with
and without LVH.

TNF - tumor necrosis factor alpha;

LVH - left ventricular hypertrophy;
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Clinical characteristics of patients with dependence on the presence of LVH

Table 2

Options Patient(sn lel‘;gl)lt LVH Patiezl’:s= :"v(i;:(l)l)LVH R
Sex : Male/ Female 278/197 (58/41%) 253/147 (67/33%) 0,046
Age years 58,2%+1,35 64,8 £1,02 0,001
Type 2 diabetes, n (%) 66 (14,1) 71 (17,8) HI
Duration GB (years) 13,1 1,29 13,3+1,09 HIT
BMI, kg / m? 28,7+0,47 28,3+0,33 HI
Maximum systolic blood pressure, mm.rt.st. 184,1+ 3,3 195,3+2,86 0,01
Maximum diastolic blood pressure, mm.rt.st. 103,5 £2,17 108,1 +1,45 HIT
Circulatory failure, n (%) 197 (42%) 227 (52%) 0,001
GFR (MDRD), ml / min / 1.73 sq.m. 64,8£16,79 60,9£18,78 0,005

LVH - left ventricular hypertrophy; GB hypertensive disease; Arterial blood pressure; GFR-glomerular filtration rate.
Table 3

Parameters of the structure and function of the myocardium of the left ventricle in patients with different genotypes of the

polymorphic marker G (-308) A of the TNF gene

Options GG genotype GA genotype AA genotype R
TMZHP, mm 12,13+2,478 11,49£5,187 13,147,714 HI
TZSLZH, mm 10,88+1,512 11,075,095 11,57+4,434 HI
CRD LV, mm 47,25+4,528 49,55+7,575 50,14%9,139 HIT
The diameter of the aortic root, mm 25,87+6,756 28,00£6,565 27,50£6,164 0,037
Diameter PL, mm 38,84+6,119 38,60£5,532 37,50£6,547 HIL
EF LV,% 62,67£10,619 58,00x11,650 56,55+11,848 0,001
MLW, g 253,1459,237 259,3+82,76 270,9493,19 HIL
LVMIL, g/ m 131,35+31,079 139,74+53,514 151,65+41,313 0,020
E _.m/s 89,10+3,618 71,96+2,114 55,86+17,582 0,021
A ,m/s 76,914+2,2025 77,26+5,122 57,861+10,447 HI
E / A ratio 1,36£0,927 1,04£0,554 0,99+0,356 0,013

TMZH-thickness of the interventricular septum; TZSLZh- thickness of the posterior wall of the left ventricle, LVC LV, of course, the diastolic size of the
left ventricle; LP - left atrium; EF LV-left ventricular ejection fraction; MLJ is the mass of the myocardium of the left ventricle; LVMI index of myocardial

mass of the left ventricle.

tion fraction, and a ratio of peak velocities E and A (Ta-

homozygous state was associated with left ventricular

ble 3). Thus, the carriage of allele A in the hetero- and myocardial hypertrophy, as well as with the formation

Table 4

Regression analysis of the independence of the association of clinical factors with LVH in patients with hypertension

Univariate analysis Multivariate analysis
Factors
OR [95% CI] r OR [95% CI] r

Male 2,28[1,66-3,13] 0,001 1,54 [1,02—2,03] 0,048
Age over 60 years 2,62[1,92-3,59] 0,001 1,71 [1,34-2,28] 0,01
CAD> 180 mmHg 2,20[1,57-3,07] 0,002 1,86 [1,22—2,64] 0,002
Circulatory failure 2,44[1,81-3,30] 0,001 1,76[0,96-2,58] 0,053
CK® (MDRD)<60 ma/mMuH/1,73 M2 1,76[1,03-2,28] 0,039 1,12[0,86-2,48] 0,086
Carriage of allele A of the polymorphic 2,36[1,09-4,93] 0,005 1,97 [1,12-2,89] 0,003
marker A (-308) G of the gene TNF

LVH - left ventricular hypertrophy; Hypertension - arterial hypertension; Systolic blood pressure; GFR-glomerular filtration rate.
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of left ventricular diastolic dysfunction and a decrease
in myocardial contractility.

Considering the differences in the main clinical
characteristics of groups of patients with and without
LVH, one-factor and multifactorial regression analysis
of the association of clinical factors and the TNF gene
genotype with the development of LVH was conducted
(Table 4). For inclusion in the regression analysis, ex-
tended factors (age and level of MAP) were converted to
discrete ones. By age, patients are divided into 2 groups
according to the median indicator (60 years). Accord-
ing to the maximum level of blood pressure, patients are
divided into groups according to the level corresponding
to hypertension of 3 degrees (above and below 180 mm
Hg). In a multifactorial regression analysis, the male
gender, systolic pressure, age of patients, the presence
of the TNF gene A allele in the genotype were indepen-
dently associated with an increase in LVMI.

The discussion of the results

The possible association between the activation of
inflammation processes and the formation of myocar-
dial hypertrophy is actively discussed in the literature.
The involvement of TNF in the formation of myocardi-
al hypertrophy is confirmed by a number of clinical and
experimental data. In a study on a group of 764 patients
with hypertension, it was shown that the levels of TNF
and IL-6 are more significant predictors of the develop-
ment of concentric remodeling and concentric left ven-
tricular hypertrophy than hemodynamic factors, and
systolic blood pressure in particular. The level of blood
pressure to a greater extent determined the increase in
myocardial mass [3].

In patients with hypertrophic cardiopathy, a signifi-
cantly higher level of tumor necrosis factor, IL-6 and
serum amyloid P is registered compared with compara-
ble healthy controls. At the same time, in patients with
local myocardial fibrosis, the level of interleukins 1 and
4 is higher, as well as matrix metalloproteinase, which
indicates different mechanisms for the development
of these diseases [4]. In a group of patients with Fabry
disease with a significant increase in the level of TNF,
expression of TNF receptors was shown to associate the
level of these markers with the severity of myocardial
hypertrophy and the formation of diastolic myocardial
dysfunction, as well as an increase in BNP and a heart
failure clinic [5].

In experiments on mice, it was shown that an in-
crease in the expression of TNF and its receptors may
trigger the formation of hypertrophic cardiopathy and
myocardial hypertrophy of aortic stenosis [6]. Experi-
mental animals also showed a strong association be-
tween the level of cycling TNF and the activation of
myocardial fibrosis and kidney processes in animals
with elevated blood pressure [7].

The association between the development of myo-
cardial hypertrophy and an increase in the level of tu-
mor necrosis factor is explained by the fact that TNF
enhances the effect of angiotensin I on the expression
of various growth factors. This mechanism is mediated
by the presence of a common signaling pathway for TNF
and anti-tensin I1. This signaling pathway is also associ-
ated with the mechanisms of antioxidant protection and
includes mitogen-activated protein kinase, transform-
ing growth factor betal and nuclear factor Kappa-B.
(MAPK / TGF-B / NF-kB). A similar mechanism of
interaction between TNF and RAAS has recently been
confirmed in animal experiments [§].

In our study, we did not evaluate the plasma level of
TNE but used a genetic marker in the TNF gene associ-
ated with changes in the expression of factor.

The TNF gene is mapped in the chromosomal re-
gion 6p23-ql2. One of the most interesting polymor-
phic variants of a gene is the replacement of G (-308) A,
which is localized in the promoter of the gene. Associa-
tions of the rare A allele of this polymorphic variant with
bronchial asthma, psoriatic arthritis and systemic lupus
erythematosus are shown [9, 10, 11].

There is a lot of data on the association of the poly-
morphic marker G (-308) A with the risk of coronary
complications [12]. Similar data were obtained, includ-
ing by our group, in the framework of a multicenter ob-
servational study of ORACLE [13]. We also studied the
association between the polymorphism of this gene and
myocardial changes in patients with aortic stenosis, but
no association was found [14].

There is evidence in the literature about the associa-
tion of the A allele of the polymorphic marker G (-308)
A of the TNF gene with the development of gestational
hypertension and preeclampsia, obtained on a group of
1,623 pregnant women [15]. Also of interest are data
on the association of allele A with the level of systolic
blood pressure and the level of insulin in blood plasma
in patients with metabolic syndrome, obtained in a me-
ta-analysis that includes more than 800 patients [16].
There are data on the association of the carriage of allele
A with the risk of developing diabetic nephropathy [17].

In our study, we showed for the first time the associa-
tion of the A allele of the polymorphic marker G (-308)
A of the TNF gene with the development of myocar-
dial hypertrophy in patients with arterial hypertension
and the formation of diastolic and systolic myocardial
dysfunction. These data confirm the possible role of the
TNEF signaling pathway in the formation of myocardial
changes and create prerequisites for further research.
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The problem of compliance in psychiatry

I.V. Belokrylov, V.P. Sokolov

Department of psychiatry and medical psychology Peoples' Friendship University of Russia, Moscow

Abstract

The article presents an overview of major Russian and foreign literature on the problems of compliance in patients with
schizophrenia. The article describes key factors associated with the patient's refusal of the prescribed treatment. The article describes
the basic methods of evaluation of compliance: experimental and psychological, with applied clinical significance. The article describes
the main factors associated with the patient’s refusal of the prescribed treatment, describes the contribution of low compliance not only
to the patient’s quality of life, but also to the health care costs associated with repeated hospitalizations of non-compliant patients.
The article examines methods for overcoming non-compliance in patients with schizophrenia, for example, compliance therapy — a
psychotherapeutic method that is short-lived, convenient and simple to use in clinical practice, and has shown rather high efficiency.

Key words: psychiatry, schizophrenia, compliance, mental disorders, psychopharmacotherapy.

Introduction

The term "compliance” means patient's voluntary
adherence to the prescribed treatment, correctness and
adequacy of compliance with medical recommenda-
tions.

Compliance with the medical regimen prescribed
by a doctor is an urgent research task in almost all
areas of clinical medicine. For example, about 40%
of hypertensive patients discontinue antihypertensive
therapy, and in 25% of cases, self-abolition of sup-
portive treatment occurs already within six months
after the start of treatment. Compliance is of particu-
lar importance in psychiatry. Many researchers state
that the degree of adherence to therapy in patients
with mental disorders is significantly lower than in so-
matic patients, especially in conditions of long-term,
long-term medication [1]. For example, for patients
with schizophrenia, an increased risk of recurrence
and re-hospitalization is the most significant clini-
cal consequence of non-compliance with prescribed
medication for schizophrenia. According to the re-
sults of studies conducted by American and British
psychiatrists, out of 1,646 patients with schizophre-
nia, 58.6% stopped taking maintenance therapy for 3
months after discharge from the psychiatric hospital,
which later became the cause of recurrences of psy-
chopathological symptoms and repeated hospitaliza-
tions. In another randomized study [2], incomplete
adherence to the treatment regimen was reported,
57.5% of 876 examined patients with schizophrenia
experienced episodes of self-dose adjustment, up to
and including the complete rejection of drugs due to
"good health". According to researchers from San Di-
ego [3], (a sample of 2,801 people) in non-treatment
patients there was a 2.5-fold increase in the frequency
of re-admissions to psychiatric hospitals compared

with compliant patients. Thus, a low degree of com-
pliance in patients suffering from mental illness con-
tributes to a more severe course of the disease and has
a negative impact on the quality of life. [four]. At the
same time, patients who observed the correct dosage
of the drug and complied with all the prescriptions of
the attending physician had a significantly lower risk
of re-admission to a psychiatric clinic.

In addition to its purely clinical implications, low
compliance significantly increases the costs of the
health care system. According to Western studies, due
to low adherence to drug treatment of patients with
schizophrenia, the workload of one of the clinics in-
creased by 1,21838 bed-days, which corresponds to
expenditures of 106 million US dollars [5]. According
to researchers from Florida [6], obtained on a sample
of 10,330 patients with schizophrenia, there was a
marked inverse correlation between patient compli-
ance and the costs of the health care system. Costs for
patients with little adherence to treatment were sig-
nificantly higher than for compliant patients. Against
the background of low compliance, monotherapy
with atypical antipsychotics increased costs of $ 133,
monotherapy with typical antipsychotics increased by
$ 294, and during combination therapy with typical
and atypical antipsychotics, expenses increased by $
221. In a San Diego study, outpatient treatment costs
were significantly higher for non-compliant patients
than for compliant patients, although overall costs
were higher for patients with high adherence due to in-
creased pharmacy costs. In a UK survey of 628 patients
receiving antipsychotic drugs, failure to comply with
the treatment regimen was associated with an increase
in inpatient treatment costs of approximately 2,500
pounds per year, which increased costs up to 5,000
pounds per patient per year [7].
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Compliance factors

The main difficulty arising in the study of compli-
ance is determined by the multifactor nature of this
phenomenon. At present, over two hundred factors
have been identified that in one way or another deter-
mine the attitude of patients to maintaining the therapy
regimen [8]. Compliance reflects the complex interac-
tion of these factors, the configuration of which varies
in the dynamics of the disease and at remote stages may
differ significantly from the initial one. With regard to
schizophrenia, compliance factors can be divided into
the following groups:

1) factors associated with drug treatment (in par-
ticular, side effects of drugs, the need to comply with
the regimen);

2) factors associated with productive symptoms of
the disease;

3) factors associated with negative symptoms of the
disease, including cognitive disorders;

4) factors associated with the attending physician,
his professionalism and ability to maintain optimal psy-
chological contact with the patient (therapeutic rela-
tionship);

5) social and micro social factors.

It is very difficult to determine the significance of
the whole diversity of these factors and the nature of
their influence on compliance. It seems more expedi-
ent to single out the most significant, main factors of
compliance, to study the mechanisms of their impact
on the phenomenon and to develop measures aimed at
correcting them and at increasing compliance.

An important aspect of compliance in relation to
psychopharmacotherapy is the tolerability of drugs, the
patient's reaction to the side effects associated with tak-
ing drugs, the complex of objective neurophysiological
as well as subjective individual psychological sensations
that arise. Typical neuroleptic drugs with a relatively
high level of their therapeutic efficacy have hardest tol-
erance. The main pharmacological side effects of psy-
chotropic drugs are extrapyramidal neurological disor-
ders, endocrine disorders leading to an increase in body
weight, decreased libido, etc., as well as excessive drug
sedation.

In order to improve compliance and the quality of
life of patients with chronic mental disorders, in the
1960s, the deposited forms of traditional neuroleptics
were synthesized and introduced into medical prac-
tice. The use of these agents in some cases improved
compliance, but they also had side effects typical of
the corresponding oral forms [9,10]. Recently, in the
development of new psychotropic drugs, its compliant
properties were determined as one of the main param-
eters of the final product [11]. In line with this trend,
so-called atypical antipsychotics were synthesized.
Among their side effects, at least, extrapyramidal dis-
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orders are less frequent (although endocrine disorders
are no less frequent than in typical ones) [12]. One
of the latest achievements of psychopharmacology
was the creation of atypical antipsychotics with pro-
longed action, like traditional prolonged neuroleptics
[13]. However, psychotropic drugs of the most modern
classes also show side effects, leading to a decrease in
the level of adherence to therapy. Therefore, the best
compliance, as a rule, provides an adequate dosing
regimen with the selection of the minimum sufficient
dose [14]. However, a direct correlation between the
low level of compliance and the side effects of drugs
has not been established. According to some data, at
the stage of initial stabilization of remission, higher
dosages of neuroleptics and, consequently, a greater
manifestation of extrapyramidal side effects may be
accompanied by good compliance [15].

Factors that adversely affect the performance of
medical appointments can be uncomfortable or difficult
for patients to administer drugs, for example, the need
to take the drug several times a day, as well as the high
cost of self-medication.

A variety of clinical factors, such as psychopatho-
logical symptoms, comorbid symptoms, different course
options, progression of the disease, options for drug
and other pathomorphosis, which determine the level
of adherence of mentally ill patients to the prescribed
therapy regimen, have been repeatedly discussed in the
medical literature. Researchers have found a large num-
ber of correlates of manifestations of mental illness with
a level of compliance [16].

An important criterion for evaluating compliance is
the adequacy of judgments about one's own illness. The
patient's proper understanding of the nature of his own
disease, its manifestations and consequences, as well as
the consistency of the patient's ideas about his own ill-
ness with accepted medical and social criteria is called
the awareness of mental illness [17].

It is a violation of the awareness of mental illness is
considered one of the pathognomonic criteria of many
mental disorders, including schizophrenia. The concept
of anosognosia is widespread, which consists in deny-
ing the existence of the disease. In particular, the well-
known phenomenon of alcohol anosognosia - the de-
nial of alcohol dependence. In this category of patients,
anosognosia is the main, determining component of the
attitude towards the disease. Initially, alcohol anosog-
nosia was considered as a consequence of psychoorganic
syndrome and alcoholic personality changes, and later
it was interpreted as manifestations of the psychological
defense system [17].

In clinical practice, the phenomenon of awareness
of mental illness is identified with the concept of "criti-
cality." However, the term “criticality” has insufficient
methodological development, since there is no precise
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definition of criticality, despite the frequent use of this
concept.

There are several aspects of this concept.

The first is criticism of one's judgments, actions, and
statements. This type of criticality is an important char-
acteristic of thinking. The second is self-criticalness, to
the assessment of one’s personality. This component of
criticality implies the understanding by the patient of his
place and role in life, his strengths and weaknesses. The
third aspect is criticality to one's own psychopathologi-
cal experiences. This form of criticality is considered in
psychiatry as an indicator of the positive dynamics of
the disease and the criterion of remission. Thus, it is the
criticality to their psychopathological experiences that
describes the phenomenon of awareness of mental ill-
ness. Violations of criticality can be in the form of un-
focused actions, judgments, violations of the prediction
of their actions, as a result of which the patient loses the
ability to correct his behavior, which in turn affects the
patient's compliance and adherence to the doctor's pre-
scriptions.

At the same time, the concept of “criticality” has
significant limitations for the clinical evaluation of
a patient’s thinking disorder. For example, the main
drawback is the monotony of the awareness of the dis-
ease, since the criticality is considered only the patient's
ability to recognize the pain of their own symptoms. In
clinical practice, psychiatrists usually assess not only
the criticality for manifestations of the disease, but also
a number of other criteria, such as criticality for the
causes of the disease, the need for treatment, and oth-
ers. However, due to the lack of diagnostic standards for
evaluating criticism, this phenomenon is difficult to ap-
ply for evaluating compliance.

Cognitive impairments in mentally ill patients are
also highlighted by the authors in terms of the problem
of compliance [18]. Errors in taking medications and
side effects of drugs can be largely a consequence of the
patient’s inability to read and understand written and
oral instructions. The problem is not limited to the fact
that patients must read the printed material or hear the
information spoken by a doctor. They are required to
understand, realize, keep in memory and apply this in-
formation in life, changing their behavior, bad habits,
lifestyle, etc., if necessary. This ability may be several or-
ders of magnitude lower than the ability to simply read
the material. In this regard, studies of prospective mem-
ory (the ability to remember what needs to be done in
the future) and drug management in adult patients with
schizophrenia and schizoaffective disorder are of inter-
est. Negative changes, the severity of the emotional-
volitional personality defect correlated in these patients
with a lower ability to follow the regimen of drug ther-
apy. Impaired cognitive functions in these studies were

a more significant predictor of non-compliance with
the treatment regimen than, for example, the severity
of productive symptoms and attitudes toward treatment
[19].

Social factors also significantly affect the compli-
ance of the mentally ill, since they largely determine
the patient’s attitude towards psychiatric treatment and
adherence to treatment, his motivation for treatment or
a negative attitude towards him. The key role is played
by the patient’s microsocial environment - the family.
According to American and British researchers, the
involvement of the patient's family in the formation of
compliance is extremely high, so holding family meet-
ings with a doctor is an essential condition for the effec-
tiveness of measures to improve it.

The psychiatrist is the main component of the treat-
ment and rehabilitation system to a large extent due to
his ability to ensure compliance. He not only acts as a
passive mediator between the patient and the medical
arsenal available in medicine, but builds a personalized
system of relations with the patient, is a highly active
figure determining the patient's participation in the
therapeutic process. Not only patient’s understanding
of the treatment benefits, but also the doctor’s attentive-
ness to all the problems of the patient contributes to full
compliance [20].

A necessary basic condition for achieving good pa-
tient compliance is the qualifications of a doctor. Ac-
cording to S.N. Mosolov [11], about 50% of cases of
ineffectiveness of therapy are associated with its inad-
equate administration. The most common mistakes, in
addition to the late initiation of treatment and non-ob-
servance of clinical indications and contraindications,
are the holding of a template (without taking into ac-
count individual features) low-dose therapy, frequent
drug changes without observing the desired duration
of treatment, premature discontinuation of therapy, si-
multaneous administration of a large number of drugs
(polypragmasy) [ 21].

In the long-term treatment conditions, continuous
and effective medical alliance of a doctor with a patient
has particular importance. To achieve trust, mutual
understanding and proper contact with the attending
physician, interested participation of the patient in the
process of therapy means minimizing violations of the
prescribed recommendations. In a number of publica-
tions devoted to this issue [22], the need to properly
build a dialogue with the patient is emphasized. The
most important conditions are time and patience on the
part of the physician. It is necessary to conduct explana-
tory work with the patient, explain the reasons for his
illness, emphasize the need for long-term and regular
treatment. These aspects of compliance can be com-
bined with the concept of psychotherapeutic, appealing
to the problems of the subjective picture of the disease,
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the personality-mediated attitude of the patient to the
symptoms and therapeutic measures [23].

Unfortunately, doctor-patient communication of-
ten is formal, a doctor does not care about adequate
amount of information offered to a patient. The situ-
ation is complicated by the fact that nowadays patients
are actively using the Internet, which often offers dis-
torted information about mental disorders, medications
and their side effects. In combination with the psycho-
therapeutic inaction of a doctor, this greatly enhances
the stigmatization of a patient, causes him unfounded
fears in connection with a treatment and worsens com-
pliance. These trends are particularly relevant in mod-
ern conditions of modernization of the psychiatric
service, which envisages the reduction of the inpatient
stage with an increase in the proportion of semi-inpa-
tient and outpatient forms of treatment, with the inevi-
table increase in the responsibility of the patient's family
for taking medications and observing other aspects of
the treatment regime.

Compliance assessment methods

The independent vector of modern compliance re-
search is aimed at predicting adherence to treatment.
Patient compliance is established when re-admitted to
a psychiatric hospital; As a reliable method for its as-
sessment, the most commonly used measurement is the
concentration of the drug in the blood. The publications
deal with such methods for evaluating compliance, such
as a microelectronic monitoring system embedded in
the cap of the drug package [24]. While doctors estimate
that 95% of patients were compliant, the electronic sys-
tem showed that only 38% of them followed the therapy
regimen. There is evidence of the use of the riboflavin
marker method, which was added to the study drug and
to placebo. Riboflavin fluoresces when irradiated with
ultraviolet light, which makes it easy to carry out rapid
control of its content in the urine and thereby control
the administration of prescribed drugs [25,26].

However, all these methods are not applicable for
mass use in clinical practice, therefore, to study com-
pliance, indirect methods are used, mainly specific psy-
chometric scales.

In American clinical practice, the setting scale for
DAI treatment (Disease Attitude Inventory) is used.
The Morisky compliance scale is a very popular and
widely used in somatic medicine. In 2012, the St. Pe-
tersburg Bekhterev Psychoneurological Research Insti-
tute developed the scale of drug compliance (SDC) [4].

Clinical and psychological research can be used to
assess compliance in a psychiatric clinic, in which com-
pliance is measured by evaluating the awareness level of
a mental disorder in a patient, which is assessed using an
interval scale containing indicators of low, partial and
complete insight (awareness of the disease). Currently,

ISSN 1818-460X. Kremlin medicine journal. Journal of research and practice. No1, 2019 @

there are several valid and insight assessment method-
ologies, which are semi-structured interviews [27,28].

Scale to Assess the Unawareness of Mental Disor-
der is designed specifically to assess the awareness of the
disease in patients with mental disorders, particularly
schizophrenia. This scale makes it possible to evaluate
the above-mentioned aspects of criticality, to evalu-
ate the parameters of awareness, and understanding of
the causes in the time perspective of the patient’s pres-
ent and past state. The assessment is made on the basis
of the clinical conversation data on a five-point scale,
where the lowest score corresponds to the highest level
of insight [17]. This technique is widely used in scien-
tific and clinical studies, which expands the possibili-
ties of comparison and discussion of the results. Other
examples of methods for assessing insight in a semi-
structured interview include The Insight and Treatment
Attitudes Questionnaire (ITAQ) and The Schedule for
the Assessment of Insight-Expanded (SAI-E).

Methods to improve compliance

Along with the pharmacological method of improv-
ing compliance, which is the most accessible for a prac-
ticing psychiatrist, which consists in conducting ratio-
nal psychopharmacotherapy, prescribing drugs that are
optimal for each patient and their doses, avoiding poly-
pragmasy, many authors agree on the need to include
other specialists in the process psychiatrist), as well as
enhancing the role of nursing staff of medical institu-
tions [29,30].

In order to improve patient compliance with the
treatment regimen, various techniques are used, in-
cluding psycho-education, family therapy, behavioral
therapy, and psycho-pedagogical techniques. A method
of psychotherapeutic correction of compliance, called
compliance therapy, using cognitive-behavioral tech-
nologies has been developed; The latter combine mo-
tivational interviews with active therapeutic attitudes,
problem solving, and educational cognitive components
[31,32].

The method of compliance therapy was originally
developed for the treatment of patients suffering from
drug and alcohol addiction as an auxiliary method de-
signed to improve the quality of remission. R. Kemp et
al. adapted the method of compliance therapy for the
treatment of patients with acute psychotic states [33].
The advantages of compliance therapy are short-term (it
takes from 6 to 12 psychotherapeutic sessions), practical
orientation and expansion of goals, from the task of fol-
lowing the psychopharmacotherapy regimen to a wider
adherence to all medical recommendations in clinical
practice. Thus, it is a practical and easily implementable
intervention in real clinical conditions. In recent years,
foreign and domestic researchers obtained data on the
effectiveness of this technique. Psychotherapeutic ses-
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sions contributed to the correction of maladaptive be-
havior, reducing self-stigmatization, there was a positive
effect on compliance with medical recommendations
[34,35].

Conclusion

Approaches to improving compliance should be ex-
panded and ideally involve not only the development of
pharmacotherapy strategies, the sphere of behavioral
stereotypes, patterns of emotional response and the pa-
tient's cognitive functions. It seems to be quite feasible
organization of work with the patient’s micro-social
environment. However, all this is impossible without
determining the priority areas for the correction of
compliance for each patient, taking into account the
individual characteristics of his personality, family re-
lations and a number of other factors. We should not
forget about the principle of continuity in the treatment
of the mentally ill between hospitals and neuropsychiat-
ric dispensaries. Methods of prediction and correction
of compliance should be simplified, becoming available
in clinical practice, since many experimental methods
today are too laborious, expensive and require the daily
presence of the patient and, therefore, they do not have
practical value.

Thus, increasing patient compliance is one of the
important tasks of modern psychiatry, the relevance of
which is increasing due to the current trend of shifting
the main means of psychiatric care to the outpatient
sector. Measures aimed at improving compliance will
not only improve the patient's remission quality, thereby
improving the quality of life, but also reduce the number
of hospitalizations, which will also reduce the burden
on psychiatric hospitals and, thereby, reduce the costs
of the health care system.
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Current opportunities of emergency and urgent interventional
care in vascular postiraumatic damage
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Abstract

Trauma is one of the leading causes of mortality. There is a need for effective and efficient delivery of care that can improve
survival and reduce morbidity as much as possible. Since the development of angiography and transcatheter techniques, interventional
radiology has played an important role in the management of trauma patients. The ability to treat life-threatening hemorrhage with
transcatheter embolization has spared countless patients the morbidity of surgery. As the applications of transcatheter therapy
broaden to include embolization of unstable patients with solid organ injuries and endovascular repair of major arterial injuries, the
interventional radiologist must be increasingly prepared to provide prompt, efficient, and high-quality service.

Key words: trauma, interventional radiology, transcatheter embolization, stent-graft.

Trauma is the third overall leading cause of mor-
tality across all ages. It remains the leading cause of
death among 1 to 44 years old causing 193,000 deaths
annually in USA. The first description of the use of
transcatheter embolization of the internal iliac artery
to control hemorrhage associated with pelvic fractures
was published in 1972.1 Since that time, the role of
interventional radiologists in trauma has evolved from
that of making the initial diagnosis of vascular and
solid organ injuries to temporizing or definitive treat-
ment. Interventional radiologists are ideally qualified
to play an important role in the management of trauma
patients. With recent advances in endovascular tech-
niques, there is an increasing role for it in the man-
agement of traumatic hemorrhage. Equally important,
treatment of trauma patients requires efficient use of
resources as well as cooperation and communication
among a multidisciplinary team. Patients need to be
rapidly and accurately assessed to determine the na-
ture of their injuries with treatments prioritized by in-
jury severity. Angiography provides quick imaging, ac-
curate diagnosis, early procedural triaging, and poten-
tially shortens the time from diagnosis to intervention.

CATHETER ANGIOGRAPHY

Indications for emergency catheter angiography in
the trauma patient include clinical signs or symptoms
of hemorrhage or CT evidence of ongoing hemorrhage
or vascular injury. In the selected trauma patient with
suspected vascular injury or hemorrhage, diagnostic
catheter angiography usually is performed. Catheter
angiography may be performed as a screening proce-
dure or to plan definitive transcatheter or surgical ther-
apy. It is used as follows:

+ Alarge-field nonselective study, such as an ab-
dominal aortogram, is obtained first. Angiography may

detect bleeding and may help in planning further se-
lective studies;

* Selective studies are performed to detect more
subtle hemorrhage and vascular injuries and to direct
further treatment;

* Angiography should be performed as quickly as
possible for the immediate diagnosis of bleeding and
subsequent embolization or stenting of the area of vas-
cular damage.

INTERVENTIONAL TREATMENT

TIES

The following interventional treatment methods
are commonly utilized in the trauma setting:

e BALLOON OCCLUSION: Inflation of an an-
gioplasty balloon proximal to a major arterial injury
may temporarily stop or reduce life-threatening hem-
orrhage and thereby stabilize the patient while defini-
tive surgical or endovascular repair is being arranged;

e TRANSCATHETER EMBOLIZATION: Em-
bolization is an intentional occlusion of a vessel to
arrest blood flow by deposition of embolic materials
directly into the vessel via an angiographic catheter.
Transcatheter embolization can stop arterial hemor-
rhage, thus improving unstable hemodynamics and of-
ten avoiding the need for surgery. The primary goal of
embolization is to control the hemorrhage at its source
intravascularly. The secondary goal is to prevent em-
bolic material traveling to non-targeted organ tissue,
thereby preventing organ dysfunction and associated
sequelae. Prompt, effective, and safe transcatheter
embolization requires skill and knowledge of the avail-
able equipment, arterial anatomy, role of collateral
arterial flow, and risks. A variety of catheters, includ-
ing coaxial microcatheters, are available for selective
catheterization to virtually all parts of the arterial cir-
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culation. Embolic agents vary in their permanency and
the anticipated level of arterial occlusion. The choice
of embolic agent will vary based on the site and na-
ture of the injury, the desire to preserve collateral flow,
and operator preference. Gelfoam, microparticles and
coils are some of the most commonly selected embolic
agents in trauma. Transcatheter embolization of active
hemorrhage or vascular injury often is considered pref-
erable to surgical treatment. Transcatheter emboliza-
tion is the mainstay of modern interventional trauma
radiology.

e STENTS: Stent-grafts or covered stents pro-
vide a means of salvaging injured or hemorrhaging
arteries and increase the options for transcatheter
treatment. Stent-grafts are increasingly being applied
to the treatment of large vessel injuries and may en-
able one to avoid complex surgical vascular repairs in
areas with trauma-related anatomic distortion and in
patients who may be unstable. Stent grafts have been
used successfully in the treatment of arterial rupture
or pseudoaneurysm in suitable vessels. Bare stents have
been used successfully in the treatment of intimal dis-
section.

SOLID VISCERAL INJURIES

The spleen is the most commonly injured solid
abdominal organ, closely followed by the liver, with
injuries occurring as the result of blunt or penetrating
trauma. Less frequently the kidney, mesentery, adrenal
gland, small bowel, or pancreas is injured.2 In the past,
surgery was the only treatment for control of hemor-
rhage. However, transcatheter embolization quickly
earned a role in the nonoperative management of these
injuries, particularly where organ preservation was im-
portant (Fig. 1).

Imaging plays a large role in the evaluation of trau-
ma patients. Computed tomography (CT) is the best
imaging study for evaluation of stable trauma patients.
Its sensitivity for injury approaches 100%. Arterial ex-
travasation is identified as a focus or area of high con-
trast attenuation that does not conform to a normal
vascular structure, surrounded by the high-attenuation
fluid of a hematoma or is situated within an injured
solid organ. This extravasation may be contained,
as in the case of a pseudoaneurysm, or uncontained
with free spill into the peritoneum. CT-angiography
can also be used to evaluate large-vessel integrity with
diagnosis of arterial occlusions, transections, dissec-
tions, intimal tears, and more.

SPLEEN

Patients with hemodynamic instability and evi-
dence of splenic trauma typically undergo immedi-
ate surgery. Hemodynamically stable patients with
splenic injury are triaged to nonoperative manage-

B
Figure 1. Angiography confirms the extravasation in the right
hepatic lobe (A), which was successfully treated with transcatheter
embolization using coils super selectively deployed in the bleeding
vessel with preservation of surrounding branches (B)

ment with observation or transcatheter embolization.
The decision as to who should undergo angiography
has changed over time. Early reports advocated man-
datory angiography for all patients with imaging evi-
dence of splenic injury who did not undergo immedi-
ate surgery.3,4 Unfortunately, many patients did not
prove to have arterial injuries at angiography and did
not require transcatheter embolization. Subsequently,
clinical and imaging parameters were successfully used
to stratify patients into those who required angiogra-
phy and those who could be observed. This division
avoided angiography in a majority (74%) of patients.5
CT is the imaging modality of choice to make the di-
agnosis of splenic injury, and it may help in grading the
degree of injury. Currently, the accepted indication for
angiography is the presence of active extravasation or
pseudoaneurysm formation at CT.6,7 This ‘‘contrast
blush’’ is strongly correlated with failure of observa-
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Figure 2. Celiac angiogram showing 3 foci of extravasation in
spleen (A), after super selective embolization splenic angiogram
demonstrating microcoils in good position and no evidence of
further extravasation (B).

tion as nonoperative management.8,9 Stable patients
with splenic injuries that do not demonstrate one of
these findings can be observed. Most will recover un-
eventfully, though some will experience delayed hem-
orrhage requiring intervention.

Two methods are available for splenic transcath-
eter embolization, proximal and distal embolization,
both with proven success. Proximal coil embolization
just distal to the dorsal pancreatic artery and proximal
to the pancreatic magna artery to reduces pulse pres-
sure to the spleen, promoting native hemostasis, but
preserves flow to the spleen through collaterals. Coils
should be just larger than the vessel diameter to avoid
distal embolization or protrusion into the celiac artery.

Distal embolization is typically performed using gel-
foam or microparticles distributed by flow. A variant of
this is super selective embolization of a single injured
vessel, which can be performed using a microcatheter
with particles or coils but requires increased time and
skill (Fig. 2). Combinations of proximal and distal
transcatheter embolization may be useful in some cas-
es. Not surprisingly, postprocedural CT has demon-
strated a higher rate and larger size of splenic infarcts
following distal embolization as compared with proxi-
mal embolization.10,11,12 Thus, proximal transcath-
eter embolization is recommended for organ preserva-
tion with distal transcatheter embolization reserved for
refractory hemodynamic instability or control of extra
parenchymal extravasation.

LIVER

Hepatic trauma can result in injuries to the hepatic
arteries, portal veins or hepatic veins. The mortality
rate of surgery for blunt hepatic trauma has been re-
ported to be 33% or greater.13 Therefore, nonopera-
tive management is the treatment of choice for stable
patients and may increasingly be selected for some
unstable patients as well. CT has proven useful in the

B
Figure 3. Embolization of traumatic pseudoaneurysm of the
hepatic artery (arrow) (A), after selective embolization hepatic
angiogram demonstrating microcoils in good position and
completely occluding pseudoaneurysm of the hepatic artery (B).
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identification of patients who require angiography.14
An estimated 50 to 80% of patients with blunt hepatic
trauma should be able to undergo nonoperative man-
agement with avoidance of surgery in 98.5%.15 The
dual blood supply of the liver makes infarction from
transcatheter embolization unlikely provided the por-
tal vein is patent and flow is antegrade, findings that
can be confirmed at angiography. In some cases, su-
per selective catheterization and embolization can be
performed to preserve uninjured tissue (Fig. 3). Less
selective embolization of an entire hepatic lobe or seg-
ment may be performed using gelfoam or micro-em-
bollic particles. This method is preferred to treat mul-
tiple sites of injury simultaneously and when prompt
cessation of hemorrhage is necessary and super selec-
tive catheterization is too time-consuming.

KIDNEY

A recent series of consensus documents on geni-
tourinary trauma highlights the evaluation and man-
agement of renal injuries.16 Similar to hepatic and
splenic trauma, the indications for angiography have
varied with time but have a basis in CT imaging. Gen-
erally, patients with severe injuries or instability are
taken to surgery, but one recent report advocated man-
datory angiography of high-grade injuries whenever
the clinical condition allowed it, even in the setting of
hypotension.17 Embolization should be performed as
selectively as possible to preserve uninjured renal pa-
renchyma. Super selective embolization preserves re-
nal function, sometimes better than surgery.18 Both
gelfoam and coils are appropriate, though gelfoam
may allow for recanalization and tissue preservation.
With increasing experience, the role of interventional
treatment may expand to include stent-graft insertion
for repair of large vessel injury. Transcatheter emboli-
zation of injuries to the branch arteries is successful in
84-100% of patients (Fig. 4).18

AORTA

The aortic injury most concerning in blunt trauma
is acute aortic transection, or acute traumatic aortic
injury, due to its high mortality. Most patients die be-
fore transport to the hospital. Of those who reach the
hospital, the overall survival rate is 70% with higher
mortality associated with delays in treatment.19 Ad-
ditional injuries of the aorta and its branches may oc-
cur from trauma as well, including intimal tears and
dissections. Therapy is generally guided by the nature
of the injury and the presence or risk of organ compro-
mise. A high degree of suspicion is needed to diagnose
acute traumatic aortic injury. Contrast-enhanced CT
has proven utility in evaluation of patients with abnor-
mal chest radiographs and patients for whom there is a
high clinical suspicion. 20,21 A normal CT has a nega-
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Figure 4. Left renal angiogram demonstrate a pseudoaneurysm
(arrow) of an intrarenal artery branch (A), left renal angiogram
shows coil embolization (arrow) completely occluding the renal
artery branch previously containing the pseudoaneurysm (B).

tive predictive value of 100% for acute traumatic aortic
injury.22 In the past, all patients with abnormal chest
CT exams underwent catheter angiography. Catheter
angiography has generally been considered the gold
standard for diagnosis of acute traumatic aortic injury,
but CT-angiography has shown sensitivity, specific-
ity, and accuracy similar to catheter angiography and
is supplanting this procedure in many medical cen-
ters.19,22 Acute traumatic aortic injury is associated
with rapid deceleration in motor vehicle collisions,
falls from a height, and crush injuries.19 Most injuries
involve partial or full-thickness disruptions of the aor-
tic wall. In patients who reach the hospital alive, 90%
occur at the aortic isthmus, with smaller proportions
in the ascending aorta just above the aortic valve (8%)
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B
Figure 5. Posttraumatic pseudoaneurysm sac in stent grafted
abdominal aorta (A), treated with transcatheter coil embolization
(B).

and in the descending aorta at the diaphragmatic hia-
tus (2%).2

Arteriography should include at least two different
views of the aortic arch - typically a 45° left anterior
oblique and an anteroposterior view. Additional views

Figure 6. Posttraumatic infrarenal aneurysm of abdominal aorta
(A), treated with endoprosthesis aortic aneurysm using a stent
graft (B).

including right anterior oblique and lateral projections
can be obtained as needed. Arteriographic findings
include an abnormality or outpouching of the aortic
contour, an intimal flap or dissection, retention of
contrast in a pseudoaneurysm sac (Fig. 5). The proxi-
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mal segments of the great vessels should be carefully
assessed for associated injuries. Treatment of acute
traumatic aortic injury has traditionally been operative
repair, but increasingly patients are being treated with
endovascular stent-grafts (Fig. 6). Emergency surgery
for treatment of acute traumatic aortic injury has mor-
tality rates of 15 to 29% with higher mortality in the
elderly.

PELVIS

Most patients with pelvic fractures are hemody-
namically stable. A small percentage, particularly
those with unstable fractures, present with hemody-
namic instability. Pelvic fractures alone are associated
with mortality rates of 5.6 to 15%, but the addition
of hemorrhagic shock raises rates from 36 to 54%.24
Death due to hemorrhage frequently occurs in the first
24 hours, and the mortality rate rises with delays in
treatment.25,26 Associated organ injuries have been
found in 11 to 20.3%,24 injuries that can increase
morbidity and mortality. Failure to treat or delay in
treatment can result in death due to hemorrhage or ab-
dominal compartment syndrome. Pelvic hemorrhage
most commonly arises from fractured bones or dis-
rupted pelvic veins with only 10 to 20% of severe hem-
orrhage from arterial injury.27 Hemodynamically un-
stable patients with pelvic fractures require aggressive
resuscitation. Treatments for traumatic pelvic hemor-
rhage include external fixation of unstable fractures,
transcatheter embolization, and pelvic packing. Open
surgical procedures like packing are not advised due
to the loss of the tamponade effect of the contained
hematoma, risking large-volume, uncontrolled venous
and/or arterial bleeding.28 External fixation apposes
bone surfaces and reduces pelvic volume, enhancing
tamponade from the enlarging hematoma. This ma-
neuver may stop bleeding from bone surfaces and veins
but is unlikely to stop arterial bleeding30 and delays
transcatheter embolization. Arterial bleeding at angi-
ography has been associated with a lack of response
to initial resuscitation, the pelvic fracture pattern, the
amount and location of pelvic hematoma, and active
extravasation of contrast at CT.29,31 CT with contrast
diagnoses and localizes arterial extravasation from pel-
vic trauma with a sensitivity of 60 to 90%, a specificity
of 85 to 98%, and an accuracy of 87 to 98%.24,31 CT
evidence of extravasation in the pelvis is an indication
for transcatheter embolization. The internal pudendal
artery and superior gluteal arteries are two of the most
commonly injured pelvic arteries.25,27 Most arterial
hemorrhage originates from branches of the internal
iliac arteries. Nonselective pelvic arteriography can be
useful to localize and lateralize a site of hemorrhage.
Selective arteriography of the internal iliac arter-
ies should follow. Currently accepted indications for
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Figure 7. Right iliac angiogram demonstrating acute
extravasation (arrows) from the right superior and inferior
lateral sacral arteries (A), post embolization study of the right
iliac artery showing occlusion of the posterior division and
internal pudendal artery and no extravasation is evident (B).

transcatheter embolization include active extravasa-
tion, arterial branch irregularity or truncation, one or
more pseudoaneurysms, and arteriovenous fistula for-
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mation (Fig. 7). Transcatheter embolization of pelvic
trauma that is performed early, within 3 hours of pre-
sentation, has been shown to lower the mortality rate.
Overall, angiography is required in fewer than 10% of
patients with pelvic trauma. When angiography is per-
formed, extravasation is documented in approximately
one half of patients; in such cases, transcatheter embo-
lization is warranted.

The chosen embolic agent and technique should
provide hemostasis while preserving normal vessels
and collateral flow where possible. Gelfoam and mi-
cro-embolic particles has been the agent of choice due
to its temporary nature. Coils, however, may be appro-
priate for single arterial abnormalities and for distal to
proximal embolization across the neck of a large vessel
pseudoaneurysm. Distal gelfoam embolization from
a proximal catheter position may be necessary if the
patient is unstable, selective catheterization is overly
time-consuming, or there are multiple arterial injuries
in the supplied region. Proximal embolization with
coils to decreased pulse pressure to a site of bleeding
is not generally successful due to the robust pelvic col-
lateral network. It is important to evaluate the contra-
lateral internal iliac artery to exclude continued hem-
orrhage from collaterals or additional sites of bleeding.
Success rates for transcatheter embolization range
from 85 to 100% with mortality rates of 17.6 to 47%
despite successful embolization.24 Lower mortality
rates have been associated with early embolization.25
Higher mortality has been seen in older patients and
patients with greater hemodynamic compromise and
concomitant injuries.25,29

EXTREMITIES

The extremities are frequently injured in trauma,
particularly penetrating trauma from gunshot and stab
wounds, but arterial injuries can also occur in blunt
trauma, typically due to crush injuries, tissue disrup-
tion, joint dislocation and laceration from broken
bones or penetration by external objects. Currently,
most patients with hard signs of vascular injury or evi-
dence of compartment syndrome undergo immediate
surgery. Delays in treatment of major arterial injuries
have been associated with the need for amputation.
Early recognition with vascular repair has improved
limb salvage.32,33 Catheter angiography is indicated
in cases of known or suspected peripheral vascular
injury when the location of the injury is not certain,
when multiple injury sites may be present, when the
diagnosis requires confirmation, or when transcath-
eter treatment may be the therapy of choice. Angiog-
raphy should begin with a nonselective injection of the
thoracic arch for upper extremity evaluation and the
abdominal aorta or ipsilateral iliac system for lower
extremity evaluation. A complete evaluation will often

require selective and possibly sub-selective catheter-
ization of the affected extremity. Imaging at the injury
site should be performed in at least two projections as
subtle injuries and intimal tears may be visible only on
one view. Major angiographic findings include active
extravasation, large pseudoaneurysms, and arterial oc-
clusion or transection (Fig. 8). Minor angiographic
findings include vessel narrowing or displacement by
hematoma, spasm, obstruction of minor noncritical
branches, small pseudoaneurysms or arteriovenous fis-
tulas.

Transcatheter treatments include balloon occlu-
sion, embolization, and endovascular repair with

Figure 8. Active extravasation of the left brachial artery (A),
treated with transcatheter coil embolization (B).
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Figure 9. Left lower extremity angiogram shows extravasation
(arrow) from the proximal part of the peroneal artery (A), after
embolization of the left peroneal artery with detachable microcoil
(arrow) no further extravasation is identified (B).

stent-grafting. Injuries of the aorta or large proximal
extremity vessels like the subclavian artery or super-
ficial femoral artery are particularly life-threatening
and balloon occlusion can be particularly helpful.
Coils are often the best agent for embolization of small
vessel injuries (Fig. 9). An appreciation of the collat-
eral circulation to the distal extremity is necessary to
determine the safety of and method to avoid reflux of
particles causing nontarget embolization. Though ar-
terial transactions, dissections, and occlusions have
traditionally been repaired surgically, there has been
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increasing interest in endovascular repair using stent-
grafts.33 Reports are available on endovascular treat-
ment of the aorta,23 the carotid artery,34 the subcla-
vian artery,35 the brachial artery,34 and the iliac arter-
ies.32 Many of the reported repairs using stent-grafts
occurred when operative repair was associated with a
greater than normal difficulty or there was an imme-
diate need for cessation of hemorrhage.35 There are
little data on long-term utility and safety of this treat-
ment. The choice of stent-graft should also take into
consideration the location of the injury and the po-
tential for external compression, which could crush or
deform a stent-graft. CT-angiography is increasingly
useful in the evaluation of extremity arterial injury and
is replacing catheter angiography in some settings.33
CT-angiography has a sensitivity of 90 to 95.1% and a
specificity of 98.7 to 100% for detection of extremity
arterial injury.35 Catheter angiography can typically
be performed if additional information is needed.

CONCLUSION

Trauma leaders worldwide show a growing inter-
est in using endovascular tools in trauma resuscitation,
hemorrhage control and definitive injury management.
Interventional radiology has much to offer in the eval-
uation and treatment of traumatic injuries. Current
literature suggests that this role may expand in time
due to desire for organ preservation and avoidance of
surgery as well as due to improvements in transcatheter
equipment. A solid understanding of the benefits and
risks of the different transcatheter therapies is required
to provide patients with the best care possible. Effec-
tive integration with surgery and emergency medicine
requires adequate staffing, organized multidisciplinary
evaluation and direct communication with quick re-
sponse times. Customized hybrid operating rooms
equipped for resuscitation, angiographic interven-
tion, imaging capability, and surgical management of
trauma patients are becoming the wave of the future
for delivering expedited multidisciplinary care. Con-
tinued vigilance on the part of the trauma and surgical
communities to incorporate the interventionalist into
the trauma team is required. Embolization represents
a safe and effective technique for rapidly achieving he-
mostasis. Interventionalists welcome this complimen-
tary role in trauma care that allows for not only defini-
tive treatment of vascular injuries but also for selection
of those patients who may ultimately experience fail-
ure of conservative management. A therapeutic alli-
ance between trauma surgeons and interventional ra-
diologists will advance the standard of care for trauma.
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Current issves of acne treatment
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Abstract

Purpose of the study: to analyze isotretinoin (Verocutan®) efficacy and safety in patients with moderate-to-severe juvenile and
adult acne with various administration regimens. Materials and methods. 83 patients aged 12-43 with acne of variable severity were
chosen for the study. Depending on the degree of severity (clinical form of the disease) and daily isotretinoin ( Verocutan®) dose, the
patients were divided into 4 groups. Efficacy was evaluated based on IGA and DQol indices; special methods included corneometry
and sebumetry; safety monitoring included blood biochemistry test, pregnancy test in females of child-bearing age, and adverse
events. Study results: isotretinoin ( Verocutan®) in different doses decreases sebum production on average by 50% in 3 months
(according to sebumetric data), which promotes the achievement of IGA 0 and quality of life increase more than in 90% patients.
Conclusion: 0.5 mg/kg Verocutan® is recommended for administration in moderately severe juvenile and adult acne with treatment
duration of 8-10 months (during the first month, isotretinoin 20 mg may be administered to decrease the severity of predictable
side effects). 0.8-1.0 mg/kg Verocutan® is recommended for administration in severe acne; if persistent clinical effect (IGA 1) is
achieved during one month, isotretinoin dose can be decreased by 10 mg (in daily equivalent) every 2-3 months. Recommended
treatment duration is 12 months. Low-dose regimen is recommended for patients with excoriated acne (0.2-0.3 mg/kg during the

whole treatment cycle of 6 months).

Key words: juvenile acne, adult acne, excoriated acne, isotretinoin, sebumetry, corneometry, IGA, DQol index.

Acne is one of the most common chronic dermato-
logical inflammatory diseases, which is detected in 85%
adolescents and sometimes in adults (approximately
10% population) [1].

According to modern theories of acne development,
the main pathogenetic events include inflammation,
sebum hyperproduction, follicular hyperkeratosis, P.
acnes colonization. The point of inflammatory process
application in acne are sebaceous glands. The sebaceous
gland is currently considered not only a skin derivative
producing sebum, but also an important regulatory or-
gan with endocrine functions, providing for thermo-
static and barrier skin functions. Besides, the sebaceous
gland indirectly affects the organization of superficial
skin lipids and follicular differentiation [2]. Sebaceous
glands are hormone-dependent structures. As currently
known, sebocyte membrane contains several types of
nuclear receptors: steroid and thyroid receptors; recep-
tors to retinoic acid, vitamin D, peroxisome prolifera-
tion activator, liver X-receptor [3]. Sebaceous glands
are mostly regulated by androgens, specifically free tes-
tosterone. But 90% testosterone circulating in blood is
bound with sex-steroid binding globulin (SSBG). Only
in sebocytes angrogens are metabolized into free testos-
terone with the help of 17p- and 3B-hydroxysteroid de-
hydrogenase enzymes; type I Soa-reductase converts free
testosterone into dehydrotestosterone (DHT). DHT
stimulates sebum production and sebocyte matura-
tion. Thus, it is safe to conclude that increased activity
of Sa-reductase enzyme, increased amount of DH-re-
ceptors, or decreased SBBG synthesis (with subsequent
increase of free testosterone level in blood) lead to in-
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creased function of sebaceous glands [4]. According to
observations, the majority of acne patients do not dem-
onstrate increased total testosterone level, but testoster-
one conversion into DHT increases 20-30-fold [5].

The majority of authors share the view that increased
sebaceous gland function and sebum hyperproduction
are main pathogenetic factors of acne development [6].
As sebocytes produce free fatty acids that damage seba-
ceous gland walls even without P. acnes action, inflam-
mation of sebaceous glands theoretically can be aseptic,
so the value of bacterial factor in acne development is
somewhat overestimated.

A large number of studies performed indicate that
quality of sebum is also altered in conditions of in-
creased sebaceous gland activity and increased sebum
amount [7]. When sebum is diluted, linoleic acid con-
centration decreases, which shifts pH to alkaine values
and enables increased epidermal permeability. As one
of a-linoleic acid functions is suppression of transglu-
taminase enzyme that regulates keratinocyte differen-
tiation, decreased concentration of this unsaturated
fatty acid in sebum ethers leads to predominance of
keratinization over desquamation, retention hyper-
keratosis in the follicular ostium, and sebaceous gland
obstruction [8].

Jeremy A.H., Holland D. et al. demonstrated that
a-linoleic acid deficiency was associated with produc-
tion of IL-1a, which is an important pro-inflammatory
factor [9]. Besides, decreased linoleic acid concentra-
tion increases permeability of sebaceous & hair follicles
for inflammatory factors. Thus, subclinical inflamma-
tion which may precede comedone formation should be



considered primary. Congenital immunity activation in
acne is accompanied with increased expression of TLRs
(toll-like receptors) located on immune competent and
epithelial cells of the skin; skin CD4+ lymphocytes and
macrophages are activated, with subsequent increased
synthesis of cytokines (interleukin (IL)-1a, I1L-6, IL-
8, IL-12), which in turn cause inflammatory response;
antibodies are also synthesized (delayed-type hyper-
sensitivity pattern) [10]. These changes play an impor-
tant role not only in the development of inflammatory
process, but also in stimulation of sebaceous glands and
comedone formation [11].

Yamamoto A. and Takenouchi K. detected in-
creased transepidermal water loss (TEWL) and corne-
al layer dehydration in all patients with acne. Besides,
decreased total ceramides and free sphyngosine were
also detected, which confirmed impaired function and
structure of the intercellular lipid membrane [12]. This
means that impaired skin barrier is more likely a con-
sequence rather than the cause of the disease, being a
result of increased sebaceous gland function.

Thus, acne pathology is multifactorial, including
hormonal androgen impact, along with excessive se-
bum production, impaired keratinization, inflamma-
tion, and stimulation of congenital immune system
with several pathways, including hypercolonization
with P. Acnes.

Following the modern concept of acne devel-
opment, the treatment should primarily target the
elimination of inflammation, follicular hyperkerato-
sis, sebum production regulation, and elimination of
P. Acnes. In 2018, the following Practical Guidelines
for clinicians were published regarding acne treat-
ment: International Consensus of the Global Alliance
for Acne Treatment Result Improvement [13]. These
recommendations contain the most up-to-date infor-
mation on patient management. One of the main pro-
visions in these guidelines regards the limited use of
systemic and topical antibiotics due to the increasing
antibiotic resistance issue [14]. According to recom-
mendations, oral isotretinoin is the first-line drug for
severe acne (cystic and conglobate acne). The experi-
ence confirms that isotretinoin can also be adminis-
tered in severe papulopustular acne and in those cases
where antibiotic and topical therapy is ineffective.

Issues of dose cumulation and systemic retinoid
treatment duration are still being discussed. The ma-
jority of authors recommend treatment for at least 4-6
months, with achievement of complete acne resolution,
though achievement of the cumulative dose (120-150
mg/kg) does not always correlate with the absence of
relapses. At the same time, in patients with moderate-
ly severe and severe acne, long-term administration of
daily doses less than 0.5-1.0 mg/kg can provide reliable
results, as well as the use of the first-line drug without

previous failed topical or systemic antibiotic therapy
[15-17].

Thus, the current drug of choice for systemic acne
treatment is isotretinoin, which has proven its efficacy
and safety. High treatment cycle cost is considered one
of the disadvantages of systemic isotretinoin. It is im-
portant to note that pharmacoeconomy has a significant
impact on the treatment compliance of patients. High
drug cost, especially in long-term treatment, negatively
affects compliance - cases of therapy interruption or
discontinuation are not so rare. In 2015, a new Russian
isotretinoin drug - Verocutan® (MA No. LP-002988
dated May 07, 2015) was registered; it is manufactured
in 10 and 20 mg capsules. The cost of Verocutane treat-
ment cycle is 1.5-2 times lower than analogous drugs.
An open randomized crossover study of comparative
pharmacokinetics and bioequivalence was performed
with drugs Vero-isotretinoin (20 mg capsules, Vero-
farm OJSC, Russia) and Roaccutane (20 mg capsules,
R.P. Sherer, Germany). The comparison showed that
pharmacokinetic parameters of those drugs did not dif-
fer significantly. According to formal criteria, drugs are
bioequivalent, which allows to recommend Verocu-
tan® for acne treatment [18].

Purpose of the study: to analyze isotretinoin ( Vero-
cutan®) efficacy and safety in patients with moderate-
to-severe juvenile and adult acne with various adminis-
tration regimens.

Materials and methods

83 patients with variable acne severity participat-
ed in the study. This included 49 (59.03%) females
and 34 (40.97%) males. Patients' age varied from 12
to 43. Juvenile acne (moderate and severe papulopus-
tular acne) were diagnosed in 46 (55.4%) patients,
while adult acne (including excoriated acne) - in 37
(44.6%) patients. Depending on the degree of sever-
ity (clinical form of the disease) and daily isotreti-
noin ( Verocutan®) dose, patients were divided into
4 groups (Table 1).

Patients from Groups 1 and 3 were administered low
isotretinoin ( Verocutan® 20 mg) doses (daily dose 0.3-
0.4 mg/kg) to decrease predicted side effects that appear
during the 1st month of administration to the largest ex-
tent; subsequently, patients were administered the drug
in the 0.5 mg/kg dose. In Group 2, patients with severe
acne were administered 0.8-1.0 mg/kg doses; when per-
sistent clinical effect (IGA 1-0) was achieved during the
final month, isotretinoin dose was decreased by 10 mg
(in daily equivalent) every 2-3 months. In Group 4 (pa-
tients with excoriated acne), low-dose regimen (0.2-
0.3 mg/kg) was used during the whole treatment cycle
(6 months) (Table 1). All patients used basic therapy
- special cosmetics, including skin cleansing and mois-
turizing agents.
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Clinical characteristics of patients and Verocutan® administration regimens

Table 1

Grow | S0 | eerty/ cincal formotacne |  lotrenaindoe | otestinoindose | Durton o
Group 1 n=25| 15,3%£1,7 |Moderately severe (IGA 3) juvenile acne 20 mg 0,5 mg/kg 8 months
Group 2n=21| 16,2+0,6 |Severe (IGA 4) juvenile acne 0,8-1,0 mg/kg 0,8-1,0 mg/kg 12 months
Group 3n=20| 32,1%+2,8 |[Moderately severe (IGA 3) adult acne 20 mg 0,5 mg/kg 10 months
Group 4 n=17 | 34,5%x1,5 |Excoriated acne (IGA 2-3) 0,2 — 0,3 mg/kg 0,2 — 0,3 mg/kg 6 months

Efficacy was evaluated using clinical examination
methods: IGA (Investigators Global Assessment) index,
DQoL (Dermatological Quality of Life) index; and spe-
cial methods: corneometry (Corneometer® CM 8§25,
Courage & Khazaka), sebumetry (Sebumeter® SM
815, Courage & Khazaka). Parameter values in persons
age-matched with study participants, but without skin
lesions were taken as normal values.

The study endpoints included 1, 2, 3 months of
treatment and end of treatment (6 or 12 months de-
pending on the study group).

Safety monitoring included blood biochemistry test
(before treatment, 2 and 6 months after treatment on-
set) - levels of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase, tri-
glycerides, cholesterol profile; pregnancy test in females
of child-bearing age (contraceptive period duration af-
ter treatment - 1 month); adverse events (xerosis, cheili-
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tis, mucosal dryness, retinoid dermatitis, conjunctivitis,
musculoskeletal complaints).

Digital data for clinical and special investigation
methods were input into Excel tables and processed
using Statistica 10 software (MS Office Excel 2010).
Quantitative values are presented as M £ m, where M
is selected mean arithmetic, and m is standard error of
mean. Qualitative values are presented as frequencies
and percent. Student t-test is used to compare samples
with normal distribution.

Study results

Efficacy was evaluated by inflammatory elements
(papules, pustules, nodules, cysts) and retention el-
ements (open and closed comedones). Proportion
of patients with achieved IGA 0 effect in Group 1
(n=25) in 6 months was 76%, and in 8 months - 92%
(Figure 1).
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Figure 1. Details of clinical symptom changes (IGA) in Group 1 patients against the background of Verocutan® administration.
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Figure 2. Details of clinical symptom changes (IGA) in Group 2 patients against the background of Verocutan® administration.
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Figure 3. Details of clinical symptom changes (IGA) in Group 3 patients against the background of Verocutan® administration.

20 17 16
14 14
15
10
10
5 4 3 3
000 10 o0 2 1o 0 0 0

0 — [ ] - Hm N

[0 Tepanum 1 mecay, 2 mecAua 3 mecaua 6 mecaues

HIGA3 EIGA2 mIGAl mIGAO

Figure 4. Details of clinical symptom changes (IGA) in Group 4 patients against the background of Verocutan® administration.
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Figure 5. Details of DQol index (point) changes in patients with acne against the background of Verocutan® administration.

Proportion of patients with achieved IGA 0 effectin  skin (IGA 0) and "almost clear” skin (IGA 1) achieve-
Group 1 (n=21) in 6 months was 9.5%, in 8 months - ment was comparable with Group 1 patients, but de-
52.4%, in 10 months - 85.7%, and in 12 months - 90.5% veloped later, which justifies the necessity of long-term
(Figure 2). Thus, in patients with severe acne, "clear" cycles (>6 months) in this patient category.
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Proportion of patients with achieved IGA 0 effect
in Group 3 (n=20) in 6 months was 60.0%, in 8 months
-75.0%, in 10 months - 85.0% (Figure 3). Thus, in pa-
tients with moderately severe acne, "clear” skin (IGA 0)
and "almost clear” skin (IGA 1) achievement was com-
parable with Group 1 patients.

Proportion of patients with achieved IGA 0 effect
in Group 4 (n=17) in 6 months was 82.4% (Figure 4).
Thus, in patients with excoriated acne, "clear" skin
(IGA 0) and "almost clear" skin (IGA 1) achievement
was comparable with Group 1 patients.

Changes of QoL index depended on the patient's
age and disease severity (Figure 5). Before treatment,
the most significant negative disease impact on quality
of life was detected in the group of patients with excori-
ated acne (Group 4) - 21.8%1.3 points; in patients with
moderately severe adult acne, parameters were worse
(18.3%+1.1) than in juvenile acne (12.4+2.3). Accord-
ing to changes of DQoL index in Group 1, deteriora-
tion was detected 1 month later - the index increased by
30.6%, which was likely related to overestimated effect
expectancy or development of predictable side effects,
although changes were positive in both groups. At the
end of treatment cycle, the index decreased in Group
1 by 89.5%, in Group 2 — by 91.1%, in Group 3 — by
97.8%, in Group 4 — by 85.3% (Figure 5).

The main pathological event in acne is sebum hyper-
production. The study analyzed the evaluation of sebu-
metric values in patients depending on isotretinoin ad-
ministration regimens (Table 2). Statistically significant

changes in Groups 1, 3, 4 were obtained already after a
single month of treatment (p<0.05). After 3 months of
treatment, changes in all groups exceeded 50%, and the
values were normal.

Skin moisture before treatment was decreased,
mainly in patients with adult acne (p<0.05). After 1
month of treatment, despite regular use of special-
ized cosmetics, the parameter significantly decreased
by 26.1-36.9% (p<0.05). Moisture recovery was de-
tected from the 3rd month of treatment, and at end of
treatment it was either normal or increased (Group 4)
(Table 3).

During safety monitoring, which included blood
biochemistry test (before treatment, 2 and 6 months
after the onset of treatment), AST, ALT, alkaline phos-
phatase, triglyceride parameters tended to increase
in 3-6 months in several (20.0%) Group 2 patients,
but baseline values were exceeded by maximum 20%,
which confirms dose-dependent direct correlation (in
this group, patients were administered 0.8-1.0 mg/kg
isotretinoin for 2-6 months, with subsequent dose de-
crease). These negative changes did not require drug
discontinuation.

The following adverse events were detected during
months 1-2: xerosis (45.8%), cheilitis (22.9%), mucosal
dryness (13.3%), retinoid dermatitis (9.6%); they were
infrequently observed due to low doses during the 1st
month (Groups 1, 3, 4) and the use of specialized cos-
metics, being predominantly registered in Group 2 pa-
tients (0.8-1.0 mg/kg dose).

Table 2

Changes of sebumetric parameters against the background of Verocutan® administration in various doses

Group/ End of treatment
age-specific normal Before treatment 1 month / changes 2 month / changes 3 month / changes (6-12 months) /
values changes
Group 1/49.6+5.7 89.6+£10.2* 70.3£5.1%%/21.5% | 61.3£8.2**%/31.6% | 41.5£10.7%*/53.7% 40.616.3%*/54.7%
Group 2/49.6+5.7 92.3+7.8* 85.5+8.2/7.4% 70.3+£5.4**/23.8% | 40.8+£11.4**/55.8% 41.8+£5.7**/54.7%
Group 3/38.4+6.9 78.4+10.7* 55.2+11.6%%/29.2% | 40.1£8.2**/48.6% | 32.4+5.9%*/58.5% 30.6+2.4%*/60.8%
Group 4/38.416.9 80.619.5* 65.618.7%*/17.9% | 42.4+5.8%%/46.9% | 33.6+5.1%*/58.3% 31.314.9%*/61.2%

Note: * compared with normal values, p<0.05 ** compared with values before treatment, p<0.05.

Table 3
Changes of corneometric parameters against the background of Verocutan® administration in various doses
Group/ End of treatment
age-specific normal Before treatment 1 month / changes 2 month / changes 3 month / changes (6-12 months) /
values changes
Group 1/ 66.7£8.9 65.1+£2.3 41.0£2.6**/-36.9% | 40.3£2.5%*/ - 38.1% | 57.8%£3.6**/-11.2% 64.1+3.7/ -
Group 2/ 66.7£8.9 60.2+1.7 44.5+2.9%/ -26.1% | 43.3£2.9**/-28.1% | 51.0£2.6**/-15.3% 56.3+£3.8/-6.6%
Group 3/ 57.6+3.4 50.5+2.1* 31.4 £2.5%*/ -37.8% | 29.5+2.3**/ -41.6% | 33.7+2.5**/ -33.3% 51.7+4.1/ -
Group 4/ 57.6+3.4 49.442.1% 33.6+£2.4%%/-31.9% | 29.7£3.1**/-39.9% | 41.4+5.8/-15.5% 54.4+3.5/+9.2

Note: * compared with normal values, p<0.05 ** compared with values before treatment, p<0.05.
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Conclusions

1. Isotretinoin ( Verocutan®) administered in
various doses decreases sebum production (according
to sebumetric data) on average by 50% in 3 months.
Low isotretinoin doses (0.2-0.3 mg/kg) during the first
month in patients with moderately severe acne and dur-
ing the whole therapy cycle in patients with excoriated
acne, as well as the use of specialized cosmetics allow to
decrease the frequency and severity of predictable side
effects (xerosis, cheilitis, retinoid dermatitis).

2. 0.5 mg/kg Verocutan® is recommended for
administration in moderately severe juvenile and adult
acne, with treatment duration of 8-10 months (during
the first month, isotretinoin 20 mg may be administered
to decrease the severity of predictable side effects).

3. 0.8-1.0 mg/kg Verocutan® is recommended
for administration in severe acne; if persistent clinical
effect (IGA 1) is achieved during one month, isotreti-
noin dose can be decreased by 10 mg (in daily equiva-
lent) every 2-3 months. Recommended treatment du-
ration is 12 months.

4. Low-dose regimen is recommended for pa-
tients with excoriated acne (0.2-0.3 mg/kg during the
whole treatment cycle of 6 months).

5. Verocutan® in patients with moderate-to-se-
vere acne is well tolerated and can be considered safe.
Skin and mucosal adverse events are quite frequent, but
transient (their severity significantly decreases when us-
ing low doses (0.2-0.3 mg/kg) during the 1st month of
treatment in patients with moderately severe acne); they
can be well-controlled with topical moisturizers and do
not require drug discontinuation.
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