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UDC 616.381-002-31.81.3-089 

INNOVATIVE APPROACHES IN THE TREATMENT OF PATIENTS 

WITH GENERAL PURULENT PERITONITIS 

Krasnoyarsk State Medical University named after Prof. V.F. Voino-Yasenetsky, Krasnoyarsk 

A.O. Chipura 

Improving treatments for complicated forms of peritonitis is one of the key issues of modern surgery. Despite the 
variety of surgical intervention technologies, as well as the improvement of algorithms and guidelines, lethality in 
secondary prevalent peritonitis remains at a high level, due to which the search and development of methods of 
management of patients remains relevant, combining both the technique of surgery and the methods of perioperative 
management. Peritonitis treatment, implying the use of vacuum therapy at the present stage, is the flagship in the 
field of abdominal surgery, and therefore the issue of improving this technology is prioritized by both domestic and 
foreign specialists. One of the innovative ways to modernize the vacuum technology of conducting an open abdomen 
or laparostomy is the use of the sparging perioperative abdominal sanitation in the perioperative period. In modern 
literature, references to the management of patients with general purulent peritonitis, implying the use of sparging, 
are single and fragmentary, which in turn causes the need for more research in this area. 
Keywords: peritonitis, open abdomen, laparotomy, vacuum-assisted dressing, vacuum-instillation laparostomy, 
sparging.

 
The problem of mortality due to advanced 

diffuse purulent peritonitis (DPP) takes one of the 
most important positions in the modern clinical 
medicine comprising from 75 to 80%. In cases of 
peritonitis complications with sepsis and septic 
shock mortality rates increase to 95% [1]. The 
analysis of literature proves that often sepsis is 
caused by forming of non-drained spaces, 
interloop fluid collections, and inadequate 
intraoperative sanitation of the peritoneal cavity 
[2].  

Over the course of more than 150 years, a 
number of domestic and foreign specialists 
provide plenty of surgical intervention performing 
technologies and peritoneal cavity management 
strategies during the perioperative period, but the 
majority of the authors agree that the strategy of 
open abdomen remains as the most promising and 
right [3, 4, 5]. During the last decade, plenty of 
recommendations and guidelines of open 
abdomen management have been elaborated 
considering the progress of peritonitis and 
individual features of patients [3, 4]. According to 
the Russian and foreign specialists, the leading 
method of diffuse purulent peritonitis treatment is 
the vacuum therapy which includes performing of 
sanitation with the use of instillation of the 
peritoneal cavity followed by vacuuming. 
However, DPP is still one of the most dangerous 
complications of urgent surgical pathologies; it 
requires elaboration of innovative treatment 
methods and modernization of the methods 
already existing. One of the treatment methods is 
performing vacuum-assisted laparostomy with 
instillation of sparged solution. 

 

 
The purpose of the work was to estimate 

quantitative and qualitative parameters of 
sanitation performed at a three-dimensional  
polymer model of the peritoneal cavity based on 
CT scans of a real anonymous patient and in the 
conditions identical to diffuse purulent peritonitis. 

 
Materials and methods 
On the basis of the Department and Clinic for 

Surgical Pathologies named after Professor 
A.M. Dykhno with the VE Endoscopy and 
Endosurgery Course, the experimental study was 
conducted. This study projects higher effectiveness 
of intra- and perioperative sanitation of the 
peritoneal cavity using combined vacuum therapy 
with instillation of sparged solution performed 
with the original instillation-sparging unit (ISU) 
(Figure 1). 

Figure 1. Original intillation-sparging unit. 
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The second step of the experiment was 
sanitation of the peritoneal cavity using the 
vacuum-assisted therapy with the instillation of 
saline solution through ISU in laminar feed rate. 
Qualitative and quantitative experiment results of 
the two sanitation methods of the peritoneal cavity 
model are compared. The following tasks were 
performed while conducting the experimental 
study: 

1. Creating the three-dimensional polymer 
model of the peritoneal cavity based on CT scans 
of a real patient; the model indicates the native 
peritoneal cavity (flanks, anatomic spaces, organs 
positions, tissues integrity). 

2. Elaborating of preparation technology of 
sparging saline solution considering intra-
abdominal delivery through ISU and under the 
control of intra-abdominal pressure, according to 
the temperature range +36–43° C. 

3. Preparing of the solution, which is identical 
to purulent exudate considering maximum 
chemical and physical constitution. 

4. Calculating of the vacuuming parameters for 
more qualitative intra-abdominal sanitation. 

5. Estimating of qualitative and quantitative 
results gained during sanitation using vacuum-
assisted instillation cleaning with sparging 
solution. 

6. Estimating of qualitative and quantitative 
results gained during sanitation using vacuum-
assisted instillaion cleaning with saline solution in 
laminar feed rate. 

Estimating of qualitative and quantitative 
indicators of sanitation was based on: 

1. Subjective estimation of integrity of the 
peritoneal cavity interior according to the 
elaborated Visual Analog Scale (VAS). 

2. Indicators of the density of solution in the 
peritoneal cavity remained after performed 
sanitation steps. 

3. Indicators of the viscosity of solution in the 
peritoneal cavity remained after performed 
sanitation steps.  

The surgical intervention algorithm for DPP 
implies the sanitation step of the peritoneal cavity 
using saline solution (NaCl 0.9%) accepted as 
standard. However, data of the using effectiveness 
of this solution have not been mentioned in the 
academic literature. It is understood that during 
sanitation such products as necrotic tissular 
detritus, blood, bile, and purulent matter are 
discharged, the forming of biofilms is prevented 
and the quantity of bacterial units is reduced.  

J.L. Regner et al. conducted the experimental 
research in vitro and in vivo and proved that using 
of saline solution increases the cytotoxic effect on 
the mesothelial epithelium of the parietal and 
visceral peritoneums [5]. As no alternative exists, 
saline solution is used in clinical practice. Using of  

 
 
saline solution is appropriate because mortality 
rates and the quantity of complications are higher 
if the peritoneal cavity in the conditions of DPP is 
not sanitated at all. 

Conventional approaches to local foci of 
pyogenic infection treatment imply using of 
antiseptic solutions in the "mild" irrigation regime 
and in the temperature range from +18 to +25°C, 
where the solution is cold. The pH is less than 7, 
thus the solution is acid. As a consequence of 
implying the given parameters, purulent exudate 
condenses, it complicates appropriate sanitation 
and supposes probable forming of the hardly 
drained focus. Thus, non-drained spaces worsen 
the progress of peritonitis, bed days in hospital, the 
chance of a consecutive infection overlay and risks 
of poor yield treatment increase [2, 6]. 

Previously warmed and alkalized solutions 
used in sanitation may be supposed to dissolve 
purulent substances more effectively. 

Over the past thirty years, plenty of clinic 
researches in abdominal surgery have been 
conducted. They prove the effectiveness of open 
abdomen method as the management strategy for 
patients with intra-abdominal infection. The 
method means the peritoneal cavity opened and 
circumscribed with the help of temporary tensed 
plasty to control the condition while performing 
elective and immediate repalarotomies after basic 
surgical manipulations were performed. Among 
the barrier dressings separating the peritoneal 
cavity organs, the more frequently used are the 
Bogota bag, the Wittmann patch and the Barker's 
vacuum but a high risk of complications while 
using these methods should be mentioned. The 
more frequent complications are: adhesion of the 
visceral peritoneum organs, bleeding, forming of 
non-drained fluid substances and enteric fistulas, 
laterality of laparotomy wound lips, and 
generalization of surgical infections [7, 8, 9].  

The vacuum method of closing the peritoneal 
cavity described in the mid- 90s has become the 
most perspective and promising method 
completing the strategy of open abdomen. 
Vacuuming prevented lost of the domain, 
contributed to the reduction of bacterial 
contamination and its generalization but at the 
same time supposed emerging of the above 
described complications, though less 
frequently [9].  

Due to the frequent use of the elaborated 
method, the majority of unwanted deviations were 
reduced and it was recommended as the preferred 
method of intra-abdominal surgical infection 
treatment.  

Vacuum-assisted therapy with instillation of 
previously sparged saline solution through the 
original polydrainage silicone system is one of the 
options to modernize vacuum therapy.
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Figure 2. Flowchart of the instillation-sparging apparatus. 

 
Sparging means appearance of the bubbling 

effect or cavitation gained with flushing the over-
pressurized medical gas CO2 through sparged 
saline solution. The process of sparged solution 
forming occurs in the connector-blender between 
the exit of the admixture into the distributor (ISU) 
and the gas bag with CO2 (Figure 2).  

The peritoneal cavity model was made with 3D 
printing technology, with the 3D printer Wanhao 
Duplicator 7 v1.5. As the material for the model, 
polylactide was used. As the scheme of the model, 
multi-slice CT scans of a real patient were used. 
Also the organs and the anterior abdominal wall 
were based on the scans of triple silicone and laid 
in the anatomical positions. In the abdominal 
flanks, in the right and left lateral canals, the 
subhepatic space and the interloop spaces, the 
solution imitating purulent matter was poured. 
Then, on the organs, the polydrainage system (ISU) 
consisting of 6 silicone tubes was laid in the flanks 
and the interloops. The proximate end of ISU was 
taken out through the counteropening on the 
anterior abdominal wall. The components of the 
vacuum-assisted dressing included in VivanoMed 
Abdominal Kit were installed along with 
VivanoTec. Above the intra-abdominal 
polyurethane sponge laid, the adhesive film was 
applied. In the projection above the sponge, the 
cruciate incision to 2 cm was made, the port  

 
(VivanoTecPort) connected with Hartmann 
VivanoTec unit was installed. In case of the 
components of dressing arranged properly, 
vacuum-assisted instillation was performed. All 
the mentioned actions are performed equally for 
each solution type (Figure 3). 

As the components for preparation of the 
solution imitating purulent matter, food starch of 
mass 175 g was used at a dilution of 7.5 L saline 
solution, then boiled with 10 minutes’ exposure 
with constant stirring. The solution was put 
equally in the peritoneal cavity with the priority of 
the spaces difficult to reach (Figure 4). 

Preparation of the instillation aerated solution 
(solution 1). 

The instillation solution is previously aerated 
with CO2 through the obstructive conduction 
system connected to the gas bag with CO2 
controlled with the aerotonometer. The maximum 
limit of dissolved gas is 3 L. During the delivery of 
this solution with overpressure 1 atm and at the 
flow rate 0.75 L/min, ISU distributes the instillation 
solution at equal rate and later evolves the 
dissolved gas as small bubbles, which coat detritus 
and make with positive buoyancy, i.e. the effect of 
flotation. Time of instillation is 15 seconds. 
Consumption of the instillation solution reduced 
by half in comparison with usual capacity.
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Figure 3. Steps of the vacuum unit and ISU installation. 

 

 
Figure 4. Appearance of the solution in imitating purulent matter of the peritoneal cavity. 

 

 

Preparation of the instillation non-aerated 
solution (solution 2). 

Instillation solution is not previously aerated 
with CO2 and delivered with pressure 1 atm, at the 
flow rate 0.75 L/min in the pulse sequence regime. 
This regime means that for 15 seconds the 
admixture of gas and the solution is delivered 
through ISU, then for 30 seconds pressure smooths 
in the vessel with the solution. While the solution 
goes through ISU, its density and flow rate change 
compulsively and quickly creating the effect  

 
 
similar to the hydraulic ram work principle. As a 
result, there is no laminar flow, more detritus is 
discharged and cleared through vacuum. 
Consumption of the instillation solution reduced 
more than three times in comparison with the 
usual sanitation method. 

With the purpose of prevention intra-
abdominal compartment, the PVC sparging shut 
while making local negative pressure (LNP) was 
previously set.
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Table 1 
Dynamics of the instillation solution density change after instillation performed 

 T1instill T2instill T3instill 

Density of 
purulent 
before, 
g/cm3 

Density of 
purulent 
after, g/cm 3 

Density of 
purulent 
before, g/cm3 

Density of 
purulent 
after, g/cm 3 

Density of 
purulent 
before, g/cm3 

Density of 
purulent 
after, g/cm 3 

Solution 1 1.8 1.5 1.8 1.5 1.8 1.18 

Solution 2 1.8 1.22 1.8 0.9 1.8 0.9 

Results and discussion 
Density of the solutions was counted with the 

formula mass divided by volume. The indicators 
gained are shown in Table 1. According to the 
results, solution 2 has smaller density than solution 
1, it shows low concentration of starch and high 
potential of sanitation accordingly. 

Viscosity of solution was measured with the 
Brookfield viscometer DV2TLV in the SI (L2/T, i.e. 

(kg x sec)/m3). The use of this viscometer is 
reasoned by its main technical feature: due to the 
slow rotor float and axis, the studied solution flows 
in laminar flow, thus the fixed indicators are more 
accurate. It is stated that viscosity of each solution 
reduces after instillation (Table 2). Herewith, 
viscosity indicators of solution 2 reduce by half and 
draw to get closer to water, it shows the high 
potential of sanitation.

Table 2 
Dynamics of the instillation solution viscosity change after instillation performed 

 T1instill (kg x sec)/m3 T2instill (kg x sec)/m3 T3instill (kg x sec)/m3 

Viscosity of 
purulent 
before 

Viscosity of 
purulent 
after 

Viscosity of 
purulent before 

Viscosity of 
purulent 
after 

Viscosity of 
purulent 
before 

Viscosity of 
purulent after 

Solution 1 987 712 987 709 987 602 

Solution 2 962 613 962 428 962 212 

During usual sanitation of the peritoneal cavity 
regardless the type of surgical intervention, a 
surgeon estimates integrity of the peritoneal cavity 
at first. Despite the estimation is very subjective, it 
is the necessary part of the intra-operative 
management of a patient. While estimating 

sanitation of the peritoneal cavity, the quality 
indicator was used additionally, it was based on 
the visual estimation of the peritoneal cavity 
integrity shown in the gradation from one to four 
pluses (Table 3).

 
Table 3 

Visual estimation of the peritoneal cavity integrity after vacuum-instillation therapy 

 T1instill T2instill T3instill 

Visual estimation of the 
peritoneal cavity integrity 

Visual estimation of the 
peritoneal cavity integrity 

Visual estimation of the 
peritoneal cavity integrity 

Solution 1 + ++ ++ 

Solution 2 +++ +++ ++++ 

Note: + – stained tissues are noticeable and starch clots remain in the flanks and inter loops; ++ – stained tissues are not so noticeable, 

small starch limps remain on tissues, they are cleaned easily; +++ – no stained tissues, there are thin layers of starch which are easily 

cleaned with water; ++++ – no stained tissues, layers of starch are not seen. 

 
While cleaning the peritoneal cavity using the 

usual method, to gain the visual effect as with 
solution 1, 5 L of it are needed; as with solution 2, 
up to 7.2 L are needed.  

 
Conclusion 
During the experimental study, vacuum-

instillation therapy with ISU was performed on the 
three-dimensional polymer model. It is proved 
apparently and by quantity that the solution with  

 
CO2 delivered through it by impulses is more 
effective for the peritoneal cavity sanitation. 
Purulent matter in the flanks and interloop spaces 
becomes less dense, viscous and adhesive, it makes 
it easier to evacuate from the peritoneal cavity 
through the vacuum apparatus. We may suppose 
that this sanitation method is probably more 
effective, it reduces the risk of such complications 
as abdominal sepsis and septic shock. It is 
necessary to conduct a clinical trial to prove the 
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COMBINATION OF URETEROHYDRONEPHROSIS WITH 

MULTICYSTOSIS: WAYS TO SOLVE THE PROBLEM ON CLINICAL 

EXPERIENCE 

1Altai State Medical University, Barnaul 
2NAO “Semey Medical University”, Semey, Kazakhstan 

Yu.V. Ten1, D.A. El'kova1, A.D. Zharkimbaeva2 

Every year, about 250 children are examined and treated for obstructive uropathies in the Altai Regional Clinical 
Center for Maternity and Child Welfare. Patients with a combination of malformations of the urinary system demand 
most attention. Children with the afunction of one of the kidneys, recurrent pyelonephritis, gross organic pathology 
of the second kidney and, as a result, a high risk of development of chronic renal failure require particularly subtle 
approach to the treatment tactics. Observing the dynamics of preoperative and postoperative periods, good results of 
treatment of a combination of obstructive megaureter and multicystic disease in a child, the authors saw it necessary 
to highlight this clinical case in the scientific world.   
Keywords: pediatric urology, obstructive uropathies, megaureter, ureterocystoneoanastomosis, multicystosis, 
chronic renal failure. 

 
Currently, most scientific papers are devoted to 

modern methods of treatment of congenital 
malformations of the urinary system [1]. 
According to statistical data, obstructive 
uropathies prevail among malformations of the 
urinary system, which leads to the prevalence of 
works on this subject [2]. There are sources that 
report that the multicystic kidney, being a 
unilateral pathology, is combined with a normal 
contralateral kidney in most cases [3]. With the 
increasing number of observations in the scientific 
literature, there are reports of the presence of 
various malformations in the opposite kidney in 
2/3 of patients. In practice, pediatric surgeons, 
nephrologists, pediatricians often have to observe 
combined defects and solve such issues as the 
priority of surgery and technology execution of the 
latter [4, 5]. According to the established canons of 
determining the tactics of the side of surgical 
treatment, in patients with bilateral lesions of the 
urinary tract, initial attention is given to correction 
of the disease on the side where the organ 
functions better. Most authors recognize the 
application of ureterocystoneoanastomosis with 
antireflux protection of the ureter by Cohen or 
Politano in children aged 12–18 months as the main 
surgical procedure in obstructive megaureter due 
to its high efficacy [5]. This article presents the 
successful experience of treating a child with a 
diagnosis: “Obstructive megaureter on the left. 
Multicystic right kidney”. Frequent 
recrudescences of chronic pyelonephritis 
complicated the patient's management. Due to the 
timely diagnosis and treatment of combined 
defects, the authors managed to prevent the 
development of renal failure in the child [6]. 

 
When starting this work, the authors aimed to 

share the experience of treatment of combined 
malformation of the urinary system, as well as to 
demonstrate a possible combination of the classical 
treatment technique and the surgery with the use 
of endoscopic technologies.  

 
Materials and methods 
The work is based on the retrospective analysis 

of a child's medical history with the diagnosis: 
“Obstructive megaureter on the left. Multicystic 
right kidney”, as well as the data of the studies in 
dynamics for 4 years.  

 
Results and discussion 
A child first entered the surgical department for 

children of RSHI “Altai Regional Clinical 
Children's Hospital” (now – “Altai Regional 
Clinical Center for Maternity and Child Welfare”) 
at the age of 1 year after treatment of 
pyelonephritis attack in the nephrological 
department. From the history, it is known that the 
disease of the urinary system was detected 
prenatally at the 18th week of pregnancy according 
to ultrasound (CM of US: Multicystic dysplasia of 
the right kidney, megaureter on the left). After 
birth, the diagnosis was confirmed. From the 
maternity hospital, the child was transferred to the 
department of neonatal pathology. Ultrasound of 
internal organs from 10.02.2015: CM of the 
kidneys. Multicystic dysplasia of the right kidney. 
Ureter extension on the right. 
Ureterohydronephrosis on the left. Periodically, 
there were leukocyturia-type changes in urine 
tests. In May 2016, the child was hospitalized in the 
nephrology department of “Altai Regional Clinical
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Children's Hospital”. Ultrasound of internal 
organs from 11.05.2016: echo signs of multicystic 
dysplasia of the right kidney. 
Ureterohydronephrosis on the left. Dimensions of 
the right kidney were 51*26*37 mm, multiple cystic 
structures from 5 to 22 mm, on the left – 77*36*42 
mm, residual urine volume was 7 ml from the 
initial 30 ml. Duplex of the vessels of the kidneys 
from 12.05.2016: no vascularization of the right 
kidney. Cystography from 12.05.2016: no visible 
pathological changes (Figure 1). Excretory 
urography from 18.05.2016: signs of 
ureterohydronephrosis on the left. Unvisualized 
right kidney (Figures 2, 3, 4). 

Facts of history of life: boy from the II  

 
 

pregnancy, I childbirth. Urgent delivery at the 
gestation period of 38–39 weeks. Birth weight 3900 
g. Height 53 cm. The Apgar score of 7/8 points. The 
obstetrician-gynecological history of the mother 
was burdened: arteriovenous malformation of the 
spinal cord, surgical treatment in 2003. KSD, 
chronic pyelonephritis. CFI. Carrying 
thrombogenic mutations. Mixed feeding 
(Nutrilon-comfort). The child does not lag behind 
peers in physical and neuropsychic development. 
The child is under regular medical check-up of the 
nephrologist for the main disease, is not subject to 
regular check-ups of other narrow specialists. Of 
the past diseases, there were: frequent ARVI 
(pharyngitis, nasopharyngitis – 5-6 times a year).

 
Figure 1. Cystography of the boy, 1 year (absence of 

vesicoureteral reflux). 

 

 
Figure 2. Urogram of the child, 1 year (5th minute of 

examination before surgery).

Given the active course of the microbial 
inflammatory process in the urinary system (active 
growth of microbial bodies, mainly Enterococcus 
faecalis, in the urine culture, the presence of 
inflammatory changes in the general blood test: 
leukocytosis, shift of the leukogram to the left, ESR 
acceleration, as well as leukocyturia), it was 
decided to abstain from surgical treatment, 
stabilize the changed indicators of the blood and 
urine on outpatient basis in the home area, 
continue observations in dynamics.  

Given the presence of two pathologies of the 
urinary system, a nephrologist was involved in the 
consultation of pediatric surgeons to choose the 
priority surgical treatment. Despite the fact that at 
the current stage of medicine development there 
are studies indicating the possibility of 
conservative management of patients with 

multicystic kidney dysplasia [7], the authors 
decided to perform nephrectomy on the right at the 
first stage, taking into account the inability to 
exclude the important role of the multicystic 
kidney in maintaining recurrence of inflammatory 
processes of the urinary system at the diagnostic 
stage, as well as taking into account the lack of 
propensity to the regress of the multicystic kidney 
in the dynamics and preservation of the function of 
the contralateral kidney. The advantage of 
laparoscopic nephrectomy over traditional one is 
now obvious [8], so there was no doubt in the 
choice of approach to the tactics of removing the 
multicystic kidney.  

On 04.04.2017, surgery was performed under 
endotracheal anesthesia: Endoscopic nephrectomy 
on the right. Histological diagnosis No. 792 of 
08.04.2017: congenital fibrocystic kidney. The 
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Figure 3. Urogram of the child, 1 year (15th minute of 

examination before surgery). 

 

 
Figure 4. Urogram of the child, 1 year (60th minute 

of examination before surgery).

postoperative period proceeded steadily, without 
complications. Ultrasound of the abdominal cavity 
and retroperitoneal space from 14.08.2017: right 
kidney: condition after nephrectomy. Left kidney: 
normal position, even contour. Dimensions 
enlarged 92*38*44 mm, renal mass index 0.59%. 
Cortico-medullary differentiation is clear, blood 
flow retained to capsule in CDI. The ratio of the 
central and peripheral echozones is not changed. 
No concrements. RCS: a mixed type pelvis APD 15 
mm, LCG 16 mm, UCG 17 mm. Ureter: the upper 
third of 8 mm, the middle third of 14 mm, the lower 
third of 24 mm. After micturition, RCS and ureter 
without dynamics. Bladder: filled with 80 ml. 
Normal form. Even, sharp contours. Thin walls. 
Anechogenic content of the cavity. After 
micturition, residual urine volume of 3 ml. 
Conclusion: Megaureter on the left with extension 
of the collector system of the left kidney. Condition 
after nephrectomy on the right. Vicarious 
hypertrophy of the left kidney.  

In subsequent hospitalization on 16.08.2017, 
ureterocystoneoimplantation with antireflux 
protection of the left ureter by Politano-Leadbetter 
was performed under e/t anesthesia. The surgery 
course: transverse incision of the skin above the 
pubis to the retroperitoneal space. Exploration. The 
bladder is enlarged, signs of neuromuscular 
dysplasia are defined  visually. Cystotomy. The 
ureteric orifice with a diameter of 0.3 cm is 
catheterized, the catheter is sewn, the ureter with a 
diameter of up to 0.3 mm is isolated, thinned, 
which goes to the right from the midline to a depth 

of 6.0 cm, then blindly ends. The ureter is excised. 
Apparently, there was the orifice of the right ureter 
of the previously removed kidney. The orifice of 
the left ureter is not visualized. The exploration of 
the retroperitoneal space outside the bladder on 
the left is performed. A ureter with a width of up 
to 2.5 cm is found, convoluted, the ureter is 
mobilized, convolutions are eliminated. In the 
juxtavesical segment, pronounced stenosis of the 
ureter with a diameter of up to 0.2 cm is revealed. 
The distal segment of the ureter is bounded up 
twice, excised. The internal lumen of the ureter is 
less than 1 mm. A submucous tunnel in the bladder 
has been formed. The ureter is moved to the 
bladder through the previously removed right 
ureter. Fixation of the ureter is performed outside 
the bladder and from the inside with PDS 5/0 
thread. Foley catheter No. 10 is carried out in the 
bladder through the urethra. The ureter catheter is 
excreted through the counterpuncture on the right 
wall of the bladder. Hemostasis dry. Double-row 
sutures on the bladder wound. The retroperitoneal 
drainage on the left. The wound is sewn layered by 
layer. Histological diagnosis No. 2355 from 
18.08.2017: stenosis of the ureter. 

The postoperative period proceeded without 
specific features, blood and urine tests on 
outpatient basis in the home area showed no signs 
of inflammation.  

Control in a surgical hospital in August 2018, 
March 2019, September 2019: positive dynamics of 
the disease. Ultrasound of the abdominal cavity 
and retroperitoneal space from 06.09.2019. Right 
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kidney: not located. Left kidney: normal position, 
even contour. Dimensions 92*40*41 mm, 
RMI 0.42%. Cortico-medullary differentiation is 
preserved, blood flow retained to capsule in CDI 
and PDI. The ratio of the central and peripheral 
echozones is not changed. No concrements. RCS: 
pelvis 3 mm, LCG 8 mm, UCG 7 mm; after 
micturition, slit-like pelvis, LCG 7.6 mm, MCG and 
UCG 5 mm. Bladder: volume of 155 ml. Normal 
form. Even, sharp contours. The walls are not 
thickened. The content of the cavity has sludge on 
the back wall. After micturition, volume of 12 ml 
(8%; the norm is not more than 10%). Left ureter: 
proximal segment 5 mm, middle third 12 mm, 

 
 
distal segment 5 mm; after micturition, proximal 
segment 5 mm, middle third 10 mm, distal segment 
5 mm. Conclusion: Condition after nephrectomy 
for multicystic right kidney. Vicarious 
hypertrophy of the left kidney. Calycectasis and 
extension of the ureter on the left. IV urography 
from 11.09.2019. Conclusion: Signs of moderately 
pronounced hydrocalycosis on the right (Figures 5, 
6, 7). In control tests of blood, urine, there were no 
significant pathological and inflammatory 
changes. 

For clarity, the dynamics of contraction of RCS 
and ureter on the left (on the side of obstructive 
ureterohydronephrosis) is given in Table 1.

 
Table 1 

Dynamics of contraction of RCS and ureter 

Parameters Before surgery (2017) After surgery (2019) 

Dimensions of the left kidney 92*38*44 mm 92*40*41 mm 

RMI 0.59% 0.42% 

Pelvis APD 15 mm 3 mm 

LCG 16 mm 8 mm 

UCG 17 mm 7 mm 

U/3rd of the ureter 8 mm 5 mm 

M/3rd of the ureter 14 mm 12 mm 

L/3rd of the ureter 24 mm 5 mm 

 
Figure 5. Urogram of the child on the 5th minute of 

examination (after surgery). 

 

 
Figure 6. Urogram of the child on the 15th minute of 

examination (after surgery).

It should be noted that all postoperative scars 
were healed with primary tension with the 
formation of normotrophic scars. Given the 
performance of the first surgery through 
laparoscopic access and the second surgery 
through the anatomical fold of the skin above the 

pubis, the cosmetic result of surgical interventions 
can be regarded as good, which is of no small 
importance in the modern world. Also, an 
interesting observation from the history of this 
patient is the fact that after the surgical 
interventions, the boy has become extremely rare 
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Figure 7. Urogram of the child on the 60th minute of 

examination (after surgery). 

 

to get ill with ARVI. 
 
Conclusion 
This observation helps emphasize the need for 

collective succession management of patients with 
severe malformations of the urinary system by 
pediatric surgeons, local pediatricians, 
nephrologists. Timely identification of the problem 
and regular medical check-up of patients with 
urinary malformations allow not to miss time and 
minimize possible complications. The solution of 
the issue of priority correction of combined 
malformations of the urinary system is most 
optimal to approach individually in each case. 
Endoscopic surgeries are currently a priority in the 
treatment of CM of the urinary system in most 
cases. However, with a combination of US 
malformations in one patient, a combination of 
surgical techniques is often the most optimal 
solution in clinical practice for successful treatment 
of the patient. In our clinic, the greatest preference 
for surgical correction of ureterohydronephrosis is 
given to the method of 
ureterocystoneoimplantation by Cohen, including 
pneumovesicoscopic; but in the observed patient, 
the orifice of the pathological left ureter was not 
visualized intraoperatively intravesically, so when 
correcting obstructive ureterohydronephrosis, the 
patient required a classical technique of 
ureterocystoneoimplantation by Politano-
Leadbetter, which indicates the need for pediatric 
surgeons' perfect performance of the arsenal of all 

possible surgical techniques, knowledge, and 
experience in order to correct the course of surgical 
intervention if necessary. 
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ECOPHYSIOLOGICAL ROLE OF PHOTOPERIOD IN ACTIVITY OF 

FEMALE REPRODUCTIVE SYSTEM DURING ONTOGENESIS 

1Altai State Medical University, Barnaul 
2Altai State University, Barnaul 

A.E. Mal'tseva1, O.I. Fedorova2 

This paper systematizes the data of literary sources and presents the results of own research on the role of photoperiod 
in the female reproductive system. 
Objective: to analyze and summarize the data of literary sources and own research to identify the ecophysiological role 
of photoperiod in the activity of the reproductive system of the female organism at different periods of ontogenesis. It 
is revealed that the role of photoperiod in the reproductive system in ontogenesis of the female organism consists in 
the production of photo-dependent hormone epiphysis: melatonin, which has an effect on the menstrual cycle and the 
ability to conceive. It is shown that the maximum of conception is observed in April and the minimum in February, 
which is due to the seasonality of photoperiodical phenomena and the production of melatonin, which controls the 
activity of the reproductive system. 
Keywords: photoperiod, melatonin, chronoperiodic system, ontogenesis, conception, reproductive system. 

 
The environment in which living organisms are 

present is subject to profound changes in almost all 
geophysical parameters: duration and intensity of 
lighting, temperature, atmospheric absolute 
pressure and humidity, geomagnetic field, 
electromagnetic fluctuations in the atmosphere, 
electrical potential gradient, electrical conductivity 
and air ionization, air velocity [1]. Such changes are 
more or less rhythmic during the day, associated 
with the continuous rotation of the Earth in outer 
space on its axis (circadian rhythms). The 
inclination of the Earth's axis to the plane of the 
Earth's rotation around the Sun results in a 
seasonal component of the frequency of 
geophysical changes throughout the year. Among 
the geophysical parameters, the most clear and 
astronomical pattern on the Earth's surface is light 
effect. 

The chronoperiodic system, which is located at 
all levels of the organization of a living organism, 
generates fluctuations in its own activity with 
frequencies close to those of the main external 
geophysical cycles (daily, monthly, annual) and is 
capable of capturing a rhythm that is called 
‘Zeitgeber’ or ‘time-giver’, thus synchronizing its 
activity with external rhythmic changes. The main 
function of the chronoperiodic system is to 
synchronize congenital periodic programmes with 
each other within the body and with external 
periodic changes [2].  

In order to synchronize its own rhythms with 
external periodic changes, the chronoperiodic 
system of the body must be oriented towards some 
of these changes, perceive them and "capture" their 
rhythm with its own ‘circadian clock’. These 
external periodic changes, which can affect the 
endogenous rhythms of the body, are called 'time 

 
-givers'. 

The main time-giver (a time sensor or an 
external synchronizing factor) is the photoperiod, 
i.e. daily (or seasonal) day length or the duration of 
daily illumination. It is the most stable and reliable 
rate of all environmental parameters, proof to 
interference, fully coincides with the main external 
periodical factor: the rotation of the Earth, and is 
isolated in time from those "essential" factors (daily 
temperature, the amount of food available) that 
directly determine the survival of both individuals 
and species as a whole. That is, photoperiod in this 
case is a "pre-emptive" (predictive) factor for the 
body's chronoperiodic system [3]. 

Among the photoperiod-controlled rhythms, 
our focus has been on the rhythms of the 
reproductive system as procreation. In terms of the 
severity of photoperiodic changes in the 
reproductive system, animals are divided into 
'photoperiodic' with highly accelerated changes in 
sexual functions depending on the season and 
'non-photoperiodic' with no such changes and 
reproduction throughout the year [4]. People also 
have a fairly clear seasonal increase in sexual 
activity, although this data on seasonality remain 
contradictory. Therefore, the objective of our study 
has been defined. 

Objective of the work: to analyze and 
summarize data from literature sources and our 
own research to identify the eco-physiological role 
of the photoperiod in the activity of the female 
reproductive system during various periods of 
ontogenesis. 

 
Materials and methods  
The study analyzed data on the number of 

children born in the hospital of the Barnaul City
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Maternity Hospital over a period of one year. The 
sample included women who, according to 
medical records, had a normal singleton 
pregnancy that ended in delivery through birth 
canal. The size of the practical part of the study 
sample was 2,150 newborns of both genders. The 
analysis took into account the daily number of 
births, on the basis of which the estimated 
conception dates were calculated using the Negele 
formula. 

The LibreOffice Calc software package was 
used for statistical processing of the results and 
charting. 

 
Results and discussion  
The plan was to collect and analyze literary 

sources in the first phase, which identified the 
following regularities. 

The photoperiod affects the functioning of the 
pineal gland – epiphysis. Information on the 
intensity of light reaches this organ indirectly, 
through the eye retina, the retino-hypothalamic 
tract, the hypothalamic suprachiasmatic nuclei, the 
lateral intermedious nucleui of the spinal cord, and 
the sympathetic neurons of the upper cervical 
ganglion. Thus, the light information perceived by 
retinal photoreceptors through the melanopsin 
pigment is transmitted to the pineal gland via the 
suprachiasmatic neurons. In the dark, signals from 
suprachiasmatic nucleui amplify the synthesis and 
release of noradrenaline from sympathetic nerve 
endings. In turn, this neurotransmitter provoke 
receptors on the surface of epiphysis cells, thus 
stimulating the synthesis of the main hormone, 
melatonin. 

Although the woman's reproductive system has 
its own rhythms, still depends on the rhythms of 
the neuroendocrine system, which coincide with 
the rhythms of the environment. Melatonin of both 
central and peripheral origin ensures the 
connection and synchronization of these rhythms 
[5]. 

For a long time, melatonin was thought to be 
produced only in epiphysis. Melatonin was first 
discovered in 1958. It is the main regulator of 
biological rhythms in the human body [6] and is a 
5-methoxy-N-acetylated serotonin derivative (N-
acetyl-methoxytryptamine), while the key 
enzymes for its synthesis are N-acetyl transferase 
and hydroxyindol-O-methyl transferase. 

Melatonin concentration varies in different 
parts of cells. Moreover, the 24-hour rhythm of 
melatonin in tissues differs from the epiphysis 
rhythm. Researchers have proven that melatonin is 
synthesized by airway epithelium, skin, intestines, 
liver, kidneys, thyroid gland, thymus, spleen, 
immune system cells, and endothelium. Enzymes 
responsible for its synthesis have been found in 
almost all these tissues [7]. 

 
 
Today, scientists believe that all cells in the 

body are capable of producing melatonin. It is most 
likely synthesized in mitochondria, but not as a 
system regulator, but as a local antioxidant. 

Melatonin plays a special role in various tissues 
of the reproductive system. Melatonin plays a 
special role in the maturation of the follicle and 
ovulation. The concentration of melatonin in the 
follicle is many times higher than the concentration 
in the blood. The follicle either accumulates 
melatonin despite the concentration gradient or 
synthesizes it itself. The peripheral tissues are 
known to prevent melatonin from entering the 
systemic circulation, i.e. synthesizing it for its own 
needs. 

Melatonin modulates the synthesis of 
progesterone after ovulation. A rupture in the 
follicle wall is a local inflammatory reaction. It 
requires high levels of prostaglandins and 
cytokines and active work of proteolytic enzymes. 
All this is naturally accompanied by increased cell 
respiration and increased free radical 
concentration due to the work of macrophages and 
neutrophils. Due to the combination of these 
reactions, the oocyte is able to ‘break out’ from the 
follicle [8]. But in order to preserve the genetic 
material of the oocyte and protect it from free 
radicals under the conditions of an inflammatory 
reaction, a well-coordinated antioxidant system 
and the presence of melatonin are necessary [5]. 
Melatonin has been found to delay the vaginal 
delivery, reduce the volume of the ovaries, the 
frequency of the estrous cycle and determine the 
rhythmicity of gonadotropic effects, including 
menstrual cycle length [9]. 

A very important property of melatonin is its 
effect on cell division processes. In the course of the 
work of other authors, data have been obtained 
that melatonin can inhibit cell growth dependent 
on sex steroid hormones [6]. 

Studies in recent years have convincingly 
shown that epiphysis through melatonin plays a 
key role in regulating sex hormone content, 
puberty, ovulation synchronisation and 
steroidogenesis in gonads. 

During ontogenesis, the amount of melatonin 
changes. Changes in the formation of melatonin 
during life coincide with the developmental stages 
of the body, are associated with them and have a 
direct impact on physiological processes. Embryos 
and newborns do not form melatonin themselves; 
they use the mother's, which comes through the 
placenta, and then – with the mother's milk. 
Hormone secretion begins at the third month of the 
child's development and its concentration reaches 
the peak in the first years of life (no later than 5 
years). Melatonin synthesis remains at a constant 
and high level before puberty, then the amount of 
melatonin decreases sharply and continues to 
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decrease for another 5 years. There are no changes 
in melatonin formation after this until the age of 
40–45, and then the amount of melatonin starts to 
decline steadily, which coincides with the onset of 
menopause and this process continues for the rest 
of a person's life. 

According to a number of researchers, the 
circadian rhythms of melatonin synthesis are well 
traced in the younger age group (18–54 years) and 
are not found in the group of practically healthy 
people at the age of 55–92. For people at the age of 
53–65, the night-time peak of melatonin secretion 
occurs at earlier hours (3 hours 48 minutes) 
compared to younger people (20–30 years old, at 4 
hours 47 minutes) [9]. 

Women who have reached puberty up to the 
perimenopause period, morning melatonin 
concentrations are significantly lower in the luteal 
phase of the menstrual cycle. The late yellow body 
phase usually occurs on day 24–28 of the menstrual 
cycle and is accompanied by premenstrual 
syndrome. Especially during this period, women 
experience sleep disturbances that are actually 
related to the menstrual cycle. It has been 
established that in 10% of women of childbearing 
age, the onset of the menstrual cycle is 
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accompanied by mood changes, insomnia, appetite 
disorders, and reduced work capacities. There is 
abundant evidence that there is a correlation 
between a decrease in melatonin synthesis and the 
onset of menopause. 

There are seasonal rhythms of melatonin levels 
fluctuation. Human blood melatonin levels are 
minimal between May and July, i.e. during the 
maximum daylight hours and the maximum 
illumination period. In May, the maximum value 
also reaches the amplitude between the minimum 
(day) and maximum (night) levels of melatonin 
during the day. Night-time melatonin levels rise 
longer in winter than in summer, which is a signal 
to reduce the activity of the hypothalamic GnRH 
secretion generator. These changes lead to a 
decrease in the capacity to conceive during the 
winter months. 

The activity of the human reproductive system 
is characterized by the timing of child conception. 
In this regard, an analysis was made of data on the 
number of babies born at maternity hospital No. 2 
in the city of Barnaul for a period of one calendar 
year. According to the Negele formula, the 
expected dates of conception were calculated by 
adding three months to the date of birth. The 
results are shown in Figures 1 and 2.

 

 
Figure 1. Distribution of births by months of the year. 

 
As can be seen from Figure 1, the distribution of 

the number of births looks like a curve with 
maximum births in January and minimum births 
in October respectively. 

The distribution of the number of supposed 
conception by calendar year (Figure 2) shows the 
maximum number of conception in April and the 
minimum number in February. This distribution is 
explained by the seasonality of photoperiodic  
 

 
phenomena and the production of melatonin, 
which controls the activity of the reproductive 
system. Slight differences with the authors of other 
studies can be explained by the climatic 
characteristics of the region in which the study was 
conducted (April is the month of positive 
temperatures that are established during the day in 
Siberia, etc., which provokes hormonal changes in 
the female body, affecting melatonin production). 
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Figure 2. Distribution of the number of supposed conception by months.

 

Conclusion 
The eco-physiological role of photoperiod in the 

ontogenesis of the female body in the reproductive 
system is to produce the epiphysis photo-
dependent hormone – melatonin, which affects the 
menstrual cycle and the capacity to conceive. An 
increase in the concentration of melatonin is 
observed in the blood at night, it decreases with 
increasing light period and is seasonal. In a study 
of the activity of the human reproductive system, 
which is characterized by the timing of conception, 
it was found that the maximum number of 
conception occurs in April and the minimum in 
February, which is explained by the seasonality of 
photoperiodic phenomena and the production of 
melatonin, which monitors the activity of the 
reproductive system. 
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EFFICACY OF PREGRAVID PREPARATION OF WOMEN WITH 

SPORADIC CASE OF NON-DEVELOPING PREGNANCY 
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2Institute of Human Ecology of the FRC CCC SB RAS, Kemerovo 

G.A. Safarova1, M.B. Igitova1, N.L. Gurevich1, T.M. Cherkasova1, E.G. Polenok2 

The analysis of the course and outcome of pregnancy in 92 women with sporadic reproductive loss according to the 
type of non-developing pregnancy in history was performed, including 42 patients after pregravid preparation in 
accordance with the identified nutrient-deficient conditions and the presence of antibodies to xenobiotic 
benzo[a]pyrene compared to a group of 50 women who did not receive preparation before the onset of pregnancy. 
Repeated non-developing pregnancy in the group without pregravid preparation was recorded 3 times more often. In 
children born to women after pregravid preparation  in the early neonatal period, posthypoxic CNS lesions were 
significantly less likely to be recorded (21.9% and 65.2%, p=0.0001) and there were less diseases that required the 
second stage of treatment (17.1% and 63.0%, p<0.0001). 
Conclusion: pathogenetically substantiated pregravid preparation of women with the sporadic case of non-developing 
pregnancy allows to improve the prognosis of gestation and reduce the frequency of perinatal complications. 
Keywords: non-developing pregnancy, sporadic miscarriage, pregravid preparation. 

 
Sporadic pregnancy loss is defined as a loss of 

pregnancy that occurs randomly throughout the 
reproductive period of a woman's life. The lack of 
rehabilitation and pregravid preparation leads to 
repeated pregnancy loss in each second case; and 
in 27.4% of observations, there are three or more 
episodes of miscarriage [1]. 

Pregravid preparation is a set of preventive 
measures aimed at minimizing risks in the 
realization of the reproductive function of a 
particular married couple [2]. The main task of this 
type of preparation is to correct existing parental 
health disorders in order to ensure that the couple 
enter the gestational period in the best state of 
health and full psychological readiness. 

Objective of the study: to assess the peculiarities 
of the course and outcome of gestation in women 
with the sporadic case of non-developing 
pregnancy after pathogenetically substantiated 
pregravid preparation. 

 
Materials and methods 
We analyzed the course and outcome of 

pregnancy in 92 women aged 19 to 44 years with 
the sporadic case of non-developing pregnancy in 
history. At the stage of pregravid examination, 
these patients revealed violations of the nutrient 
status, namely, deficiency of ions of magnesium 
(0.74±0.36 mmol/L) and copper (4.57±5.77 μmol/l) 
in comparison with the control group of women 
without reproductive loss (concentration of 
magnesium ions – 0,89±0.22 mmol/L, p=0.047; 
concentration of copper ions – 6.57±7.28 μmol/L, 
p=0.172) [3]. In addition, during the examination at 
the pregravid stage, significant differences in the 
level of IgG antibodies to benzo[a]pyrene were  

 
revealed in patients with the sporadic case of non-
developing pregnancy (11.76±6.09 CU) compared 
to the indicators of women without reproductive 
loss (8.77±4.65 CU,p=0.047). 

Women with non-developing pregnancy were 
divided into two groups depending on the 
pregravid measures carried out, taking into 
account the revealed violations. Group I included 
42 patients who received pregravid preparation in 
accordance with the revealed violations in full. 
Group II included 50 women whose pregnancy 
occurred without pathogenetically based 
preparation due to the lack of pregravid 
examination or refusal to complete preparation in 
full for various reasons.  

The planned pregravid preparation was 
individual and included correction of detected 
violations: sanitation of foci of infection, treatment 
of somatic diseases. According to the clinical 
recommendations “Non-developing pregnancy” 
(2015), therapy with progesterone drugs was 
performed in the second phase of the menstrual 
cycle and in the first trimester of pregnancy [4]. In 
accordance with the identified deviations of the 
nutrient status, the patients received the 
supplement of multivitamin drugs containing 
active forms of folates. Taking into account the 
results of the study of the level of antibodies to 
xenobiotic benzo[a]pyrene, women were 
recommended rational nutrition from the 
pregravid stage and during pregnancy with the 
exception of fats and smoked products, smoking 
cessation (passive and active), stay in areas with 
“clean” air. When deviations were detected in 
laboratory tests of the hemostasis system, the 
patients were consulted by a hematologist and 
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received treatment in accordance with established 
violations. The onset of pregnancy was planned no 
earlier than 3 months after the beginning of 
pregravid preparation. 

The average age of pregnant women in group I 
was 32.1±4.2 years, group II – 30.7±5.8 years 
(p=0.344). 10 women of group I (24.4%) and 9 
women of group II (19.6%, p=0.779) were 
primiparous. 10 patients of group I (24.4%) and 16 
women of group II (34.8%, p=0.41) had a history of 
artificial abortions. The uterine scar after caesarean 
section was found in 11 women of group I (26.8%) 
and 21 patients of group II (45.7%, p=0.109). 

The analysis of somatic load showed almost the 
same incidence of chronic infectious and 
inflammatory diseases of the urinary tract (21.9% 
and 26.1%, p=0.837), pregravid obesity (17.1% and 
32.6%, p=0.158) and chronic arterial hypertension 
(7.3% and 6.5%, p=0.781) in women of the 
compared groups. 

All pregnant women were examined in 
accordance with the regulatory standards of 
preventive medical examination (Order of the 
Ministry of Health of the Russian Federation No. 
572-n dated 01.11.2012). After the completion of 
pregnancy, the analysis of medical documentation 
was performed: medical card of a pregnant woman 
and new mother, form No. 111(u); prenatal record, 
form No. 113(u); labor record, form No. 096(u); 
hospital neonatal record, form 097(u).  

Statistical processing of the results was carried 
out using the computer program MedCalc 9.1.0.1. 
The results are presented in the form of M values 
(arithmetic mean value) ±σ (mean square 
deviation). The critical level of significance when 
checking statistical hypotheses was taken as ≤0.05. 

 
Results and discussion 
In group I patients, there was a repeated non-

developing pregnancy of the anembryonic 
gestation type in the early period in one case 
(2.4%), whereas in group II, this complication was 
registered 3 times more often (in 4 women, which 
is 8.0%, p=0.473). In the comparative analysis of the 
course of the gestational process in comparison 
groups, the comparable specific weight of 
threatened abortions (24.4% and 26.1%, p=0.948) 
and threatening premature birth (31.7% and 45.7%, 
p=0.265) was established. Anemia complicated the 
course of pregnancy in 36.6% of group I patients 
and 41.3% of group II patients (p=0.819). 
Gestational diabetes mellitus was registered in 
9.8% of pregnant women of group I and 15.2% of 
patients of group II (p=0.665), there were no 
significant differences in the specific weight of 
gestational arterial hypertension (in 12.2% and 
15.2%, p=0.925). Pregnancy ended with premature 
birth in 3 women of group I (7.3%) and 9 patients 
of group II (19.6%, p=0.177). In 14 women of group  
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I (34.1%) and 20 women of group II (43.5%, 
p=0.499), delivery by caesarean section took place.  

When assessing the fetoplacental system state, 
a number of features were revealed depending on 
the pregravid preparation of patients. According to 
the results of Doppler velocimetry during 
antenatal examination, hemodynamic violations in 
the mother–placenta–fetus system were much 
more likely to occur in group II (24 women, which 
is 52.2%) in comparison with group I (11 pregnant 
women, which is 26.8%, p=0.028). Intrauterine 
growth restriction during antenatal ultrasound 
was recorded only in the group of patients with 
non-developing pregnancy in history, who did not 
receive pregravid preparation in full (6 pregnant 
women, which is 13.0%, p=0.049). 

All the children of mothers of both groups were 
born alive, there were no perinatal deaths. At the 
same time, perinatal outcomes were substantially 
better in mothers who received pregravid 
preparation. Anthropometric indicators of full-
term children of group I significantly differed from 
the parameters of children of the comparison 
group: the average body weight was higher and 
amounted to 3641.2±488.9 g (in group II – 
3283,8±574.9 g, p=0.005), the average body length 
was 52.9±2.8 cm and 51.5±2.3 cm (p=0.014). First-
second degree intrauterine growth retardation of 
the hypotrophic type was recorded only in 
newborns whose mothers did not receive 
pathogenetically substantiated pregravid 
preparation (10.9%, p=0.086). 

6 children of group I (14.6%) and 18 children of 
group II (39.1%, p=0.021) had the Apgar score of 6 
points and less. The average Apgar score was 
6.9±0.5 points in group I, 6.4±0.9 points (p=0.004) in 
group II. In the early neonatal period in children 
born to mothers who did not receive 
pathogenetically substantiated pregravid 
preparation, posthypoxic central nervous system 
lesions were more often recorded: in group I – 9 
children, which is 21.9%, in group II – 30 children, 
i.e. 65.2% (p=0.0001). It should be noted that 
moderate disorders prevailed in group II (52.2%, in 
group I – 12.2%, p=0.0002). Respiratory disorders 
with respiratory failure were observed in 7 
children (17.1%) from mothers with pregravid 
preparation and in 17 children (36.9%) of the 
comparison group (p=0.068). Children born to 
women after pregravid preparation were 
significantly less likely to have diseases requiring 
transfer to the second stage of treatment (17.1% 
and 63.0%, p<0.0001).  

The study suggests that the high incidence of 
gestational and perinatal complications in patients 
of group II was a natural consequence of the lack 
of correction of pregravid violations. 



22 

 
 

BULLETIN OF MEDICAL SCIENCE №3 (19) 2020 

 

Conclusion 
Carrying out pathogenetically substantiated 

pregravid preparation in women with the sporadic 
case of non-developing pregnancy allows to 
improve the prognosis of gestation, reduce the 
frequency of gestational and perinatal 
complications and optimize pregnancy outcomes 
for newborns. 
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HISTORICAL EVOLUTION OF ECLAMPSIA/PREECLAMPSIA 

PARADIGM  
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K.V. Shchekleina1, V.Yu. Terekhina2, A.V. Kobchikova3,4 

Eclampsia/preeclampsia continues to be not completely recognized, pathological condition of gestation determining 
perinatal/maternal morbidity/mortality, occupying the 3rd place in their structure up to the present time. This review 
examines the major historical steps of evolution in understanding eclampsia/preeclampsia: the “strange” disease of 
humanity associated with reproduction. The stages of description, definition, and understanding of the “disease of 
theories” are presented. The focus is on freely available information on the role of biological markers and the balance 
of modulators of hemostatic reactions specific to this pathology. Determination of the role of biologically active factors 
in the pathogenesis of the development of preeclampsia can contribute not only to the deepening of knowledge about 
the pathogenesis of this pathology, but also involves the search for drugs that have the ability to target specific PE 
markers. 
Keywords: eclampsia, preeclampsia, biological markers, tissue factor. 

Eclampsia (along with epilepsy) was the first 
disease described since the appearance of writing 
in humanity more than 5,000 years ago [1]. The 
term preeclampsia (PE) appeared in the 20th 
century, when in 1916 P. Zweifel described PE as a 
“disease of theories”, the symptoms of which are 
associated with pregnancy [2]. Until now, the only 
method of treating PE is the extraction of the fetus 
and, definitely, the placenta [3]. In this review, we 
offer to consider the main stages of evolution in 
understanding the pathogenesis of eclampsia/PE 
and, possibly, its prediction. 

 

Eclampsia – “historical” disease (more than 
5,000 years ago) 

Eclampsia is such a memorable condition that 
the elements of its description have survived from 
the time of the existence of writing (3,000 BC) from 
all parts of the world: India (Veda/Sushruta), China 
(Wang Dui Me), Africa (Egyptian papyrus), 
Europe (Hyppocrates/Galen). Eclampsia scared 
our ancestors: pronounced muscle contractions 
and seizures, severe anxiety, unusual movements 
of the head and eyes, changes in the shape of the 
mouth, loss of consciousness, and complete 
amnesia after the case were regarded in all 
civilizations as attempts of invasion of the evil 
spirit/devil.  

Eclampsia was more likely to target first-
pregnant, very young women (by modern 
standards, adolescents), with the risk of mother's 
death in about a third of cases. At the end of the 
17th century, Mauriceau (1694) noticed that first-
pregnant women were more prone to the 

development of eclampsia, unlike pluripara. “The 
oldest human mother” ever found by 
paleoanthropologists was a buried pregnant 20-
year-old woman who died, perhaps, of eclampsia 
in gestation time of 32 weeks, dated 28,000 BC [4]. 
In the mid-18th century, Bossier de Sauvage (1739) 
proposed the term “eclampsia”, diverting it from 
epilepsy [5]. 

 
The emergence of the concepts of “toxemia” 

and “preeclampsia”. Discovery of proteinuria 
(1840–1843) 

The era of fatalistic conception of eclampsia as 
a sudden and unpredicted pregnancy complication 
ended in the mid-19th century by the discovery of 
proteinuria. In 1840, French Pierre Rayer described 
the presence of proteinuria in women with 
eclampsia [6]. Later, in 1843, J.C.W. Lever, a British 
physician, published a paper where he suggested 
the possibility of predicting convulsive syndrome 
by the presence of proteinuria in a pregnant 
woman and its relief after delivery, thereby 
separating the concept ”eclampsia” from the 
kidney disease [7]. Given that 2/3 of women with 
proteinuria required additional clinical factors to 
develop seizures, the term “toxemia” and the 
concept of “preeclampsia” emerged. In 1843, R. 
Johns, an Irish physician, described a number of 
symptoms in women with proteinuria that led to 
the development of eclampsia [8]. It is interesting 
to note that these symptoms are found in all 
modern textbooks for obstetrician-gynecologists: 
headache, temporary visual impairment, intense 
pain in the epigastrium [9].
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The discovery of hypertension (1897–1903) 
After Riva Rossi, a young Italian physician, 

discovered the possibility of measuring blood 
pressure with an inflatable arm cuff in 1896, the 
method has firmly entered clinical practice. 
Hypertension in eclampsia was first documented 
in 1897 by N. Vaquez in France [10], which in 1903 
was confirmed by researchers Cook and Briggs in 
the United States [11]. The understanding has 
come that eclampsia is just the tip of the iceberg: 
about 10% of all pregnancies are complicated by 
reversible hypertensive disorders, of which 3% 
develop under the scenario of preeclampsia 
(proteinuria), and eventually without medical 
intervention, 1% of such pregnancies end in 
eclampsia.  

The 20th century was marked by numerous 
comprehensive studies of the epidemiology and 
pathogenesis of hypertensive disorders during 
pregnancy and the writing of a large number of 
fundamental scientific papers on 
preeclampsia/eclampsia under the general motto: 
PE is the disease of first-pregnant women [12].  

 
The concept of “double wave” of invasion of 

cytotrophoblast and its inferiority in PE (1970) 
In the early 70s of the 20th century I.A. Brosens 

described that cytotrophoblast invasion in 
humans, unlike other mammals, occurs in 
significantly deeper layers and affects the 
myometrial segment of spiral arteries [13]. The 
multistage cytotrophoblast invasion process 
continues until week 14–16 of gestation, unlike 
other mammals in which the invasion process ends 
within two weeks of implantation. In 2008, I.A. 
Brosens and R. Pijnenborg proposed the concept of 
“double wave” [14], while pointing out that in 
women with PE the process of the second wave of 
thophoblast invasion is disturbed, and as a result, 
 

 
 
there is insufficient depth of implementation in 
myometrium layers. This discovery allowed to 
understand 2 facts: first, why eclampsia/PE is 
strictly a human disease, and second, there was a 
logical explanation for the presence of 
hypertension. As known, adequate maternal blood 
flow to the placenta depends on two factors: the 
number of spiral arteries communicating with the 
intervillous space and the depth of cytotrophoblast 
invasion. Pathological placentation is 
characterized by a large number of spiral arteries, 
but the absence or insufficiency of their gestational 
transformation. It is shown that in patients with 
PE, an increase in the number of spiral arteries with 
violation or absence of their gestational 
remodeling and pathological deposition of fibrin 
are determined. Predominantly, the pathological 
process is localized in myometrial segments of 
spiral arteries [15]. Therefore, increased blood 
pressure in the mother may be a compensatory 
mechanism to ensure the delivery of the necessary 
amount of nutrients to the embryo/fetus through a 
defectively embedded placenta. 

 
 “Paternal contribution” to the PE 

development, or immunological theory (1970s–
1990s) 

In 1970, D. Ikedife from Nigeria conducted an 
epidemiological study of eclampsia and concluded 
that PE/eclampsia were often characteristic of re-
pregnant women and, more importantly, 2/3 of 
these patients changed partners. The same 
proportion (2/3) of partner change among women 
with eclampsia was described some time later by 
P.Y. Robillard in Guadalupe [16]. The observations 
presented challenged dogma: PE is a disease of 
only first-pregnant women, and led researchers to 
study the connection of PE and immunology. Some 
of the main achievements of immunology in 
reproductology are summarized in Table 1.

 
 

Table 1 
The most important achievements in immunology in the study of PE [17] 

The year of 
discovery 

The essence of discovery 

1990s The lack of HLA-G in PE  

1990s The role of cytokines (paradigm Th1/Th2)  

1998 The immunological role of seminal fluid (TGF )  

2000-2004 The main role of NK cells (implantation and angiogenesis)  

2006 Violation of regulation of angiogenic factors by activation of the compliment system  

2007 The effect of hyperglycosylated HCG on trophoblast invasion depth  

2008 Immunological animalistic model of PE 

2010s The main role of T Reg cells  
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Endothelial dysfunction – the main link of 
pathogenesis of preeclampsia/eclampsia (1980s) 

During this decade, it was shown that 
hypertension and polysystemacity of organ 
damage in PE are united by one factor: endothelial 
dysfunction. Specialized endothelial cells in the 
kidneys (glomeruloendotheliocytes), Kupffer cells 
in the liver (in HELLP-syndrome) and 
endotheliocytes of the hematoencephalic barrier 
(eclamptic convulsions) become target points in 
the PE development, determining clinical variants 
of its course. Findings on systemic dysfunction of 
endothelial cells perpetuated the names of James 
Roberts, Robert Taylor, Christopher Redman and 
others in the history of understanding the 
pathogenesis of PE [18]. The identified problem of 
endothelial dysfunction led researchers to 
understand PE (at least PE with early onset and 
intrauterine growth restriction) as a two-stage 
disease [19]. It was concluded that violation of 
thophoblast invasion during the first pregnancies 
has nothing to do with PE with later onset in 
endothelial cell dysfunction [20]. 

 
Distinction of placental (early) and maternal 

(late) PE (late 1990s) 
The concept of various PE phenotypes, which 

arose at the end of the 20th century [21], was 
further developed in 2013 in the work of J.M 
Roberts [22]. Early placental PE (34 weeks) and 
late maternal PE (34 weeks) have very different 
outcomes for neonatal morbidity and mortality 
levels, as well as the rate of intrauterine growth 
restriction (IGR) development [23]. Early onset PE, 
as opposed to late, is usually accompanied by 
ischemic impairment in the placenta due to 
impaired cytotrophoblast invasion and IGR 
formation. Late is associated with low-gradient 
chronic inflammation, a higher body mass index of 
a pregnant woman, and insulin resistance. These 
differences between PE phenotypes made it 
possible to draw an important epidemiological 
finding of prevalence (up to 90%) of late PE 
phenotype in developed countries, as opposed to 
developing countries where the proportion of early 
PE reaches 30% [24]. In other words, the relatively 
high level of placental PE in developing countries 
presents a huge epidemiological problem 
regarding maternal and neonatal morbidity and 
mortality. 

 
Highly specific markers of early and late PE 

(late 20th – early 21st century) 
Taking into account the fact of various 

pathogenetic mechanisms of placental and 
maternal PE development, as well as 
understanding and adoption of the “double wave 
concept” of cytotrophoblast invasion, modern 
research is aimed at studying biological markers  
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and their interaction at the stage of placenta 
formation, including the study of steroid 
hormones, growth factors (VEGF, PLGF), 
cytokines (IL6, IL10, IL11, TNF-ά), adhesion 
molecules (L-selectin and E-cadherin), matrix 
metalloproteinases (MMPs), and modulators of the 
hemostasis system (thrombin, TF, PAI-1 and T-
PA). Schematically, 3 ambiguous solution search 
vectors can be distinguished: 

1. There is no specific marker of PE 
development.  

In his review, J. Roberts (2013) concluded that 
there is no specific marker in the blood plasma of a 
pregnant woman both at the preclinical stage and 
in the implementation of PE/eclampsia, and gave 
valid arguments [25]. 

2. There are many biological markers of PE 
development.  

A huge step forward in understanding the 
pathogenesis of PE was made by a team of 
researchers who in 2004 published a paper on the 
role of imbalance of angiogenic factors, such as 
placental growth factor (PlGF), vascular 
endothelial growth factor (VEGF), and factors 
preventing angiogenesis, such as soluble fins-like 
tyrozine kinase 1 (SFLT-1) [26]. Increased synthesis 
of soluble sFlt-1 is known to lead to pathological 
binding of VEGF and PlGF. As a result, proteins 
are unable to perform the angiogenic function and 
maintain endothelial hemostasis, determining the 
condition of severe preeclampsia. In pregnancies 
complicated by PE, the level of PlGF in serum is 
significantly reduced, and deviations of MOM 
(multiple of median) indicators from normal are 
more significant at the early rather than late 
gestation, so that the efficacy of determining serum 
PlGF levels is higher for early PE than for late [27]. 

A group of authors from Italy (2017) in vitro 
investigated the expression of gene and cytokine 
mediator of inflammation (HMGB1) and RAGE 
protein by placentas in women with PE compared 
to placentas in the physiological course of 
pregnancy. It has been shown that in patients with 
PE, the HMGB1/RAGE axis in the human placenta 
is shifted towards the inflammatory response and 
is accompanied by the increased expression of IL-6 
and TNF-α [28]. 

A while later (2019), another PE sensitive 
marker was found, the inositol phosphoglycan P-
type molecule (IPG-P), which is found in patients' 
urine 2–4 weeks before the clinical onset of PE and 
may be used as a screening test for PE [29]. 

3. Modulators of the hemostasis system – 
additional markers of PE development. 

The gestation period is associated with a 
significant procoagulant shift in the balance of the 
hemostasis system. Physiological changes in the 
coagulation properties of blood during pregnancy 
are adaptive mechanisms aimed at preventing 
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bleeding during cytotrophoblast implantation, 
ensuring laminar blood flow in the intervillous 
space, as well as preventing massive bleeding 
during childbirth. The pathological shift of the 
hemostatic balance determines not only the risk of 
thrombotic events during pregnancy, but can also 
can cause the violation of perfusion at the placenta 
level [30]. Changes in the hemostasis system of 
maternal circulation primarily concern the 
activation of platelets and coagulation factors. A 
key role in their initiation belongs to increased 
formation of thrombin. An increase in thrombin 
formation may be associated with hemorrhage into 
the decidual membrane followed by the formation 
of a retroplacental hematoma; with intra-amniotic 
infection that can lead to decidual bleeding and 
enhancement of the systemic inflammatory 
response of the mother. The latter, in turn, can 
stimulate the synthesis and release of tissue factor 
by monocytes. Tissue factor (TF), also called factor 
III, is a transmembrane glycoprotein, is an integral 
part of cell walls in various tissues and is produced 
when the integrity of the cell wall is violated. TF 
can be detected on the surface of activated 
endothelial cells, leukocytes, and platelets [31]. 
Certain organs express different amounts of TF. 
The greatest expression occurs in the brain 
(astrocytes), placenta (thophoblast cells), and lungs 
(alveoli) [32].  

Tissue factor is a key product of blood clotting 
in all tissues; the high level of TF expression in the 
placenta provides additional hemostatic protection 
during gestation and childbirth [33]. It is 
determined that hyperexpression of TF followed 
by a shift of hemostatic equilibrium towards 
hypercoagulation is observed in pregnant women 
in PE implementation [34]. In addition, in the 
binding of TF to factor VII, a range of biological 
effects are realized on the cell surface, such as the 
synthesis of cytokines, adhesion molecules, and 
growth factors. These products play a key role in 
the pathogenetic mechanism of PE development, 
namely the processes of inflammation, 
angiogenesis, and apoptosis [35]. TF activation is 
carried out by two pathogenetic mechanisms that 
enhance each other: platelet activation and 
inflammation [31]. TF activation products, factors 
IIa, VIIa and Xa, cause further hyperexpression of 
tissue factor, which closes the vicious cycle: 
thrombosis – inflammation – thrombosis [36].  

TF is suppressed by a specific inhibitor, tissue 
factor pathway inhibitor (TFPI), which is up to 80% 
synthesized and expressed by endothelial cells and 
platelets [37]. TFPI prevents excessive formation of 
thrombin by binding activated factor X [38]. 
Despite the apparent role of the TF/TFPI 
relationship in PE pathogenesis, the results of 
many studies are ambiguous and often 
contradictory. Some studies described increased  

 
 
plasma TF levels in PE compared to normal 
pregnancy [39], and others described the 
unchanged ones [40]. According to the same 
studies, the level of TFPI in plasma was unchanged 
[41], increased [42] or even decreased [43]. Indeed, 
patients with vascular pregnancy complications 
(PE/eclampsia, placenta detachment, IGR, and fetal 
death) have a lower concentration of total TFPI in 
placenta rather than women with uncomplicated 
pregnancy [44], which may be associated with 
reduced placental formation of TFPI [45]. 
Contradicting literature data may indicate that it is 
worth estimating not so much the concentration of 
TF and TFPI separately as the overall balance 
between blood clotting factors and their inhibitors. 
So, for example, in the work of S.A. Mastrolia et al. 
(2014), a lower ratio of TF/TFPI is shown in 
pregnant women with PE, despite an increase in 
the median plasma concentration of TFPI in these 
patients [46]. These observations show that 
attention should be focused not only on 
coagulation factors but also on their inhibitors, as 
the imbalance between them contributes to the 
supergeneration of thrombin, which may be 
leading in the pathophysiology of PE. 
 

Possibilities of secondary prevention of PE 
(beginning of the 21st century) 

The use of low doses of aspirin for the 
prevention of PE in high-risk groups has been 
more studied. The most large-scale international 
multicenter study of ASPRE (Combined 
Multimarker Screening and Randomized Patient 
Treatment with Aspirin for Evidence-Based 
Preeclampsia Prevention) was conducted in 2017. 
Stratification of patients into the PE development 
high-risk group was based on routine screening of 
premature PE at the gestation period of 11–13 
weeks in accordance with the FMF algorithm (Fetal 
Medicine Foundation): constitutional maternal 
characteristics and biomarkers in 27,000 women 
with singlet pregnancy were analyzed and taken 
into account. In the high-risk group, a part of 
patients from 11–14 to 36 weeks of pregnancy 
received aspirin (150 mg per day), others received 
placebo. According to the results of the study, the 
application of aspirin was associated with a 
reliable decrease in the frequency of occurrence of 
maternal PE by 62% and a decrease in the 
frequency of placental PE at the term of <34 weeks 
at 82%. The ineffectiveness of PE prevention by 
aspirin in patients with concomitant chronic 
hypertension was also determined [47]. 

 
Conclusion 
Despite significant advances in understanding 

and deciphering of certain pathogenetic 
mechanisms for the development of preeclampsia, 
the “disease of theories” continues to be a 
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pathological state of gestation determining 
perinatal/maternal morbidity/mortality rates. At 
the present stage, understanding of the role of 
biologically active factors in the pathogenesis of PE 
development involves the search for drugs that 
have the possibility of targeted effects on specific 
PE markers, which would allow delaying the time 
of early delivery for the maximum possible period 
for the benefit of the fetus, especially in early PE.  
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ASSESSMENT OF THE IMPACT OF CLINICAL FACTORS ON 

PREMATURE RUPTURE OF FETAL MEMBRANES AT 24-33 WEEKS OF 

GESTATION 

1Novokuznetsk State Institute for Continuing Medical Education, Novokuznetsk 
2Institute of Toxicology of FMBA, Saint Petersburg 

E.Yu. Grigoryeva1, L.V. Renge1, V.N. Zorina2, A.Yu. Vlasenko1, V.V. Likhacheva1 

Research objective: to study and assess the impact of major clinical factors on premature rupture of fetal membranes 
at 24–33 weeks of pregnancy. 
Materials and methods. The study included 119 pregnant women in the period of 24–33 weeks of gestation: 27 women 
with a whole fetal bladder, who subsequently had an urgent birth with the timely discharge of amniotic fluid and birth 
of healthy full-term babies; 92 women with premature rupture of fetal membranes at 24–33 weeks of gestation, giving 
birth to premature babies. The statistical analysis was carried out using logistic regression. 
Results and discussion. There were no significant differences in the structure of somatic diseases of the major group 
of pregnant women and the control group, which indicates the absence of adverse effects of chronic diseases on the 
PRFM.  It was found that in the PRFM group, there was a statistically significantly higher proportion of women with 
STD in history (65% vs. 19%, p<0.001), in particular, with Candida albicans (18% vs. 0%, p=0.01) and Chlamydia 
trachomatis (14% vs. 0%, p=0.01). The analysis of fertility demonstrated the following: the control group and the 
PRFM group differ statistically significantly in pregnancy parity (p=0.001), in particular, in the PRFM group, there 
is a higher proportion of women with third pregnancy or more (57% vs. 26%, p=0.005) due to a lower proportion of 
women with the first pregnancy (12% vs. 41%, p=0.001). The proportion of women with history of pregnancy loss 
(32% vs. 0%, p=0.001) and abortion (57% vs. 19%, p=0.001) is also statistically significantly higher in the PRFM 
group than in control. In the analysis of complications of pregnancies in the control group and the PRFM group, there 
were no statistically significant differences, but in most women with PRFM pregnancy occurred against the 
background of the threat of premature birth (49%). In the PRFM group compared to the control on the first day after 
the fluid discharge, the level of hemoglobin 121 (111;129.5) g/L vs. 129(121–132) (p = 0.03) and an increased 
concentration of leukocytes – 13.7(8.2;17.2)×109 IU/L vs. 6.7(6.6–7.6)×109 IU/L (p<0.001) were noted.  
Conclusion. PRFM at 24–33 weeks of gestation is associated with an increased level of leukocytes (above 13×109 IU/L) 
in the blood serum, the parity in a woman (first, third and more), the presence of pregnancy losses and abortion in 
history, carrying the pathogens of sexually transmitted diseases (STD).  
Keywords: premature rupture of fetal membranes, premature birth, parity, STD. 

 
The relevance of the problem is significant not 

only in obstetrics, but also in neonatology: 
amniotic fluid is a biologically active environment 
surrounding the fetus [1], and premature rupture 
of fetal membranes (PRFM) reaches 35–60% in the 
structure of causes of premature birth [2] and is the 
cause of neonatal morbidity and mortality [3, 17]. 
According to statistics, about one million 
premature children annually die from 
complications (mortality up to 28%); 8–10% of 
surviving children develop cerebral palsy, 5–8% – 
intellectual disability, 3–5% – decompensated 
hydrocephalus, 2-3% – epilepsy, 3% – vision loss, 
1% – hearing loss; on average, disability is about 
44% [4]. Relationship of PRFM with high parity, as 
well as premature birth, habitual miscarriage and 
PRFM in history [5] was revealed; most women 
(88.6%) had an infectious pathology of vagina and 
uterine cervix, of which half was diagnosed with 
cervicitis [6, 16]. Fusion of differentiated 
cytotrophoblast forms syncytiotrophoblast, fully 
enveloping the developing placenta and forming  

 
an effective barrier, selectively regulating gas 
exchange as well as transfer of nutrients and 
exogenous agents (drugs, toxins, viruses, etc.) [7, 8, 
9]. Connective tissue dysplasia plays a significant 
role in the PRFM development during preterm 
pregnancy, which offers clinical manifestations to 
assess the risk of PRFM at prematurity [10, 11, 12, 
13, 14]. 

However, much remains unclear in the 
pathogenesis of this pregnancy pathology. 
Currently, not only the mechanisms for the PRFM 
development are being actively studied, but also its 
predictors are being sought. 

The research objective was to study and assess 
the impact of major clinical factors on premature 
rupture of fetal membranes at 24–33 weeks of 
pregnancy. 

 
Materials and methods 
The study was conducted on the basis of the 

Clinical Maternity Hospital of the State 
Autonomous Healthcare Institution of Kemerovo 

http://info.ngiuv.ru/
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Oblast “Novokuznetsk Perinatal Center” and 
female health department No. 1 of the State 
Budgetary Healthcare Institution of Kemerovo 
Oblast “City Clinical Hospital No. 2”. The study 
included 119 pregnant women, divided into 2 
groups:  

1) The control group: 27 women with a whole 
fetal bladder, who subsequently had an urgent 
birth with the timely outpouring of amniotic fluid 
and the birth of healthy full-term babies; 

2) The major group: 92 women with premature 
rupture of fetal membranes at 24–33 weeks of 
gestation, who gave birth to premature babies. 

In all cases, births occurred through natural 
birth canals. The study met the ethical standards 
developed under the WMA Declaration of 
Helsinki, all women who participated in the study 
gave the informed consent.  

The study excluded women who had 
oncological, autoimmune and chronic 
inflammatory diseases of the lesser pelvis, as well 
as oncological diseases in history, acute 
inflammatory diseases at the time of examination, 
decompensated cardiovascular, respiratory, 
hepatic or renal failure, pregnancy with ABO- and 
Rh-isosensibilization or HIV infection. 

The prenatal records of pregnant women and 
the labor records of women of the control group 
and the study group were analyzed. 

After checking the normality of the distribution, 
non-parametric methods of statistical processing of  
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the study results were used. The median and 
interquartile range were used as descriptive 
statistics – Me (Q1;Q3). The study groups were 
compared through the Kruskal–Wallis test with the 
Conover-Inman tests. For the construction of the 
classification model, the discriminant analysis was 
used with the step-by-step selection of variables 
based on the value of criterion F (inclusion at F 
more than 3.84). In order to comply with the 
condition of application of discriminant analysis, 
the initial data went through the Box-Cox 
transformation with the subsequent reverse 
transformation of the results obtained. The 95% 
confidence interval calculated by the Clopper-
Pearson method is given for model quality 
indicators. The statistical significance of 
differences between frequencies was verified using 
the criterion χ2. The differences were considered 
statistically significant at p≤0.05. All calculations 
were carried out in the opensource free software 
environment of statistical calculations R v.3.5.2. 

 
Results and discussion 
All pregnant women in the study were aged 18–

40 (Table 1). Of the total number of those surveyed 
(n=119), the largest number of women n=67 (55.8%) 
were between the ages of 21 and 29. At the age of 
30 and more, there were 48 women (40%) and 
under 20 years – (4.2%) 5 women.  

There were no age differences in the 
comparison group of pregnant women with PRFM 
and the control group (Table 1).

Table 1 
Comparison of pregnant women by age 

Indicators 
Study groups 

Statistical indicators 
Control group Major group 

Age, years – Me(Q1;Q3) 28(26;32) 28(25;31.5) U=0.47, p=0.641 

Note: 1 – the Mann-Whitney test was applied. 

 

In the study of blood types and Rh factors, no 
statistically significant differences between groups 
were found, but the main number of women with  

 
PRFM had blood type II (40%), the lowest 
percentage of women had blood group IV (7%) 
(Table 2).

 

Table 2 
The study of blood types and Rh factor 

Indicators 
Study groups Comparisons 

between groups Control (n=27) PRFM (n=92) 

Blood type, n (%) 

O (I) 11 (40%) 30 (33%) 

χ2=0.7, p=0.882 
A (II) 9 (33%) 37 (40%) 

B (III) 6 (22%) 19 (21%) 

AB(IV) 1 (4%) 6 (7%) 

Rh negative, n (%) 4 (15%) 19 (26%) χ2=0.4, p=0.55 

Note: 1 – the Mann-Whitney test was applied; 2 – the chi-squared test was applied here and elsewhere.
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As can be seen from the table (Table 3), there 
were no significant differences in the structure of 
somatic diseases of the major group of pregnant 

 
 
women and the control group, which indicates the 
absence of adverse effects of chronic diseases on 
the PRFM.

 
Table 3 

The frequency of occurrence of certain extragenital diseases in the PRFM group and control 

Indicators, n (%) 
Study groups Comparisons 

between groups1 Control (n=27) PRFM (n=92) 

Endocrine system diseases 3 (11%) 14 (15%) p=0.76 

Anemia 1 (4%) 12 (13%) p=0.29 

Vegetative-vascular dystonia 5 (19%) 15 (16%) p=0.76 

Gastritis 2 (7%) 8 (9%) p=1.00 

Bronchitis 1 (4%) 5 (5%) p=1.00 

Myopia 2 (7%) 10 (11%) p=0.73 

Kidney diseases 2 (7%) 5 (5%) p=0.66 

Note: 1 – the Fisher's exact test was applied. 

 
The analysis of history of gynecological 

diseases found no statistically significant  

 
differences between the control group and the 
group of pregnant women with PRFM (Table 4). 

 
Table 4 

The frequency of occurrence of certain gynecological diseases in the PRFM group and control 

Indicators, n (%) 
Study groups Comparisons 

between groups1 Control (n=27) PRFM (n=92) 

Uterine cervix ectopia 6 (22%) 32 (35%) χ2=1.5, p=0.22 

Endometriosis 0 (0%) 4 (4%) p=0.572 

Chronic adnexitis 2 (7%) 6 (7%) p=1.00 

Bacterial vaginosis 4 (15%) 6 (7%) p=0.23 

Ovarian cyst 1 (4%) 3 (3%) p=1.00 

Uterine fibroid 2 (7%) 6 (7%) p=1.00 

Chronic endometritis 0 (0%) 6 (7%) p=0.34 

Note: 1 – the chi-squared test was applied; 2 – the Fisher's exact test was applied here and elsewhere.

 

The prevalence of STD in the PRFM group and 
control is presented in Table 5. 

It was found that in the PRFM group, there was 
a statistically significantly higher proportion of  

 
women with STD in history (65% vs. 19%, p<0.001), 
in particular, with Candida albicans (18% vs. 0%, 
p=0.01) and Chlamydia trachomatis (14% vs. 0%, 
p=0.01).

 
Table 5 

The prevalence of STD in history in the PRFM group and control 

Indicators, n (%) 
Study groups Comparisons 

between groups1 Control (n=27) PRFM (n=92) 

STD in history 5 (19%) 60 (65%) χ2=18.0, p<0.001 

This includes: Staphylococcus aureus 0 (0%) 3 (3%) p=1.002 

Candida albicans 0 (0%) 17 (18%) p=0.01 

Herpes simplex 1, 2 0 (0%) 6 (7%) p=0.34 

Chlamydia trachomatis 0 (0%) 13 (14%) p=0.04 

Note: 1 – the chi-squared test was applied; 2 – the Fisher's exact test was applied here and elsewhere.
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The analysis of fertility demonstrated the 
following: the control group and the combined 
PRFM group differ statistically significantly in 
pregnancy parity (p=0.001), in particular, in the 
PRFM group, there is a higher proportion of 
women with third pregnancy or more (57% vs. 
26%, p=0.005) due to a lower proportion of women 
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with the first pregnancy (12% vs. 41%, p=0.001). 
The proportion of women with history of 
pregnancy loss (32% vs. 0%, p=0.001) and abortion 
(57% vs. 19%, p=0.001) is also statistically 
significantly higher in the PRFM group than in 
control (Table 6).

 
Table 6 

Indicators of obstetric history in the PRFM group and control 

Indicators, n (%) 

Study groups Comparison between groups1 

Control 
(n=27) 

PRFM 
(n=92) 

Omnibus 
test 

Paired 
comparisons 

Parity  
of pregnancy 

First 11 (41%) 11 (12%) 

χ2=13.3, p=0.001 

p=0.001 

Second 9 (33%) 29 (32%) p=0.89 

Third and more 7 (26%) 52 (57%) p=0.005 

Pregnancy loss in history 0 (0%) 29 (32%) χ2=11.3, p=0.001 

Abortions in history 5 (19%) 52 (57%) χ2=12.1, p=0.001 

Note: 1 – the chi-squared test was applied as an omnibus test, posterior paired comparisons were carried out using the Haberman 

residue test.

 

When analyzing complications of pregnancies 
in the control group and the PRFM group, there 
were no statistically significant differences (Table 
7). However, in most women with PRFM,  
 

 
pregnancy occurred against the background of the 
threat of premature birth (49%), which suggests 
that the thinning of the membrane and its rupture 
are due to pathological contractions of the uterus 
[15, 16].

 
Table 7 

The frequency of occurrence of certain pregnancy complications in the PRFM group and control 

Indicators, n (%) 
Study groups Comparisons 

between groups1 Control (n=27) PRFM (n=92) 

Threatened miscarriage 14 (52%) 45 (49%) χ2=0.1, p=0.79 

Low placentation 4 (15%) 14 (15%) p=1.002 

ARD 4 (15%) 5 (5%) p=0.12 

Early toxicosis 2 (7%) 7 (8%) p=1.00 

Marginal placenta previa 0 (0%) 4 (4%) p=0.57 

Cervical insufficiency 0 (0%) 4 (4%) p=0.57 

Note: 1 – the chi-squared test was applied; 2 – the Fisher's exact test was applied here and elsewhere.

 

There were no complications of the postpartum 
period in the study groups. For determining the 
course of pregnancy, its complications, the 
indicators are important such as the level of 
hemoglobin, hematocrit, leukocytes, LII, total 
protein, transaminases, which were measured in 
the blood of pregnant women on the first day of the 
outpouring of amniotic fluid. In the PRFM group 
compared to the control on the first day after the 
fluid outpour, the level of hemoglobin 
121(111;129.5) g/L vs. 129(121–132) (p=0.03) and an 
increased concentration of leukocytes –  
 

 
13.7(8.2;17.2)×109 IU/L vs. 6.7(6.6–7.6)×109 IU/L 
(p<0.001) were noted.  

 
Conclusion  
Thus, premature rupture of fetal membranes at 

24–33 weeks of pregnancy is associated with an 
increased level of leukocytes (above 13×109 IU/L) in 
the blood serum, the parity in a woman (first, third 
and more), the presence of pregnancy losses and 
abortion in history, carrying the pathogens of 
sexually transmitted diseases (STD).  

Conflict of interest. The authors declare no 
conflict of interest.
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Table 8 
Biochemical indicators of venous blood serum in the PRFM group and control 

Indicators, Me(Q1;Q3) 
Study groups Comparisons 

between groups1 Control (n=27) PRFM (n=92) 

HB, g/L 129(121;132) 121(111;129.5) 2.20, p=0.03 

HT 0.36(0.34;0.4) 0.36(0.36;0.38) 0.22, p=0.82 

Leukocytes, ×109 IU/L 6.7(6.6;7.6) 13.7(8.2;17.2) χ2=5.76, p<0.001 

LII 1.2(1,1;1.4) 1.2(1,1;1.4) 0.48, p=0.63 

Total protein, g/L 67(64;71) 67(63;71.6) 0.12, p=0.91 

ALT, IU/L 15(13;17) 16(12;21) 1.41, p=0.16 

AST, IU/L 24.5(21;30) 22(21;28) 0.72, p=0.47 

Note: 1 – the Mann-Whitney test was applied.
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GLAUCOMA DIAGNOSTICS 

1Altai State Medical University, Barnaul 
2Novokuznetsk State Institute for Continuing Medical Education, Novokuznetsk 

S.I. Makogon1, A.L. Onishchenko2 

The increasing incidence of glaucoma worldwide shows objective difficulties in both diagnosis and treatment. The 
introduction of optical coherent tomography into the algorithm of diagnostic examination of patients with glaucoma 
allows to objectively assess patterns of structural and hemodynamic changes. The article discusses the opportunities 
of OCT and OCT-angio for the purpose of early detection of the disease and dynamic observation of patients.  
Keywords: glaucoma, OCT.

 
Primary open-angle glaucoma (POAG) is an 

urgent modern ophthalmology problem since it is 
one of the causes of irreversible loss of visual 
functions in the elderly and senile people [1, 2]. 
According to WHO, the number of patients with 
glaucoma worldwide will increase to 111.8 million 
by 2040 (in 2013, the number of patients (aged 40–
80 years) with glaucoma was estimated at 64.3 
million, in 2020 – 76.0 million worldwide) [3]. 

Primary open-angle glaucoma is a 
multifactorial disease with the insufficiently 
studied pathogenesis. The search for the most 
informative and accurate method of studying the 
optic disk (OD) and its blood flow has been carried 
out for many decades [4, 5]. The appearance of a 
new noninvasive technology – high-resolution 
optical coherence tomography (OCT) – has opened 
up new prospects in the study of both the structure 
of the OD and the ocular blood flow in glaucoma. 

The principle of the OCT method is that the 
light wave is directed into the tissue, where it 
spreads and is reflected or scattered from the inner 
layers which have different properties. The 
resulting tomographic images are, in fact, the 
dependence of the intensity of the signal scattered 
or reflected from the structures inside the tissues 
on the distance to them. The process of building 
images can be considered as follows: a signal from 
the source is sent to the tissue, and the intensity of 
the returning signal is measured sequentially at 
certain time intervals. Since the speed of signal 
propagation is known, the distance is determined 
by this indicator and the time of its passing. Thus, 
a one-dimensional tomogram (A-scan) is obtained. 
If one consistently moves along one of the axes 
(vertical, horizontal, oblique) and repeats the 
previous measurements, one can get a two-
dimensional tomogram. If one moves along one 
more axis sequentially, one can get a set of such 
sections, or a volumetric tomogram [6]. 

OCT is a reliable, informative, sensitive method 
in the diagnosis of many diseases of the fundus. It  

 
allows viewing the structure of the retinal tissue 
and its pathology in real time with a resolution of 
1 to 15 microns, which is much higher than in other 
studies (ultrasound examination, MRI or CT). The 
obtained images can be analyzed, quantified, 
stored in the patient's database and compared with 
subsequent results, which allows obtaining 
objective information for the diagnosis and 
monitoring of the disease [7].  

OCT visualizes not only the structures of the 
retina (macular zone, fovea, optic disc) but also its 
various layers (photoreceptors, ganglion cell layer, 
etc.) [8]. Studies have established a significant role 
of OCT in the diagnosis and monitoring of a 
number of macular diseases, including macular 
edema, macular cysts, age-related macular 
dystrophy, central serous chorioretinopathy, and 
epiretinal membranes [9, 10, 11, 12, 13].  

Changes in the optic disc are a marker of 
glaucoma. SD-OCT is able to provide topographic 
measurements of the OD, including its area, 
neuroretinal rim volume and area, as well as the 
area and volume of the excavation (Figure 1). A 
number of studies have shown that the OCT 
measurement data are comparable with other 
methods of studying the optic disk [14, 15].  

The optic disk consists of axons of retinal 
ganglion cells, blood vessels, and nerve and 
connective tissue. Accurate clinical identification 
of the OD boundaries is the main point in 
quantifying the ratio of the excavation diameter 
and its size. The reference point for determining 
the edge of the disk is the interruption of layers of 
photoreceptors, pigment epithelium, and 
choriocapillaries. In this case, the retinal pigment 
epithelium and choriocapillaries are visualized as 
an optically dense layer, the ellipsoid zone of 
photoreceptors is defined as a thin, hyperreflective 
structure in front of the pigment epithelium and 
choroid. The outer and inner plexiform layers are 
defined as moderately reflective, while the outer 
and inner nuclear layers are hyporeflective.
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Figure 1. Parameters of the optic nerve disk. From the left top to bottom: The front surface of the glial prelamina, The 

front surface of the disc rim, The front surface of the cribriform plate of the sclera, Bundles of nerve fibers.

 

Determination of the thickness of the retinal 
nerve fiber layer in the peripapillary zone plays an 
important role in the diagnosis and monitoring of 
glaucoma (Figure 2). When assessing the thickness 
of the retinal nerve fiber layer, its average value 
around the OD is taken into account, as well as the 
thickness measured by quadrants (in the upper, 
lower, temporal and nasal) or by narrow sectors 
[16, 17, 18]. 

According to the literature, the average 
thickness of the peripapillary retinal nerve fiber 
layer and the thickness in the lower and upper 
quadrants were the parameters with the highest 
diagnostic confidence [18, 19]. This is consistent 
with other studies showing that the upper and 
lower parts of the optic nerve are most often 
affected in glaucoma [20, 21]. Therefore, when 
examining patients in clinical practice, this OCT 
parameter is most often taken into account. 
Numerous studies have shown that the thickness 
of the retinal nerve fiber layer correlates with 
perimetry parameters [22, 23]. Depending on the 
specific parameter and characteristics of the 
population under study, the sensitivity of 
glaucoma detection by the retinal nerve fiber layer 
research is approximately in the range of 60–98%, 
and in some cases – 80–95% [24, 25].  

Modern tomographs can detect not only 

structural changes in the retinal nerve fiber layer 

but also determine the progression of the 

neurodegenerative process. Thus, the study of the 

retinal nerve fiber layer in dynamics revealed the 

progression of the glaucoma process in 22% of the 

eyes [26]. Wollstein G. et al. were monitoring 

 

Figure 2. Estimation of the thickness of the retinal nerve 

fiber layer. 
 

patients with glaucoma for 4 years, performing 
OCT every 6 months. The authors chose a decrease 
in the average thickness of the retinal nerve fiber 
layer by at least 20 microns as a criterion for 
progression, and this change had to be confirmed 
during two consecutive visits. The applied trend 
method allows not only to determine the fact of 
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glaucoma progression but also to calculate its rate. 
Thus, the analysis of the retinal nerve fiber layer 
thickness is relevant for visualizing the 
development of the retinal nerve fiber layer defects 
in the progression of glaucoma. 

The thickness of the ganglion retinal complex is 
another marker of the development and 
progression of glaucoma. Spectral OCT (SD-OST) 

 
 
allows us to quantify both the entire thickness of 
the macula and the thickness of individual layers 
that play an important role in glaucoma (Figure 3) 
(the so-called retinal ganglion cell complex) [27]. 
Cho J. et al. reported a correlation between the 
average light sensitivity of the visual field, the 
retinal ganglion layer, and the thickness of the 
retinal nerve fiber layer in glaucoma eyes [28].

 

 
Figure 3. Estimation of the retinal ganglion layer.

 

OCT in angiography mode (OCT-A) allows 
visualizing the smallest vessels, up to capillaries in 
different areas of the retina and at different depths. 
In contrast to fluorescent angiography, the OCT-A 
method allows studying not only the superficial 
plexus of the retina but also the deep plexus 
without using contrast media (Figures 4, 5) [29, 30, 
31].  

After performing OCT angiography on patients 
with early, advanced, and severe stages of 
glaucoma and comparing them with healthy 
individuals, Wang X. et al. showed a decrease in 
the blood flow index and vascular density of the 
microcirculatory bed in the OD in patients with 
POAG [32]. The authors found a high correlation 
of the parameters measured by the OCT-A method 
with the perimeter indices and the thickness of the 
retinal ganglion complex. At the same time, it was 
shown that the latter is an independent predictor 
of a decrease in the density of the microcirculatory 

 
bed in the OD.  

Rao H. et al. revealed an important role of OCT-
A in the diagnosis of glaucoma [33]. Comparing 
patients with glaucoma, these authors found that 
the significance of vascular density in the lower 
temporal parts of the peripapillary retina is 
comparable to the thickness of the retinal nerve 
fiber layer in the diagnosis of the disease, and the 
sensitivity of this parameter of OCT-A rose with 
increasing severity of glaucoma. 

An important role in reducing the density of the 
capillary network in the lower-temporal sector of 
the peripapillary retina was emphasized by many 
authors [34, 35], explaining this by the fact that it is 
in these parts that local defects in the sclera lattice 
membrane are most often found. According to the 
authors, such defects create conditions for atrophy 
of the nervous tissue and the formation of a defect 
in the microcirculatory bed. 
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Figure 4. OCT angiography of the macular area (a – superficial, b – deep vascular plexus). 

 

 
Figure 5. OCT angiography of the OD.

 

Conclusion 
Thus, the appearance of spectral optical 

tomography, including the angio mode, opens up 
new prospects in understanding the pathogenesis 
of the disease, early detection of glaucoma and 
dynamic observation from the standpoint of 
morphofunctional relationships, allows not only to 
detect the disease before the first defects appear in 
the field of vision but also to determine the rate of 
its progression. 
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The study of aquaporins, molecular water channels, is of interest in understanding the transport of water and 
dissolved substances both in the body and between the mother and fetus. The review considers modern data on the 
aquaporin family, their expression in organs in postembryonic ontogenesis, in fetal membranes, kidneys, lungs, fetal 
skin, their role in the regulation of amniotic fluid volume.  
Keywords: aquaporins, fetus.

 
A successful course of pregnancy requires the 

accumulation of significant amounts of water to 
maintain fetal growth. In particular, amniotic fluid 
(AF) serves as a reservoir of water for the fetus and 
is necessary for its development. AF protects the 
fetus from traumatic damage, provides the 
development of the gastrointestinal tract, muscular 
system and lungs [11, 12].  

Circulation of water between the mother and 
the fetus, as well as within fetal compartments, is a 
complex process, and the regulation of water 
movement mechanisms remains unclear.  

However, it is known that in many tissues water 
travels through the cytoplasmic membrane of cells 
via AQPs [1, 23], which is 5–50 times more effective 
than the water transport through a lipid bilayer 
[28]. The expression of AQPs in the placenta and 
fetal membranes may play an important role in 
regulating fluid balance between the mother and 
fetus. In addition, AQPs are involved in both 
physiological and pathological processes [23]. 

 
Aquaporins 
Aquaporins are a family of small (~30 kDa) 

integral proteins that facilitate the water transport 
through the plasma membrane of the cell in 
response to osmotic gradients [132]. The HUGO 
Gene Nomenclature Committee has assigned 
aquaporin the designation AQP [5]. In mammals, 
13 AQPs are described, which are present in 
various organs and tissues [39]. AQPs have been 
found not only in higher mammals, but also in 
other vertebrates, invertebrates, plants, eu- and 
archaebacteria, indicating that these proteins are 
involved in important biological processes [2]. 
There is diffuse and channel-mediated movement 
of water. Diffusion is carried out through all 
biological membranes at a low rate. In most tissues, 
diffusion goes in two directions (from the cell and 
into the cell), whereas aquaporin-mediated water 
flow in vivo goes along the osmotic and hydraulic 
gradients [2]. 

 
Aquaporins have some selectivity in relation to 

transferable low-molecular substances. Thus, 
AQP1, 2, 4, 5, 6, 8, 11 and 12 are permeable only for 
water, AQP6 for water and anions, AQP8 for urea 
[55, 140], AQP3, 7 and 10 transport water, urea, and 
glycerin, and AQP9 carries water, 
monosaccharides, purines, pyrimidines [54, 126]. 
According to some data, AQPs can carry CO2 [15, 
51, 99], ammonia [49, 99], NO [47, 137], H2O2 [15, 
43, 95], and some ions [142]. 

In most cases, aquaporins are present in the cell 
membrane (AQP1, 3 in the erythrocyte membrane, 
AQP1 in the kidney tubules), but they can also be 
found in intracellular vesicles and embed in the 
cytoplasmic membrane after stimulation [76]. In 
particular, in the collector tubules, AQP2 is 
transferred from the cytoplasmic vesicles to the 
apical membrane of the cell in response to 
vasopressin [67]. 

On membranes, AQPs are organized into 
tetramers. Thus, AQP1 exists as a tetramer, in 
which each subunit contains its own pore [2]. The 
tetrameric organization of the protein is 
established using 3D electron microscopy [48, 112, 
133]. 

The use of antibodies specific to C- and N-
terminal peptides AQP1 allowed the detection of 
AQP1 in the brush border of the apical membrane 
of the proximal tubules and a thin segment of the 
descending knee of the loop of Henle in kidneys of 
rats [101] and humans [94]. AQP1 is also found in 
the descending straight tubule [106], it determines 
the transport pathways of large volumes of water 
from the lumen of the tubules to the interstitium 
and into the vascular bed. Protein AQP1 has been 
shown to be present in the plasma membranes of 
these sites of nephron rather than inside cells. 
Water is transported through AQP1 of the 
epithelium of proximal tubules and a thin segment 
of the descending department of the loop located 
in the apical and basolateral plasma membranes, 
with a driving force provided by small osmotic 
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gradients created by the directional movement of 
dissolved substances through specific transport 
proteins of these membranes [100]. AQP1 is absent 
in the collector tubules [105], it is expressed in the 
areas of the nephron where water transport is not 
regulated by vasopressin. 

In mice with AQP1 deficiency, polyuria is 
observed [88], as well as the lack of the ability to 
concentrate urine more than 700 mOsm/kg H2O, 
leading to rapid dehydration; plasma osmolality 
dramatically increases to 400–500 mOsm/kg H2O. 
Thus, AQP1 is necessary for the formation of 
concentrated urine. It is suggested that the absence 
of AQP1 disrupts a back-absorption process 
dependent on the water movement rate along the 
concentration gradient through the descending 
thin tubule of the loop of Henle. Osmotically 
moving water in proximal tubules in knockout 
mice without AQP1 has been shown to account for 
one-fifth of the moving water in proximal kidney 
tubules in normal mice [116]. The 90% reduction of 
the moving water along the concentration gradient 
in the descending thin tubule isolated from the 
kidneys of AQP1-deficient animals was found [26]. 
Studies on AQP1-deficient mice and in AQP1-
deficient people have shown a great value of AQP1 
in water reabsorption in proximal nephron sections 
and proved that water reabsorption occurs through 
AQP1 in proximal tubules and a descending thin 
tubule rather than paracellularly. 

The AQP1 protein has also been found in other 
tissues with important secretory function, 
including the choroid plexus (cerebrospinal fluid), 
pigment-free epithelium in the anterior 
compartment of the eye (aqueous humor), 
cholangiocytes (bile), and endothelium of 
capillaries of many organs [104]. The expression of 
AQP1 in the luminal membranes of the capillary 
endothelium suggests that the protein may play an 
important role in the movement of water between 
the vascular bed and the interstitium [101, 104]. 
Moreover, the expression of AQP1 in the capillary 
endothelium appears to be actively modulated by 
various stimuli in vivo. For example, the 
expression of AQP1 in the capillary endothelium of 
rat lungs increases 10 times when exposed to 
corticosteroids, and the expression of these 
proteins in rat lungs also occurs at the time of birth 
[64, 65]. AQP1 in the fibroblast culture is rapidly 
destroyed by the ubiquitin-proteasomal pathway 
[72]. 

AQP2 is hyperexpressed in the epithelial cells 
of the collector tubules [37, 91]. These water 
channels are regulated by vasopressin, hence they 
participate in the regulation of water balance [68, 
101, 103] and control the water permeability of the 
collector tubules. This conclusion is obtained on 
the basis of: 1) studies at cellular and subcellular 
levels [37, 101]; 2) the available direct correlation  
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between the AQP2 expression and water 
permeability in collector tubules in rats [33]; 3) the 
available direct relationship between the water 
permeability on the osmotic gradient and the 
amount of AQP2 on the apical plasma membrane 
of the main cells of isolated collector tubules [101] 
as confirmed in animal experiments (only in the 
first phase of urine formation) [90, 115, 139]; 4) the 
reduction of the AQP2 expression in 95% of severe 
diabetes insipidus in humans and rats with AQP2 
gene mutation [90]. 

AQP3,4 have different expression in different 
segments of the collector tubules and cell sites. 
Thus, AQP3 is hyperexpressed in the cortical, 
external and inner medullary area of the collector 
tubules [35, 124]. AQP4 is abundant in the inner 
medullary area, it is also expressed in proximal 
segments [124]. AQP3 is hyperexpressed in the 
basal and basolateral plasma membranes of the 
main cells of the collector tubules. AQP4 is mainly 
present in the basolateral membrane of the S3 
segment of the proximal tubules [129]. 

For information on the role of AQP3 and AQP4, 
studies have been conducted using knockout mice 
[27, 86, 87, 130] despite possible inclusion of 
compensatory mechanisms during embryonic and 
post-embryonic development. In transgenic 
knockout mice with AQP4 deficiency, moderate 
violation of urine concentration was observed [87], 
a study on isolated collector tubules of the inner 
medullary area in AQP4-deficient mice showed a 
quadruple decrease in osmotic water permeability 
after exposure to vasopressin [27]. This indicates 
the role of AQP4 in the movement of water through 
the basolateral membranes of isolated collector 
tubules of the inner medullary area after maximum 
vasopressin stimulation. A high content of AQP3,4 
was observed in the cortical and external 
medullary area of collector tubules. AQP3-
deficient mice showed defects in urine 
concentration with severe polyuria [86]. 

AQP3 is expressed in the basal layer of 
proliferating epidermis keratinocytes [132]. AQP3-
deficient mice reduced epidermis permeability for 
glycerin, resulting in a decrease in glycerin 
concentration in the corneal layer, where AQP3 
normally acts as a natural moisturizer. 
Normalization of glycerin content in skin in AQP3-
deficient mice during skin transplantation corrects 
skin hydration and concomitant defects [44]. Some 
cosmetic companies sell natural AQP3 expression 
stimulants [34]. However, the hyperexpression of 
AQP3 can lead to the formation of skin neoplasms 
[131]. Moreover, AQP3 deficiency is associated 
with impaired corneal and skin damage healing in 
mice, as well as impaired epithelium proliferation 
in the colitis model in mice [73, 42, 125]. AQP3 is 
also expressed in immune cells, and its absence 
disrupts macrophage and T-cell functions in 
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mice [143, 144]. 
AQP4 is the main water channel in central 

nervous system astrocytes. AQP4 is most common 
in astrocytes of the zone adjacent to the 
subarachnoidal space and capillaries, as well as in 
ependymocytes that line the ventricles [102, 111].  

There is evidence that AQP4 is involved in the 
transport of water to the spinal and brain cord and 
vice versa, in the processes of neuroexcitation and 
astrocyte migration after damage. AQP4 
modulators have therapeutic potential in the 
treatment of brain edema (different etiologies), 
epilepsy, and neuron regeneration, as well as in 
spinal and brain injury [109]. Since AQP4 facilitates 
water transport through the hematoencephalic 
barrier, AQP4-deficient mice survive better, they 
have less pronounced water accumulation in the 
model of cytotoxic brain edema (in aqueous 
intoxication, focal or global ischemia and bacterial 
meningitis) in comparison with wild mice [41, 62, 
83, 108, 140].  

AQP4 also facilitates the release of water from 
the brain in vasogenic edema. In this process, water 
moves to the brain when the hematoencephalic 
barrier is damaged, and exits through AQP4-rich 
glia in the ventricles of the brain and its surface 
[107]. AQP4-deficient mice accumulate more water 
in vasogenic brain edema in models with 
intraparenchymal fluid infusion, cortex damage in 
freezing, brain tumors, brain abscesses, and 
subarachnoidal haemorrhagy [19, 52, 107, 123], as 
well as in obstructive dropsy of the brain [18]. 
AQP4 appears to play a similar role in the spinal 
cord as deletion of the AQP4 gene in mice reduces 
cytotoxic swelling of the spinal cord when it is 
damaged [113], but increases vasogenic swelling of 
the spinal cord in the model of contusion 
damage [63]. 

AQP4-deficient mice have elongation and 
spread of cortical depression in brain damage, the 
rate of potassium recapture by astrocytes after 
neuroexcitation was reduced [6, 16], the latter may 
be due to the slowdown in water recapture by 
astrocytes and the reduction of extracellular space 
[60]. AQP4-deficient mice slow the rate of scar 
formation in brain tissue, which may be due to 
violated astrocyte migration [7, 114], so inhibition 
of AQP4 may improve regeneration at damage to 
the brain, spinal cord, or stroke. 

In mammals, AQP5 is expressed in corneal 
epithelium, sweat and salivary glands, airway 
submucous glands, type I alveocytes, epidermis. In 
AQP5-deficient mice, secretion of saliva and 
mucus of the airway is violated [84, 120]. 
Decreased secretion of saliva, submucous glands, 
thinning of the cornea, tear-formation disorder are 
observed in AQP5-zero mice [84, 119, 120]. In 
humans, AQP5 mutations are associated with the  

 

 

 
development of palmoplantar 
keratoderma [17, 22]. 

AQP6 is expressed in α-insertion cells of 
collector tubules of the cortical layer, in collector 
tubules of the inner and external medullary area 
[141]. Obtaining antibodies to AQP6 allowed the 
establishment of cellular and subcellular 
localization of AQP6 in rat kidneys. 

AQP6 has been shown to be located in 
intracellular vesicles, but not in plasma 
membranes [89, 141]. AQP6 has been shown to be 
located together with H⁺-ATPase in intracellular 
vesicles, but not in plasma membranes, which 
indicates a role in acid secretion [100]. Chronic 
acidosis in rats did not change the AQP6 
expression, and chronic alkalosis and fluid load 
significantly increased the AQP6 expression [110]. 
It is now thought that AQP6 may be associated 
with some forms of acid alkaline balance disorders. 

Aquaglyceroporines-AQP7 is hyperexpressed 
in spermatocytes [53, 55, 57, 122], it can also be 
expressed in other tissues, mainly in adipocytes 
[132]. AQP7-zero mice have the age-progressive 
accumulation of fat mass and hypertrophy of 
adipocytes, with the accumulation of glycerin and 
triglycerides in them [45, 48]. AQP7 deficiency 
reduces the permeability of the plasma membrane 
to glycerin, which calls for the accumulation of 
glycerin and triglycerides in adipocytes and 
hyperexpression of glycerol kinase. In humans, a 
decrease in AQP7 expression in adipocytes is 
observed in obesity [92]. These results indicate that 
the activation and/or hyperexpression of AQP7 
may be a novel approach in the treatment of 
obesity [82]. Studies using mouse and rat 
antibodies to AQP7 have shown the expression of 
AQP7 in the brush border of the proximal tubules 
of the 3rd segment. 

AQP8 is present in intracellular domains of 
proximal tubules, in cells of collector tubules, and 
in many other organs [36, 38].  

AQP9 [57, 69, 70, 126, 127] is not expressed in 
the kidneys, but is present in many other organs. 
The real time PCR method established the presence 
of these aquaporins in the kidneys, but this 
requires refinement using immunological 
methods.  

AQP9 is expressed in hepatocytes, red blood 
cells, some neurons [9, 54, 59, 78, 82]. AQP9 
participates in the capture of glycerin by 
hepatocytes and urea secretion [58, 59]. The 
presence of AQP9 in hepatocytes is due to the fact 
that it may function as a glycerin channel (to 
participate in gluconeogenesis) and/or promote 
urea diffusion [24]. Indeed, the hyperexpression of 
AQP9 was observed after 4-day fasting, and a 
decrease in AQP9 was observed after the 
resumption of food intake [24]. AQP9 may be 
involved in brain energy metabolism as a 
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metabolic channel because it may promote the 
diffusion of glycerin and monosaccharides, i.e., 
energy substrates for neurons [9]. In addition, the 
permeability for lactate increases in acidic 
environment [126]. Consequently, in cerebral 
ischemia, lactic acidosis can increase the 
permeability of AQP9 to lactate and thereby 
promote absorption of excess lactate concentration 
by astrocytes. Thus, AQP9 can contribute to the 
clearance of lactate and glycerin from the 
extracellular space during ischemia. After 
reperfusion, AQP9 may contribute to the 
movement of lactate between astrocytes and 
neurons to use it as an energy substrate after 
ischemia [8, 9]. 

 
Aquaporins in placenta and fetal membranes 
From the middle of pregnancy, the main 

producers of AF are kidneys (in late stages up to 
800 ml/day) and lungs (up to 150 ml/day) of the 
fetus. Despite the fact that the lungs secrete up to 
300 ml of liquid per day, about half of this fluid is 
reabsorbed by the airway or swallowed by the 
fetus and does not enter the amniotic fluid [20]. AF 
contains 500–1200 ml of water [40]. Normally, the 
current of water increases during pregnancy, up to 
400 ml per day is transported from the amniotic 
cavity through the fetal membranes into the fetal 
blood flow [30], circulates through the fetal body, 
placenta and forms amniotic fluid [5]. The main 
ways of removing AF are swallowing it by the fetus 
and the intramembrane way of resorption (through 
amnion into the fetus blood flow), which 
apparently regulates its normal volume [13, 20]. 
The volume of amniotic fluid is determined by the 
balance between its production and absorption 
[13]. 

Indirect evidence of the participation of 
aquaporins in the placental fluid current has been 
obtained [28]. In the placenta and membranes of 
the human fetus, AQP1, 3, 4, 8 and 9 are expressed. 
AQP1 is localized in chorion, amnion, and placenta 
vessels [81, 147]. According to other data, in rats, 
mice, sheep, and humans, AQP1 is expressed 
exclusively in placenta vessels [61, 128]. AQP1 
mRNA is found in the placenta of mice and sheep, 
and AQP1 protein is found in fetal membranes 
throughout whole human pregnancy [12, 61, 75]. 

In human placenta, AQP1 is found in the 
endothelium of placenta vessels [147]. The 
expression of AQP1 in placenta vessels indicates its 
role in angiogenesis [10]. AQP1 appears to play a 
key role in the movement of water from the amnion 
cavity through the amnion and chorion directly 
into the fetal vessels [81]. The expression of AQP1 
increases 33 times in amnion during pregnancy 
complicated by idiopathic polyhydramnios, which 
can be a compensatory reaction to an increase in 
the AF volume [81]. In trophoblast-like cells, the  
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expression of the AQP1 gene is increased by 
vasopressin and сAMP agonists [14]. 

AQP3, 8 and 9 are expressed in chorion, 
amnion, and thophoblast [29, 134, 135, 136, 147]. 
AQP3 and 9 are hyperexpressed in the apical 
membrane of syncytiotrophoblast [28]. AQP3 
protein is not detected in the capillary endothelium 
or the vascular network of the chorion or placenta 
[50]. AQP1 appears to regulate the movement of 
water in fetal membranes and AQP3 – in placenta 
[143]. 

The relationship between the AQP expression 
in fetal membranes and amniotic fluid volume 
abnormalities [79, 80, 118] was studied. It was 
found that the AQP1 expression in human amnion 
in the group with isolated oligohydramnios was 
reduced compared to the group with normal 
amniotic fluid volume, but there was no significant 
difference in the expression in the chorion and 
placenta between two groups [147]. The expression 
of AQP3 in amnion and chorion in the group with 
isolated oligohydramnios was significantly 
reduced, whereas the expression in placenta was 
increased [146]. The expression of AQP8 in amnion 
and AQP9 in amnion and chorion was increased in 
patients with idiopathic polyhydramnios, but their 
expression in placenta was significantly reduced 
[145]. The expression of AQP8 in fetal membranes 
significantly decreased in oligohydramnios [50]. 

The expression of AQP1, 3, 8 and 9 in placenta 
and fetal membranes may be an adaptive response 
to changes in amniotic fluid volume as water and 
dissolved substances can be removed through 
aquaporins from the amnion cavity into fetal 
vessels through amnion and chorion [80]. 

 
Aquaporins in fetal kidneys 
An important regulator of amniotic fluid 

volume is urine excretion [20]. In humans, 
nephrogenesis is completed at week 36. The 
volume of urine of the human fetus increases from 
~7.4 ml/h at 24-25 weeks of pregnancy to 71–125 
ml/h before delivery [96, 71]. 

AQP1 is expressed at mid-pregnancy in the 
proximal tubules and descending part of the loop 
of Henle and before delivery reaches ~50% of the 
level in adults [32, 138]. 

AQP2 is expressed in the cells of collector 
tubules and transported to apical membranes 
when the vasopressin level rises; it is the main AQP 
responsible for urine concentration and is present 
until the end of pregnancy at less than 40% of the 
levels seen in adults [21, 32]. The low level of AQP2 
in the kidneys of sheep fetuses in the last trimester 
of pregnancy correlates with fetal kidney 
immunity to vasopressin [76]. Relatively large 
intake of diluted urine in amniotic compartment in 
sheep and human fetuses is the only significant 
factor in maintaining the amniotic fluid volume 
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and its composition [31]. 
 
Aquaporins in fetal lungs 
In the embryonic period, the respiratory tract is 

filled with fluid, which plays a key role in the 
growth and development of the lungs, supporting 
them in an extended state [76]. The fluid produced 
by the lungs in a volume of about 300 ml/day exits 
through the trachea into the pharynx, where half of 
the produced volume of fluid is swallowed and 
half enters the amniotic cavity [46], where it 
participates in the formation of amniotic fluid [20]. 

Excreting fluid from the lungs at birth is vital to 
ensure air enters the lungs with the onset of 
external respiration. This process depends largely 
on the ability of the epithelium to absorb large 
amounts of water [76]. Factors controlling fluid 
movement through the pulmonary epithelium 
remain unclear. Some understanding of the role of 
aquaporins has been obtained in the study of mice 
with aquaporin gene deletion, but there may be 
significant differences from small animals during 
long pregnancy seen in humans [74]. AQP1 has 
been found to be present in the apical and 
basolateral membrane of the mascrovascular 
endothelium, while deletion of the AQP1 gene in 
humans reduces lung vessel permeability [66]. 
AQP1, 3, 4 and 5 are expressed in human bronchi 
and alveoli, AQP1 and 3 in bronchioles [76]. It was 
found that the AQP1 expression in the lungs was 
significantly increased in animals subjected to 
hypoxia, indicating a possible role of AQP1 in 
oxygen transport through cell membranes [143]. 

 
Aquaporins in fetal skin 
In a human fetus from week 4, a double layer of 

epidermis cells is formed. The corneal layer begins 
to develop from week 24 and is well expressed by 
week 34 [25]. Basal and intermediate keratinocytes 
are below, which express AQP3 [93, 85, 121] 
permeable to water, urea and glycerin. Initially, the 
fluid surrounding the embryo and fetus is similar 
in composition to extracellular fluid and is formed 
as a fetal skin transudate before keratinization [77]. 
Deletion of the AQP3 gene in mice reduces skin 
moisture and significantly changes skin 
morphology [35]. 

 
Conclusion 
Aquaporins are widely expressed in the body, 

especially in cells involved in fluid transport 
(epithelium of some organs), as well as in certain 
cells not involved in fluid transport (adipocytes). 

The lungs, kidneys and skin in the embryonic 
period of ontogenesis are important regulators of 
amniotic fluid volume. At the same time, 
aquaporins of fetal membranes can regulate the 
intramembrane current of the amniotic fluid, and 
violations in the expression of these proteins can be  

 

 
associated with polyhydramnios and 
oligohydramnios [28]. Therefore, the study of the 
expression and biological role of aquaporins is 
necessary to understand the molecular 
mechanisms of aqueous homeostasis and fluid 
balance abnormalities, having the most important 
physiological and pathological significance. 
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The article gives the historical background of the development of cranioplasty: since the Mesolithic or early Neolitic, 
when cranial trepanation was ritualistic. Since then, reconstructive neurosurgery has undergone several periods of 
development. Indications for cranioplasty are currently divided into three groups: therapeutic, cosmetic, and 
preventive. The article lists the main stages contributing to the development of reconstructive neurosurgery. Modern 
materials used to close skull defects, their properties, features, pre- and intraoperative modeling are described. 
Previously, “freely” or “manually” simulated biopolymers were used in cranioplasty. Recently, they have seldom been 
used for the plastic of extensive defects due to a poor aesthetic result.  Currently, 3D printing allows to improve the 
aesthetic effect of reconstructive neurosurgery. Conducting experiments on stem cells and developing morphogenetic 
proteins solve the problem of transplant rejection. 
Keywords: cranioplasty, additive technologies, 3D printing, skull defects, reconstructive neurosurgery.

 
Cranioplasty is a neurosurgical intervention 

aimed at restoring the integrity of the 
calvaria bones [1, 2, 3]. Archaeologists describe the 
consequences of operations on the calvaria dated 
the epoch of the Mesolithic or early Neolithic 
period (10-12 thousand years ago) [4]. During the 
Mesolithic era, much of the interventions were of 
the character of rituals. There were distinct signs of 
healing of the edges of the hole, indicating patient 
survival [5]. The defect of bone structures of the 
skull is formed after surgical support for traumatic 
injuries, vascular diseases of the brain, purulent-
inflammatory diseases, or treatment of oncological 
process [6, 7, 8]. The increase in the number of 
decompressive trepanations performed in the last 
decade is due to their efficacy as a method of 
adequate control of brain edema in the conditions 
listed above [9, 10, 11]. In neurosurgery, the 
problem of closure of calvaria defects and fixation 
of grafts continues to be urgent [6, 12, 13]. In the 
arsenal of the neurosurgeon, there are a lot of 
methods and materials for cranioplasty [14, 15, 16]. 
A wide choice indicates constant scientific and 
technological search and improvement of 
reconstructive neurosurgery [17, 18, 19]. 

Indications for cranioplasty [20, 21, 22, 23, 24, 
25, 26]:  

1) therapeutic (the need to seal the skull, 
protection from external influences, normalization 
of intracranial pressure, cerebrospinal fluid 
circulation and hemodynamics of the brain); 

2) cosmetic (defects disfiguring the surface of 
the head, frontal-orbital region, even relatively 
small defects);  

 
3) preventive (prevention of cases of additional 

injuries in persons suffering from epileptic 
seizures). 

 
The main periods of cranioplasty 

development 
The first period was characterized by the 

beginning of the systematic study of methods and 
techniques of cranioplasty. In this period, the fate 
of the transplanted graft, the role of periosteum, 
hard cerebral membrane, vascular system (in 
particular, diploic veins), salt metabolism and 
various other factors in the process of closing the 
calvaria defects were studied [6, 27]. 

The second period of cranioplasty development 
(from the 00s to the 60s of the 20th century) was 
characterized by the wide introduction of various 
materials into neurosurgical practice: auto-, xeno-, 
allo-, heterografts. This was due to the fact that 
during the First and Second World Wars a large 
number of wounded people with extensive cranial 
bone defects appeared. The presence of such a 
contingent of patients required the search for new 
materials to reliably close extensive defects in the 
skull. Various metals were offered during this 
period: tantalum, vitallium, silver, lead, stainless 
steel, polymethyl methacrylate (PMMA). Also 
during this period, the syndrome of “trepanated” 
was well studied and described. 

The third period of the history of cranioplasty 
development began (from the 60s to the 80s of the 
20th century). Advances in the preservation of 
organs and tissues for that period made it possible 
to look for transplant materials which would be 
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close to recipient tissues in their biological, 
physiological and biochemical properties and 
would not cause adverse reactions. Also during 
this period, various ways of storing the autobone 
and allobone were developed: formalinization (0.5 
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and 0.25% formalin solution), lyophilization 
(freezing followed by drying in vacuum), and 
rapid freezing with liquid nitrogen (t from –40 to –
70°C) followed by storage at t –25°C (Figure 1) [28, 
29].

 

 
Figure 1. Cranioplasty with autobone (computed tomography). Autobone storage was carried out in the formalin 

solution.

 

The fourth period (from the 80s to the 90s of the 
20th century) was characterized by the appearance 
of more user-friendly synthetic materials causing 
less reactions in the surrounding tissues: ceramics, 
polyetherketone (REEK), etc. [30]. 

The fifth period (from the 90s Of the 20th 
century to the 10s of the 21 century) was 
characterized by the emergence of additive 
technologies that allow manufacturing of 
individual implants [31, 32, 33]. Previously, 
“freely” or “manually” simulated biopolymers 
were used (Figure 2, 3) [34, 35].  

The most difficult in terms of the exclusivity of 
geometry, as well as high functional and cosmetic 
load are defects of frontal-ocular localization [36]. 
For plastics of extensive and complex defects, these 
techniques are rarely used due to a poor cosmetic 
result [23, 37]. Currently, there is a wide range of 
3D printing used in cranioplasty: layer-by-layer 
fusion modeling (FDM), stereolithography (SLA), 
selective laser sintering (SLS), and direct metal 
laser sintering (DMLS) (Figure 4, 5) [15, 38, 39].  

Additive technologies (prototyping) make it 
possible to accurately recreate the shape and 
volume of the implant [40, 41]. The number of 
scientific publications on this subject has increased 
by more than 10 times since 2013, which is due to 
the popularization of 3D printing technology and 
the decrease in its cost [2, 42, 43]. The use of 3D 
printing allows closure of skull bone defects of any 
size and configuration, shortening surgery time,  
 

 

achieving the best cosmetic and functional results 
[41, 44, 45, 46, 47, 48]. 

 
Materials for cranioplasty 
1. Using biological materials [27, 49, 50, 51]: 
(a) autogenic tissue (of the patient themselves);  
(b) allogenic tissue (cadaver material);  
(c) heterogeneous tissues (animal origin); 
(d) xenoimplants. 
Modern materials have a range of 

requirements [5, 38, 52, 53]:  
- biocompatibility;  
- lack of carcinogenic effect;  
- plasticity;  
- convenience in use; 
- possibility of sterilization;  
- ability to combine with additive technologies;  
- ability to fuse with the adjacent bone tissue 

(osteointegration);  
- compatibility with neuroimaging; 
- resistance to mechanical loads;  
- low levels of thermal and electrical 

conductivity; 
- acceptable cost;  
- minimal risk of infectious complications. 
Experiments with allografts of skull bones 

during World War I proved unsuccessful due to 
the high incidence of complications [1, 54]. It is 
proved that the bone tissue can be a source of 
bacterial and viral infections [10, 55]. The 
preservation of cells and cell membranes leads to 
the development of a graft rejection reaction.
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Figure 2. Cranioplasty with titanium mesh (intraoperative photography). Modeling of titanium mesh geometry was 

carried out “manually”. 

 

 
Figure 3. Cranioplasty with titanium mesh (computed tomography). Modeling of titanium mesh geometry was carried 

out “manually”.
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Figure 4. Cranioplasty with titanium mesh (computed tomography). Titanium mesh is made by 3D printing with a 

DLMS printer. 

 

 
Figure 5. The skull model is made on a 3D printer FDM. The white part is the area of the skull defect, made according to 

the scheme of symmetrical reflection.
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Because of this, modern methods of allograft 
processing involve the destruction of cellular 
elements of the allobone to reduce its antigenic 
properties, but the high risk of resorption limits the 
application of these implants in reconstructive 
neurosurgery. There are also large legal problems 
when using them.  

Heterografts are the bone material of animal 
origin. Despite the fact that experiments on their 
use as bone-plastic material have been carried out 
for a long time in various fields of medicine, the 
results have never been favorable to cope with high 
rejection rate, low biocompatibility and high risk of 
infectious complications [8]. Legal problems 
remain in the use of heteroimplants.  

Currently, the method of cryopreservation of 
autologous bone tissue prepared earlier in 
craniotomy is used more often. Bone tissue 
cryopreservation requires the presence of a local 
bank of bone tissue in the hospital with the 
implementation of strict aseptic rules and a storage 
temperature from –80°C to –196°C. 

Metals such as gold, silver, aluminum have 
relatively low strength and have toxic effects [1].  It 
is possible to use combined implants, and with 
large sizes of bone defect, it is necessary to 
reinforce an implant based on hydroxyapatite with 
titanium mesh. 

In the study, D.Y. Chan et al. (2017) proved in 
the storage of 18 autografts for 4–55 months that in 
5 cases (27.8%) the growth of bacterial cultures was 
registered: Pasteurella multocida in 3 and 
methicillin-resistant S. aureus in 2 [56]. In addition, 
they proved that none of the bone flaps retained 
viable osteoblasts after cryopreservation. 

S. Jin et al. (2018) when studying the analysis of 
57 autotransplants revealed that the frequency of 
formation of infectious complications (about 12%) 
depends on the duration of autobone storage, as 
well as the possibility of its significant resorption 
[57]. A.C. Alves Junior et al. (2018) showed that the 
incidence of infectious complications and 
resorption of the autograft decrease in early 
cranioplasty [58]. 

In the work of S. Honeybul et al. (2018), of 64 
patients, 31 were implanted titanium plates and 33 
an autobone. In group 1, there were no signs of 
implant insolvency for 12 months, and in group 2, 
7 patients required urgent reoperation due to 
significant resorption of the autoimplant [59]. 

In the meta-analysis of J.G. Malcolm et al. 
(2018), which included 1,586 cranioplasty data 
from 11 studies, autografts brought a significantly 
higher risk of resorption formation than the 
synthetic ones (odds ratio 1.91, 95% confidence 
interval 1.4–2.61). In 41% of cases, autobone 
resorptions were accompanied by the 
development of infectious complications. Among 
patients whose implants have not undergone  

 

 
resorption, the incidence of infection and other 
post-operative complications did not differ 
statistically between the groups [60]. 

In the study of B. Lethaus et al. (2014), the 
average cost of autobone cranioplasty was 10,850 €, 
in the manufacture of an individual synthetic 
implant – 15,532 €, which is 1.43 times more 
expensive [61]. 

M.S. Gilardino et al. (2014) compared the 
productivity and cost of autografts and individual 
synthetic grafts. The outcomes of treatment did not 
differ in the groups. The average cost of treatment 
was $25,797 for autotransplantation and $28,560 
for synthetic implants, that is, 10% more expensive 
[62]. 

Reducing the cost of individual grafts  for 
reconstructive neurosurgery can be achieved by 
3D modeling of the desired product by medical 
professionals themselves directly in the clinic. 
However, it should be noted that this requires 
special knowledge in the field of CAD/CAM 
modeling. Currently, many programs for 
CAD/CAM are freely available for surgeons: 3D 
Slicer, Cura Slicer, Blender 3D, Autodesk, Mimics 
Research, etc. (Figure 6, 7) [63, 64, 65]. 

In Russia, the use of individual implants is 
regulated by the program of state guarantee of 
high-tech medical care at the expense of the federal 
budget in the specialty ”neurosurgery”, group No. 
13, type code 8.010.17 – microsurgical 
reconstruction in congenital and acquired complex 
and giant defects and deformities of the calvaria, 
facial skeleton and base of the skull with computer 
and stereolithography modeling, additive 
technologies (3D printing) using biocompatible 
plastic materials and resource-intensive implants 
[12, 42].  

 
Main dates in the development of 

reconstructive neurosurgery [28, 31, 66, 67] 
1505 – Ibrahim bin Abdullah substituted skull 

defects in soldiers using heterografts derived from 
goats or dogs. 

1550 or 1560 – G. Fallopius applied a gold plate 
when replacing a skull defect. 

1668 – J.J. van Meekeren, a Dutch surgeon, 
performed cranioplasty with the bone of a dog's 
skull to a Russian nobleman after him being 
wounded by a sword in Moscow. 

19th century – Fiji islanders used the coconut 
shell for cranioplasty, which was carefully cleaned 
and placed under the scalp. 

1820 – P. von Walther, a German surgeon, used 
the autobone stored after trepanation for 
cranioplasty. 

1885 – Macewen proposed to maintain the 
autobone after trepanation. The bone flap was 
placed under the skin of the anterior abdominal 
wall or the anteroexternal surface of the thigh.
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Figure 6. Designing a skull model in the 3D Sliser program. 

Figure 7. Designing a skull model in the Blender program.

 
1890 – A. Fraenkel used celluloid to close the 

skull defect. In the future, it was abandoned due to 
low biocompatibility. 

 
1890 – P. Muller began to use a cleaved bone 

flap at small bone window sizes (up to 4 cm). 
1893 – J. Booth and B. Curtis, aluminum was 
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used as a material for cranioplasty. Aluminum 
showed infectious complications in many cases. 
Also, many patients suffered epilepsy after 
cranioplasty using aluminum. 

1895 – J. Barth used a calcined corpse bone plate 
to replace the calvaria defects. 

1899 – A.D. Zvorykin used plates made of a 
mixture of calcareous salts, close in composition to 
the bone. 

1903 – S. Sebileau used silver as a material for 
cranioplasty. This caused a change in skin color 
due to oxidation. 

1908 – R. Mauclaire and M. Rouvillois used 
lead. It was characterized by a high level of toxicity 
leading to the development of plumbism in 
operated patients. 

1912 – E. Kane used sheet mica as a material. 
1913 – E. Rehn applied the bull horn. 
1914 – R. Mauclaire applied the patient's iliac 

bone. 
1915 – H. Morestin used an allograft made from 

cadaver cartilage. 
1915 – M. Reynier applied the rabbit bone. 
1915 – R. Muller applied the patient's sternum 

for cranioplasty. 
1916 — R. Mauclaire used the elephant bone. 
1916 – K. Henschen applied the buffalo bone. 
1917 – cow shoulders obtained from hospital 

food were used in cranioplasty, dubbed “soup 
bone”. 

1917 – D. Kuttner applied the bone of an 
anthropoid ape. 

1929 – platinum was used for cranioplasty. It 
showed good biocompatibility without a tissue 
reaction, but its use was not widespread due to its 
high cost. 

1938 – execution of cranioplasty with PMMA in 
apes. 

1939 – F. C.  Grantand and N. C. Norcross 
described a clinic of “trepanated syndrome.” 

1940 – PMMA began to be used for the plastics 
of skull defects. 

1943 – O. H. Fulcher first described the use of 
tantalum. However, due to its high thermal 
conductivity, patients suffered from headaches 
when exposed to sunlight or cold. 

1943 – vitallium (an alloy of cobalt, 
molybdenum and chromium) was used for 
cranioplasty. It had already been used as a dental 
implant and showed minimal corrosion. 
Experiments on animals showed that combined 
metals yield less tissue reaction than pure metals. 

1945 – Е. Boldrey used stainless steel. Stainless 
steel mesh, being 290 times cheaper than tantalum, 
was suitable for closing only small defects due to 
its significant deformation at the slightest injury. 

1949 – Е. Busch applied polyethylene. 
However, it was too soft for the reconstruction of 
large defects. 

 

 
1958 – В. Oppenheimer proved that the 

celluloid plate has high carcinogenic properties. 
1965 – D. Simpson applied titanium in 

cranioplasty. 
1968 – A. Courtemanche and G. Thompson 

used silicone rubber, but its softness limited its use. 
1968 – silicon was proposed as a material for 

cranioplasty, but its soft assembly limited its use. 
1987 – the SLA technology was presented at the 

auto show in Detroit. 
1990s – calcium hydroxyapatite, or bioceramics, 

was presented as a potential substitute for bone, as 
it is morphologically similar to human bone. 

1998 – beginning of REEK application. 
1999 – introduction of SLA in clinical practice of 

the Burdenko Research Institute. 
2006 – reperen plates began to be used. 
2013 – in Denmark, a titanium jaw fragment 

was made using 3D printing and successfully 
implanted. 

2014 – the bone substituting material “Recost” 
began to be used, as well as its cured version 
“Recost-M”. 

 
Conclusion 
Interest in cranioplasty is supported not only by 

the evolution of views on the clinical effects 
provided, but also by the search for the “perfect 
material” to close the defect. Over the entire 
history, a huge variety of materials have been 
analyzed: from improvised materials of ancient 
civilizations and gold plates cast by Incas, various 
types of metal to modern high-tech polymers used 
in the aerospace industry. Today, research is 
ongoing to find the optimal plastic material of both 
biological and non-biological origin. Obviously, a 
universal method and material for cranioplasty, 
which could be used to solve all the problems 
associated with the closure of skull defects, has not 
been found by now. Experiments on stem cell and 
development of morphogenic proteins are 
expected in the near future. 

It is also worth noting that currently the 
popularization of 3D printing and 3D modeling, 
the manufacture of individual implants for 
reconstructive neurosurgery can be seen. This is 
due to a decrease in the cost of these technologies 
and an increase in their availability. 
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repetitions. International System of Units (SI) must 
be used. If you used the apparatus with other units, 
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Conversion factor or computer program used for 
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visaed by the author. Mathematic formulas must 
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compulsory to give the definition for all used 
statistical terms, abbreviations and symbolic 
notations (e.g. M – sample mean, m (SEM) – error 
in mean, STD – sampling standard deviation, p- 
reached level of significance). In case of 
combinations like M±m it is necessary to give the 
meaning of each symbol, and also sample volume 
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