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Polar Medicine
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 International Journal of Biomedicine 8(2) (2018) 95-101

Effects of Low Temperatures on the Formation of Adaptive Reactions: 
A Review

Veronika P. Patrakeeva, PhD*; Elena E. Basova

Federal Center for Integrated Arctic Research of the Russian Academy of Science
 Arkhangelsk, the Russian Federation 

Abstract
The review presents the results of studies on the effect of low temperatures of different durations on the formation of 

adaptive reactions in humans. The mechanisms of changes in the metabolic and hormonal processes and cellular and humoral 
immune response are discussed.(International Journal of Biomedicine. 2018;8(2):95-101.) 

Key Words: cold • adaptation • variability • stability • hypothermia • immunity • metabolism

Basic Part
The cold factor has a strong stress effect on the body. 

In natural conditions, the effect of low temperatures can 
be multiplied in combination with the wind regime, high 
humidity and vibration. The peculiarities of the reaction 
of the adaptive systems of the body to low temperatures 
are determined by the duration of the action (short-term or 
long-term) and individual sensitivity. Many works have been 
devoted to studying the health of the indigenous and non-
indigenous residents of the North. The results of the studies 
by V. Kaznacheyev and colleagues testify to a change in all 
types of metabolism (proteins, fats, carbohydrates, vitamins, 
macro- and microelements) in native inhabitants of high 
latitudes. There is a switch from a carbohydrate to a lipid type 
of metabolism, enhancing lipid peroxidation (LPO) with the 
formation of the polar metabolic type.(1,2) The effect of cold as a 
stress factor on the human body of newcomers is accompanied 
by a typical picture of the stress response with an increase in 
the neurotransmitters of the hypothalamus, pituitary hormones, 
and the adrenal cortex.(3,4) At the same time, the concentration 
of these hormones in indigenous people is slightly higher than 
in people who live in milder climatic regions of Russia. This 
is due to the development of the so-called stress diabetes (i.e. 
a decrease in the blood insulin level, which plays the role of a 

counter-hormone in relation to glucocorticoids).(5)  In addition, 
physical activity at low temperatures also contributes to an 
increase in the level of catecholamines and glucocorticides, 
which must be taken into account since work in the open air 
is often shift work. L.Kapilevich and S.Krivoshchekov have 
shown that individuals differ in the direction of the shifts in 
systemic physiological responses to the cold, depending on 
the functional reserves and the level of energy expenditure 
of the body.(6) At the same time, in newcomers, especially 
those working on a shift method, it is possible to attribute 
the state of “unfinished adaptation” to disturbances in the 
intersystem coordination of functions. These disturbances 
result in a depletion of existing reserves in the form of 
reduced ventilation function of the lungs, reduced adaptive 
reserve of the circulatory system, the predominance of 
sympathetic tone of the autonomic nervous system, and an 
imbalance in thyroid hormones.(6-9) In cold-adapted people, as 
a mechanism for reducing heat loss, the core temperature of 
the body decreases by reducing the average skin temperature 
and changing the temperature sensitivity of the central 
hypothalamic thermoreceptors (sat point). The functioning 
of any body system requires a large expenditure of energy 
(ATP), so energy homeostasis is crucial in the process of 
successful adaptation to any changes in the environment. The 
transition to lipid metabolism in cold conditions contributes to 
the formation of a large amount of energy consumed both for 
heating the body and for performing the functions that provide 
the body’s homeostasis.(10) However, the intensification of 
lipid metabolism is one of the factors in the development 
of hypoxia, since in this type of metabolism the need for 
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oxygen in tissues significantly increases. A decrease in the 
content of tocopherol and an increase in the content of LPO 
products (diene conjugates) and lyso-form phospholipids 
promote the formation of protein-lipid crosslinks in the 
erythrocyte membrane, which leads to an increase in the 
viscosity of membranes. In addition, cortisol, interacting 
with erythrocytes, also increases their microviscosity.(11) 
Accumulation in the blood of products of peroxidation creates 
oxidative stress and can cause destruction of cell membranes 
of erythrocytes (hypochromia, anisocytosis), as well as the 
relative neutropenia and reduction in the level of segmented 
neutrophils, etc.(12) Another factor determining the development 
of tissue hypoxia is bronchospasm in breathing cold air, 
which also contributes to the formation of polar dyspnea, or 
circumpolar hypoxic syndrome.(13) As a result of long-term 
immunological monitoring of the inhabitants of the northern 
territories, researchers have found that the character of the 
reactive shifts in the inhabitants of the north to various adverse 
factors is one type at the beginning and includes the activation 
of the immune system. Next, another type of shift occurs in 
which the prolonged activation reduces reserve capacity, which 
is manifested by a decrease in the content of functionally active 
mature T lymphocytes. Further, a persistent decrease in the blood 
levels of functionally active phenotypes of T-lymphocytes is 
formed, which is compensated by an increase in the number of 
the total pool of circulating lymphocytes, lymphoproliferative 
reactions, proliferative monocyte reactions, and activation of 
phagocytosis intensity.(14-18)

Despite the fact that the impact of cold determines a 
variety of adaptive shifts in the neuroendocrine system, with an 
increase in the concentration of catecholamines, corticosteroids, 
histamine and β-endorphin,(19-23) many researchers agree 
that cold is primarily a catecholamine stress associated with 
an increase in the level of norepinephrine and adrenaline 
in blood, and is initiated along the axis hypothalamus—
pituitary gland—adrenal glands.(24-32) Catecholamines exert 
their regulatory influence through adrenoceptors located 
on virtually all cells of the body. It is known that the 
thermogenic effect of norepinephrine is realized through the 
activation of β-adrenergic receptors due to the enhancement 
of noncontractile thermogenesis and heat production.(33,34) 
Ionophoretic introduction of norepinephrine into the skin, 
where the thermoreceptors are concentrated, leads to a 
decrease in the temperature thresholds of the cold-protective 
reactions. On the 30th day of cold adaptation, under the 
influence of adrenaline, the pressor action on arteries increases 
and the systemic pressure decreases, which contributes to the 
preservation of heat and the redistribution of blood flow from 
the surface vessels into core of the body.(35) After 10 days 
of cold adaptation, the reactivity of the systemic pressure 
decreases equally for norepinephrine and epinephrine by more 
than 2 times.(36) Depending on the duration of exposure to cold, 
the number of the active α1-ARs (α1-adrenergic receptors) is 
changed in the musculoskeletal area. So, after a single cooling, 
the number of these receptors increases almost twofold, and 
on the 30th day of cold adaptation the sensitivity of α1-ARs 
is normalized and the number of active α1-APs is about 10% 
lower than those in the control group.(37)

Activation of catecholamines occurs with the 
participation of Ca2+, which enters the cell or in the endings 
of the sympathetic nervous system. In addition, calcium 
ions participate in the mechanisms that activate processes 
aimed at maintaining the body’s temperature homeostasis 
and that accelerate the development of the vascular response 
to heating through the heat-sensitive ion channel TRPV1, 
which determines the modality of the temperature signal 
and the direction of the effector reactions.(38) The effect of 
low temperaturesis mediated through cold-sensitive TRP-
ion channels.(39,40) They are sufficiently well studied and 
are represented by two channels, TRPA1 and TRPM8.(41-43) 

T.Kozyreva and colleagues(44) showed that TRPM8 takes 
part in the modulation of the immune response. Thus, the 
pharmacological activation of the TRPM8 ion channel 
with menthol, without changing the temperature, leads to 
an increase in the content of IL-6 and IL-1β, a significant 
increase in the antigen-binding properties of spleen cells, and 
a decrease in the blood level of IgG.(44) It has been found that 
the preliminary activation of the TRPM8 ion channel with 
menthol weakens the depressing effect of subsequent deep 
cooling on the immune response.(45) 

It is also assumed that there is a genetic predisposition 
to cold adaptation. Scientists of the University of Cambridge 
(2013) discovered genes responsible for survival in cold 
conditions: the UCP1 gene encodes a dissociating protein, 
which is responsible for adaptation to cold and for heat 
generation; the ENPP7 gene encodes an enzyme involved in 
intestinal digestion, which allows one to consume fatty foods 
without significantly increasing the level of the atherogenic 
lipid fraction; the PRKG1 gene encodes an enzyme that 
activates the contraction of the smooth muscle of blood 
vessels.

According to a study by G.Beloborodov,(46) under the 
influence of a strong cold stimulus eosinocytosis develops. This 
condition is associated with the increased formation of histamine 
in the skin in the first minutes of irritation. An increased 
amount of eosinophils absorbs and cleaves histamine. In the 
following minutes, the amount of eosinophils decreases and 
the vasodilator effect of histamine is manifested—severe skin 
hyperemia. Temperature conditions also change the response of 
the body to agonists and antagonists of serotonin.(47,48) A number 
of authors suggest as the temperature changes, the state of 
serotonin receptors changes, or, conversely, under the influence 
of serotonin receptors, changes occur in the sensitivity and/(or) 
the functions of temperature-controlling neurons.(49) 

The acute cold effect, in contrast to the chronic one, 
leads to depletion of the body’s adaptive reserves, primarily 
energy reserves, to a decrease in tissue metabolism, and to the 
formation of proliferative-dystrophic and trophic disorders 
in all organs.(50-52) The main sources of energy in the cell are 
mitochondria; under the influence of low temperatures, in 
mitochondria the intensity of oxidation of succinic acid is 
inhibited,(53) and consequently, the formation of ATP decreases, 
resulting in a drastic decrease in the contractile activity of all 
muscles.(54) The main bioenergetic mechanism for increasing 
the organism’s resistance to cooling is the enhancement of free 
oxidation and a decrease in the proportion of phosphorylating 
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oxidation in mitochondria of thermogenic tissues.(55) In turn, 
the mechanisms of dissociation of oxidative phosphorylation 
and activation of free oxidation, providing thermogenesis, are 
controlled by a system of calcium homeostasis.(56,57) The impact 
of a strong stress factor leads to a decrease in the calcium-
transport function of mitochondria, as a result of which the 
energy deficit of cells and tissues increases.(58) 

It is well known that low temperatures contribute to 
reduction of skin microcirculation, redistribution of blood flow, 
and reduction of systolic pressure.(59-61) The positive effect of 
cold on the functional state of the central nervous system is 
due to its ability to modulate the temperature homeostasis.(62,63) 
van Marken Lichtenbelt and colleagues(64) revealed a negative 
correlation between the mean skin temperature and the level 
of cognitive activity. There are data on gender differences in 
response to cryogenic training conducted in a closed air sauna 
with preliminary adaptation of patients to cold air in the pre-
chamber at t=-30±5°C for 30 seconds followed by cooling 
in the main chamber at t=-110±5°C for 2.5-3 minutes. It was 
found that such loads have a more positive effect of on the 
bodies of men than of women, which was manifested in a 
decrease in the overall level of psychoemotional stress.(65) 

Changes in metabolism directly affect the state of cell 
membranes/energy balance and this applies to all cells of 
the body, including immunocompetent ones. The results of 
investigations of the cold effect on immunological reactivity 
are very ambiguous. A great deal of research has been carried 
out on the therapeutic effects of cold, in particular, cryosauna. 
For example, good positive results are recorded in the 
treatment of such diseases as psoriasis, bronchial asthma, and 
rheumatoid arthritis.(66-69) With the air cryotherapy technique, 
the blood levels of pro-inflammatory cytokines (IL-1, IL-
6, TNFα) and circulating immune complexes decrease, the 
content of lysosomal proteins in neutrophils increases, and 
IgA concentration increases, as does the number of mature 
T-lymphocytes, the CD4/CD8 ratio, and the production of 
anti-inflammatory cytokines.(69) At the same time, lower 
temperatures significantly reduce the greater number of pro-
inflammatory cytokines.(70) The positive effect is explained 
by the fact that cryotherapy promotes the outflow of lymph 
from the tissues, limiting vascular edema, improving the 
microcirculation of arterial and venous blood flow, reducing 
muscle tone, and stimulating regeneration. (71)

According to a study by V.Khasnulin, low temperatures 
reduce the quantitative and qualitative indices of cellular 
immunity with a 10%-15% reduction in the number of 
T-helpers and T-suppressors and a general decrease in 
the functional activity of T-lymphocytes.(72) V.Nikolaev 
and colleagues(73) found that adapting rats to cold is also 
accompanied by weakening of cellular immunity and 
nonspecific adaptive reactions, and the degree of expression 
of such changes depends on the length of stay in conditions of 
low temperatures. Depending on the adaptability of animals, the 
response rate to cold factor, estimated by the blood LPO level 
(intermediate products), changes (in adapted animals on the 
30th minute of cold exposure, in unadapted animals on the 15th 
minute).(74) Similar results were obtained by cooling laboratory 
mice for 3 hours at a temperature of +7/+8°C, and the reaction 

of humoral and cellular immunity was suppressed.(75) In 
another experimental study, it was shown that hypothermal 
action (5 sec at + 7/+ 9°C for 5 days)  promotes an increase 
in the thymus index and the level of lymphocytes in the bone 
marrow, a decrease in the absorption activity of phagocytes, 
an activation of the phagocyte metabolic activity and cellular 
immunity, and a suppression of humoral immunity.(76) It was 
shown that the systemic effect of low temperatures inhibits 
synthetic nuclear processes in macrophages, reduces their 
absorbing activity, and reduces the number of leukocytes, 
erythrocytes and monocytes, with an increase in the activity 
of cellular immunity.(69,77)

During an experiment with laboratory mice with local 
cooling +8ºC for 5 sec, the researchers also noted an increase in the 
thymus index, the number of leukocytes in the peripheral blood, 
the metabolic activity of macrophages, and a nearly twofold 
increase in the functional activity of cellular immunity (the 
level of  delayed-type hypersensitivity reaction was 26.2±1.3% 
and 57.6±4.3% in the control and experiment, respectively).(78) 

Cooling causes degranulation of tissue basophils and edema of 
the dermis under the action of mediators, which leads to tissue 
infiltration by mononuclear cells, neutrophils, and eosinophils, 
and damage to the endothelium with the deposition of immune 
complexes and the development of necrotizing vasculitis.(79) 

The effect of cold factor for one day causes a decrease in the 
granularity of mast cells, expanding lymphatic vessels and 
capillaries and loosening the basal membrane, and an increase 
in the size of endothelial cells.(80,81) Under the influence of a 
single 3-minute exposure at -20°C, the mice showed a decrease 
in the serum levels of IL-2 IL-3, IL-5, and IL-10.(82) In a study of 
the immune system in those affected by cold trauma, deficiency 
of T-lymphocytes was already determined in 4-8 days. In the 
first days after the cold stress, the number of B-lymphocytes 
was within the lower limit of the norm, with a subsequent slow 
decrease. The increase in the number of T and B lymphocytes 
begins from 18-21 days during frostbites of III-IV degree. (83) It 
was found that in the early period of frostbites, the reactions of 
cellular immunity, including macrophages and lymphocytes, 
prevail and the production of pro-inflammatory cytokines (IL-
1β, TNFα, IL-6, IL-8) increases.(84) The level of IL-18 in the 
blood increases slightly, but its concentration in the bubble 
fluid during frostbites exceeds the concentration in the total 
blood flow by more than 2 times.(85) Cases of cold trauma 
exhibit immunity disorders, which are expressed as a decrease 
in the absolute number of T-lymphocytes, T-helpers, T helper/T 
suppressor ratio, the concentration of Clq, and C3 components 
of the complement system; and as an increase in the level of 
IgA, IgM, C-reactive protein, α1-antitrypsin, α2-macroglobulin, 
orosomucoid, prealbumin, and transferrin.(86)  

During the development of inflammatory reaction in 
deep frostbite, thrombus formation is activated in the damage 
zone, the content of cytokines and leukocytes in the blood 
increases, and the processes of repair and neoangiogenesis 
are triggered.(87) During deep hypothermia, angiogenesis is 
restored slightly and the content of mast cells increases.(88) 
Persons undergoing fatal hypothermia display a high content 
of reticulocytes (by 9.5%) and plasmocytes (by 23.9%) in the 
lymphoid tissue of the upper respiratory tract, while the levels 
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of fibroblasts, lymphocytes, macrophages and cells in mitosis 
are reduced.(89) Patients with local cold trauma of the lower 
limbs exhibit a decrease in the intensity, speed, and potential 
of platelet aggregation. 

It is known that lymphocytes do not contain an 
actomyosin complex and are unable to independently pass 
through a damaged vascular wall into tissues to participate in 
cellular and humoral immunity.(90,91) Platelets provide contact 
of lymphocytes and collagen fibers, and as a result, facilitate 
the migration of lymphocytes through the damaged wall of 
blood vessels deep into the injured area.(92) In the early reactive 
period of local cold trauma, the leukocyte tissue factor (TF) 
expression increases, then decreases with recovery, but 
remains higher than that of healthy individuals.(93) Activation 
of TF is inevitably accompanied by an increase in the level 
of atrombogenic factors of the endothelium and other cells, 
including TFPI. K.Golokhvast(94) studied macrophages and 
lymphocytes of bronchoalveolar lavage in white mongrel rats 
after cooling in a climatic chamber at a temperature of -15°C 
for 15 minutes. After the experiment, the number of viable 
cells decreased from 88.2% to 61%, the ratio of macrophages/
lymphocytes changed from 30% to 70%. Inverting the pool 
of macrophages and lymphocytes can be explained not by 
the death of macrophages, but by the increase in the pool 
of lymphocytes; accordingly, the inhibitory function of 
macrophages falls due to a decrease in their synthetic activity.

Moreover, low temperatures have a direct effect on 
the induction of lymphocyte apoptosis. When lymphocytic 
suspension is cooled (-18-21°C), the morphological signs 
of apoptosis are observed 2-3 hours after stimulation, which 
is manifested in a decrease in the size of the cell and the 
appearance of apoptotic bodies. In such a case, the frequency 
of recording lymphocyte apoptosis directly depends on the 
temperature and the duration of exposure.(95) However, in 
the presence of pathology, for example in patients with cold 
urticaria, a decrease was shown in the number of T-helpers and 
cytotoxic lymphocytes, expressing the marker of apoptosis, 
the absolute amount of CD3+T-lymphocytes, and regulatory 
CD4+CD25+high T-lymphocytes.(96,97)

Thus, as can be seen from the presented data, studying 
the effect of low temperatures on the body does not lose its 
relevance and many questions of regulatory aspects are still 
unresolved. The reactivity of the regulatory systems providing 
homeostasis varies depending on the level of adaptation, 
genetic characteristics, and the strength and duration of 
influence of cold factor.
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Abstract
Hemostasis is balanced by pro- and anticoagulant and pro- and antifibrinolytic factors, most of these being synthesized 

by the liver. Advanced liver disease is associated with perturbations in the level of these factors due to secretory deficiencies. 
Thrombocytopenia, reduced levels of factor II-VII-X, and anti-fibrinolytic factors are all features of CHC infection, suggesting 
hypocoagulability. However, higher concentrations of VWF and factor VIII, as well as lower concentrations of anticoagulant 
factors including protein C and S, have also been reported in CHC infections, suggesting hypercoagulability.  Thus, the hemostatic 
balance in the patient with liver disease is relatively unstable as evidenced by the occurrence of both bleeding and thrombotic 
complications in a significant proportion of patients with chronic viral hepatitis.

 In patients with chronic liver disease (CLD), in whom extremely complex alterations of hemostasis occur, one cannot rely on 
levels of individual coagulation factors, or on simplified tests of hemostasis such as the PT or APTT to predict the hemostatic status. 
To determine the hemostatic status in these patients, more complex tests and a more comprehensive overview of the hemostatic 
changes are required. In connection with the latest studies, a revision of the methods for correction of hemostatic system disorders 
in patients with acute and chronic liver diseases becomes urgent.(International Journal of Biomedicine. 2018;8(2):102-107.) 

Key Words: hemostasis • chronic viral hepatitis • liver diseases • thrombocytopenia • thrombosis • bleeding • coagulopathy 

Abbreviations
APTT, activated partial thromboplastin time; CLD, chronic liver disease; CVH, chronic viral hepatitis; CHB, chronic hepatitis 
B; CHC, chronic hepatitis C;  FFP, fresh-frozen plasma; HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; 
PT, prothrombin time; TT, thrombin time; VTE, venous thromboembolism; VWF, von Willebrand factor.

Introduction
The hemostatic system is based on a delicate equilibrium 

in which complex interactions between plasma coagulation 
proteins, cellular elements and the vessel wall occur in order 
to protect against hemorrhage.(1) The liver plays a central 
role in the hemostatic system as the majority of coagulation 
factors and proteins involved in fibrinolysis are synthesized 
by hepatic parenchymal cells. Furthermore, the liver produces 
thrombopoietin, which is responsible for platelet production 
from megakaryocytes.(2) In patients with hepatic parenchymal 
disease, the loss of functional parenchyma results in decreased 

synthesis of both coagulation factors and natural anticoagulant 
proteins.(3-6) In addition, decreased hepatic synthesis of 
thrombopoietin contributes to thrombocytopenia; systemic 
intravascular coagulation results in consumption of platelets 
and hemostatic factors.(7,8) Moreover, splenomegaly in portal 
hypertension results in increased platelet sequestration in the 
spleen. In patients with liver disease, systemic activation of 
endothelial cells results in increased release or production of 
hemostatic factors.(9,10) 

Finally, it should be noted that the hemostatic balance 
in the patient with liver disease is relatively unstable as 
evidenced by the occurrence of both bleeding and thrombotic 
complications in a significant proportion of patients.(2)

In connection with the latest studies, a revision of the 
methods for correction of hemostatic system disorders in 
patients with acute and chronic liver diseases becomes urgent.
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The state of the hemostatic system in CLD
In CLD (chronic viral hepatitis, cirrhosis), both pro- and 

anticoagulant deficiency are observed. In contrast to acute liver 
disease, this is caused, to a greater extent, by a disorder in the 
synthesis of proteins of the coagulation and anticoagulation 
systems in the liver rather than by consumption coagulopathy. 
Just as with acute liver disease, there is a compensatory 
increase in VWF and factor VIII, but thrombocytopenia is a 
hallmark of CLD.

Bulygin and co-authors concluded that in the third stage 
of CHB, intracellular processes in liver tissue are inhibited, 
compared to stage 2, with more inhibition of processes 
associated with synthetic reactions.(11)

As Witkop and colleagues emphasize, in the past, 
cirrhosis and its complications have caused the majority of the 
mortality and morbidity of hemophiliacs. Recent advances in 
the treatment of hepatitis C should substantially decrease the 
risk of CLD due to HCV infection in hemophilia patients.(12)

In severe forms of cirrhosis, Soria et al.(13) found that 
fibrinogen levels tend to decrease and abnormal fibrinogen 
molecules can be detected. Fulminant hepatic failure caused 
by HEV is accompanied by disseminated intravascular 
coagulation. However, the pathogenesis of coagulation 
disorders is poorly understood in hepatitis. In the studies by 
Geng et al.(14) and Ratra et al.(15), it was found that the HEV 
ORF3 protein downregulates the expression of FGB (β chain 
of fibrinogen). Therefore, Geng and co-authors proposed that 
the decrease in the expression of FGB effected by the HEV 
ORF3 protein may result in a low concentration of fibrinogen 
in the blood, thus leading to the pathological disorder of 
hemostasis. Shao and colleagues found the association 
between low plasma fibrinogen and poor prognosis in acute-
on-chronic liver failure patients.(16) The study by S.Kim and 
colleagues found that  soluble fibrin complex (sFC)—fibrin-
related marker—is a powerful diagnostic and prognostic 
marker of disseminated intravascular coagulation in patient 
with liver cirrhosis.(17)

Yao and Lv studied the effects of various pre-analytical 
variables on the values of APTT, D-dimers, fibrinogen, PT 
and TT in patients with hepatitis B. All tested pre-analytical 
variables had a moderate effect on the D-dimer, fibrinogen, 
PT and TT values. Storage for 24 h had a large effect on APTT. 
The results of this study showed that specimens for D-dimer, 
fibrinogen, PT and TT tests could be stored for 24 h, and 
specimens for APTT could be stored for 8 h.(18)

The balance between the procoagulants and 
anticoagulants is usually investigated by means of laboratory 
tests, such as the PT and APTT, that are  responsive only 
to procoagulant factors. Because these tests are performed 
without added thrombomodulin, they are inadequate to 
explore the physiological mechanisms regulating thrombin 
formation because they do not allow full activation of protein 
C.(19) Tripodi and co-authors,(19) using the tests based on the 
continuous registration of thrombin generation under in vitro 
conditions that mimic more closely what occurs in vivo,(20) 

found that the reduction of procoagulant factors in patients 
with cirrhosis is compensated by the reduction of anticoagulant 
factors, thus leaving the coagulation balance unaltered. These 

findings suggest that conventional coagulation tests are 
unlikely to reflect the coagulation status of these patients.(19)

Thus, PT cannot be a reliable indicator of blood coagulation, a 
predictor for bleeding, or an indication for transfusion therapy. 
The thrombin generation test is a more reliable indicator for 
making decisions about infusion of FFP or hemostatic agents, 
both for normalizing PT and for stopping bleeding.

As mentioned previously, CLD can cause an imbalance 
in the coagulation system, and a number of single‐center and 
population‐based studies have shown that the coagulopathy 
induced by liver disease may be associated with thrombosis. 
The incidence and prevalence of VTE among patients with 
CLD have been estimated in several studies.(21) Evidence 
suggests that coagulation may influence the development 
of liver fibrosis in CVH.(22-24) In vitro studies using selective 
PAR‐1 agonists and thrombin demonstrate that these produce 
rapid stellate cell activation, secretion of extracellular 
matrix proteins, tissue remodeling and fibrogenesis.(25,26) 
Thus, hypercoagulability characterized by an increase of 
thrombin generation within the circulation may contribute to 
fibrogenesis by enhancing direct activation of stellate cells. 

Thus, the traditional coagulation tests, such as PT and 
APTT, are not suitable to assess the coagulation balance. 
These tests are indeed poor predictors of bleeding in these 
patients.(28) Furthermore, the value of infusion of plasma or 
other procoagulant agents, which is still common practice to 
stop or prevent bleeding in this setting, is questionable. This 
is in line with the evidence stemming from recent randomized 
trials showing that recombinant activated factor VII fails to 
stop bleeding in patients with variceal hemorrhage(29,30) or 
during hepatectomy.(31,32) 

Anticoagulation may in the future become a therapeutic 
option for the prevention of liver fibrosis in cases such as 
recurrent HCV infection after liver transplantation. In the 
study by Widén, anticoagulation did not increase the risk 
of bleeding complications after liver transplantation.(33) A 
UK-based multi-centre phase II study evaluating the anti-
fibrotic effect of warfarin anticoagulation therapy in patients 
transplanted for HCV cirrhosis recently reported interim 
results, which potentially support these findings. A reduction 
in fibrosis scores at one year post-OLT in patients treated with 
warfarin was demonstrated, compared to patients not taking 
anticoagulation; completion of this study is awaited to validate 
these findings.(34) Finally, no increased risk of bleeding was 
reported in an abstract of preliminary results of this study.

Studies of VTE prophylaxis in cirrhotic patients have 
demonstrated no significant increase in the risk of bleeding 
with anticoagulation.(35-37) LMWH administered for 1 
year subcutaneously at prophylactic dosage prevented the 
development of portal-vein thrombosis as well as the occurrence 
of disease decompensation in a randomised controlled study 
without significant association with bleeding.(38)

CLD patients are variably thrombocytopenic and 
possibly thrombocytopathic. Numerous studies have 
addressed the issue of thrombocytopathy in cirrhosis. The 
role of thrombocytopenia that might explain, at least in 
part, the bleeding tendency observed in cirrhosis, has been 
recently attenuated. In vitro experiments in which platelet 
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adhesion to thrombogenic surfaces was studied using flowing 
blood have demonstrated that platelet adhesion under the 
thrombocytopenic conditions of cirrhosis is indeed stimulated 
by the high levels of VWF present in cirrhotic plasma.(9) The 
study by Choe and co-authors showed  that thrombocytopenic 
patients with viral infection had a higher frequency of platelet 
clumping than those with other diseases, which was statistically 
significant (13.8% vs. 6.5%, respectively: P=0.003). Among 
the 18 cases where pseudothrombocytopenia (PTCP) or 
platelet clumping was related to viral infection, hepatitis 
A virus infection (72.2%) was most common. A failure to 
recognize PTCP may lead to unnecessary diagnostic tests and 
patient mismanagement.(39) Sitia and colleagues(40) suggested 
that platelets may be key players in the pathogenesis of HBV-
associated liver cancer and support the notion that immune-
mediated necroinflammatory reactions are an important cause 
of hepatocellular transformation during CVH. On the contrary, 
Alkozai and colleagues(41) found no evidence of basal platelet 
activation in patients with cirrhosis compared to controls. The 
authors argue that HCC development or recurrence in patients 
with hepatitis B- or C-related cirrhosis does not appear to 
be associated with platelet activation and changes in pivotal 
proteins in primary hemostasis. 

The study by Tripodi and colleagues(42) showed that 
severe thrombocytopenia might limit thrombin generation 
in patients with cirrhosis. These findings —together with the 
observation that thrombin generation is normal in the plasma of 
individuals with cirrhosis(19)—might justify platelet transfusion 
or treatment with recombinant human thrombopoietin(43) in 
those patients with severe trombocytopenia when they bleed 
spontaneously or before undergoing surgery or liver biopsy.

A phase 2 study showed that eltrombopag— an oral 
thrombopoietin-receptor agonist approved for use in patients 
with chronic immune thrombocytopenia—could increase 
platelet counts in patients with thrombocytopenia and hepatitis 
C.(44) In the study by Afdhal and co-authors,(45) eltrombopag 
reduced the need for platelet transfusions in patients with 
chronic liver disease who were undergoing elective invasive 
procedures, but it was associated with an increased incidence 
of portal-vein thrombosis, as compared with placebo.

Thus, in any situation where platelet transfusion is being 
considered, all risks must be balanced against the potential 
clinical benefits.

The liver is the main site of the synthesis and/or 
clearance of the proteins involved in fibrinolysis. Therefore, 
CLD, including cirrhosis, leads to altered plasma levels of 
fibrinolytic proteins. Hyperfibrinolysis is thought to contribute 
to bleeding associated with advanced cirrhosis. Recent work 
has suggested that thrombin-activated fibrinolysis inhibitor 
(TAFI) is decreased in liver cirrhosis.(46) However, decrease 
in TAFI is counterbalanced by the concomitant decrease 
in profibrinolytic factors, and excessive fibrinolysis does 
not occur in patients with liver disease. Nevertheless, it is 
now recognized that hyperfibrinolysis may occur in 30 to 
50% of patients with end-stage liver disease. A causal role 
of hyperfibrinolysis in bleeding is also difficult to establish 
because of other concomitant changes in hemostasis that 
occur.(47)

Thus, numerous studies have reported reduced synthesis 
of various hemostatic factors in CLD patients. Whether 
changes in plasma levels of these proteins reflect recovered 
liver synthetic function following virological eradication 
therapy has not been approved yet. The aim of the study 
by Saray et al.(48) was to determine the impact of sustained 
viral suppression achieved with pegylated interferon alpha 
and ribavirin on hemostatic parameters including natural 
anticoagulants in patients with chronic hepatitis C. Authors 
found that protein C and protein S are sensitive markers of 
hepatocyte synthetic impairment and are valuable markers in 
monitoring the efficacy of antiviral treatment in CHC patients.

In the treatment of liver diseases and their complications, 
antiviral drugs, geratoprotectors, antibiotics and other medications 
are used, and some of them can affect the hemostatic system. 
The current standard treatment for CHC infection is pegylated 
interferon (PegIFN)-α plus ribavirin treatment for 48 weeks’ 
duration for patients with HCV genotype 1 or 4 (HCV-1/4), 
and for 24 weeks’ duration for patients with HCV genotype 2 
or 3 (HCV-2/3).(49) Two preparations of PEG-IFN are currently 
available: Peg-IFN alfa-2a (40 kD; fixed dose) and PEG-IFN 
alfa-2b (12 kD; weight based). Several large randomized-
clinical trials have now demonstrated that a majority of patients 
can achieve a sustained virological response (SVR) with these 
regimens.(50-52) Unfortunately, adverse effects related to IFN or 
RBV are relatively common and may lead, especially after the 
first 24 weeks of treatment, to dose reduction or discontinuation 
of treatment. The most frequent adverse effects include flu-
like symptoms, myalgia, fatigue, gastrointestinal disturbances, 
psychiatric disorders and hematological abnormalities 
(anemia, neutropenia, thrombocytopenia).(53) The primary 
toxicity of ribavirin is hemolytic anemia, which was observed 
in approximately 13% of all COPEGUS/PEGASYS-treated 
subjects in clinical trials. COPEGUS/PEGASYS therapy 
should be discontinued in hemoglobin <8.5g/dL in patients 
with no cardiac disease, or hemoglobin <12g/dL despite 
4 weeks at reduced dose in patients with a history of stable 
cardiac disease.(54)

The peculiarity of the change in the hemogram in 
interferon therapy is the long-term recovery of normal 
parameters; thus, in 6 months after the cessation of treatment 
the number of platelets and leukocytes may be at the subnormal 
level.

To correct the coagulation disorders in patients with 
chronic and acute viral hepatitis, etamsylate is used, which 
has hemostatic, angioprotective and proaggregant effects. It 
stimulates the formation of platelets and their exit from the 
bone marrow, activates the formation of tissue thromboplastin 
at the site of damage to small vessels, promotes adhesion 
and aggregation of platelets, reduces bleeding, and restores 
the pathologically altered bleeding time. Etamsylate does 
not affect the normal parameters of the hemostatic system. 
Viekira Pak (ombitasvir/paritaprevir/ritonavir & dasabuvir), 
daclatasvir, tenofovir, and myrcludex B are all undergoing 
clinical trials. Hepatoprotectors (silymarin, heptral, inosine, 
etc.) also have no adverse effects on the coagulation system.

Antiviral medications in the treatment of CHB 
(lamivudine, adefovir, telbivudine) are not accompanied 



105 N. V. Borisova et al. / International Journal of Biomedicine 8(2) (2018) 102-107

by significant changes in the peripheral blood. At the same 
time, Iannacone and colleagues(55) have identified platelets 
as important agents in the pathogenesis of HBV-related 
liver disease by sustaining the intrahepatic accumulation 
of virus-specific T cells, the intrahepatic expression of pro-
inflammatory cytokines, and  chemotactic factors that promote 
the recruitment of antigen, nonspecific inflammatory cells. 
They found that two platelet-specific activation inhibitors, 
aspirin, which blocks thromboxane A2 production, and 
clopidogrel, which blocks the P2Y12 ADP receptor,(56) reduced 
the accumulation of virus-specific CD8+ T cells in the liver 
and the associated liver damage when administered alone or 
as a combination therapy. The combined use of aspirin and 
clopidogrel ameliorates the course of immune-mediated 
chronic hepatitis and HCC progression through distinct 
pharmacological effects. The synergistic action of these two 
drugs may represent a new therapeutic strategy to reduce 
the platelet-dependent accumulation of pathogenic virus-
specific CD8+ T cells, and consequently, the accumulation 
of virus-nonspecific inflammatory cells, hepatocellular injury 
and compensatory proliferation, liver fibrosis and HCC 
development.(57) The long-term daily administration of anti-
platelet therapy in patients who are at a low risk of bleeding 
during the early stages of chronic disease may be beneficial 
in reducing thrombosis, which is often observed in selected 
groups of patients with pro-coagulant imbalance.(21)

As noted earlier, two randomized controlled studies have 
evaluated the effect of recombinant factor VIIa (rFVIIa) on 
variceal bleeding in cirrhosis or during hepatectomy without 
showing significant benefit.(30,31) 

The efficacy of FFP and platelet concentrate infusion 
to avoid bleeding also has never been demonstrated.(58) 

Moreover, complete normalization of laboratory parameters 
in cirrhotic patients is rarely achieved by administration 
of platelet concentrates or FFP.(59,60) It should be noted that 
arbitrary PT cut-off values are still used as a yardstick to guide 
treatment with FFP or other pro-coagulant agents in patients 
undergoing invasive procedures. Tripodi and colleagues(61) 
showed that thrombin generation in patients with cirrhosis 
does not appreciably change after in vitro addition of pooled 
normal plasma even though PT and APTT shortening would 
suggest otherwise. These results question the validity of 
the PT as a stand-alone test to guide transfusion of FFP in 
the setting of CLD. Broader implementation of a restrictive 
transfusion policy in patients with liver disease may have a 
profound impact in blood product use, and may even result in 
reduced morbidity and mortality.(2)

Conclusion
Thus, there has been tremendous progress in 

understanding the hemostatic abnormalities in patients with 
liver disease. The longstanding dogma that patients with liver 
disease have a hemostasis-related bleeding tendency is no 
longer supported by data from both clinical and laboratory 
studies.(2) In patients with liver disease, there are extremely 
complex alterations of hemostasis with a high risk for both 
bleeding and thrombosis. However, these complications 

are not reflected in routine tests of hemostasis. Rebalanced 
hemostasis in CLD requires additional studies to define 
optimal diagnostic and treatment strategies to prevent or treat 
bleeding and thrombosis in patients with liver disease.
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Abstract
Juvenile myoclonic epilepsy (JME) is a well-defined sub-syndrome of idiopathic generalized/genetic epilepsy, usually 

presenting in adolescence and characterized by myoclonic jerks, predominately in the arms, associated with tonic-clonic seizures 
and less often generalized absences. Although the evidence base for a relationship between JME and sleep disorders is weak, most 
experts regard sleep disorders as an actual comorbidity. This paper reviews the literature underpinning the development of sleep 
disorders in JME patients. Data that report associated causes of sleep problems in JME patients are discussed, as is the importance 
of counseling on lifestyle issues. Lastly, a practical approach to managing sleep disorders in young men and women with JME is 
summarized. (International Journal of Biomedicine. 2018;8(2):108-114.) 
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Introduction
Sleep is a naturally recurring state of mind and body, 

characterized by altered consciousness, relatively inhibited 
sensory activity, inhibition of nearly all voluntary muscles, 
and reduced interactions with surroundings.(1) Sleep is a 
necessary condition for the normal functioning of the brain. 
Even the loss of one hour of sleep time that accumulates for 
several days can have a powerful negative effect on daytime 
performance, thinking, and mood. After one night of total 
sleep deprivation, even healthy people scored significantly 
lower on tests of judgment, simple reaction time, explicit 
recall, and inverse word reading.(2) Moreover, the brain has a 

neurophysiological pathology that is more dependent on sleep 
than on health.

Epilepsy and sleep disorders (SDs) are closely 
connected. B.Schmitt showed  that about 20% of patients 
suffer seizures only at night, approximately 40% only during 
the day and approximately 35% during day and night.(3) That 
is more than half of patients have nocturnal seizures during 
sleep. 

Currently, scientists are trying to relate certain 
epilepsies with different SDs: disturbance of sleep quality and 
architecture, daytime sleepiness, and others. Chronobiology 
and chronopharmacology of epilepsy are actively developing 
scientific directions.(4)

Seizures and AEDs can lead to different SDs and, 
conversely, SDs can cause daytime sleepiness, memory 
impairment, and loss of control of seizures in epileptic 
patients.(5) Depression, anxiety, and suicidal ideation are also 
considered as causes of secondary chronic insomnia—sleep 
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disorder characterized by an inability to sleep or to remain 
asleep for a reasonable period—and hence they may also 
cause impairments in daily regime and mode of the drugs.(4) 
These relationships are shown in Figure 1. 

These problems are more common in JME, which 
is characterized by frequent myoclonic jerks, most often of 
the upper limbs, usually occurring shortly after awakening; 
possible generalized tonic-clonic seizures; and absences.(6)

Dr Gary J Dennis divided the focal forms of epilepsies 
into seizures arising from sleep and idiopathic generalized/
genetic epilepsies, which include JME, when seizures arise 
shortly before or after sleep onset but not from a sleep stage 
(Table 1).(7)

Important provokers of seizures in JME were: (1) in 
83% of patients, a disturbance in the circadian rhythm of 
sleep, (2) in 77%-80% of patients, sleep deprivation, and (3) 
in 66%,  fatigue. (8,9) 

Abnormalities in frontal lobe gray matter, often occurring 
with JME, lead to psychological changes in personality: 

Namely, dysfunction of frontal lobes, especially the prefrontal 
cortex, results in deficits of executive functions, including 
concept formation, abstract reasoning, and planning as well 
as self-regulation of behavior and control of impulsivity and 
emotions. Executive functions are responsible for processes 
of the elaboration of cognitive and behavioral reactions and 
strategies for the achievement of immediate or future goals. (10,11)

This feature can explain the failure of IME patients to 
follow treatment recommendations and regulate their sleep 
habits.(4)

Diagnostics of sleep disorders
The uses of EEG and PSG for evaluating sleep quality 

and its architecture in JME patients are described in the 
scientific literature. 

1.EEG
 Interictal EEG abnormalities were reported in 76%-88% 

of cases.(12,13)  JME is usually associated with a generalized 4- 
to 6-Hz polyspike and wave, and less commonly with single 
spikes or sharp waves.(9) Several scientists also describe subtle 
focal EEG abnormalities and other peculiar EEG characteristics 
in JME patients.(14) These EEG patterns are likely registered 
during NREM sleep, while REM sleep is resistant to their 
propagation.(15) So such electroencephalographic potentials 
clinically manifest in arousals and sleep fragmentation, ending 
with episodic daytime sleepiness. This closes the vicious 
cycle because sleep deprivation is a trigger for seizures and 
epileptiform discharges.(16)

 2. PSG
All-night polysomnographic recordings are used 

for analyzing epileptiform EEG abnormalities in relation 
to sleep stages.(17)  It has been  demonstrated(16,18) that 
epileptiform discharges in NREMS, leading to arousal, 
form stage shifts.Several studies have evaluated such sleep 
parameters as sleep duration, sleep onset latency, sleep staging, 
wakefulness after sleep onset, sleep efficiency, REMS latency 
and duration, arousal index, apnea-hypopnea index, cardiac 
events, and periodic limb movements during sleep.(16)

Sleep instability (difficulties in initiation and 
maintenance of sleep) in JME patients was confirmed in 
many studies. According to research by P.Kristian et al.,(19) 
which was confirmed by others,(16) patients had reduced sleep 
efficiency, increased sleep onset latency, and increased wake 
percentage. Reduced REMS was noted by S.Roshan up to the 
total lack of REMS at all during sleep cycles.(16) 

The purpose of this review was to evaluate scientific 
literature on management of SDs in JME.

 Materials and Methods
Available full-text publications were selected from the 

following databases: PubMed, Springer, Clinical Keys, and 
eLIBRARY.RU. The search for publications was conducted 
using the following keywords: “Juvenile myoclonic epilepsy” 
and “sleep disorders.” We considered studies published from 
1992 to 2017 and identified 48 publications dealing with the 
problem of the influence of sleep on JME. Only 12 of these 

Fig. 1. Interference of seizures and sleep in 
          JME patients.

Table 1.
Epilepsy syndromes closely associated with sleep (7)

Focal onset syndromes
Idiopathic

 generalized
 epilepsy syndromes

Epilepsy
 syndromes

 of uncertain origin

 Benign childhood epilepsy
 with centrotemporal spikes
 (BCECTS or Rolandic
 epilepsy)

JME
 Continuous spike
 and wave during
 slow wave sleep

 Begin childhood epilepsy
 with occipital paroxysms
 (Panayiotopoulos
 syndrome)

Generalized tonic-
clonic seizures on
waking

Landau-Kleffner
syndrome

 Autosomal dominant
 nocturnal frontal lobe
 epilepsy (ADNFLE)

 Nocturnal frontal lobe
 epilepsy

 Nocturnal temporal lobe
 epilepsy 
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publications have been included in this review, based on 
search criteria. 

Results
Our analysis shows that there is a bi-directional 

connection between JME and SDs. High-grade healthy sleep 
is one of the keys to successful control of seizures. However, 
there is a reverse effect of epilepsy on sleep. In this scientific 
review, we highlighted the three main reasons for SDs in JME:

1. The epilepsy itself
2. The lifestyle of patients 
3. The comorbid depression and anxiety
4. The application of AEDs 

The epilepsy itself
The peak of JME onset is between ages 14 and 16, with 

a diapason from 8 to 25 years (i.e. transitional age) when it is 
especially difficult to find an approach to the patient. 

Sleep deprivation, as the most common predictor for 
seizures, can follow from stress, menstruation in females, 
sounds, and alcohol consumption.(16) These are precisely the 
unfavorable factors facing a patient-teenager, besides JME. 

JME is a socially significant disease with poor long-term 
social outcome after 25 years, including depression, social 
isolation, and underemployment.(20-22) Such young patients 
usually have difficulties with socialization, and sometimes even 
demonstrate agoraphobic disorders. The debut of the disease 
is often accompanied by a negative attitude and unwillingness 
to follow the doctor’s recommendations. Patients deal with 
the problems of socialization by, for example, going to 
nightclubs where they face most of the dangerous factors of 
sleep deprivation and seizures described above. It is important 
that doctors should not require applying restrictions, because 
excessive regimentation may be counterproductive.(3) In 
addition, the formation of the menstrual cycle in girls, which 
is also a proconvulsant, plays an important role at this time.

Because JME is a chronic disease, the circadian 
rhythm and circadian profile are very important. A.Fukuda 
compared JME with TLE and concluded that the pattern of 
seizure occurrence in JME patients tends to be on awakening 
(diurnal seizures), while TLE patients tend to have seizures 
during sleep (nocturnal seizures). Consequently, Fukuda and 
colleagues suggested that most JME patients do not feel better 
in the morning, especially if there was a lack of sleep the day 
before.(23) Thus, disturbances of the regime cause seizures, 
resulting in daytime sleepiness, which in turn leads again to 
disturbances of regime. The doctor can break this triangle only 
by establishing individual contact and trust with every patient. 

The lifestyle of patients

Counseling patients on the importance of adequate 
sleep hygiene and alcohol restriction is an important part of 
the management strategy for JME patients, but information 
is lacking on how these lifestyle restrictions impact JME 
patients. In one study, however, Leahy et al. conducted a 
qualitative descriptive analysis of the social impact of JME 
on patients, from their own perspective.(24) The researchers 

identified four prominent themes: the importance of alcohol 
use as a social norm, how JME affected relationships, decision 
making (risk versus consequences), and knowledge-imparting 
control. Given that these restrictions were interpreted by 
patients as social curfews, we suggest that the term “Cinderella 
Syndrome” encapsulates the perceived imperative to be home 
before midnight. These findings underscore the importance for 
clinicians to recognize that in counseling patients with JME 
about lifestyle adjustments, there may be a significant social 
consequence unique to this patient group. So reinforcement of 
proper behavior and sleep hygiene should be encouraged by 
doctors and family members to help control of seizure in JME 
patients.(23) 

There are several key points of education and support of 
JME patients.(25) The patient with JME needs support first in 
the family in which he grows, and then in the family which he 
creates. At the first stage, after the debut of the disease, parents 
need to help the child take the disease and understand how to 
live with it. The teenager should know about safety and mortality 
risks, healthy lifestyle, and potential comorbidities to be able to 
assess his condition and well-being. Parents, in turn, should not 
only support the child, but also create a favorable environment: 
social (prevention of aggravation and agoraphobia, teacher and 
collective notification), psychological (support groups, stigmas 
destruction), and physical (organization of safe leisure and 
healthy sleep). 

An equally important stage for the JME patient is the 
transition to adulthood, because JME is a chronic disease. The 
patient begins to conduct self-control and self-determination. 
The development of relationships with the opposite sex should 
preferably be sincere and mutual. It is necessary to inform the 
person who spends a lot of time with the patient about the 
possibility of seizures and their causes, so that the reason for 
refusing alcohol or the need for early sleep, for example, will 
be clear. This will help avoid conflicts, and hence stress, for 
the patient. It is important to remember about contraception 
to avoid a shock due to unwanted pregnancy. Therefore, it is 
necessary to strictly observe the sleep-wakefulness regime, 
and explain to the partner this need. It is necessary to find a 
compromise between the restrictions narrowing the life of a 
person with epilepsy and the possibility of a full life.

Comorbid depression and anxiety

As well as being a very common neurological disease 
worldwide, epilepsy significantly impairs patients’ emotional, 
behavioral, and cognitive functioning. SDs are the most 
frequent complaint in patients with epilepsy. Adults with 
epilepsy have poorer self-reported subjective sleep quality 
and a higher prevalence of insomnia than the control group. 
Depressive and anxiety-related symptoms independently exert 
an adverse effect on the subjective sleep quality and insomnia 
of patients. In addition, seizure control, partial seizures, and the 
duration of epilepsy affect the quality of sleep and insomnia 
in patients, but seem less powerful predictors of sleep quality 
and insomnia than affective symptoms. Early identification 
and treatment of affective symptoms is of great importance 
in improving the sleep quality and insomnia of patients with 
epilepsy.(26)
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The difficulty of establishing contact is due to comorbid 
depression. Lack of drive and endurance, unstable self-
concept, and rapidly changing affect and mood states are 
typical features of JME patients.(27) The social-cultural 
background of patients, rather than neurobiological factors, 
may be a reason for SDs (23) and for the depression and anxiety 
often described in JME.(28-30) 

Sh.Somayajula et al.(31) studied PDs, psychosocial and 
socioprofessional integration, in 165 JME patients. Of those, 
77/46.7% patients were diagnosed with PDs, while 50/30.3% 
(more common in young people) were categorized as having 
anxiety disorders, and 27/16.4% patients (more common in 
the elderly) had depressive disorders. 

Insomnia is the cause of the depression and personality 
traits of JME patients. Moskaleva et al. previously described 
this vicious cycle: "Despite recognizing the factors, which 
cause more frequent seizures and worsening of the general 
condition, many patients cannot cope with their emotions 
singly; they note a decrease in stress resistance, and therefore 
complain about the difficulties of falling asleep, resulting in an 
undesirable lack of sleep."(32)

Depression forms pathophysiological pathways with 
the epileptogenic process and may be independent of seizure 
control. S.Roshan tried to attribute this connection. He 
observed that the GABRA1 gene on chromosome 5q and 
the GABRD gene on chromosome 1p are two of the genes 
responsible for JME pathogenesis (33) and, on the other hand, 
GABA is a crucial mediator of sleep architecture. «The effect 
of defective GABA receptors is the loss of inhibitory signals 
with resultant increase in the cortical excitability». So the 
GABAergic pathway may be the reason for both the disease 
and its comorbidities.(16)

The application of AEDs

Previous work has shown that sleep deprivation of any 
type can exacerbate seizure activity, leading to speculation 
that the intrinsically poor sleep in these patients may serve 
as a threshold-lowering factor, and that this factor might be 
partially reversed by effective AEDs. However, to better 
understand this interaction, it is necessary to know whether 
the sleep disorder of JME is caused by repetitive ictal events 
or whether it is part of a process that causes epilepsy to emerge 
in the first place.(34) On the contrary, SDs can be a consequence 
of taking the AEDs (Table 2). There are 3 criteria: mono/poly 
therapy, dose, type of AEDs.
Mono/poly therapy

B.Vaughn claimed that excessive daytime sleepiness is 
associated with low seizure control and with monotherapy with 
low AEDs serum levels.(35) Foldvary-Schaefer demonstrated 
the same facts with an emphasis on the fact that SDs often 
need to be suspected in patients with daytime sleepiness and 
well-controlled seizures (i.e. taking AED monotherapy or low 
serum drug concentrations).(36)

Dose
S.Roshan et al. concluded that the quality and architecture 

of sleep are disturbed predominantly by the disease itself, with 
some additional contribution of AEDs, because comparing the 
results of patients on drugs and a drug naive group, they did 
not identify a statistically significant difference in most of the 
sleep parameters, except a reduced percentage of slow-wave 
sleep (N3) in the drug treatment group.(16) Similar results not 
distinguishable between drug-naive and valproate-groups were 
shown by Ramachandraiah and colleagues: higher epileptiform 
discharges in N1/REM in the drug-naive group; higher 

Table 2.
Effects of AEDs on sleep

AEDs
Influences on sleep

Sedative effects – positive (+) Negative (-) effects
First-generation drugs

First choice line drugs

Valproates
beneficially modulate arousal instability (44)

mood stabilizing →  relief from depression and
exclusion of nREM parasomnias (7) 

→ sleepiness
→ depression

Second choice line drugs (combined therapy)
Succinimides (Phenytoin,
Ethosuximide) (37, 38)

→ normalization of the sleep in patients with insomnia (23)

→ a decrease in delta sleep and an increase
 in stage 1 nREMS (43)

Barbiturates (Phenobarbital) (38) → sleepiness
Benzodiazepines (Clonazepam,
Clobazam) (41, 42)

→ sleepiness
→ episodes of nocturnal apnoea (45) 

Iminostilbenes (Carbamazepine) (40) → anxiety

Second-generation drugs

Levetiracetam → fatigue, sleepiness,(7) nervousness, 
irritability

Lamotrigine mood stabilizing →  relief from depression and exclusion
of nREM parasomnias (7) → dose-dependent insomnia (43)

Topiramate weight control and mood stabilizing → exclusion of
obstructive sleep apnoea (7)
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epileptiform discharges in N2/N3 in the valproate group.(18) 
Krishnan and colleagues  found a longer stage 2 and N3 latency 
in JME patients on valproate therapy >1 year.(19) Therefore, 
valproate in higher dosages and longer treatment disrupts 
slow-wave sleep and increases shallow or light (N2) GABA 
sleep.(16)

Type of AEDs
There are a few AEDs that promote stabilization and 

normalization of sleep, such as phenytoin, (23,37,38) carbamazepine, 
(23,39,40) and benzodiazepines.(23,41,42) On other hand, there are 
sedative AEDs that may increase sleepiness, such as clobazam, 
clonazepam and phenobarbital. Lamotrigine may cause 
dose-dependent insomnia.(43) Ethosuximide decreases slow-
wave sleep and increases stage 1 nREMS. (43) Valproates may 
beneficially modulate arousal instability in JME patients. (44) 

The effects of the more recently introduced AEDs on 
sleep in JME patients await further investigations. With the 
large number of AED choices currently available, and with 
additional AEDs in clinical testing, clinicians may base their 
AED choice not only on JME manifestation, but also on its 
effects on sleep. For example, sedating AEDs may benefit 
epilepsy patients with insomnia, and stimulating AEDs may 
benefit epilepsy patients with daytime sleepiness. In addition 
to their direct pharmacologic effects on sleep, AEDs may 
indirectly improve sleep in the epilepsy patient through the 
reduction of seizures and, in some cases, interictal epileptic 
discharges.

Discussion
JME is among the most common types of genetic 

epilepsies, displaying a good prognosis when treated with 
appropriate drugs, but with a well-known tendency to relapse 
after withdrawal. The majority of JME patients have continuing 
seizures after a follow-up of two decades.(46) However, 
the clinical scenario might not be as clear as the classical 
description would suggest. Repeated mistakes in diagnosis and 
treatment of JME are a problem of management and continuity 
of patient management among physicians in primary health 
care.(47) Delayed diagnosis (and/or misdiagnosis) of JME 
directly impacts the development of the disease. Inadequate 
treatment allows aggravation of seizures and worsening of 
the condition, alongside undesired side effects and emotional 
stress, all of which significantly reduce patients’ quality of 
life.(48) Clinicians should remember that there is a small but 
still considerable subgroup of JME patients whose seizures 
are difficult to treat before informing patients with newly 
diagnosed JME about their “benign” prognosis. This resistant 
course is not fully explained, though there are many suggested 
factors.(46) Usually, the dominating myoclonic seizures do not 
disappear nor diminish in severity in JME patients with SDs. 
Despite the favorable JME outcome in most of the cases, 75% 
of JME patients have at least one major unfavorable social 
outcome. The possible subsyndromes of JME,(49) and sleep 
pathophysiological/neurophysiological correlates should be 
further investigated.

The relationship between JME and sleep has been known 
since ancient times, but it is still not very well understood 

because of the multiple aspects involved in its analysis, as 
well as its reciprocal and intrinsic influences. Currently, there 
is growing acknowledgement of the importance of epileptic 
manifestations during sleep, the relationship between sleep 
and QL in patients with epilepsy and the relevance of primary 
sleep pathologies on seizure control.(51) Several factors are 
thought to contribute to inadequate seizure control in JME 
patients, including resistance to AEDs, neuropsychiatric 
comorbidity, and poor lifestyle choices.(24) 

Comorbid anxiety and depression in JME patients 
adversely affects QL,(52) because seizures in public places 
reduce social interaction and compromise the quality of 
interpersonal relationships. Nevertheless, there are materials 
showing depressive disorders even in patients with controlled 
seizures.(53) Such inevitable depression results in SDs.

The comorbid SDs have negative effects on daytime 
behavior and academic performance in children and 
adolescents.(16,54,55)  This leads to untimely and irregular intake 
of AEDs.

Decrease in the frequency and severity of seizures 
depends on the patient, who in turn adheres to the sleep-
wakefulness regime and who avoids strong emotional shocks 
and other behaviors that might cause stress.(32) So patients 
should know about the risk of seizure recurrence after sleep 
deprivation.(3) Identifying and treating SDs and understanding 
the effect of circadian rhythms on JME can improve QL and 
control of seizures. 

In conclusion, the available evidence indicates a distinct 
sleep pattern in JME. However, many questions remain to be 
answered regarding the relationship between SDs and JME, 
because SDs in JME are etiologically heterogeneous. At the 
same time, sleep problems in epileptic patients are important 
as an essential component in JME management. Therefore, 
this problem requires further and extensive investigation.
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Abstract
The aim of this research was to study the blood levels of protein oxidation products and superoxide dismutase (SOD) 

activity and their relationship with lipid profile parameters in patients with coronary heart disease (CHD). In CHD patients, 
against a background of low SOD activity, the protein carbonyl content (PCC) level was significantly higher than in the control 
group. In addition, significant correlations were found between the indices of PCC, SOD activity, and lipid profile parameters. 
The determination of PCC parameters can serve as a good indicator of the severity of atherosclerosis. (International Journal of 
Biomedicine. 2018;8(2):115-117.) 
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Introduction
Coronary heart disease (CHD), also known as 

coronary arteriosclerosis, is one of the leading causes of 
mortality in Russia.(1,2) Lipid abnormality is one of the major 
risk factors for atherosclerosis. Immune and inflammatory 
mediators have a complex role in the initiation and progression 
of atherosclerosis.(3,4) Chronic inflammation is recognized 
as a major driving force in atherogenesis.(5) The sites where 
atherosclerotic plaque develops in the arterial wall are 
characterized by cholesterol accumulation and infiltration of 
peripheral blood monocytes, which gradually differentiate into 
macrophages. Once activated, the monocytes and macrophages 
secrete a myriad of cytokines that promote inflammation in 
the arterial wall.(6-8) In CHD, the negative role of reactive 
oxygen species and a decrease in the level of SOD—the key 
enzyme of the antioxidant system—has been demonstrated 
by a number of researchers.(9) The imbalance between pro-

oxidants and antioxidants lead to OS, eventually resulting 
in damage to macromolecules (DNA, RNA, cholesterol, 
lipids, carbohydrates, and proteins), and the oxidation of 
these macromolecules produces various end products that 
can be measured to assess oxidative stress (OS) in vivo.(10,11) 

Proteins are the molecules most susceptible to oxidative 
damage in cells because they are often catalysts rather than 
stoichiometric mediators; hence, the effect of damage to 
one molecule is greater than stoichiometric.(12) Oxidation of 
plasma proteins may be discernible as an increased content of 
carbonyl (aldehyde or ketone) groups on the proteins.

The aim of this research was to study the blood levels 
of protein oxidation products and SOD activity and their 
relationship with lipid profile parameters in CHD patients.

Materials and Methods
We examined 93 patients (43 women and 50 men, 

mean age of 65.6±12.0) with cardiovascular disease. Group 
1 included 66 patients with stable angina, according to CCSA 
classification: CCSA class I was determined in 2(3%) patients, 
CCSA class II - in 7(10.6%) patients, and CCSA class III - 
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in 57(86.4%) patients. Distribution of patients according to 
sex and age was as follows: CCSA class I was determined in 
2(100%) women, mean age 76.0±1.4 years; CCSA class II – in  
5(71.4%) women and 2(28.6%) men, mean age of 67.0±12.7 
years; CCSA class III –  in 25(43.9%) women and 32(56.1%) 
men, mean age of 67.2±10.9 years. The duration of coronary 
heart disease did not differ among groups and was 13.4±7.9 
years.

Group 2 included 27 patients (16 men and 11 women, 
mean age of 58.7±14.8 years) with arterial hypertension Grade 
1, 2 and 3 (ESH/ESC, 2013). The control group consisted of 
29 apparently healthy people.

All patients underwent the following examinations: 
assessment of traditional risk factors (high blood pressure, 
smoking, body mass index, diabetes), physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography; Holter ECG monitoring; treadmill test; 
coronary angiography (if necessary). Blood samples were 
obtained in the morning after a 12h overnight fast. Total cholesterol 
(TC), low-density lipoprotein cholesterol  (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides (TG), ALT, AST, 
CFK, apolipoprotein A (ApoA), apolipoprotein B (ApoB), 
high-sensitivity C-reactive protein (hsCRP), fibrinogen, ESR, 
WBC were determined in plasma using  “Daytona» analyzer  
(RANDOX, Ireland).

PCC is the most widely used marker of OMP. Carbonyl 
groups formed from oxidation with 2.4-dinitrophenylhydrazine 
(DNPH) were estimated using the methods by Levine et al.(13) 

with modifications by Dubinina et al.(14) The assay is based 
on the spectrophotometric detection of the reaction between 
DNPH with protein carbonyl to form protein hydrazone. The 
optical density of 2,4-dinitrophenylhydrazones derivates was 
recorded on an SF-36 spectrophotometer. The optical density 
of aldehyde- and ketone derivatives of a neutral character 
was recorded at 356 nm and 370 nm, respectively (ADPHn 
and KDPHn). The optical density of aldehyde- and ketone 
derivatives of a basic character was recorded at 430 nm and 
530 nm, respectively (ADPHb and KDPHb). The SOD activity 
was determined by the spectrophotometric method.

The study was approved by the Voronezh State Medical 
University Ethics Committee. Written informed consent was 
obtained from all patients. 

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, 
IL).Analysis of the distribution of values obtained was 
performed using the Kolmogorov-Smirnov test. Quantitative 
parameters are presented as Median (Me) and 25th and 75th 
percentiles as Inter Quartile Range (IQR). The Kruskal-Wallis 
H test was used to compare medians among 3 comparison 
groups. Spearman’s correlation coefficient (rs) was used to 
determine the strength and direction of association between 
two variables. A probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
In CHD patients, the levels of ADPHn, KDPHn, ADPHb 

and KDPHb were greater by 5.3, 5.6, 5.5, and 9.7 times, 

respectively, than in the control group (P=0.000). In patients 
with hypertension, the levels of ADPHn, KDPHn, ADPHb 
and KDPHb were greater by 3.8, 3.1, 3.2, and 4.2 times, 
respectively, than in the control group (P=0.000) (Table 1).

A number of studies have also demonstrated an increase 
in the OMP level in CHD patients compared to healthy people.
(15) A marked increase in products of a neutral nature may be due 
to an imbalance in trace elements.(16) Products of the basic type 
are formed with imbalances in the equilibrium between pro-
oxidants/antioxidants status in cellular systems. All revealed 
changes indicate the severity of free radical oxidation in the 
groups of patients.(9) 

SOD activity in studied groups are presented in Figure 
1. The highest SOD activity was found in the control group. In 
Group 2, SOD activity was lower than in the control group, but 
higher than in Group 1. Statistically significant correlations 
were found between the blood levels of TC and SOD activity 
(rs=-0.384, P=0.000) and ADPHn (rs=0.347, P=0.000). The 
blood LDL-C level correlated with SOD activity (rs=-0.395, 
P=0.001), ADPHn (rs=0.409, P=0.000), and KDPHb (rs 
=0.389, P=0.000). The data obtained are consistent with the 
results of studies by other authors.(11) 

Conclusion 
In CHD patients, against a background of low SOD 

activity, the PCC level was significantly higher than in the 
control group. In addition, significant correlations were found 

Table 1. 
Parameters of oxidative modification of proteins in study groups

Study groups ADPHn 
(IU/mg)

KDPHn
(IU/mg)

ADPHb
(IU/mg)

KDPHb
(IU/mg)

Group 1 26.1
[23.7; 29.2]

22.6 
[20.2; 26.4]

10.9 
[10.3; 13.0]

8.8 
[8.2; 10.2]

Group 2 18.7 
[16.3; 21.2]

12.5 
[11.3; 17.8]

6.4 
[5.3; 7.8]

3.8 
[3.3; 4.8]

Control group 4.9 
[4.2; 5.6]*

4.0 
[3.2; 5.2]*

2.0 
[1.7; 2.6]*

0.9
[0.6; 1.2]*

* - P<0.001 

              Group 1                   Group 2              Control group

Fig. 1. The level of SOD activity in the study groups
           *-P<0.05 (The Kruskal-Wallis H test)
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between the indices of PCC, SOD activity, and lipid profile 
parameters. The determination of PCC parameters can serve 
as a good indicator of the severity of atherosclerosis.
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Abstract
The aim of this study was to build a risk prediction model for 1-year mortality on the bases of clinical and functional 

indicators in patients with dilated cardiomyopathy (DCM). 
Materials and Methods: We examined 205 patients (aged from 16 to 61 years) with DCM and chronic heart failure in 

NYHA FC II-IV. The study included the collection of anamnestic data, physical examinations, clinical and biochemical laboratory 
methods, 12-lead ECG, echocardiography, Holter ECG monitoring, and 6-minute walk test. The duration of follow-up was 3 
to 170 months (36.7±5.6). The study end-points were death (sudden death or progression of heart failure) and thromboembolic 
complications (pulmonary embolism, ischemic stroke, thromboembolism of the vessels of kidneys and lower extremities).

Results: A sequential evaluation of clinical-anamnestic and instrumental data with analysis of the life expectancy and the 
subsequent construction of a risk prediction model for 1-year mortality by the method of multiple stepwise logistic regression was 
performed. In accordance with the results of multiple regression analysis, among the clinico-functional parameters, NYHA class 
III/IV, low blood pressure, a relatively young age, abnormal QRS complex, high-grade ventricular arrhythmias and an increase 
in LVESV/LVEDV ratio (>0.66) are the most influencing factors for a fatal outcome within 1 year of observation. (International 
Journal of Biomedicine. 2018;8(2):118-122.) 

 Key Words: dilated cardiomyopathy • risk stratification • life expectancy • prognosis

Abbreviations
BP, blood pressure; CHF, chronic heart failure; DCM, dilated cardiomyopathy; FC, functional class; HF, heart failure; LV, left 
ventricle; LVEF,  left ventricular ejection fraction; LVESV,  left ventricular end-systolic volume; LVEDV, left ventricular end-diastolic 
volume; MRA, multiple regression analysis; PVC, premature ventricular contraction; RF, risk factor; VA, ventricular arrhythmia.

Introduction
The predominant cause of chronic heart failure (CHF) 

with reduced LVEF is ischemic heart disease (70% of all 
cases) and dilated cardiomyopathy (DCM) (13%-15% of 
all cases).(1,2) Previous epidemiological studies have shown 
that the prognosis of life for patients with CHF of ischemic 
etiology is significantly worse compared to patients with non-

ischemic heart failure (HF).(3) A widespread implementation of 
standards for the management of CHF and surgical methods 
(aorta-coronary bypass, coronary angioplasty) has significantly 
improved the prognosis and life expectancy of patients with 
non-ischemic CHF.(4) In the treatment of CHF associated with 
DCM, in addition to resynchronizing therapy, operations to 
reverse remodeling and heart transplantation contribute to 
the improvement of the quality of life and life expectancy.(5,6) 

However, radical methods for DCM treatment have not been 
developed to date. In this regard, the search for predictors of 
an unfavorable course of the disease and the identification of 
patients at high risk of death remains an important task. 

*Corresponding author: Igor A. Tsoy, PhD. Republican 
Specialized Center of Cardiology, Tashkent, Uzbekistan. E-mail: 
tsoigor@inbox.ru



119 N. A. Kurbanov et al. / International Journal of Biomedicine 8(2) (2018) 118-122

The aim of this study was to build a risk prediction model 
for 1-year mortality on the bases of clinical and functional 
indicators in DCM patients. 

Materials and Methods
Between 1998 and 2012, 205 patients (aged from 16 

to 61 years) with DCM and CHF in NYHA FC II-IV were 
examined. DCM was diagnosed in accordance with the WHO 
criteria (1995).(7) The study included the collection of anamnestic 
data, physical examinations, clinical and biochemical 
laboratory methods, 12-lead ECG, echocardiography, Holter 
ECG monitoring (HEM), and 6-minute walk test (6MWT);(8) 
if necessary, coronary angiography was performed to exclude 
coronary artery disease. The duration of follow-up was 3 to 170 
months (36.7±5.6). The study end-points were death (sudden 
death or progression of HF) and thromboembolic complications 
(pulmonary embolism, ischemic stroke, thromboembolism of 
the vessels of kidneys and lower extremities).

The study was approved by the Ethics Committee of 
Republican Specialized Center of Cardiology (Uzbekistan). 
Written informed consent was obtained from each patient.  

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, 
IL). Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD 
for continuous variables. Odds ratios (ORs) and their 95% 
confidence intervals (CIs) were calculated by using logistic 
regression. Categorical variables were analyzed using the 
Chi-square test. A probability value of P<0.05 was considered 
statistically significant.

Results
To solve the research goal, we performed a 5-year 

prospective observation. By the end of the first year of 
observation, 55(26.8%) patients had died; by the end of 2 
years—34 more (22.7% of the remaining 150 patients). The 
total mortality for the next 3-5 years of follow-up was 44.8% 
(52 of 116 patients). By the end of the 5-year observation, less 
than one-third of patients remained alive (64/31.2% of 205 
patients). The main causes of death were the progression of HF 
and sudden death. Death from thromboembolic complications 
was 2%-9%.

In order to identify significant predictors of mortality 
in DCM patients, 76 indices (anamnestic data, parameters 
of clinical examination, ECG, echocardiography, HEM, 
questionnaires, functional tests, and immunological markers) 
obtained during a primary examination were analyzed. The 
value of each indicator was presented as a dichotomous sign 
by means of coding. For qualitative indicators, the encoding 
was as follows: “1” - a sign (+); “0” - a sign (-).

In cases of continuous quantitative variables, to obtain 
threshold values, we performed tabulation with a division of 
the entire range into intervals followed by their conversion: 
“1” is a conditionally pathological value; “0” is a conditionally 
non-pathological value.

In the same way, study end-points were encoded: “1” - 

event (death) occurred; “0” - event (death) did not occur. The 
results of encoding the qualitative and quantitative variables 
are presented in Table 1.

At the initial stage of this part of the study, the relationship 
between each of the studied clinico-functional indicators and 
death within 1 year of observation was assessed using the 
Pearson χ2 criterion and univariate regression analysis. The 
odds ratio (OR) of death was evaluated as the exponential 
coefficient (Exp (β)) of the regression equation.  Nine of 
76 indicators had OR>1. In all these cases, 95% confidence 
intervals of ORs did not cross the value <1. Therefore, each 
of these 9 indicators was considered as RF for death (Table 2). 

The results of regression analysis indicate that the risk 
of death increases 10 times for the familial DCM and 6 times 

Table 1.
Encoding of clinical and functional indicators represented by 
continuous variables

Variable Code «1» 
a sign (+)

Code «0»
 a sign (-)

Age <40 years > 40 years
FC of HF (NYHA) ≥ III < III 
DCM variant family variant other variants
Blockade of the left/right leg of the
bundle of His and/or the presence of
pseudo-infarct Q wave/QS in ECG

+ -

PVCs II-IV А-В grades + -
LVEF, % <34% >34%
LVESV, ml >178 ml <178 ml
LVESV/LVEDV > 0.66 <0.66
Fatal outcome within 1 year of 
observation + -

Table 2.
Risk factors for death within 1 year of observation. Results of 
univariate regression analysis

 N RF for death χ2 OR
(Exp (β)) 95% CI P-value

1 Age  <40 years 15.4  (P<0.01) 6.1 2.9-37.1 <0.05
2 Family form of DCM 18.2  (P<0.01) 10.1 3.1-42.4 <0.05
3 NYHA FC ≥III 10.8  (P<0.01) 6.3 2.8-16.2 <0.05
4 SBP <100 mmHg 4.9  (P<0.05) 2.6 1.6-10.2 <0.05

5

Blockade of the left/
right leg of the bundle
of His and/or the
presence of pseudo-
infarct Q wave in ECG

3.8  (P<0.05) 1.8 1.2-6.4 <0.05

6 High-grade VAs 4.5  (P<0.05) 2.4 1.5-9.9 <0.05
7 LVESV >178 ml 2.0   (P<0.05) 1.5 1.7-4.5 <0.05
8 LVEF <34% 2.5  (P<0.05) 1.5 1.2-4.8 <0.05

9 LVESV/LVEDV
 >0.66 3.1  (P<0.01) 1.6 1.3-5.7 <0.05
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for young patients and patients with high FC of HF. RFs such 
as low BP, pathological changes in the QRS complex in ECG, 
high-grade PVCs, low LVEF and increased LVESV increase 
the risk of death by 1.5-2.5 times.

The next stage of the study was the construction of a risk 
prediction model for 1-year mortality. For this, the stepwise 
logistic regression procedure of MRA was used. To create a 
predictive model, the logistic regression equation was used: 

Odds (y≠1) = e(β0+ β1x1 + …..βkxk), where
Odds - chance;
β0- exponential coefficient of the regression equation 

(constant);
β1 – βk  - coefficients of the regression equation that 

require calculation;
x1– xk  - the significance of risk factors;
The probability of fatal outcome (P) was determined by 

the formula: P = odds/odds+1.
The results of this section of the study are presented in 

Table 3.

Thus, based on the results of MRA, it was noted that 
the most significant contributors to the probability of death in 
one year in DCM patients were NYHA classes III-IV, young 
age, low BP, the blockade of the left/right leg of the bundle of 
His and/or the presence of pseudo-infarct Q wave/QS in ECG, 
high-grade PVCs and LVESV/LVEDV ratio >0.66. 

Using the obtained coefficients of the multifactorial logistic 
regression equation, the probability of a fatal outcome within 
the next year was calculated for all possible combinations of 
RFs (Table 4). As can be seen from Table 1, the probability of 
fatal outcome (P) was 0.015-0.023 with one RF up to 0.941 with 
a full set of prognostic signs. In this connection, the entire range 
of P values (death risk) was divided into conditional intervals: 
<0.21 (minimal risk), 0.21-0.40 (average risk), 0.41-0.70 (high 
risk) and >0.70 (very high risk).

To simplify the calculation of OR for death in one 
year, a score-scale was introduced reflecting the conditional 
contribution of each indicator to the likelihood of death. The 
number of scores for each RF corresponded to the value of 
Exp(β) «restored» to an integer. Then the sums of the conditional 
scores and P values were compared. Thus, the differentiation of 
the risk degree, expressed in scores, had the following form: ≤15 

scores—a low risk of death; 16-22 scores—an average risk of 
death; 23-28 scores—a high risk of death; >28 scores —a very 
high risk of death. The assessment of the risk of death for the 
coming year, based on the summation of conventional scores, 
is simple and convenient for use in clinical practice (Table 5).

Discussion
Identification of factors contributing to a decrease in life 

expectancy or increased hospitalization in patients with CHF, 
allows us to adjust the strategy of treatment.(5) Identification of 
patients with a low probability of survival helps clinicians to 
solve the problem of certain therapeutic interventions and to 
choose palliative management in case of an unfavorable short-
term prognosis. Conversely, patients with more optimistic 
prognostic indicators may be candidates for more “aggressive” 
therapeutic tactics, such as implantation of a cardioverter-
defibrillator, artificial LV, etc.(9)

Thus, based on the results of MRA, it was noted that the 
most significant contributors to the probability of death in one 
year in DCM patients were NYHA classes III-IV, young age, 
low BP, the blockade of the left/right leg of the bundle of His 
and/or the presence of pseudo-infarct Q wave/QS in ECG, high-
grade PVCs and LVESV/LVEDV ratio >0.66. At the same time, 
the frequency of fatal outcomes increased proportionally with 
the increase in the number of signs revealed during the primary 
examination. Analysis of all unfavorable indicators directly 
affecting the prognosis of life in DCM patients, especially 
the presence of two or more prognostic adverse factors in the 
patient, gives more grounds for a worse prognosis.

Our data largely coincide with the research data by 
Janashia and colleagues,(10) which showed that a more serious 
prognosis in DCM patients was associated with the presence 
of a blockade of the left leg of the bundle of His, paroxysms of 
ventricular tachycardia and NYHA FC-IV. Our results showed 
that the majority of young people (under the age of 40) who died 
did so during the first 2 years of observation, which is statistically 
significant, while in the older age group, life expectancy was 
twice as high, which indicates a rapid progression of the 
pathological process in young patients. Along with the above 
factors of unfavorable prognosis in patients with CHF in many 
epidemiological studies, hypotension is an important factor 
reducing the chance of survival in CHF patients.(3) In this case, 
the negative effect of hypotension on the prognosis of patients 
with a reduced LVEF does not depend on CHF etiology. The 
data of these studies confirm our results: in DCM patients with 
hypotension, the lethal outcome occurred more often and earlier 
than in patients with normal BP.

According to data of a number of researchers, the state of 
the contractile function of LV has the main role in determining 
the prognosis of life in DCM patients.(11,12) The results of our 
study showed that a more significant prognostic indicator was an 
increase in the LVESV/LVEDV ratio (>0.66) due to a relatively 
higher LVESV, indicating a worsening of LV emptying during the 
systole period. H.Wite and co-authors (13) also convincingly showed 
that an increase in LVESV affects negatively the prognosis and 
subsequent survival. The preserved LVEF and a small LV volume 
significantly improve the prognosis in DCM patients.(14)

Table 3.
Risk factors for death within 1 year of observation.  Results of MRA

N RF Kβ β ехр 95% CI P-value Score
1 NYHA FC ≥III x1 2.58 14.65 4.6-48.5 <0.01 15
2 Age  <40 years x2 1.52 5.03 2.7-16.2 <0.01 5
3 SBP <100 mmHg x3 1.44 4.26 1.6-11.8 <0.01 4

4

Blockade of the left/
right leg of the bundle of
His and/or the presence
of pseudo-infarct Q
wave in ECG

x4 1.42 3.95 1.5-10.2 <0.01 4

5 High-grade VAs x5 1.58 5.29 3.4-18.9 <0.01 5
6 LVESV/LVEDV >0.66 x6 1.18 3.54 1.4-9.8 <0.01 4
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The data in the literature testify to the unfavorable 
prognostic role of focal myocardial fibrosis in the development 
of life-threatening episodes of VA in patients with systolic 
dysfunction of the myocardium.(15,16) A similar association 
between focal myocardial fibrosis and VAs was demonstrated 
in our study. In DCM patients, pronounced systolic dysfunction 

with a pseudo-infarct Q wave in ECG was associated with the 
presence of high-grade VAs.

In recent years, attempts have been made to create 
simple algorithms for predicting survival in CHF based on a 
small number of indicators available in everyday practice. In 
particular, The Seattle Heart Failure Model (SHFM) is a well-
validated prediction model of all-cause mortality in patients 
with HF. SHFM(17) provides an accurate estimate of 1-, 2-, 
and 3-year survival with the use of easily obtained variables, 
including clinical characteristics (age, sex, NYHA functional 
class, systolic blood pressure, and weight), medications 
(angiotensin-converting enzyme inhibitor, angiotensin 
receptor blocker, beta-blocker, statin, aldosterone blocker, loop 
diuretic dose, and allopurinol), device therapies (implantable 
cardioverter-defibrillator, cardiac resynchronization therapy), 
and results of diagnostic testing (ejection fraction, lymphocyte 
percentage, and levels of sodium, hemoglobin, uric acid, and 
total cholesterol). 

M. Kyuma et al.(18) determined the relative risk of death, 
taking into account the concentration of brain natriuretic 
peptide, the level of cardiac sympathetic nerve innervations 
and these indicators simultaneously. 

The results of our study are consistent with the data above. 
In order to identify the most significant predictors of mortality 
in DCM patients, we have constructed a prognostic model for 

Table 4.
The probability of a fatal outcome within the next year for all possible combinations of RFs

N x1 x2 x3 x4 x5 x6 P Score N x1 x2 x3 x4 x5 x6 P Score N x1 x2 x3 x4 x5 x6 P Score
1 1 0.023 15 23 1 1 1 0.377 24 45 1 1 1 1 0.645 29
2 1 0.012 5 24 1 1 1 0.338 25 46 1 1 1 1 0.512 29
3 1 0.017 4 25 1 1 1 0.259 24 47 1 1 1 1 0.554 28
4 1 0.016 4 26 1 1 1 0.190 13 48 1 1 1 1 0.386 18
5 1 0.015 5 27 1 1 1 0.170 14 49 1 1 1 1 0.359 17
6 1 0.015 4 28 1 1 1 0.120 13 50 1 1 1 1 0.372 18
7 1 1 0.145 20 29 1 1 1 0.098 13 51 1 1 1 1 0.342 18
8 1 1 0.092 19 30 1 1 1 0.115 12 52 1 1 1 1 0.521 28
9 1 1 0.077 19 31 1 1 1 0.107 13 53 1 1 1 1 0.384 28
10 1 1 0.066 20 32 1 1 1 0.265 23 54 1 1 1 1 0.385 28
11 1 1 0.058 19 33 1 1 1 0.233 24 55 1 1 1 1 0.426 27
12 1 1 0.25 9 34 1 1 1 0.190 23 56 1 1 1 1 0.443 17
13 1 1 0.042 9 35 1 1 1 0.201 24 57 1 1 1 1 1 0.692 32
14 1 1 0.036 10 36 1 1 1 0.167 23 58 1 1 1 1 1 0.789 33
15 1 1 0.025 9 37 1 1 1 0.148 24 59 1 1 1 1 1 0.818 33
16 1 1 0.021 8 38 1 1 1 0.110 14 60 1 1 1 1 1 0.842 32
17 1 1 0.015 9 39 1 1 1 0.102 13 61 1 1 1 1 1 0.789 22
18 1 1 0.018 8 40 1 1 1 0.134 14 62 1 1 1 1 1 0.897 33
19 1 1 0.018 9 41 1 1 1 0.124 13 63 1 1 1 1 1 1 0.941 37
20 1 1 0.017 8 42 1 1 1 1 0.721 28 64 0
21 1 1 0.018 9 43 1 1 1 1 0.687 29
22 1 1 1 0.422 24 44 1 1 1 1 0.612 28
1-FR (+); □-FR (-); Р  - probability of fatal outcome

Table 5.
The assessment of the risk of death for the coming year, based on 
the summation of conventional scores

N RF Yes No
1 NYHA FC ≥III 15 0
2 Age  <40 years 5 0
3 SBP <100 mmHg 4 0

4
Blockade of the left/right leg
of the bundle of His and/or the
presence of pseudo-infarct Q
wave in ECG

4 0

5 High-grade VAs 4 0
6 LVESV/LVEDV >0.66 5 0

Score 

≤15 scores—a low risk of death; 16-22 scores—an average risk of   
  death; 23-28 scores—a high risk of death; >28 scores —a very  
  high risk of death.
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a comprehensive assessment of the risk of death. This method 
allows eliminating highly correlated RFs and levelling out 
their complementary impact on a comprehensive assessment 
of the risk of death. Thus, independent RFs for death in DCM 
patients are the family form of this pathology, a relatively 
young age, and NYHA class III/IV, all of which increase the 
risk of death by 6-10 times. Low BP, abnormal QRS complex, 
high-grade VAs, low LFEF and increased LVESV (>178 ml) 
increase the mortality by 1.5-2.5 times. In accordance with 
the results of MRA, among the clinico-functional parameters, 
NYHA class III/IV, low BP, a relatively young age, abnormal 
QRS complex, high-grade VAs and an increase in LVESV/
LVEDV ratio (>0.66) are the most influencing factors for a 
fatal outcome within 1 year of observation.
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Abstract
Hemodynamic indices studied in practically healthy people were obtained by catheterization in various vascular areas: the 

chambers of the heart (left ventricle, right ventricle, left atrium, right atrium, coronary sinus), pulmonary trunk, aorta, inferior vena 
cava, superior vena cava, right hepatic vein, and sigmoid sinus. In the investigated areas, using the mean values of the hemodynamic 
parameters, we constructed graphics of the “curves” of the central, arterial, and venous pressure, synchronized with each other and 
ECG. Separation of a sequential scheme of the cardiac cycle (CC) into the phases indicated in the text allowed us to determine (on the 
superimposed curves) the points of intersection (equal pressure values—zeroing of the pressure gradients) of the hemodynamic and 
wave processes simultaneously occurring in various parts of the vascular bed (including those remote from the heart). As a result of 
the analysis, we propose a scheme (which is key to periodization of the CC phases) of the sequences of zones of temporal equalization 
of pressure (a rapidly acting matrix of pressure equalization points) initiated by the systole of the three-chamber ventricular block, part 
of which is the trigger mechanism for the next phase of CC. (International Journal of Biomedicine. 2018;8(2):123-128.) 

Key Words: cardiac cycle • hemodynamic parameters • ECG • chambers of the heart

Abbreviations 
Ao, aorta; AV, aortic valve; CC, cardiac cycle; CS, coronary sinus; CFB, central fibrous body; DP, diastolic pressure; EDP, end-diastolic 
pressure; IVC, inferior vena cava; IJV, internal jugular vein; LA, left atrium; LV, left ventricle; MP, mean pressure; MV, mitral valve; 
PV, pulmonary valve; PT, pulmonary trunk; PP, pulse pressure; RV, right ventricle; RA, right atrium; RHV, right hepatic vein; SP, 
systolic pressure; SS, sigmoid sinus; SVC, superior vena cava; TV, tricuspid valve; ZTEP, zone of temporal equalization of pressure.

Methods and Discussion 
The aim of this study was to construct mutually synchro-

nized graphs: ECG, hemodynamic processes of the chambers of 
the heart, brain, lung, and wave parameters of hemodynamics of 
the central, venous, and arterial blood flow in humans in norm.

The method of catheterization and the detailed 
characteristics of the studied groups based on analysis of the 
hemodynamic parameters of the arterial, venous, and central blood 
flow have been repeatedly published.(1-4) The studied indicators 
were obtained by catheterization in healthy people in the supine 
position, at rest, and free to breathe atmospheric air (4-6) (Table 1).

Table 1.
Hemodynamic data in the norm by average values in mmHg

        Variable SP DP PP MP

CS 8.6 2.5 6.2 5.6

PT 22.2 10.2 12.1 14
Аo 107.6 71 40.3 86.5
SS 10.5 8.3 2.4 9.4

  Variable SP EDP MDP PP MP
RV 25.1 4.47 2.61 22.7 14.47
LV 109.6 11.4 2.64 105.7 106.2

      Variable А X -
collapse V Y -

collapse PP MP

RA 5.7 2.4 4.6 3.4 3.5 4.47
LA 10.5 2.44 12.3 7.9 8.2 7.15

*Corresponding author:  Alexander G. Kruglov, PhD, ScD. 
Central Research Institute of Radiation Diagnosis. Moscow, the 
Russian Federation. E-mail: krag48@mail.ru
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Based on the mean values of hemodynamic parameters 
obtained by catheterization—in the heart (RV, LV, RA, LA, 
CS), Ao, PT, SS, IJV, IVC, and SVC—we constructed graphs 
of the sequential dynamic pressure change in the each studied 
point, which were synchronized with each other and with ECG. 
Synchronized wave flows, which constitute a significant part 
of the thesaurus of the human body’s “biosphere” and correlate 
with phases of CC, are shown in Figure 1. Numbers and colors 
indicate the vessels and organs in which the catheterization 
was performed.

Based on our data, which does not contradict other 
authors, we believe that at the onset of ventricular systole, 
when the LV isometric contraction phase begins (after closing 
of MV), TV is still open and the blood from RA enters RV, 
due to the RA appendage systole (“asynchronous period 
of ventricular systole–1”) (Fig.1). During this period, two 
wave hemodynamic impulses are formed: 1) the contracting 
myocardium of LV creates a wave hemodynamic impulse 
CS; 2) the closing TV, due to blood reflux from RV into RA, 
generates a retrograde spreading impulse in SVC in the SS 
direction. After TV closes, the “synchronization period of 
isometric ventricular contraction–1” (all valves are closed) 
occurs. In this period (Fig.1), which lasts until the opening 
of PV, against the background of the minimum pressure 
in Ao and PT, intersections of the curves are noted, i.e. the 
pressure is equalized (ZTEP) between: 1) RV (EDP), LA 
(med), SS (min.2); 2) LA (med), SS (min.1). During this 
period, the systole of RV is linked up to the formation of the 
hemodynamic impulse of CS. We believe that the CS impulse 
has a complex formation mechanism associated with different 
phases of the isometric contraction of the ventricles, being 
directly dependent on their functional phases and properties.

We consider it necessary to note the significant role of 
CFB, a complex multifunctional membrane, in this phase.(7) 

In the phase of isometric contraction of LV, it is transformed 
under the influence of synchronous (multidirectional) effects, 
changing the shape and configuration of the fibrous rings at the 
entrance and exit (the fibrous ring of AV) of LV. We believe 
that the centripetal impulses arriving in this phase can initiate 
the vibrations of the CFB membrane, which are further spread 
along fibrous fibers (tensor sensors) and muscle bundles to 
the intracardiac structures, the walls of Ao and pulmonary 
veins. During ventricular systole (isometric phase), CFB is a 
continuous, tightly stretched membrane  (all valves are closed) 
performing the function of a repeater of centrifugal signals 
over all adjacent hemodynamic formations, whose pressure 
is lower than in RV and LV. During the diastole (a phase of 
isometric relaxation), CFB is a relaxed, partially perforated 
membrane, which is a conductor and regulator (through fixed 
valve rings, having a difference in the periodicity of opening-
closing of flaps of valves) of centripetal wave signals to the 
ventricles of the heart. The membrane of the oval window 
influences the hemodynamics of both atriums, bending in the 
direction of a less pressor effect. The role and functions of the 
CFB will be considered in detail in the next publication.

We believe that the short-term equilibrium state is 
denoted by the intersection dot of the hemodynamic curves—
ZTEP [RV(EDP), LA(v-ascending part), SS(min.), CS 

(ascending part)], which is a trigger mechanism for the opening 
of PV. Presenting ZTEPs, which have extremely small values 
of duration, we, in general, describe the fast processes where 
in the norm, with a total duration of the cardiac cycle of 0.8 
seconds, for example, the phase of isovolumetric contraction 
of atria is 0.03 sec.(8)

Following the period of synchronization of the 
ventricles, the “asynchronous period of ventricular systole–1” 
occurs: the LV isometric contraction period, when, with 
closed mitral and aortic valves, PV opens and the phase of 
rapid ejection of blood from RV begins. During this period, 
which lasts until the opening of AV, against the background of 
the maximum pressure in the CS, RV, and PT and minimum 
pressure in SS, there are three ZTEPs: 1) LV(ascending part), 
RV (maximum), PT (maximum); 2) SS(max-1), CS(maximum); 
3) RA(x-collapse), LA(x-collapse), the minimum pressure in 
RA and LA is equalized. In this phase, RV, already in the state of 
systole, has a sucking action on a united hemodynamic chamber 
(SVC-RA-IVC) due to sagging of TV into the RV cavity. We 
believe that during this period, with the “disconnected” 
ventricles and phase-association of RV with a PT camera (RV 
and PT maximum), against the background of the creation of 
the maximum pressure in SS, IJV, SVC, CS and the minimum 
pressure in the “atrial block” (RA (x-collapse), LA (x-collapse), 
ZTEPs indicate the level of temporal hemodynamic stability 
during the single systole of the “three-chamber ventricular 
block” before the opening of AV (i.e. this ZTEP is the trigger 
mechanism for opening the aortic valve). 

The next period, from the opening of AV to the closing 
of PV (tricuspid and mitral valves are closed, valves of Ao 
and PT are open) is the period of “synchronization of the 
actual ventricular systole–2.” During this period, which 
lasts until the PT valve closes, against the background of 
the maximum pressure in Ao and SS, there is one ZTEP: CS 
(average), RA (v-ascending wave), LA (v-ascending wave).  
We believe that this ZTEP is a starting point for the regulation 
of two oppositely directed processes during a united systole 
of the ventricles: 1) reaching the maximum pressure in LV; 2) 
reducing the pressure in PT. After opening AV, the spheroid of 
the pulse wave formed by the LV systole, spreading along the 
blood flow in the intrapericardial section of Ao, creating the 
effect of hydrodynamic kick, presses the valve flaps against 
the aorta walls. 

The final period of ventricular systole is the “asynchronous 
period of systole and diastole of ventricles – 2.” It includes also 
the asynchronous period of ventricular diastole, consisting of two 
parts: 1) from the closing of PV to the opening of TV, when against 
the background of the continuing systole of LV, in RV (with 
closed tricuspid and pulmonary valves) an isometric relaxation 
phase begins; furthermore, against the background of the 
maximum pressure in LV and Ao, there is a pressure equalization 
in SS(max), RV (med), and PT(v-ascending wave); 2) from the 
opening of TV to the closing of AV, when against the background 
of the continuing systole of LA the phase of the actual diastole of 
RV arrives, with the equalization of the decreasing pressure in CS 
and RV on the background of the beginning of pressure decrease 
in the LV-Ao unit, setting the maximum systolic gradient in the 
“three-chamber ventricular block.” 
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Fig. 1. Cardiac cycle in norm 
A(Q)  –    isometric ventricular relaxation 
B(Q)  –    actual ventricular diastole  
C(LV) –  LV diastole 
A(LV) –  isometric relaxation of LV 
B(LV) –  actual LV diastole  
C(RV) –  RV diastole 
A(RV) –  isometric relaxation of RV 
B(RV) –  actual RV diastole 
D(Q) –     isometric ventricular contraction 
E(Q) –     actual ventricular systole 
F(LV) –   LV systole  
D(LV) –   LV isometric contraction period  
E(LV) –   actual LV systole 
F(RV) –  RV systole 
D(RV) –  RV isometric contraction period 
E(RV) –  actual RV systole 
G(AV) –  opening  of AV 
 

H(PV) –  closing of PV 
G(TV) –  opening of TV 
H(AV) –  closing of AV 
G(MV) – opening of MV 
H(TV) –  closing of TV 
H(MV) – closing of MV 
G(PV) –  opening of PV 
  

  Аsd1 –   asynchronous period of ventricular systole-diastole -1 
  Ss1 –      synchronization period of isometric ventricular contraction-1  
  Аs1 –     asynchronous period of ventricular systole -1 
  Ss2 –      of synchronization of the actual ventricular systole -2 
  Аsd2 –   asynchronous period of ventricular systole-diastole -2 
  Аsd2а – from the closing of PV to the opening of TV 
  Аsd2b – from the opening of TV to the closing of AV 
  Аd1 –     asynchronous period of ventricular diastole -1 
  Sd1 –     period of synchronization of ventricular diastole-1 
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Then, the "asynchronous period of ventricular 
diastole–1" begins. This period lasts from the closing of AV to 
the opening of MV, when the phase of isometric relaxation of 
LV occurs against the background of the continuing diastole 
of RV (mitral and aortic valves are closed). ZTEPs in the 
investigated period were not revealed.

With the opening of MV, the period of “synchronization 
of ventricular diastole–1” occurs, which continues until the 
closing of MV. In this period, against the background of the 
average pressure in Ao and PT and the minimum pressure 
in LV and RV, there is a pressure equalization at six points: 
1) LA(v-descending wave), LV(mDP), SS(med); 2) LA(a- 
ascending wave), SS(med); 3) SS(med), LV(min); 4) CS 
(min), RV(mDP); 5) CS(min), RV(EDP); 6) CS(med), RA (a- 
descending wave), i.e., six ZTEPs.

It should be recalled that the impulse of pulse wave 
reaches all metabolic zones of the body in the interval from 
the opening to closing of AV.(9) Intentionally simplifying 
the structure and genesis of information connections 
of hemodynamic flows, we believe that the centrifugal 
communicatory control wave impulse (pulse wave), having 
passed the exchange zones of body organs, i.e., the mosaic 
peripheral resistance (depending on the activity of exchange, 
the intensity of local blood flow), is transformed into a network 
of centripetal informational feedback flows (hydrodynamics 
of the venous network) (Fig.1) with a summary information 
thesaurus from all exchange zones and concentration in RA 
for the preparation of the next CC. 

RA, defined as the “physiological zero of hydrostatic 
pressure,” (10) i.e. the initial and final phase of hydrodynamics 
of the vascular bed, is considered by us as a focal zone of 
interference of central and peripheral hemodynamic and 
wave processes, which has, possibly, the greatest information 
thesaurus of the body’s biosphere (5,6) and has the possibility 
of pressor impact on the sinoatrial node (whose bed is the RA 
wall), protected from direct wave and hemodynamic effects of 
RA only by a layer of endocardium, devoid of elastic and other 
properties that protect against the pressor impact. A similar 
direct pressor impact is also possible on the atrioventricular 
node and conducting pathways. 

A more detailed description of ZTEPs—the interaction 
of their central and remote sites, the sequence during the 
phases of CC in humans in norm—we intend to present 
in the next paper. In this paper, we note that the crossing 
points of the pressure curves represent short periods of 
zeroing of the pressure gradients in the investigated zones, 
synchronized short-term equilibrium states of both sequential 
and distributed sections of the hemodynamic vascular 
systems that affect the CC course. Their average indices, 
which do not exceed the limits of confidence intervals for the 
coefficients of hemodynamic parameters obtained during the 
catheterization and defined as ZTEPs, have a fixed sequence 
during CC. We believe that in the vascular systems of each of 
the main systems of the body’s biosphere (heart, brain, liver, 
kidney, etc.), during very short time intervals, there are ZTEP 
formations of a certain sequence, forming a variable matrix of 
control hemodynamic points, providing a sequence (phasing) 
and synchronism of the course of metabolic processes within 

the limits of the norm. Changes in the sequence, movement, 
and emergence of new ZTEPs can lead to desynchronization 
of the matrix, the transition to a different level of regulation 
with a disturbances in metabolic processes.

A similar study by catheterization was conducted in the 
group of patients with acquired heart defects. A total of 240 
people aged between 18 and 68 (72 men and 168 women) were 
examined. Below are given the hemodynamic data of patient 
S., a 47-year-old man, with a mixed aortic valve disease with 
prevalence of aortic valve stenosis, and stage 2 pulmonary 
hypertension (Table 2, Fig.2).

The defeat of the valvular apparatus of the heart with 
acquired defects leads to a loss of the sealing of the chambers of 
the heart in the phase of isometric contraction of the ventricles 
due to a disturbance in the closing ability of the valves, in 
combination with excessive pressure in the heart chambers 
(stenosis, insufficiency). The consequence is a disturbance in 
the controlling waveforms generated by the myocardium, as 
well as distortion of the temporal relationships of the phases 
and periods of CC (including changes in the topology and 
composition of the “pressure equalization zones”), leading 
to an imbalance and desynchronization of the regulation of 
hemodynamic and wave processes, both in the chambers of 
the heart and in the metabolic zones of the body. We think 
it is inexpedient to give in this paper a detailed analysis of 
Figure 2, in connection with the obvious incompatibility of all 
pressure equalization zones in the investigated hemodynamic 
zones during the cardiac cycle.

Conclusion
Our data made it possible to identify the presence 

and sequence of synchronous short-term equilibrium states 
between both consecutive and distributed parts of the 
vascular bed (ZTEPs), having extremely small time values, 
in synchronized hemodynamic and wave processes of the 
central, arterial and venous bed during CC. We believe that 
some ZTEPs are trigger mechanisms for the subsequent 
phases of CC. 

Table 2.
Hemodynamic data of patient S. in mmHg

        Variable SP DP PP MP

CS 22 10.5 11.5 16.25

PT 80 35 45 57.5
Аo 105 72 33 85
SS 15 12.5 2.5 13.75

  Variable SP EDP MDP PP MP
RV 75 13.5 12.5 62.5 44
LV 210 35 25 185 112.5

      Variable А X -
collapse V Y -

collapse PP MP

RA 17 7 10 9 10 11
LA 40 38 60 25 35 42



127A. G. Kruglov et al. / International Journal of Biomedicine 8(2) (2018) 123-128

 

 

 

1-Ao 

2-LV 

3-RV 

4-PT 

5-LA 

6-SS 

7-RA 

8-CS 

 

H(MV) 

H(TV) 

G(PV) 

   G(AV) 

H(PV) 
 

    G(TV) H(AV) G(MV) H(MV) G(MV) G(AV) H(PV) 

H(AV) 

G(TV) 
 

H(TV) H(TV) 

G(PV) 

Systole 

 
D(Q) 

E(Q) 

F(LV) 

D(LV) 

E(LV) 

F(RV) 

D(RV) 

E(RV) 

Diastole 

 

A(Q) 

B(Q) 

C(LV) 
A(LV) 

B(LV) 

C(RV) 

A(RV) B(RV) 

Systole 

 

Diastole 

 

Аsd1 

 

Аsd2 

 

Ss1 

 

Аs1 

 Ss2 

 
Sd1 

 

Sd1 

 

H(MV) 

Аd1 

 

Аsd1 

 

Fig. 2. Cardiac cycle in Patient S. with a mixed aortic valve disease with prevalence of aortic valve stenosis. 
 
A(Q)  –    isometric ventricular relaxation 
B(Q)  –    actual ventricular diastole  
C(LV) –  LV diastole 
A(LV) –  isometric relaxation of LV 
B(LV) –  actual LV diastole  
C(RV) –  RV diastole 
A(RV) –  isometric relaxation of RV 
B(RV) –  actual RV diastole 
D(Q) –     isometric ventricular contraction 
E(Q) –     actual ventricular systole 
F(LV) –   LV systole  
D(LV) –   LV isometric contraction period  
E(LV) –   actual LV systole 
F(RV) –  RV systole 
D(RV) –  RV isometric contraction period 
E(RV) –  actual RV systole 
 

 
G(AV) –  opening  of AV 
H(PV) –  closing of PV 
G(TV) –  opening of TV 
H(AV) –  closing of AV 
G(MV) – opening of MV 
H(TV) –  closing of TV 
H(MV) – closing of MV 
G(PV) –  opening of PV 
  

  Аsd1 –   asynchronous period of ventricular systole-diastole -1 
  Ss1 –      synchronization period of isometric ventricular contraction -1  
  Аs1 –     asynchronous period of ventricular systole -1 
  Ss2 –      of synchronization of the actual ventricular systole -2 
  Аsd2 –   asynchronous period of ventricular systole-diastole -2 
  Аd1 –     asynchronous period of ventricular diastole -1 
  Sd1 –     period of synchronization of ventricular diastole -1 
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We consider it advisable to propose (Fig.1) a sequence 
of ZTEPs, initiated by the systole of the three-chamber 
ventricular block of the heart, as a synchronized sequence 
that is key in the periodization of the CC phases, as well as 
in hemodynamic and wave processes in the human vascular 
system. We believe that the pressure profile in RA can serve as 
a test hemodynamic curve, on the basis of which a fast-acting 
matrix of successive points of the temporary equalization of 
pressure (creation of short-term equilibrium states) is formed 
in the vascular systems of the body and heart, providing the 
synchronization and sequence of the hemodynamic processes 
in the body as a whole.

We believe that the detailed determination of the 
correlation of phases and ZTEPs during CC will allow creating 
qualitatively new non-invasive methods for determining 
hemodynamic parameters of the heart and affecting them.
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Abstract
The purpose of this study was to evaluate the blood level of neurotrophic factors (S100 protein, nerve growth factor, L- 

homocysteine   and angiotensin II) in the diagnosis of disorders of the psychomotor and physical development of children who 
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Introduction
A reliable system of early diagnosis, based on a 

comprehensive analysis of circulating biochemical markers 
of brain damage in infants, is an important criterion of the 
effectiveness of therapeutic/preventive measures aimed at 
preventing the development of disorders in children who 
underwent perinatal lesions of CNS. This system of early 
diagnosis should be convenient to use and interpret and 
available at any level of health care.(1,2) The microcirculatory 
insufficiency in childbirth and the antenatal period is the 

dominant link in the development of degenerative processes 
in CNS of newborns, which requires a more detailed analysis 
of the variability of neurovascular markers that reflect the 
formation of adaptation processes of the body.(3) The capillary 
endothelium of the brain is extremely sensitive to ischemic-
hypoxic effects, and its pathology occupies leading positions 
in the formation of neurological disorders.(4,5) Homocysteine 
(Hcy)   and angiotensin II (AII) are leading markers in the 
diagnosis of the pathomorphological state and function of the 
endothelium of the microcirculatory bed. They are released 
in high concentrations during damage to capillary structures, 
causing disruption of the passage of nerve impulses between 
neurons of the brain through myelination of the axonal 
structures of the white matter, which affects the metabolism 
of nerve cells and the regenerative potential of astrocytic glia, 
manifested by the variability in the blood levels of S100 protein 
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and NGF.(6) An increase in the Hcy level   is directly related to 
the activity of the enzyme cystathionine beta-synthase, which 
is involved in the metabolism of white substance myelin 
structures. Therefore, hyperhomocysteinemia is direct evidence 
of the impaired conduction and synergy of nerve impulses 
between neurons in brain structures.(7) An increase in the AII 
level is a direct consequence of hyperhomocysteinemia, which 
provokes a cytotoxic effect on the vascular endothelium, which 
in turn potentiates expression of prostacyclin derivatives, and 
which, through feedback, lead to an even greater spasm of the 
microcirculation network of CNS.(8) Experimental studies of the 
dynamics of neurotrophic factors in ischemic CNS lesions, and 
under neuroapoptosis, were performed only in newborns and 
pregnant women, and markers of endothelial dysfunction (Hcy   
and AII) were not taken into account.(9) Results obtained in these 
studies do not fully correspond to the possibility of estimating 
the recovery period during the first year of life. In addition, 
there is currently no agreement between specialists in the 
choice of diagnostic neurobiochemical indicators as prognostic 
criteria reflecting the structural and functional damage to CNS, 
their dependence on clinical and instrumental examination, the 
severity of the condition, the timing of the initiation of treatment, 
or its duration, and the form of effective control.(10) Evaluation of 
the level of physical development of children in any age range, 
correlated with other factors of analysis, allows us to provide 
a full clinical picture of the pathological process.(11) Physical 
development of the child is the result of a combination of many 
factors, and the achieved indicators are unique for each child. 
The large variability of normal rates of development, determined 
by the complex interactions of a genetically determined 
response to a range of environmental conditions, significantly 
complicates the timely detection of the consequences of 
perinatal CNS lesions.(12,13) Currently, it is far from uncommon 
that with a well-flowing pregnancy and childbirth, a child 
may be neurologically compromised, and a perinatal lesion 
diagnosed in the neonatal period may subsequently manifest in 
each child differently—from a persistent ND to the complete 
absence of clinical manifestations. This multi-vector state of 
the problem led to profile practitioners facing difficulties in 
establishing the diagnosis of perinatal damage of CNS, and the 
“transiency” of neurological manifestations often postpones 
the formulation of a correct diagnosis and leads to the untimely 
pathogenetic therapy for the underlying disease, leading to 
irreversible psycho-neurological effects. 

Thus, competent and timely correction of the level of 
neurotrophic factors will avoid cerebral microcirculatory 
alterations and significantly reduce the disneyrometabolism, 
the risk of cognitive impairment, and also will allow early 
diagnosis of the latent effects of perinatal CNS lesions.

The purpose of this study was to evaluate the blood level 
of neurotrophic factors (S100 protein, NGF, L-Hcy   and AII) 
in the diagnosis of disorders of the psychomotor and physical 
development of children who underwent perinatal CNS lesions.

Materials and Methods
The study included 419 patients (52% boys and 48% 

girls) aged from 0 to 6 months. The main group (Group 1) 

included 336 patients in the first year of life who received 
inpatient treatment because of perinatal CNS damage of 
a different degree of severity. The control group (Group 2) 
included 83 apparently healthy children. Children in the 
control group passed standard clinical examinations in 
specified periods of observation at the stage of outpatient 
services. There were several obligatory criteria for patients 
to be included in the control group: absence of neurological 
symptoms, absence of a neurologist’s supervision, and 
pharmacotherapy of neurological deviations during the first 
year of life. 

Groups 1 and 2 were each divided into two subgroups 
according to age: Group 1a (n=163) and Group 2a (n=43) 
between the ages of 1 to 3 months; Group 1b (n=173) and Group 
2b (n=40) between the ages of 4 to 6 months. In accordance with 
the ND severity (YA Yakunin’s classification, 1979), Group 1a 
and Group 1b was also divided into subgroups: mild degree 
(n=122), moderate degree (n=118), and severe degree (n=96).

To assess the risk factors and the dynamics of clinical 
manifestations of the perinatal CNS damage consequences, 
we evaluated the women’s somatic health, reproductive and 
gynecological history, and peculiarities of the course and 
complications of pregnancy and childbirth, using a scale of 
the optimal course of gestation (SOCG) and a scale of the 
optimal course of delivery (SOCD).(8) To assess the severity 
of perinatal CNS damage, the Apgar score at birth was taken 
into account.(9) The consequences of the severity of the perinatal 
CNS damage was established during a neurologic examination 
and evaluation of the children’s neurological status.(14) The 
analysis of individual physical development of the children 
was carried out using Z score (weight-for-age) and centiles 
(7 intervals (“corridors”)) according to the WHO standard 
program WHO AnthroPlus.(10-12) The average Z-score of weight-
for-age (WAZ) was determined. The obtained Z-score data 
were correlated with centile intervals as follows: 4-5 - “normal” 
physical development; 3 and 6 - physical development “below 
average” and “above average,” respectively; 2 and 7 - physical 
development “low” and “high,”; 1 and 8 - “very low” and “very 
high” physical development, respectively. 

The concentrations of biochemical markers in the 
blood were evaluated in all children at admission, as a routine 
entry investigation. The serum level of the beta subunit 
of human NGF (beta-NGF) was measured by EIA (Beta-
NGF, «RayBio», Russia.). The serum level of L-Hcy was 
determined by EIA using «Axis-Shield» test kit.  S100 protein 
was evaluated by means of the ELISA method, with the Cobas 
e411 analyser (Roche Diagnostics GmbH, Germany) and 
reagents by BioKhimMak  (Russia). The serum level of AII 
was determined by using EIA kits according to manufacturer 
instructions (BCM Diagnostics, Moscow, Russia).  

The study was approved by the Voronezh State Medical 
University Ethics Committee (Protocol No. 6 of October 19, 
2013). Written informed consent was obtained from the child’s 
parents.

Statistical analysis was performed using StatSoft 
Statistica v6.0. Multiple comparisons were performed with 
one-way ANOVA and post-hoc Tukey HSD test. A probability 
value of P<0.05 was considered statistically significant. 
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Results and Discussion
An analysis of the frequency of identified neurologic 

syndromes in patients of the main group by age, depending 
on the severity of the CNS lesion, is presented in Table 1. 
The results obtained established that, regardless of age, the 
incidence of neurologic syndromes increased with an increase 
in the severity of the CNS lesion. It should be noted that in 
Group 1a, regardless of the degree of severity of the CNS 
lesion, hyperexcitability syndrome was dominant, to which 
the syndrome of motor disorders was added at a severe degree 
of CNS damage. In Group 1b, a syndrome of motor disorders 
and a syndrome of delayed psychomotor development were 
dominant (Table 1). 

Assessment of the physical and psychomotor states of 
the children revealed significant differences in accordance with 
the severity of the CNS lesion (Table 2). The received results 
testify to a decrease in all investigated parameters against the 
background of increased severity of the CNS lesion.

The blood levels of biochemical markers of CNS 
damage are presented in Table 3. Thus, a mild degree of CNS 
lesion was associated with increased levels of neurotrophic 
and vascular markers, reflecting both the pathological and 
compensatory nature of the changes. The average and severe 
degrees of CNS lesions were accompanied by a decreased 
level of all parameters, which indicates more pronounced 
and organically irreversible consequences of damage to brain 
structures. 

It should be noted that the age period of 1-3 months 
is characterized by a decrease in both neuronal loss and 
the severity of neurological disorders, which is especially 
important for the timely diagnosis of ND. In the age period 
of 4-6 months, there is an aggravation of neurodystrophic 
processes, a rupture of synaptic connections, and a disruption 
in the interaction of different areas of the brain. All of which 
determine a broader clinical picture of neurologic symptoms 
in this age group.

Thus, a comprehensive approach to assessing the 
blood levels   of neurotrophic factors, along with methods 
of neuroimaging in children in the first 6 months of the 
postnatal period, allows identification of the total result 
of multidirectional degenerative-reparative processes in 
the neurovascular components of CNS and  construction 
of the diagnostically significant criteria of the severity of 
neuropathology, which determines the physical development 
of children in the first year of life:

1. With a mild degree of the CNS lesion, a slight increase 
in the content of S100 protein and NGF (no more than 15% of 
the norm) in the age group of 1-3 months is determined. The 
presence of physical development "above average" is found, 
regardless of the age group.

Table 1.
The frequency of neurologic syndromes in newborns with perinatal 
CNS lesions, depending on the ND severity and age group

Clinical syndrome

Mild degree
of ND

 (n=112)

Moderate
degree of ND

 (n=118)

Severe degree
 of ND
 (n=96)

1-3 
months
(n=60)

4-6 
months
(n=62)

1-3
months
(n=58)

4-6
months
 (n=60)

1-3 
months
 (n=45)

4-6 
months
(n=51)

Syndrome of motor
disorders (n/%) 7/11.7 4/6.4 15/25.9 16/26.7 21/46.7 17/33.3

Posthypoxic
ventricular
dilatation (n/%)

2/3.3 1/1.6 7/12.1 3/5 13/28.9 5/9.8

Vegetative-visceral
dysregulation
(n/%)

1/1.7 1/1.6 4/6.9 8/13.3 4/8.9 6/11.8

Hyperexcitability
syndrome (n/%) 7/11.7 0 19/32.8 0 6/13.3 1/1.96)

Syndrome
of delayed
psychomotor
development (n/%)

0 2/3.2 1/1.7 9/15 2/4.4 12/23.5

Table 2.
The physical and psychomotor states of the children and the severity of the CNS lesion (M±SEM)

Variable Control
 group 

Mild degree of ND Moderate degree of ND Severe degree of ND
StatisticsGroup 1a

(n=60) (1)
Group 1b

 (n=62) (2)
Group 1a

 (n=58) (3)
Group 1b

 (n=60) (4)
Group 1a
 (n-45) (5)

Group 1b
 (n=51) (6)

SOCG (%) 77±3 63±4 62±4 51±6 50±3 34±4 36±3
Group 1a: F= 8.3469 P=0.0004

P1-5=0.0002, P3-5=0.0486
Group 1b: F= 13.9444, P=0.0000

P2-4=0.0316, P2-6=0.0000, P4-6=0.0147

SOCD (%) 67±4 58±3 57±2 44±3* 43±3 37±3 34±3
Group 1a: F= 12.3615 P=0.0000

P1-3=0.0023, P1-5=0.0000
Group 1b: F= 18.6146, P=0.0000

P2-4=0.0006, P2-6=0.0000

Apgar score 7±1 6±1 5±1 5±1 5±1 4±1 4±1 Group 1a: F= 0.9392 P= 0.3931
Group 1b: F= 0.3097, P= 0.7341

Z score (WAZ) 0±0.8 0.9±0.2 1.0±0.1 1.4±0.1 1.5±0.1 1.9±0.1 2.1±0.1
Group 1a: F= 10.6572 P=0.0000

P1-3=0.0392, P1-5=0.0000
Group 1b: 29.1534, P=0.0000

P2-4=0.0011, P2-6=0.0000, P4-6=0.0002

Centile 63±7 75±8 74±6 85±3 84±4 92±2 93±3
Group 1a: F= 2.3333 P= 0.1003
Group 1b: F= 4.0113, P=0.0199

P2-6=0.0147
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2. With a moderate degree of the CNS lesion, a 
significant increase in the blood content of S100 protein (an 
average of 45% of the norm) is determined in the age group 
of 1-3 months. Physical development at a moderate degree of 
the CNS lesion is characterized as "above average" in the age 
group of 1-3 months and "below average" in the age group of 
4-6 months.

3. With a severe degree of the CNS lesion, the blood 
levels of NGF decreased by 28% relative to normal indices 
in the age group of 1-3 months. The physical development of 
these children was "very low."
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Abstract
The aim of our research was to study the association of the -675 4G/5G (rs1799889) SNP of the SERPINE1 (PAI-1) gene 

and the Arg353Gln G>A (rs6046) SNP of the F7 gene with metabolic syndrome (MetS) in the Yakuts with COPD.
Methods and Results: A molecular-genetic examination was conducted in 200 COPD patients of Yakut ethnicity. The main 

group (MG) consisted of 100 COPD patients with MetS, the comparison group (CG) included 100 COPD patients without MetS. 
The distribution of genotypes of studied SNPs was in Hardy-Weinberg equilibrium in all cases. Studying the SERPINE1 -675 
4G/5G SNP, we found the prevalence of a 4G allele in MG, compared to CG (OR=1.84, 95% CI 1.23 – 2.74; χ2=9.06, P=0.003). 
Incidence of the homozygous 4G/4G mutation was rather high in MG, compared to CG (OR=2.35, 95% CI 1.24 – 4.44; χ2=9.31, 
P=0.002). According to our data, the presence of MetS in Yakut patients with COPD has been associated with the carrier of the 
4G/4G genotype. Studying the F7 Arg353Gln SNP, we found the prevalence of an Arg253 allele in both groups (0.72 in MG and 
0.71 in CG; χ2=0.01, P=0.91). The homozygous Gln353/Gln353 mutant genotype was rare in both groups (0.12 in MG and 0.10 
in CG; OR=1.23, 95% CI 0.50–2.99; χ2=0.01, P=0.92). In our study, the F7 Arg353Gln SNP was not associated with protection 
against MetS in COPD patients. (International Journal of Biomedicine. 2018;8(2):134-138.) 
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Abbreviations
BMI, body mass index; ED, endothelial dysfunction; F7, coagulation factor VII; MetS, metabolic syndrome; COPD, chronic 
obstructive pulmonary disease; PAI-1, plasminogen activator inhibitor-1; SNP, single nucleotide polymorphism; WC, waist 
circumference. 

Introduction
COPD is a major source of morbidity and mortality 

internationally.(1) In 1997, COPD was predicted to become the 
third leading cause of global death by 2020,(2) but a subsequent 
analysis found that COPD had become the third leading cause 
of global death by 2010.(3) According to Global Strategy For 
The Diagnosis, Management, And Prevention Of Chronic 
Obstructive Pulmonary Disease (GOLD, 2017), COPD has 

substantial manifestations beyond the lungs—the so-called 
systemic effects.(4) The chronic systemic inflammation that 
is linked to COPD may also initiate or exacerbate comorbid 
diseases, such as cardiovascular disease, osteoporosis, anemia, 
MetS, type 2 diabetes, lung cancer, and depression. It is one 
of the key mechanisms underlying these extrapulmonary 
effects.(5-7) The active involvement of the vascular endothelium 
in the inflammatory process is recognized in this disease.(8) 

Metabolic abnormalities like type 2 diabetes, obesity and MetS 
are common in COPD.(9) Obesity, physical inactivity, cigarette 
smoking, corticosteroid use, as well as inflammation and 
hypoxia, are mechanisms responsible for the development of 
MetS in COPD patients.(10-14)
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MetS is a prothrombotic condition as a result of ED 
and an imbalance between coagulation factors and substances 
regulating fibrinolysis.(15) It is known that the development 
of MetS is due to both environmental factors and genetic 
predisposition. An important point in the study of MetS is the 
identification of its characteristics in different ethnic groups, 
since the peculiarities of culture and lifestyle determine the 
genetic aberrations that lead to MetS development.(16) The 
study of genetic determinants in the development of MetS in 
COPD patients is of undoubted interest.  

Currently, there are no data on the association of 
SNPs in genes, related to ED, in particular, -675 4G/5G 
insertion/deletion promoter polymorphism (rs1799889) of the 
SERPINE1 (PAI-1) gene  and  Arg353Gln polymorphism of 
the F7 gene, with MetS in Yakut people with COPD. 

PAI-1 also known as endothelial plasminogen 
activator inhibitor, encoded by the SERPINE1 gene, is an 
inhibitor of fibrinolysis (17) and, as such, genetic mutations of 
SERPINE1 resulting in alterations in plasma levels or function 
of the expressed protein may be important determinants for 
COPD and MetS.

Previous studies have suggested that a single guanosine 
insertion/deletion (4G/5G) polymorphism in the promoter 
region is associated with circulating levels of PAI-1.(18)  

Studies carried out in different populations have consistently 
shown that individuals, homozygous for the 4G allele, 
have significantly higher plasma PAI-1 levels than those 
homozygous for the 5G allele.(19) This SNP is associated with 
the risk of insulin resistance and thrombosis formation.(20,21)

Factor VII (FVII), a vitamin K-dependent glycoprotein 
secreted by the liver, plays an important role in the initiation 
of coagulation by tissue factor.(22) Plasma FVIIc levels are 
regulated by environmental factors, such as age, BMI, 
dietary fat intake, plasma lipids, especially triglycerides, and 
diabetes,(23-25) and by a genetic component.(26,27)

The F7 Arg353Gln SNP located in exon 8 causes an 
exchange of arginine to glutamine, which in turn results 
in decreased FVII activity by 20% to 30%.(28-30) It has been 
suggested that the Gln353 allele protects against myocardial 
infarction.(28) Thus, presence of the Gln353 allele may 
consequently also be protective in other situations in which 
thrombus formation is a fundamental pathophysiological 
mechanism. 

The aim of our research was to study the association of 
the -675 4G/5G (rs1799889) SNP of the SERPINE1 (PAI-1) 
gene and the Arg353Gln G>A (rs6046) SNP of the F7 gene 
with MetS in the Yakuts with COPD.

Materials and methods
A molecular-genetic examination of 200 COPD patients 

was conducted at the emergency department at the Republican 
Hospital No.2 in Yakutsk. The study was performed in the 
period between 2009 and 2013. The study was carried out 
within the framework of the project “Metabolic syndrome and 
chronic non-communicable diseases among the inhabitants of 
Yakutia” (State Project No. 11-01M.2009.). The study was 
approved by the Ethics Committee of the Yakut Science Center 

of Complex Medical Problems. Written informed consent was 
obtained from all patients.  

Patients were divided into 2 groups. The main group 
(MG) consisted of 100 COPD patients (70 women and 30 
men; mean age of 50.9±0.91 years) with MetS, the comparison 
group (CG) included 100 COPD (80 women and 20 men; 
mean age of 48.9±1.35 years) patients without MetS. All 
patients were of Yakut ethnicity and did not have kinship with 
each other.

Anthropometric parameters in MG and CG were as follows: 
BMI - 32.7±0.44 kg/m2 and 23.2±0.35 kg/m2, WC - 102.9±0.95 cm 
and 77.2±0.96 cm, НС - 108.7±1.84 cm and 93.5±0.98 cm, WC/
НС ratio - 1.03±0.87 and 0.8±0.01, respectively. COPD diagnosis 
was based on the integral assessment of symptoms, medical 
history, health status, and spirometry values according to 
GOLD. MetS was diagnosed according to the IDF consensus 
criteria.(31) The patients filled out a questionnaire approved 
by the ethics committee, which contained questions on 
these blocks: socio-demographic characteristics, anamnestic 
data, heredity research, behavior and health, a validated 
questionnaire for assessing respiratory symptoms, and a 
symptom scale of COPD patients (Paggiaro PL, 1998).

Total cholesterol (TC), low-density cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
and triglycerides (TG) were determined in plasma using 
biochemical analyzer Olympus AU 400 (Beckman Coulter, 
USA). Patients did not receive lipid-lowering treatment at the 
time of the examination.

DNA was isolated from peripheral blood leukocytes by 
a standard procedure based on phenol- chloroform extraction. 
Determination of gene polymorphism was performed by PCR 
using the Applied Biosystems amplifier and reagent kits SNP-
Express (LITEH). DNA amplification for molecular detection 
of SNPs was performed by an allele-specific analysis. PCR 
products were analyzed on 2% agarose gel after staining 
with ethidium bromide and were visualized using a UV 
transilluminator.

Statistical processing and data analysis was carried out 
using the SPSS package (version 19). Baseline characteristics 
were summarized as frequencies and percentages for categorical 
variables and as mean±SD for continuous variables. The chi-
square test was used to determine the deviation from Hardy-
Weinberg equilibrium (HWE) (P>0.05) and the differences in 
genotypes and alleles between groups. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated. We calculate 
ORs using multiplicative model for alleles and additive model 
for genotypes. Multiple comparisons were performed with 
one-way ANOVA and post-hoc Tukey HSD test. A probability 
value of P<0.05 was considered statistically significant. 

Results and Discussion 
The distribution of alleles and genotypes of studied SNPs 

in groups is shown in Table 1. The distribution of genotypes of 
studied SNPs was in Hardy-Weinberg equilibrium in all cases. 
Studying the SERPINE1 -675 4G/5G SNP, we found the 
prevalence of a 4G allele in MG, compared to CG (OR=1.84, 
95% CI 1.23–2.74; χ2= 9.06, P=0.003). 
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Incidence of the homozygous 4G/4G mutation was 
rather high in MG, compared to CG (OR=2.35, 95% CI 
1.24–4.44; χ2=9.31, P=0.002). Thus, according to our data, 
the presence of MS in Yakut patients with COPD has been 
associated with the carrier of the 4G/4G genotype. Similar data 
were obtained by V.Khavinson.(32) Thus, the study showed that 
the presence of the 4G/4G genotype significantly correlated 
with systolic hypertension and hyperglycemia in the Russian 
population. Our data also agree with earlier studies performed 
in Turkey and Italy. Thus, according to results by Berberoğlu 
and colleagues,(33) in obese children, frequency of the 4G/4G 
genotype was more than the 4G/5G and 5G/5G genotypes in 
the PAI-1 gene. Sartori and colleagues showed that the 4G/5G 
polymorphism may influence PAI-1 expression in obesity, 
with a crucial role in central but not peripheral adiposity.(34) 

Studying the F7 Arg353Gln SNP, we found the prevalence 
of an Arg253 allele in both groups (0.72 in MG and 0.71 in CG; 
χ2=0.01, P=0.91). Allelic frequency of the Gln353 mutation 
was 0.28 and 0.29 in MG and CG, respectively (P=0.91). The 
homozygous Gln353/Gln353 mutant genotype was rare in 
both groups (0.12 in MG and 0.10 in CG;  OR=1.23, 95% CI 
0.50–2.99; χ2=0.01, P=0.92). In our study, the F7 Arg353Gln 
SNP was not associated with protection against MetS in 
COPD patients.

An analysis of the association between components of 
MetS and the SERPINE1 -675 4G/5G SNP revealed significant 
differences in anthropometric parameters. The levels of BMI 
and WC were significantly greater in homozygous carriers of 
4G/4G compared to carriers of 5G/4G and 5G5G genotypes 
(Table 2). Similar results were obtained in the study by Al-
Hamodi et al.(35): the Malaysian subjects with homozygous 
4G/4G showed association with increased triglyceride levels 
(P=0.007), BMI (P=0.01) and diastolic blood pressure (BP) 
(P=0.03). 

In our study, the F7 Arg353Gln SNP was not associated 
with MetS in COPD patients of the Yakut ethnic group. In 
study by A.Reiner et al.,(36)  young-to-middle-aged women (US 
population) carrying a >or=1 copy of the low F7 expression 
level haplotype C (containing the -401T/-323del/-122C and 
Gln353 alleles) had a decreased BMI and an increased HDL-C 
level. According to a study by J.Pankow,(37) the Gln353 
allele was associated with lower FVII coagulant activity in 
moderately obese adults, but obtained results did not support 

the hypothesis that the Arg-Gln353 polymorphism interacts 
with the plasma triglyceride level in determining FVIIc.  

Conclusion 
Thus, in the Yakut ethnic group, the SERPINE1 -675 

4G allele was predominant in  COPD patients with MetS 
compared to COPD patients without MetS (OR=1.84, 95% CI 

Table 1. 
The distribution of alleles and genotypes of studied SNPs in MG and CG 

Gene
Allele Frequency

OR (95% CI)  P-value
Genotype Frequency

OR (95% CI) P-value
MG (n=100) CG (n=100) MG CG

SERPINE1 5G: 77(0.38)
4G: 123(0.62)

5G: 107(0.54)
4G: 93(0.46)

0.54 (0.37-0.81)
1.84 (1.23-2.74) 0.003

5G/5G: 14(0.14)
4G/4G: 37(0.37)
5G/4G: 49(0.49)

5G/5G: 27(0.27)
4G/4G: 20(0.20)
5G/4G: 53(0.53)

0.44 (0.21-0.90)
2.35 (1.24-4.44)
0.85 (0.49-1.48)

0.002

F7 Arg353: 143(0.72)
Cln353: 57(0.28)

Arg353: 142(0.71)
Cln353: 58(0.29)

1.02 (0.66-1.58)
0.98 (0.63-1.50) 0.91

Arg353/Arg353:
55(0.55)

Cln353/Cln353:
12(0.12)

Arg353/Cln353:
33(0.33)

Arg353/Arg353:
52(0.52)

Cln353/Cln353:
10(0.10)

Arg353/Cln353:
38(0.38

1.13 (0.65-1.97)

0.80 (0.45-1.44)

1.23 (0.50-2.99)

0.92

Table 2.
MetS components in COPD patients of MG depending on the 
SERPINE1 -675 4G/5G SNP

Variable

Genotype

Statistics
5G/5G
(n=14)

[1]

5G/4G
(n=49)

[2]

4G/4G
(n=37)

[3]
BMI, 
kg/m2 25.8±0.83 27.8±0.59 29.3±0.79 F=3.5974 P=0.0311

P1-3=0.0283

WC, 
cm 83.8±1.93 89.2±1.59 95.3±1.99

F=6.3574 P=0.0025
P=0.0037 
P2-3=0.0346

НС, 
cm 97.2±1.43 99.8±1.19 103.1±2.95 F=1.3449 P=0.2654

WC/НС 0.9±0.01 0.9±0.01 1.1±0.14 F=1.7155 P=0.1853
Heart 
rate, 
bpm

76.9±1.57 77.4±0.83 75.4±1.04 F=1.1869 P=0.3095

Systolic
BP,
mmHg

123.5±3.63 126.1±2.12 131.3±2.75 F=1.7928 P=0.1720

Diastolic
BP,
mmHg

75.1±1.79 76.6±1.19 80.0±1.39 F=2.6121 P=0.0785

Glucose,
mmol/l 5.3±0.11 5.2±0.07 5.4±0.16 F=0.8575 P=0.4274

TC, 
mmol/l 4.9±0.18 5.3±0.12 5.3±0.14 F=1.4183 P=0.2471

LDL-C, 
mmol/l 3.1±0.12 3.4±0.09 3.5±0.12 F=1.9322 P=0.1504

HDL-C,
mmol/l 1.3±0.04 1.4±0.04 1.4±0.07 F=0.5519 P=0.5777

TG,
mmol/l 1.3±0.09 1.4±0.08 1.6±0.11 F=1.8720 P=0.1593
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1.23–2.74; χ2= 9.06, P=0.003). Incidence of the homozygous 
4G/4G mutation was rather high in COPD patients with MetS 
compared to COPD patients without MetS (OR=2.35, 95%CI 
1.24–4.44; χ2=9.31, P=0.002). The levels of BMI and WC 
were significantly greater in homozygous carriers of 4G/4G 
compared to carriers of the 5G/4G and 5G5G genotypes. The 
homozygous F7 Gln353/Gln353 mutant genotype was rare in 
COPD patients with and without MetS (0.12 in MG and 0.10 
in CG;  OR=1.23, 95% CI 0.50–2.99; χ2=0.01, P=0.92). The 
F7 Arg353Gln SNP was not associated with protection against 
MS in COPD patients of the Yakut ethnic group.

Conflict of interest
The authors declare that they have no conflicts of 

interest to disclose.

References
1. WHO. Global surveillance, prevention and control of 
chronic respiratory diseases. Geneva, Switzerland: World 
Health Organization; 2007.
2. Murray CJ, Lopez AD. Alternative projections of mortality 
and disability by cause 1990–2020: Global Burden of Disease 
Study. Lancet. 1997;349(9064):1498–504. 
3. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya 
K, Aboyans V, et al. Global and regional mortality from 
235 causes of death for 20 age groups in 1990 and 2010: a 
systematic analysis for the Global Burden of Disease Study 
2010. Lancet. 2012;380(9859):2095–128. doi: 10.1016/S0140-
6736(12)61728-0.
4. Global Initiative for Chronic Obstructive Lung Disease 
(GOLD, 2017 REPORT). Available from: http://goldcopd.org/
5. Agusti A, Soriano JB. COPD as a systemic disease. COPD. 
2008;5(2):133–38. doi: 10.1080/15412550801941349. 
6. Barnes PJ, Celli BR. Systemic manifestations and 
comorbidities of COPD. Eur Respir J. 2009;33(5):1165–85. 
Eur Respir J. 2009;33(5):1165–1185.
7. Fabbri LM, Rabe KF. From COPD to chronic systemic 
inflammatory syndrome? Lancet. 2007;370(9589):797–9. 
8. Shpagina LA, Gerasimenko ON, Shpagin IS, Zueva 
MA. [Endothelial dysfunction and vascular remodeling with 
arterial hypertension in combination with chronic obstructive 
pulmonary disease: new therapeutic targets]. Pulmonology. 
2009;3:47-54. [Article in Russian]. 
9. Agusti A, Soriano JB. COPD as a systemic disease. 
COPD. 2008;5(2):133–8. doi: 10.1080/15412550801941349.
10. Minas M, Kostikas K, Papaioannou AI, Mystridou P, 
Karetsi E, Georgoulias P, et al. The association of metabolic 
syndrome with adipose tissue hormones and insulin resistance 
in patients with COPD without co-morbidities. COPD. 
2011;8(6):414–20. doi:10.3109/15412555.2011.619600.
11. Watz H, Waschki B, Kirsten A, Müller KC, Kretchmar G, 
Meyer T, et al. The metabolic syndrome in patients with chronic 
bronchitis and COPD: frequency and associated consequences 
for systemic inflammation and physical inactivity. Chest. 
2009;136(4):1039–1046. doi: 10.1378/chest.09-0393.
12. Wells CE, Baker EH. Metabolic syndrome and diabetes 
mellitus in COPD. Rabe KF, Wedzicha JA, Wouters EFM 
(eds). COPD and Comorbidity. European Respiratory Society, 
Sheffield. 2013:117–134.

13. Vujic T, Nagorni O, Maric G, Popovic L, Jankovic J. 
Metabolic syndrome in patients with chronic obstructive 
pulmonary disease: frequency and relationship with systemic 
inflammation. Hippokratia. 2016;20(2):110-114.
14. Franssen FME, O’Donnell DE, Goossens GH, Blaak 
EE, Schols AM. Obesity and the lung: 5. Obesity and COPD. 
Thorax. 2008;63(12):1110-7. doi: 10.1136/thx.2007.086827.
15. Palomo I, Moore-Carrasco R, Alarcon M, Rojas A, 
Espana F, Andres V, Gonzalez-Navarro H. Pathophysiology 
of the proatherothrombotic state in the metabolic syndrome. 
Front Biosc (Schol Ed). 2010;2:194-208.
16. Mamedov MN, Oganov RG. [Epidemiological aspects 
of the metabolic syndrome]. Kardiologiia. 2004; 44(9):4-8. 
[Article in Russian].
17. Loskutoff DJ, Curriden SA. The fibrinolytic system of the 
vessel wall and its role in the control of thrombosis. Ann NY 
Acad Sci. 1990;598:238–47.
18. Huang J, Sabater-Lleal M, Asselbergs FW, Tregouet D, Shin 
SY, Ding J, et al. Genome-wide association study for circulating 
levels of PAI-1 provides novel insights into its regulation. Blood. 
2012;120(24):4873–81. doi: 10.1182/blood-2012-06-436188.
19. Kohler HP, Grant PJ. Plasminogen-activator inhibitor 
type 1 and coronary artery disease. N Engl J Med. 2000: 
342(24):1792-801.
20. Incalcaterra E, Meli F, Muratori I, Corrado E, Amato C, 
Canino B, Ferrara F. Residual vein thrombosis and onset of post-
thrombotic syndrome: Influence of the 4G/5G polymorphism 
of plasminogen activator inhibitor-1 gene. Thromb Res. 
2014;133(3):371–4. doi: 10.1016/j.thromres.2013.12.032.
21. Hellwege JN, Palmer ND, Ziegler JT, Langefeld CD, 
Lorenzo C, Norris JM, et al. Genetic variants in selenoprotein 
P plasma 1 gene (SEPP1) are associated with fasting 
insulin and first phase insulin response in Hispanics. Gene. 
2014;534(1):33-9. doi: 10.1016/j.gene.2013.10.035.
22. Rao LV, Rapaport SI. Activation of factor VII bound 
to tissue factor: a key early step in the tissue factor 
pathway of blood coagulation. Proc Natl Acad Sci U S A. 
1988;85(18):6687–91.
23. Humphries SE, Lane A, Green FR, Cooper J, Miller GJ. 
Factor VII coagulant activity and antigen levels in healthy men 
are determined by interaction between factor VII genotype 
and plasma triglyceride concentration. Arterioscler Thromb. 
1994;14(2):193–8.
24. Feng D, Tofler GH, Larson MG, O’Donnell CJ, Lipinska 
I, Schmitz C, et al. Factor VII gene polymorphism, factor 
VII levels, and prevalent cardiovascular disease: the 
Framingham Heart Study. Arterioscler Thromb Vasc Biol. 
2000;20(2):593–600.
25. Mariani G, Bernardi F, Bertina R, Vicente VV, Prydz 
H, Samama M, et al. Serum phospholipids are the main 
environmental determinants of activated factor VII in the most 
common FVII genotype. European Union Concerted Action 
“Clotart”. Haematologica. 1999;84(7):620–6. 
26. de Lange M, Snieder H, Ariens RA, Spector TD, Grant 
PJ. The genetics of haemostasis: a twin study. Lancet. 
2001;357(9250):101–5.
27. Lam KS, Ma OC, Bourke C, Chan LC, Janus ED. Genetic 
influence of the R/Q353 genotype on factor VII activity is 
overwhelmed by environmental factors in Chinese patients 
with Type II (non-insulin-dependent) diabetes mellitus. 
Diabetologia.1998;41(7):760–6.
28. Iacoviello L, Di Castelnuovo A, De Knijff P, D'Orazio A, 
Amore C, Arboretti R, et al. Polymorphisms in the coagulation 



138                                       E. P. Borisova et al. / International Journal of Biomedicine 8(2) (2018) 134-138

factor VII gene and the risk of myocardial infarction. N Engl J 
Med. 1998;338(2):79-85.
29. Ghaddar HM, Folsom AR, Aleksic N, Hearne LB, 
Chambless LE, Morrissey JH, Wu KK. Correlation of factor 
VIIa values with factor VII gene polymorphism, fasting 
and postprandial triglyceride levels, and subclinical carotid 
atherosclerosis. Circulation. 1998;98(25):2815-21.
30. Hunault M, Arbini AA, Lopaciuk S, Carew JA, Bauer 
KA. The Arg353Gln polymorphism reduces the level of 
coagulation factor VII. In vivo and in vitro studies. Arterioscler 
Thromb Vasc Biol. 1997;17(11):2825-9
31. IDF Consensus Worldwide Definition of the Metabolic 
Syndrome, 2006. Available from: https://www.idf.org/e-
library/consensus-statements/60-idfconsensus-worldwide-
definitionof-the-metabolic-syndrome.
32. Khavinson VKh, Strekalov DL, Lyshchev AA. [Analysis of 
the association of some genetic risk factors for coronary artery 
disease with indices of lipid metabolism and arterial pressure]. 
Kliniko-laboratornii konsilium. 2010;4:52-53. [Article in 
Russian].
33. Berberoğlu M, Evliyaoğlu O, Adiyaman P, Ocal G, Ulukol 
B, Simşek F, et al. Plasminogen activator inhibitor-1 (PAI-1) 

gene polymorphism (-675 4G/5G) associated with obesity 
and vascular risk in children. J Pediatr Endocrinol Metab. 
2006;19(5):741-8.
34. Sartori MT, Vettor R, De Pergola G, De Mitrio V, Saggiorato 
G, Della Mea P, et al. Role of the 4G/5G polymorphism of PaI-
1 gene promoter on PaI-1 levels in obese patients: influence 
of fat distribution and insulin-resistance. Thromb Haemost. 
2001;86(5):1161-9.
35. Al-Hamodi ZH, Saif-Ali R, Ismail IS, Ahmed KA, Muniandy 
S. Plasminogen activator inhibitor-1 4G/5G polymorphism is 
associated with metabolic syndrome parameters in Malaysian 
subjects. J Clin Biochem Nutr.  2012;50(3):184-9. doi: 10.3164/
jcbn.11-48.
36. Reiner AP, Carlson CS, Rieder MJ, Siscovick DS, Liu K, 
Chandler WL, et al. Coagulation factor VII gene haplotypes, 
obesity-related traits, and cardiovascular risk in young women. 
J Thromb Haemost. 2007;5(1):42-9.
37. Pankow JS, Folsom AR, Shahar E, Tsai MY, Jeffery RW, 
Wing RR. Weight-loss induced changes in plasma factor VII 
coagulant activity and relation to the factor VII Arg/Gln353 
polymorphism in moderately obese adults. Thromb Haemost. 
1998;79(4):784-9.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINEORIGINAL ARTICLE 

General Surgery

 International Journal of Biomedicine 8(2) (2018) 139-141
http://dx.doi.org/10.21103/Article8(2)_OA6

Assessment of Quality of Life in Patients with Acute Appendicitis 
after a Minimally Invasive Approach

Alexei L. Charyshkin, PhD, ScD*; Maksim M. Yartsev

 Institute of Medicine, Ecology and Physical Education of Ulyanovsk State University
Ulyanovsk, the Russian Federation

Abstract
The leading indicator of a successful outcome of surgical intervention is generally recognized as an assessment of QL, which 

includes the physical, psychological, emotional and social functioning of a person. The results of the QL study after 6 months 
and 1 year following the appendectomy showed significantly higher total physical and mental health indicators in patients after 
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Introduction
In modern surgery for diseases of the abdominal 

cavity, minimally invasive surgical approaches are used—in 
particular, in patients with acute appendicitis.(1-5) Minimally 
invasive surgical interventions are aimed at reducing the 
trauma of surgery, reducing the duration of hospitalization 
and rehabilitation of patients, and improving the cosmetic 
effect.(6-10) To perform an appendectomy, minimally invasive 
approaches to the abdominal cavity include minilaparotomy 
and video laparoscopy.(11-15) 

The leading indicator of a successful outcome of surgical 
intervention is generally recognized as an assessment of QL, 
which includes the physical, psychological, emotional and 
social functioning of a person.(7) Studying QL in patients after 
surgical interventions promotes the identification of positive 
and negative moments of those interventions in patients with 
various pathologies.(7-9) Despite these benefits, the available 

literature lacks sufficient descriptions of the QL evaluation in 
patients after appendectomy by a minimally invasive approach.

The aim of our research was to study the indicators of 
QL in patients with acute appendicitis who were operated on 
by minilaparotomy.

Materials and Methods
The study included 220 patients with acute appendicitis 

aged 18 years and over (both sexes), with consent for surgical 
treatment, who underwent surgical treatment in the surgical 
department at the Nikolaev district hospital of the Ulyanovsk 
region in the period from 2008 to 2017. Exclusion criteria 
were age less than 18 years, acute pathological conditions 
requiring intensive care, and oncological diseases. 

The study was conducted in accordance with ethical 
principles of the Declaration of Helsinki and approved by 
the by Ethics Committees at our institutions. All patients 
underwent general clinical and laboratory, radiographic, 
endoscopic, ultrasound, histological methods of investigation; 
whenever required, echocardiographic study was carried out. 

All patients were divided into 2 groups. The groups were 
comparable with respect to age and sex. Group 1 included 
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140 patients who underwent appendectomy by the traditional 
method of minilaparotomy. Group 2 included 80 patients 
who underwent appendectomy by the developed method of a 
minimally invasive approach.(8) 

The proposed minimally invasive approach included: a) 
a cut of the skin in the right iliac region from a point located 
between the outer and middle third parts of the line connecting 
the umbilicus with the right anterior superior iliac spine, down 
and perpendicular to the mentioned line (from 2cm to 4cm 
in length); and b) dissection of the aponeurosis of the outer 
oblique abdominal muscle along the aponeurotic fibers. It is 
characteristic of this method that in the upper corner of the 
wound the incision of the aponeurosis of the external oblique 
abdominal muscle is deflected upwards parallel to the edge of 
the rectus abdominis muscle, up to 3cm in length; and in the 
lower corner of the wound, the incision of the aponeurosis of 
the external oblique abdominal muscle is deflected downwards 
parallel to the edge of the rectus abdominis muscle, up to 
3cm in length. Muscles are stretched by hooks along the 
length of the wound, and then the peritoneum is opened and 
an appendectomy is performed.(8) An appendectomy was 
performed in all patients with the use of an original retractor.(9)

In the postoperative period, adequate infusion therapy 
was performed. The water-electrolyte balance was corrected 
under the control of the content of potassium, calcium, and 
sodium ions in the blood plasma. For parenteral nutrition, 
protein hydrolysates and a glucose-insulin mixture 
were administered. To prevent purulent complications, 
cephalosporins of the third generation were intravenously 
prescribed.

Statistical analysis was performed using the statistical 
software «Statistica». (v6.0, StatSoft, USA). All values are 
presented as mean±SEM. The inter-group comparisons were 
performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion    
The QL indicators were assessed at 6 months and 1 

year after surgery, using SF-36. QL indicators were studied 
in 120(85.7%) patients in Group 1 and in 72(90%) patients in 
Group 2 (Table 1 and 2).  

The results of the QL study after 6 months and 1 year 
following the appendectomy showed significantly higher 
total physical and mental health indicators in patients after 
minilaparotomy by the proposed method. Long-term results 
1 year after appendectomy in these patients demonstrate the 
stability of the restored clinical parameters (i.е. retain the 
same improved values as were observed 6 months after the 
performed operation). Obviously, the positive effect obtained 
is the result of using minilaparotomy by the developed method, 
which reduces the traumatic nature of surgical intervention, 
helps to reduce the development of complications, and 
improves QL.

The study of QL is one of the leading indicators of the 
effectiveness of surgical treatment and the evaluation of the 
modern minimally invasive technologies being introduced. 
The proposed method of minilaparotomy allows performing 

surgical intervention in emergency surgery, acting as an 
alternative to video laparoscopy in some non-standard 
situations.

Thus, the developed method of minilaparotomy for 
performing appendectomy is an expedient and justified 
direction in minimally invasive surgery. Important advantages 
of minilaparotomy are the possibility of improving the cosmetic 
effect, reducing the level of postoperative pain syndrome 
in combination with a reduction in the duration of inpatient 
treatment and better indicators of QL. There is no doubt that 
further investigation of the results of minilaparotomy for 
appendectomy is necessary.

Conclusion
The proposed method of minilaparotomy for 

appendectomy increases the overall physical and mental 
health indicators in patients in the remote postoperative period 
in comparison with the traditional minilaparotomy. 

Table 1
SF-36 parameters in two groups 6 months after surgery

SF-36 Variable Group 1
(n=120)

Group 2
(n=72)

Physical domain

PF 81.1±1.3 85.8±1.5*

RP 69.2±1.4 75.4±1.7*

BP 68.1±1.4 73.2±1.7*

GH 53.2±1.6 59.7±1.6*

Psychological domain

VT 54.1±2.0 60.4±1.8*

SF 62.2±1.7 74.1±2.0*

RE 68.3±1.4 73.4±1.3*

MH 53.1±1.8 63.2±1.5*

*- P-value <0.05 between groups.

Table 2.
SF-36 parameters in two groups one year after surgery

SF-36 Variable Group 1
 (n=120)

Group 2
 (n=72)

Physical domain

PF 82.3±1.7 86.2±1.6*

RP 69.1±2.1 75.1±1.8*

BP 68.1±1.3 73.2±1.8*

GH 53.9±1.5 59.9±1.7*

Psychological domain

VT 54.3±1.5 60.5±1.9*

SF 62.9±2.2 74.2±1.9*

RE 68.5±1.9 73.5±2.2*

MH 53.3±2.3 63.5±1.9*

*- P-value <0.05 between groups.
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Abstract
The purpose of our research was to study the chondroplastic efficiency of the bone matrix obtained by the original technology, 

while restoring the defect of cartilage of the knee joint. 
Methods: In 40 adult Wistar male rats, marginal defects were modeled on the surface of the distal end of the femur. The 

animals of the experimental group were implanted with bone matrix into the damage zone. The material was examined by light 
microscopy, transmission and scanning electron microscopy, and X-ray electron probe microanalysis. 

Results: It was established that bone matrix did not cause immune rejection reaction and has prolonged activated reparative 
chondrogenesis. In the area of articular cartilage damage, a regenerate was formed, acquiring cellular and histochemical specificity 
of the hyaline cartilaginous tissue. The properties of the chondroinductor to the bone matrix were ensured by localized growth 
factors and bone morphogenetic proteins released during osteoclastic resorption. 

Conclusion: The use of bone matrix as a stimulant of chondrogenesis is theoretically justified and has a good prospect in the 
treatment of articular cartilage damage and diseases. (International Journal of Biomedicine. 2018;8(2):142-146.) 

Key Words:  articular cartilage • bone matrix • implantation • chondrogenesis

Introduction
Damage or loss of articular cartilage due to congenital 

anomalies, degenerative diseases of joints, or injuries has a 
negative impact on the quality of life of victims in all age 
groups and is an expensive medical problem. The main 
methods of plastic surgery for cartilage defects are currently: 
stimulation of reparative chondrogenesis by perforation of the 
subchondral bone at the bottom of the defect, replacement 
of the damage area by structural auto- and allografts, use of 
cellular technologies.(1) However, with osteoperforation, a 
fibrous cartilage is formed in the defect area, which, in its 
biomechanical characteristics, is significantly inferior to 
hyaline cartilage. The use of autografts is associated with an 
additional traumatic effect and a post-traumatic inflammatory 
process. This increases the blood loss and the duration of 
the operation. This method is limited by the inability to take 

the necessary amount of autogenous material, especially in 
children whose donor zones are small, and tissue capture can 
lead to disruption of local growth.(2) When allografts are used, 
cadaveric material, in which there are no viable chondrogenic 
cells, is also used. This raises ethical and moral problems. 
There is a potential danger of transmission of various diseases 
and infection to the recipient, including prion agents, hepatitis 
C and B viruses, and HIV infection. Histone compatibility and 
a number of serious immune complications develop, which 
are  often accompanied by suppuration in the postoperative 
period and rejection of the transplant.(3) The use of methods of 
cellular technology and tissue bioengineering is hampered by 
low proliferative activity of chondroblasts, the development 
of aseptic inflammation (in which a significant part of 
implanted cells die or lose its phenotype), and the disruption 
of  the trophic of regenerate.(1,4) The use of polypotent bone 
marrow stromal cells, which under the influence of the 
microenvironment of the zone of the cartilaginous defect are 
able to differentiate in the direction of the chondrocytes,(5) is 
accompanied by the spread of cells across all the joint cavity. 
Chaotic disorderly cytoarchitectonics of the regenerate is 
formed, as are dense scars, adhesions, and stiffness of the 
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joint. Despite the numerous methods developed, none of them 
lead to a full-fledged organ-specific recovery of the articular 
hyaline cartilage.(6) This indicates the urgency of the problem 
and the timeliness of the present study. 

The purpose of our research was to study the 
chondroplastic efficiency of the bone matrix obtained by the 
original technology, while restoring the defect of cartilage of 
the knee joint. 

Materials and Methods
In our study, we used 40 mature Wistar rats with a body 

weight of 340-390 g. The animals were divided into two groups: 
experimental and control with 20 individuals in each group. 
All manipulations were carried out in accordance with RF 
Order No. 708n of 23.08.2010 “On the Approval of the Rules 
of Laboratory Practice”, those of the “European Convention 
for the Protection of Animals used for Experimental and other 
Scientific Purposes” and approved by the National Ethics 
Committee Protocol No. 3 (16) 02/02/2018).  
Description of the intervention 

In rats under operating conditions using general 
anesthesia (romomet 8 mg and zolletil 4 mg per 1000 g of body 
weight intramuscularly) on the patellar surface of the distal end 
of the right femur a dental boron was used to simulate a blind 
final defect with a diameter of 2.5-3 mm before penetrating the 
subchondral bone. In animals of the experimental group, a sterile, 
granular, allogeneic bone matrix with a mass of 2-3 mg was 
introduced into the defect region, obtained from the tubular 
bones of rats according to the original technology.(7) The 
technological process did not require an increase in thermal, 
acid and alkali effect, which reduced the risk of denaturation of 
the protein-chondroinductor. In the control group, no additional 
manipulation was performed and the defect zone was left to 
heal under the blood clot. At 7, 15, 30 and 60 days after the 
operation, the animals were withdrawn from the experiment (5 
animals were used for each time point).
Methods of research and registration of outcomes

The operated femurs were fixed in a solution of 
paraformaldehyde and glutaraldehyde and poured over 
with paraffin (after decalcification) and araldite (without 
decalcification). Paraffin sections were stained with 
hematoxylin-eosin and picrofuxin according to Van Gieson 
and examined in the AxioScope. An A1 light microscope 
and an AxioCam digital camera (Carl Zeiss MicroImaging 
GmbH, Germany) were used. To reveal histochemical markers 
of hyaline cartilage (non-sulfated glycosaminoglycans 
(NSGAG) and sulfated glycosaminoglycans (SGAG)), the 
sections were stained with alcian blue at pH 2.5 and 1.0. 
The content of glycosaminoglycans was determined in 
conventional units (CU). For this purpose, the concentration 
of the alcian blue dye in the sections was determined by 
the content of copper included in its composition (formula 
Alcian blue 8GS: С44Н42Cl2CuN12S2). An energy dispersive 
X-ray spectrometer (X-ray electron probe microanalyzer) of 
INCA-200 Energy (Oxford Instruments, Great Britain)(8) was 
used. Araldite blocks were treated in a 2% solution of sodium 
ethioate (saturated solution of NAOH in absolute ethanol) to 

remove the araldite, sprayed with a platinum-palladium alloy 
(1: 3 ratio) in an IB-6 ionic vacuum sprayer (Eico, Japan) and 
studied in a scanning electron microscope JSM-840 (Jeol, 
Japan) in secondary electrons with an accelerating voltage of 
20 kV. Ultrathin sections 50-60 nm thick were obtained with 
the ultramicrotome LKB-8800 (LKB, Sweden). Ultrathin 
sections were stained with a 1% aqueous solution of uranyl 
acetate and lead citrate by Reynolds and studied using a JEM-
2010 transmission electron microscope (Jeol, Japan) at an 
accelerating voltage of 80 kV.

Statistical analysis was performed using StatSoft 
Statistica v6.0. The mean (M) and standard error of the mean 
(SEM) were calculated. The Mann-Whitney (U Test) was 
used to compare the differences between the two independent 
groups. A probability value of P<0.05 was considered 
statistically significant.

Results
The implantable bone matrix granules had a size of 50-

200 μm in diameter and an ordered, highly porous structure 
(Figure 1). The pores corresponded to the sites of localization 
of osteocyte lacunae and bone ducts, from which the cells 
and other non-mineralized organic components of the bone 
matrix were removed. Calcification of granules was uniform 
throughout their volume (Figure 1b). The content of chemical 
macro elements in granules is presented in Table 1. 

Seven days after the operation, the joint capsule was 
hyperemic and edematous in the control and experimental 
groups. The cartilage coating acquired a matte shade. In the 
zone of damage, signs of inflammatory reaction and alterative-
destructive transformations affecting all components of 
metaepiphysis were revealed. Foci of organized hematoma, 
infiltrated with fibrin clots, poorly differentiated cellular 

  
 

                      a                                           b
Fig. 1. Stereo-ultrastructure (a) and calcium distribution (b) 
in the bone matrix granules: a - scanning electron microscopy 
(black arrow - osteocyte lacuna, white arrow - calcified matrix 
vesicles accumulating BMP), magnification ×3000; b - X-ray 
electron probe microanalysis map, an image in the characteristic 
X-ray emission of calcium atoms, magnification ×400.

Table 1.
The chemical composition of implantable bone matrix granules 
(М±SEM, %)

Chemical
elements

Sodium
0.44±0.02

Magnesium
0.35±0.01

Phosphorus
13.59±0.65

Sulfur
0.28±0.01

Calcium
25.76±1.33
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elements, neutrophilic granulocytes, macrophages, mast 
cells, extravasal erythrocytes and lymphocytes, as well as 
leukocyte-necrotic masses containing lysed cells and fibrin 
strata, were detected. The articular cartilage was scarified. The 
defect area was partially replaced by granulation and poorly 
differentiated loose connective tissue with signs of edema and 
a few vessels. Statistically significant changes in the content in 
the joint cartilage damage zone of the NSAH and SGAH were 
not detected in either the control or experimental groups at this 
stage of the experiment (Table 2).   

Fifteen days after the operation, numerous leukocytes, 
collagen fiber bundles, granulation tissue and a significant 
number of dilated and blood-filled vessels were detected 
in the central group of the defect in the central zone of the 
defect. In the experimental group, the cell-fibrous elements 
of inflammation were not detected. Implanted bone matrix 
granules were presented on sections in the form of cystic cavities 
filled with basophilic (when stained with hematoxylin-eosin) 
and osmiophilic (on ultrathin sections) substance. Collagen 
fibers were not detected in them. On the surface and inside, 
macrophages and functionally active osteoclasts with numerous 
nuclei and brush border were localized (Figure 2). 

Extended sinusoids were surrounded by proliferating 
perivascular cells. In the defect, there were no hemorrhages, foci 
of perifocal inflammation, active proliferation of fibroblasts, or 
intense neoangiogenesis. On the surface of the granules were 
layers of chondrogenic cells at various stages of differentiation. 
The area of the articular cartilage defect was partially filled with 
newly formed hyaline cartilage, the intercellular substance of 
which contained predominantly NSAGG. The edges of the defect 
merged with the edges of the “parent” articular cartilage, where 
cell nests with isogenic groups of chondrocytes were detected. 

Table 2.
The content of NSGAG and SGAG in the knee cartilage damage 
zone in the control group of animals (control) and in the 
implantation of bone matrix pellets (experiment) (M±SEM, CU)

Term of
experiment, 

day

Control Experiment

NSGAG 
(n=5)

SGAG
(n=5)

NSGAG
(n=5)

SGAG
(n=5)

        7
       15
       30
       60

0.18±0.01
0.19±0.01
0.21±0.01
0.22±0.01

0.11±0.01
0.12±0.01
0.16±0.01
0.24±0.01

0.20±0.01
0.49±0.01*

0.56±0.02*

0.59±0.03*

0.12±0.01
0.26±0.01*

0.54±0.01*

0.70±0.01*

*- P<0.01 - intergroup differences

Fig. 2. Osteoclastic resorption of bone matrix granules in the defect of cartilage of the knee joint: a - 15 days, b - 30 days, 
c - 60 days after the operation; a, b - transmission electron microscopy of ultrathin sections (white arrows - bone matrix 
granules, black arrow - brush border of osteoclast), magnification ×8000; c - light microscopy of the paraffin section, 
staining with H&E. Lens 40, eyepiece 10.

                         a                                                                  b                                                              c

                                    a                                                                  b                                                              c

                                    a                                                                 b                                                               c
Fig. 3. The area of the defect in the cartilage of the knee joint is 60 days after the operation: a, b, c - a control group (the 
defect is replaced by a fibrous connective tissue); d, e, f - experimental group of animals (defect is filled with newly formed 
hyaline cartilage); a, d - paraffin sections. Staining with H&E. Lens 10, eyepiece 10; b, e, f - scanning electron microscopy, 
magnification ×1300; c - transmission electron microscopy, magnification ×5000. 
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The presence of the latter testified to the proliferative 
activity of a part of the chondroblasts, which are one of the 
cellular sources of the cartilaginous tissue that fills the defect. 
The second source of chondrocytes is cells located around 
implanted granules. The concentration of glycosaminoglycans 
in the defect area in the experiment was more than 2 times 
higher than the control values (Table 2).

At 30 and 60 days after the operation, in the control 
group a considerable volume of the defect zone was filled with 
a loose and dense connective tissue (Figures 3a, 3b, 3c). Newly 
formed cartilaginous tissue in the form of isogenic groups of 
chondrocytes was detected only in small areas near the edges 
of the defect. In the experimental group, the articular cartilage 
defect was almost completely filled with the newly formed 
hyaline cartilage with a smooth surface (Figures 3d, 3d, 3e), 
which grew rounded from the edges of the defect, where the 
formed isogenic groups of cells were located. The surface of the 
newly formed hyaline cartilage acquired a shine characteristic 
of the joint cartilage of intact animals. The cellular population 
of the cartilaginous regenerate was represented mainly by 
proliferating chondroblasts; its structure did not yet have a 
specificity characteristic of articular cartilage. The content 
of non-sulphated and sulfated forms of glycosaminoglycans 
30 days after the operation in the defect in the experiment 
was more than 2 times higher than the control indices, but 
did not differ significantly between each other. After 60 days 
the sulfated forms of glycosaminoglycans prevailed, which 
indicated a higher degree of maturity of the newly formed 
cartilaginous tissue (Table 2), reaching the degree of maturity 
peculiar to articular cartilage of intact animals.

Discussion
It is known that mature hyaline cartilage has an 

insignificant restoration potential due to low cell density and 
low mitotic activity of chondrocytes. Large defects of articular 
cartilage are replaced by biomechanically defective fibrous 
cartilage with subsequent development of osteoarthritis.(9) 
The advent of tissue engineering techniques has provided 
alternative options for treating such patients by using cellular 
therapy in combination with synthetic extracellular matrix 
substitutes and biologically active factors for the functional 
replacement of articular hyaline cartilage.(10) This study 
showed that the bone matrix granules, when implanted 
into the articular cartilage defect zone, have a pronounced 
chondromodulatory effect, prolonged by activating reparative 
chondrogenesis. In the area of damage to the articular 
cartilage in the early period, a regenerate is formed, acquiring 
the cellular specificity of the hyaline cartilaginous tissue. 
A holistic cartilage covering is formed and the outline of 
the articular surface is gradually leveled, which leads to a 
complete or partial restoration of the functional activity of 
the joint. The properties of the chondroinductor implantation 
granules of bone matrix can provide localized growth factors 
and bone morphogenetic proteins (BMP), which are released 
during osteoclastic resorption.(11) According to the results 
of modern studies, BMPs are the most important factors in 
bone and cartilage regeneration.(12) Experimental studies 

and extensive clinical application have demonstrated the 
effectiveness of BMP as an active stimulant of osteogenesis 
and chondrogenesis, in its regenerative potential of equal or 
superior autologous material.(13,14) BMPs act on the receptors 
of the cell membrane and play a significant role in regulating 
the growth, differentiation and apoptosis of various cell types 
including osteoblasts, chondroblasts, and nerve and epithelial 
cells.(15) To date, 20 types of BMP have been identified. The 
most fully studied for the regeneration of bone and cartilage are 
BMP-2 and BMP-7, but there are reports of active participation 
in osteogenesis and chondrogenesis and other BMP species.(16) 

Two technological methods for obtaining BMPs are known: 
biochemical extraction from demineralized bone matrix 
and synthesis using genetic engineering (rhBMP).(17,18) Both 
methods are very laborious, expensive and require the use of 
acids and alkalis. The technological process used to produce 
the implantation biomaterial does not require the use of an 
elevated thermal and acid-base effect, which reduces the risk 
of denaturation of the protein-chondroinductor.

Conclusion
Our research has shown that the use of granulated bone 

matrix obtained by the original technology without thermal, 
acid and alkaline treatment as a stimulator of chondrogenesis 
and corrector of destructive disorders in the cartilaginous 
tissue with damage to the articular cartilage is theoretically 
justified and can have a good prospect in clinical practice in 
the treatment of injuries and articular cartilage diseases.
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Abstract
The article presents a pilot study on the assessment of functional activity of pituitary-thyroid system (PTS) in adolescents as 

a factor of long-term adaptation to life in the North. The study included 864 adolescents of different ethnic groups (the Russians, 
the Yakuts, the Evenks, the Evens, the Dolgans, the Chukchi, the Yukagir) and found that PTS functional activity varies according 
to ethnicity.(International Journal of Biomedicine. 2018;8(2):147-149.) 
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FT4, free thyroxine; FT3, free triiodothyronine; PTS, pituitary-thyroid system; SIPN, small indigenous people of the North; 
TSH, thyroid-stimulating hormone; T3, total triiodothyronine. 

Introduction
In the regions of Siberia, the North and the Far East of 

Russia, the pathology of the thyroid gland is one of the most 
common. In general, the prevalence of endocrine pathology 
among adolescents in these regions is 5 times higher than 
among the population of Russia as a whole.(1-5) Yakutia belongs 
to the regions with endemic iodine deficiency. In a number of 
districts of Yakutia, the level of ioduria is about 26μg/l vs. 
100-200μg/l in the norm.

The endocrine system indirectly affects the processes of 
adaptation to various endo- and exogenetic factors, especially 
during the period of physical and sexual maturation.(6,7) 
Hormonal changes are of great importance in the development 
of various deviations in the state of children’s health.(8) The 

complex interrelations of neuro-humoral mechanisms and 
their dynamic functional restructuring in response to the 
influence of the internal and external environment require a 
comprehensive study and objective evaluation of the hormonal 
profile of children.(2,7,9)

Materials and Methods 
This research was carried out within the framework of the 

project “Monitoring the state of children’s health” (registration 
number 0120-128-07-99). The study was approved by the 
Ethics Committee of the Yakut Science Center of Complex 
Medical Problems. Written informed consent was obtained 
from the parents /legal guardians.  

We examined the health status of 864 adolescents of 
different ethnic groups living in 5 settlements in the Far North 
of Yakutia (Table 1). Hormones of PTS—TSH, T3, FT4, 
and FT3—have been determined by enzyme immunoassay 
(“Victor-2” analyzer) in adolescents of health group I-II using 
appropriate test systems: Monobind (USA), Хema (Russia).
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Statistical analysis was performed using StatSoft Statistica 
v6.0. Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SEM for 
continuous variables. Multiple comparisons were performed 
with one-way ANOVA and Tukey’s HSD test. A probability 
value of P<0.05 was considered statistically significant.

Results 
In adolescents older than 15 years, the prevalence of 

endocrine pathology was higher than in those 10-14 years of 
age. The prevalence of endemic goiter depended on the place 
of residence. In the Saylyk and Olnegorsk settlements, in 
adolescent over the age of 15, endemic goiter was registered 
in 16.1% and 20.5% of cases, respectively.

These data are higher than in the children of the Far 
Eastern District, previously described by V.Kozlov.(10)

The levels of PTS hormones in general groups of 
teenagers in Yakutia are presented in Table 2. The data obtained 
indicate that TSH secretion was significantly different between 
the indigenous and non-indigenous groups of adolescents. 

The analysis of the hormone levels by ethnicity showed 
no gender differences, except for Dolgan teenagers (Table 3). 

Taking into account the age of the examined adolescents, 
significant differences in TSH levels were found in the Evens; 

Table 1.
Prevalence of endocrine pathology in adolescents of Yakutia

Settlement 
Identified
 endocrine
 pathology

Prevalence of
 endemic goiter

Berezovka (Srednekolimsky) 39 (27.5%) 8 (5.6%)
Olenegorsk (Alaihovsky) 23 (29.5%) 16 (20.5%)
Andryushkino (Nizhnekolimsky) 126 (44.2%) 22 (8.0%)
Saylyk (Ust-Yansky) 82 (36.8%) 36 (16.1%)
Total 270 (37.6%) 82 (11.4%)

Table 2.
The levels of PTS hormones in general groups of teenagers in 
Yakutia 

Population TSH
μU/mL

Т3
nmol/L

FT4
pmol/L

FT3
pmol/L

All teenagers (n=864)
1.76±0.04

(n=390)
3.04±0.04

(n=401)
14.6±0.15

(n=403)
2.26±0.04

All girls (n=385)
1.73±0.06

(n=175)
2.88±0.07

(n=166)
14.7±0.25

(n=166)
2.07±0.05

All boys (n=479)
1.78±0.06

(n=215)
3.16±0.06

(n=235)
14.5±0.19

(n=237)
2.39±0.07

All Caucasoids (n=126)
1.47±0.08

(n=85)
3.14±0.07

(n=39)
15.1±0.56

(n=39)
2.52±0.13

All indigenous (n=818)
1.65±0.04

(n=352)
3.19±0.07

(n=395)
14.6±0.15

(n=397)
2.26±0.05

*-P<0.05 between the indigenous and non-indigenous groups of 
adolescents

Table 3.
The levels of PTS hormones in adolescents of different ethnic groups of Yakutia 

Variable Caucasoids
(1)

the Yakuts
(2)

 Small Indigenous people of the North 

Statisticsthe Evens
(3)

the Evenks
(4)

theYukagirs
(5) 

the Dolgans
(6)

the Chukchis
(7)

Girls 
TSH, 
μU/mL (n=45)

1.46±0.16
(n=125)
2.1±0.13

(n=115)
1.53±0.12

(n=34)
1.61±0.17

(n=32)
1.18±0.19

(n=19)
0.79±0.12

(n=20)
1.65±0.20

F=5.3862 P=0.0000
P1-2=0.0495  P2-3=0.0076  
P2-5=0.0039 P2-6=0.0004

Т3, 
nmol/L (n=36)

3.08±0.11
(n=29)

3.21±0.19
(n=50)

2.75±0.08
(n=30)

3.29±0.14
(n=15)

3.0±0.25
(n=18)

2.41±0.17
F=4.5942 P=0.0006
P1-6=0.0307 P2-6=0.0074
P3-4=0.0288 P4-6=0.0020 

FT4,
pmol/L

(n=15)
14.8±2.0

(n=86)
15.1±0.33

(n=57)
14.3±0.34

(n=4)
17.6±1.93

(n=13)
12.65±1.41 F=2.0041 P=0.0961

FT3,
pmol/L (n=13)

1.8±0.18
(n=86)

1.99±0.08
(n=57)

2.19±0.11
(n=4)

2.3±0.33
(n=13)

2.39±0.17
F=4806.0021 P=0.0000
P1-3=0.0000 P2-3=0.0000 
 P3-5=0.0000 

Boys
TSH, 
μU/mL (n=82)

1.46±0.12
(n=174)
2.1±0.11

(n=109)
1.7±0.14

(n=31)
1.43±0.15

(n=38)
1.18±0.16

(n=26)
1.38±0.17

(n=22)
1.3±0.17

F=5.2024 P=0.0000
P2-5=0.0013 

Т3, 
nmol/L

(n=49)
3.2±0.1

(n=39)
3.62±0.16

(n=53)
2.92±0.09

(n=22)
3.64±0.15

(n=21)
3.52±0.20

(n=23)
3.55±0.73 F=1.7953 P=0.1153

FT4,
pmol/L

(n=35)
15.2±0.53

(n=127)
14.5±0.28

(n=49)
14.8±0.30

(n=6)
14.5±0.78

(n=18)
13.02±0.85 F=1.7002 P=0.1508

FT3,
pmol/L (n=36)

2.63±0.14
(n=129)

2.16±0.06
(n=49)

2.47±0.19
(n=6)

2.48±0.28
(n=14)

3.79±0.56
F=9.1863 P=0.0000
P1-5=0.0026 P2-5=0.0000 
P3-5=0.0002 
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and in the pubertal period, in comparison with the prepubertal 
period, these levels increased in girls and decreased in boys. 
Gender differences for T3, as well as for TSH, were obtained 
only for the Dolgans. Statistically significant age-related 
differences were found in Yakut girls. 

There were gender differences in the FT3 level 
in Caucasoids and Yukagirs (P<0.05), but age-related 
differences for this hormone were not noted. There were no 
gender differences in the FT4 level in the general groups 
of the examined adolescents, and age-related differences 
were obtained only in Caucasians. In the general groups of 
Caucasians, in comparison with the indigenous adolescents 
(the Yakuts and SIPN), we revealed statistically significant 
differences only for TSH. There were no statistically significant 
differences in all studied hormones in adolescents of both 
sexes between indigenous and non-indigenous adolescents. 
Gender differences were obtained only for FT3 in Caucasoids. 

In adolescents of the indigenous population, depending 
on ethnicity, comparative analysis showed that the thyrotropic 
function of the pituitary gland in SIPN adolescents was 
statistically lower (P<0.05) than in the Yakuts, but the blood 
content of the most active fraction of thyroid hormones 
(FT3) in Yakut adolescents showed a statistically significant 
decrease (P<0.05). The gender differences in the content of 
PTS hormones in adolescents of Caucasoids, Yakuts and SIPN 
showed that the Yakut girls had the highest thyroid-stimulating 
function of the pituitary gland in comparison with the girls of 
Caucasoids and SIPN (P<0.05). In Yakut girls, the T3 level 
was also statistically higher than in SIPN girls, but the FT3 
level was lower in comparison with this group (P<0.05). The 
same tendency was observed in boys.

In conclusion, the results obtained are consistent with 
the high level of endemic thyroid disease in Yakutia. The study 
found that the functional activity of the endocrine system in 
adolescents in Yakutia varies according to their ethnicity. 
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Abstract
In order to assess the sensitizing properties of bacteria, micromycetes and actinomycetes, the morphofunctional activity of 

the population of mast cells was tested in rats exposed to biotechnological microorganisms. The result showed the high informative 
value of the test of peritoneal must cell degranulation. Both the result and the intensity of the response of mast cells to the 
exposure to the tested strains depend on the taxonomy of microorganisms, their concentration and the mode of inoculation. The 
test of peritoneal must cell degranulation can be recommended for assessing the biological safety of industrial microorganisms. 
(International Journal of Biomedicine. 2018;8(2):150-154.) 
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Introduction
Biotechnological strains of microorganisms producing 

the full range of biologically active substances are nowadays 
widely used in agriculture, medicine, food manufacturing 
and other areas of our life. However, there is a concern 
that microbial strains used in biotechnology are potentially 
hazardous for human health and can increase the risk of 
allergic reactions and other health issues associated with the 
use of the recombinant microbial strains or products they can 
release. In our survey, we tried to evaluate potential sensitizing 
effects caused by these microbes. 

Numerous investigations in Russia testify to the 
extensive influence of biotechnological strains on human 
health, represented by allergic diseases of the respiratory organs 
and skin, and by other immune disorders common to people 
working in the microbiological industry and living in residential 
areas, even to those people who simply use some products of 
biotechnology in their everyday lives.(1) That is why controlling 
and determining the safety of biotechnological strains of 
microorganisms, and assessing the potential risk of the emission 
of ‘strain producers’ and their effect on the population, can help 
prevent the technogenic pollution of residential areas. This is 
evidently an extremely important issue. 

Methodological approaches for assessing a manifestation 
of the sensitizing properties of microbial strains used in 
biotechnology vary greatly. Some of these methods are used 
in chemical allergology for testing drugs, and the others are 
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applied in medical microbiology. However, not all of them are 
sensitive enough, informative, and suitable for assessing the 
biosafety of microorganisms used in biotechnology.

As we showed earlier, most biotechnological strains 
of micromycetes, actinomycetes and typical bacteria are 
nonpathogenic. Nevertheless, micromycetes and actinomycetes 
are able to cause the development of type I hypersensitivity 
(immediate type hypersensitivity), and bacterial biotechnological 
strains could induce type IV hypersensitivity (delayed type 
hypersensitivity) in many reported cases.

The biotechnological microbes themselves and the low 
molecular weight proteins they produce seem to be the main 
sources of their allergy-inducing activity.(2,3) To demonstrate 
these possible adverse effects of microbes on the immune 
system, the whole range of models and in vitro tests can be 
used: the Shelley’s test, the test of the MC degranulation 
(MCD) and basophil degranulation.(4, 5) The MCD test is one 
of the easy and diagnostically important methods that can be 
used to detect the potential ability of industrial microorganisms 
to induce type I hypersensitivity in experiments. 

The main aim of our research was to evaluate 
morphofunctional characteristics of the population of MCs 
isolated from peritoneal exudate of rats, using the test of the 
direct MCD, when biotechnological strains of microorganisms 
are administered into the animal body in different ways.

Material and Methods
We tested the following nonpathogenic biotechnological 

strains that produce the biologically active substances: 
Alcaligenes denitrificans C-32—the producer of nitrilase; 
Bacillus licheniformis 60—the producer of a full range of heat-
stable amylolytic and proteolytic enzymes; Aspergillus awamori 
Nakazawa VUD T-2 1000-U that releases glucoamylase; 
Penicillium funiculosum VKM F3668D, as a producer of a group 
of carbohydrases; Pseudomonas cariophylli KM 92-102/1 that 
is able to destroy stirols, which is why it is used as a component 
of biofilters for air purification in the tobacco industry.

The experiments were carried out on conventional male 
and female white rats (290-320 g, body weight). Each test and 
control group included 8 animals. Biotechnological strains of 
microorganisms mentioned above were given to animals by 
inhalation or were inoculated into the stomach directly using 
a gastric catheter. The animals were inoculated with minimal 
effective doses and effective doses of microbes during one 
month. The animals in the control group were given sterile 
saline within the same period of time. After the priming, 5.0 ml of 
sterile Medium 199 was injected intraperitoneally into animals 
of all the experimental and control groups. Then 7.0 ml of total 
volume involved peritoneal fluid and Medium 199 was taken 
through the incision along the linea alba of the abdomen of each 
rat; next, 0.05 ml of the PMC suspensions were applied on the 
glass slides and then stained with a 0.03% solution of neutral 
red. Peritoneal fluid was examined because the procedure of 
enriching white cells suspension by basophilic granulocytes is 
of great complexity and, secondly, because MCs of peritoneal 
fluid contain a higher histamine level in comparison with 
mesenteric MCs. 

The Institutional Ethical Committee of Animal Care and 
Use of Pirogov Russian National Research Medical University 
approved all procedures involving animals. All the procedures 
of inoculation of animals for collecting peritoneal fluid were 
performed under sedation of rats with the mixture of zolithyl 
and xylazine. After finishing each experiment, the animals 
were euthanized to prevent unnecessary suffering according 
to recommendations of the Ethical Committee of Animal 
Care and Use of Pirogov Russian National Research Medical 
University using an overdose of sodium pentothal. 

In order to identify sensitizing properties of the tested 
biotechnological strains, 100 MCs observed in a field of view 
were counted under the microscope at different stages of the 
secretion process. The evaluation of the results was based on 
the following criteria:(2,6)

•The characterization of a cytogram involved the quantity 
and the degree of color of the metachromatic granules of MC 
(%): 1 – dark granules; 2 – dark granules with a visible cell 
nucleus; 3 – light color of degranulated MCs, 4 –very light color 
of degranulated MCs with impaired cytolemma (Figures 1-4)

•The frequency (%) of the detection of degranulated 
MCs with a different degree degranulation (low, moderate, or 
high)

•SI, which is calculated as a ratio of the total number 
of all granulated forms of MCs to the sum of all degranulated 
MCs. SI indicates the saturation level of the population of 
MCs with the biologically active substances. 

•DI, which represents a ratio of the number of 
degranulated cells to all MCs identified. DI shows the level of 
the release of biologically active substances from MCs.

Thus, the criteria listed above show the functional 
activity of PMC. 

Fig. 1. Very dark MCs depositing 
metachromatic granules.

Fig. 2. Very dark MCs with the 
visible cell nucleus.
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Results and Discussion
The results of experiments have shown that there are 

several distinct stages in the development of the MC response 
to biotechnological strainsof microorganisms as sensitizing 
agents. This response depends on the species of microbe 
and the mode of inoculation, and has a strong «dose-effect» 
relation. The results are plotted on graphs for individual strains 
of microorganisms (Figures 5-9).

In the control group of animals, there is an evident balance 
between dark cells and light colored cells in the peritoneal 
cytogram, with the dark PMC being prevalent. About 20% of the 
cells are degranulated, and most of them show weak to moderate 
secretion. This fact is set out on the graph as a V-shaped curve with 
a prominent left side. A similar result was obtained when the MC 
population was under the influence of ineffective concentrations/
doses of B.licheniformis 60 (Figure 5). 

The threshold on the sensitizing effect of animals to the 
microbes inoculated by inhalation was 4×104 CFU/m3 for A. 
denitrificans 104 CFU/m3 for P. funiculosum, 2×104 CFU/m3 for 
A. awamori, and for B. licheniformis 5×105 CFU/m3 of ambient 
air, respectively. The inoculation via the gastrointestinal 
tract helped to demonstrate that the sensitizing effect of the 
microorganisms was limited to 105 CFU/l for A.denitrificans, 
4×105 CFU/l for P. caryophylii, and 2×105 CFU/l for B. 
licheniformis. When minimum effective concentrations of 

microorganisms were administered, the population of MCs 
shifted to the right, towards light colored degranulated cells. 
The character of the curve showing the functional activity of 
MC changes, and the graphs take a V-shape with a prominent 
and long right «shoulder» (Figures 6 and 7). 

When the amount of a harmful allergy-inducing agent 
increases (i.e. an administered dose becomes effective), 

Fig. 3. The light color degranulated MCs. Fig. 4. Severely degranulated MCs, very 
light in color, with impaired cytolemma.

Fig. 5. The stages of the secretion process of the MC population 
when B. licheniformis 60 is administered through inhalation. The 
abscissa: к – control; в – concentration of bacteria 5×104 CFU/m3; 
В – concentration 5×105 CFU/m3; 1, 2, 3, 4 – stages of secretion of 
MCs. The Y-axis: concentration of MCs, %.

Fig. 6. The stages of the secretion process of the MC population 
when industrial micromycetes are administered through inhalation. 
The abscissa: к – control, р – P. funiculosum VKM F3668D in 
concentration of 104 CFU/m3; а – A.awamori Nakazawa VUD 
T-2 1000-U in concentration of 2×104 CFU/m3; A – A. awamori 
Nakazawa VUD T-2 1000-U in concentration of 2×105 CFU/m3 of 
ambient air respectively; 1, 2, 3, 4 – stages of secretion of MCs. The 
Y-axis: concentration of MCs, %. 

Fig. 7. The stages of the secretion process of the MC population when 
P. caryophylli KM 92-102/1 is administered intragastrically. The 
abscissa: к – control; p – concentration of bacteria 4×105 CFU/l; P 
– concentration 106 CFU/l; Ps – concentration 4×107 CFU/l; 1, 2, 3, 
4 – stages of secretion of MCs. The Y-axis: concentration of MCs, %. 
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significant changes in the cytogram can be observed: The 
number of dark and oversaturated forms of MC falls off, and 
the number of empty cells increases. The rate of the curve also 
changes: The graph takes its V-shape with a high right side.

One should stress that high concentrations of microbes 
cause pronounced changes in almost all examined indexes, 
thus, the dose-dependent effect exists. 

There is also a tendency for changes to occur in a pool of 
degranulated MCs when biotechnological microorganisms are 
administered (Figures 8 and 9). The number of degranulated 
MCs with a low, moderate and high degree of degranulation 
is approximately equal in rats of the control group. MCD 
progresses if the concentration of the microbes of experimental 
groups is increased. As the amount of sensitizing agent grows, 
the number of the strongly degranulated forms increases 
sharply and both low- and moderate-degree degranulated cells 
decrease respectively (Figure 9). Thus, the level of the release 
of biologically active substances from MCs increases in the 
presence of high concentrations of tested microbes. 

Table 1 presents SI—an indicator of the functional activity 
of the population of PMCs, including their ability to synthesize 
and accumulate histamine. Thus, the SI of intact animals was 
2.0. Administration of the threshold concentrations/doses of 
biotechnological microorganisms tends to lower the histamine 
concentration in MCs, thus, the index decreases to 1.0. But the 
effective concentrations/doses of operating microbes cause the 
release of histamine and other biologically active substances 
from MCs, and SI drops lower than 1.0.

Our experiment has demonstrated that the changes 
described above depend on the taxonomy of the industrial 
microorganism and the mode of its inoculation. For example, 
micromycetes have stronger sensitizing properties than the 
microorganisms of the other taxonomic groups. In addition, 
the microorganisms administered intragastrically induced a 
stronger effect in the targeted MCs than when they were inhaled.

Based on the obtained data, one can claim that the criteria 
used as indicators for the characterization of MC populations has 
high informative value. The morphofunctional analysis of PMC 
includes not only the assessment of secretory activity of individual 
cells but also the functional activity of whole populations of cells. 
These criteria can be applied to the quantitative assessment of 
the allergenic activity of chemicals and microbial strains used in 
biotechnology. They can be especially useful in the presence of 
low doses of potential allergens. 

As it has been shown previously, the formation of MCs 
and the dynamics of their functional activity can be a useful 
sensitive indicator for the identification of even mild allergic 
processes.(6,7) Such analysis of MC populations, for example, 
helps in determining the sensitizing effect of natural rubber or 
latex and some other chemicals, which is observed in people 

Fig. 8. The main features of the pool of degranulated MCs when 
biotechnological microorganisms are administered through inhalation. 
The abscissa: к – control; в – B. licheniformis 60 in concentration of 
5×104 CFU/m3; В – B.  licheniformis 60 in concentration of 5×105 CFU/
m3; р – P. funiculosum VKM F3668D in concentration of 104 CFU/m3; 
а – A. awamori Nakazawa VUD T-2 1000-U in concentration of 2х104 
CFU/m3; 1 – low degree of degranulation of MCs, 2 – moderate degree 
of degranulation of MCs,  3 – high degree of degranulation of MCs. 
The Y-axis: concentration of MCs, %.

Fig. 9. The main features of the pool of degranulated MCs when 
P. cariophylli KM 92-102/1 is administered intragastrically. The 
abscissa: к – control; p – bacteria in concentration of 4×105 CFU/l; P 
– concentration 106 CFU/l; Ps – concentration 4×107 CFU/l; 1 – low 
degree of degranulation of MCs, 2 – moderate degree of degranulation 
of MCs, 3 – high degree of degranulation of MCs. The Y-axis: 
concentration of MCs, %.

Table 1.
The saturation index (SI) of PMCs of rats when biotechnological 
microorganisms are administered into body through inhalation 
and intragastrically 

Microorganisms
Inhalation Intragastric

administration
Concentration, 

CFU/m3 SI Dose,
CFU/l SI

Control 0 2.3±0.2 0 2.0±0.1
Bacillus
licheniformis 60

5×104

5×105
2.4±0.4
1.3±0.4

2×105

2×107
1.0±0.2*

0.5±0.1***
Alcaligenes
denitrificans
C-32

4×104

4×105
1.4±0.2*
0.9±0.1**

104

105

106

2.0±0.3
1.4±0.3
1.2±0.1*

Pseudomonas
caryophylli 
KM 92-102/1

– –
4×105

106

4×107

1.6±0.6
0.9±0.2**

0.2±0.02***
Penicillium
funiculosum 
VKM F3668D

2×105 1.2±0.1** – –

Aspergillus
awamori
Nakazawa VUD
T-2 1000-U 

104

105
0.9±0.1**
0.7±0.1***

4.4×105

4.4×107
0.9±0.1**
0.6±0.1***

* P<0.05, ** P<0.01, *** P<0.001
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but cannot be seen in animals. Indeed, basophils and MCs of 
body fluids and tissue basophils become very sensitive models 
that can be used to detect the increased risk in the development 
of type I hypersensitivity.(8) It is well known that the membranes 
of MCs and basophils have FcεRI receptors to IgE that results 
in the release of histamine. It seems to be the main mechanism 
of the initiation and development of type I hypersensitivity. 
Thus, MCs, basophils, and eosinophils are central effector 
cells in allergic inflammation, as well as in innate and adaptive 
immunity.(8,9) One should emphasize that the development of 
type I hypersensitivity occurs due to the activation of targeted 
MCs, their degranulation, and the release of biologically active 
substances not due to the death of the cells. 

To summarize, the assessment of morphofunctional 
activity of MCs and the characterizing of their population 
could serve as a useful test for revealing a potential risk in the 
development of allergic reactions caused by biotechnological 
microorganisms or products they can synthesize. The 
experimental data of our survey have identified the limit of 
concentrations of the microbial industrial strains that can induce 
possible adverse effects: It is above 4×104 CFU/m3 of ambient 
air through inhalation and over 105 CFU/l if administered 
intragastrically. These doses of microbes given continuously 
within one month can lead to prominent changes in the 
composition and functional activity of pools of MCs and can 
dramatically affect tissue homeostasis of animal organisms in 
experiments.

Conclusions:
1. The morphofunctional analysis of MC populations 

must include the assessment of secretory activity of both 
individual cells and the whole population.

2.  SI and DI of PMCs can serve as a diagnostic tool used 
to detect the possible allergy-inducing activity of chemicals 
and industrial strains of microbes. This test is very necessary 
in assessing the safety of biotechnological microorganisms.

3. The severity and the nature of the changes depend 
on the taxonomic category of the biotechnological microbial 
strain and the mode of inoculation, and have the prominent 
dose-dependent effect. 

4. Thus, the quantitative assessment of morphofunctional 
characteristics of the population of PMC using the MCD 
test can be applied to reveal a specific allergenic effect 
of biotechnological microorganisms, even in very low 
concentrations.
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Abstract
The aim of the present research was to evaluate the main characteristics of tempo-rhythm in healthy adults.
Materials and methods: A total of 33 healthy adult volunteers (20 males and 13 females) participated in the study. The 

technique involved wrist tapping on the surface of the device (Android smartphone), followed by the registration of the time 
parameters of this process in the original program based on the modified technique “Method of exogenous rhythmic stimulation 
influence on an individual human rhythm.”  The reference boundaries of the wrist tapping characteristics were studied.

Conclusion: The obtained data can be used in neurorehabilitation for patients with a wide range of neurological disorders, 
including epilepsy. (International Journal of Biomedicine. 2018;8(2):155-158.) 

Key Words: rehabilitation • wrist tapping • human rhythm • neurology • epilepsy

Introduction
Tapping is a psychomotor test to assess the 

psychophysiological brain functions, in particular, the 
perception of time.(1) Tapping without any external influence, 
with the patients’ preferred speed, is a “biological constant,” 
which reflects the rate of neural processes and endogenous 
rhythmic processes in the central nervous system.(2) However, 
during motor reproduction of rhythmic exogenous intervals, the 
stimulation frequency is important. A number of authors have 
shown the correlation between the frequency of exogenous 
stimulation in tapping and the body’s reaction. Thus, during 
stimulation of more than 1Hz, the leading parameter is the 
time response, while at the stimulation frequency of less than 

1Hz it is the stimulus reaction that prevails. Consequently, at 
1Hz frequency of exogenous stimulation, both reactions have 
an equivalent value.(3)

Despite the long-standing interest in tapping, new 
developments in this field are constantly emerging due to 
the fundamental nature of this method. According to V.A. 
Rudnev,(4) the cycling of movements during carpal tapping 
is a natural statistical pattern that can be considered as a 
measurement standard to which different parameters can be 
compared. Therefore, the study of these biologically reasonable 
movements allows setting the determination to specific rates 
and rhythms of movement that occur in cases of pathology at 
different levels of the human nervous system. This theory paved 
the way for a large number of dissertations carried out from 
1993 to 2014 by the members of the Department of Nervous 
Diseases of Krasnoyarsk State Medical University. Thus, 
the functional system “artocinesia” and the functional system 
“speech” were studied in detail in children with cerebral palsy,(5) 
acute disorders of cerebral circulation,(6) mild head trauma 
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and neurooncological disorders,(7) chronic cerebrovascular 
pathology,(8) Parkinson’s disease and Parkinsonian syndrome,(9) 
and motor aphasia.(10) The synergy of the wrist tapping was 
chosen as the object of the study. The study focuses on three 
parameters that were studied in detail: movement from the 
tap point – component “b”; movement to the tap point – 
component “a”; and the time of the full cycle “b+a.” (11)  Thus, 
tempo-rhythm correction methods take a special place in 
neurology and neurorehabilitation.(12)

The aim of the present research was to evaluate the main 
characteristics of tempo-rhythm in healthy adults.

Materials and Methods 
The study was approved by the Ethics Committee of 

V.F. Voyno-Yasenetsky Krasnoyarsk State Medical University 
(Protocol № 77/2017 dated 26.06.2017). The study was 
conducted using a modified original technique “Method of 
exogenous rhythmic stimulation influence on an individual 
human rhythm” [RF patent №2606489 dated 10.01.2017].

Modification of the method included carrying out the 
study of the patients’ individual rhythms without the use 
of exogenous rhythmic stimulation (Fig.1). The study was 
conducted in the morning with the exclusion of external sensory 
stimuli (loud sound, bright light) and other people, except the 
doctor and the volunteer, during the tapping procedure. The 
temperature regime in the room was maintained in the range 
of 22°C to 25°C.

 

Inclusion criteria: 

-Healthy adults
-Signed voluntary informed consent
-Male and female
-The age period: the youth (males 17-21; females 16-

20 years); the first period of middle age (males 22-35 years; 
females 21-35 years); the second period of middle age (males  
36-60 years; females 36-55 years)

-Russian-speaking Europeans

Exclusion criteria:

-Children and adolescents
-Refusal to participate in this study
-Participation in other studies
-Acute and chronic neurological, psychiatric and 
endocrinological disorders at the time of examination
-Alcohol intake (2 or more drinks during the last 2 
weeks)
-Index of anxiety level on Beck’s hospital scale (0-9
points)
-Use of narcotic drugs at the time of the study and in
 history
Volunteers did not receive any payment for participating 

in this study. The researchers did not receive any payment for 
conducting the study.

Study procedure

The technique involved wrist tapping on the surface of 
the device (Android smartphone), followed by the registration 
of the time parameters of this process in the original program 
based on the modified technique “Method of exogenous 
rhythmic stimulation influence on an individual human 
rhythm.” 

During the task performance, the mechanogram where 
vertical strokes display the contact of the finger with the 
screen appears on the screen of the device. We analyzed the 
following parameters: total number of taps per minute; average 
frequency of taps per second (Hz); stability – the proportion 
of the frequency of taps (in percentage); the delay time of the 
subsequent tap (in seconds); and the intervals between taps, 
including the maximum interval (in seconds), the minimum 
interval (in seconds), and the average interval (in seconds). 
Also, the registration of an individual “minute” was carried out 
with a stopwatch. Volunteers were asked to count 60 seconds 
to themselves, after which they had to say “stop.” Time on the 
stopwatch stopped, the result was recorded. 
Participants

A total of 33 healthy volunteers (20 males and 13 
females) participated in the study. The mean age was 
33.69±12.06 years, the median age was 32 [22; 46.5] years.
Statistical  analysis 

Statistical analysis was performed using IBM SPSS 
Statistics 23. The normality of distribution of continuous 
variables was tested by one-sample Kolmogorov-Smirnov 
test. Continuous variables were presented as mean (standard 
deviation [SD]) and as median (interquartile range [IQR]). 
Means of 2 continuous normally distributed variables were 
compared by independent samples Student’s t test. Mann-
Whitney U test and Kruskal-Wallis test were used, respectively, 
to compare means of 2 and 3 or more groups of variables 
not normally distributed. A value of P<0.05 was considered 
significant.

Fig. 1. Method of exogenous rhythmic stimulation influence 
on an individual human rhythm [RF patent №2606489]. 
A - General view of the study 
B - An example of the results of wrist tapping in healthy 
volunteer.
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Results 
The results of the use of the “Method of exogenous 

rhythmic stimulation influence on an individual human 
rhythm” to assess the main characteristics of wrist tapping in 
healthy adults are presented in Table 1. 

In healthy young men, the median of individual 
“minute” was higher than in women of similar age (64 [58.5; 
69] seconds against 55 [49.25; 60.75] seconds, respectively), 
and the average time was 63.3±13.21 against 56.05±9.6 
seconds, respectively. However, gender differences were not 
statistically significant. The median of individual rhythm in 
men and women was 1.1Hz. 

We did not find statistically significant differences 
in maximum and minimum stability, time delay, intervals 
between taps or total number of taps in the total sample of men 
and women (P>0.05). Thus, it is possible to neglect gender 
differences in the group of adult volunteers in the subsequent 
use of the obtained reference boundaries of the wrist tapping 
characteristics.

Discussion   
When implementing new rehabilitation techniques, 

including different variations of wrist tapping, it is important 
not only to develop software for available means of 
communication (such as, for example, an Android smartphone), 
but also to develop and subsequently use the received reference 
boundaries as a norm. It will allow us to continue research 

using the original technique “Method of exogenous rhythmic 
stimulation influence on an individual human rhythm.”  We 
plan to use the obtained data in neurorehabilitation for patients 
with a wide range of neurological disorders, including epilepsy.
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Table 1. 

Tapping parameters in healthy adults 

Parameters 
Me [P25; P75] M±SD

P-valueAll 
N

Male 
n1

Female 
n2

All 
N

Male 
n1

Female 
n2

Age, yrs 22 [21; 42.75] 39 [25.5; 49] 22 [21; 42.75] 31.2±11.68 37.53±12.05 31.2±11.68 0.6

Individual minute,
sec 55[49.25; 60.75] 64 [58.5; 69] 55 [49.25; 60.75] 56.05±9.6 63.3±13.21 56.05±9.6 0.08

Individual rhythm,
Hz 1.1 [1.02; 1.2] 1.18 [0.91; 1.23] 1.1 [1.02; 1.2] 1.1±0.12 1.11±0.15 1.1±0.12 0.9

Stability, % 64 [53.65; 71.1] 62.4 [56.21; 78] 64 [53.65; 71.16] 64.66 ±12.44 66.22±11.09 64.66 ±12.44 0.19

Dela time of the
subsequent tap, sec 0.11 [0.09; 0.2] 0.09 [0.07; 0.19] 0.11 [0.09; 0.2] 0.15± 0.11 0.11±0.04 0.15±0.11 0.5

Maximum interval
between taps, sec 1.38 [1.17; 1.8] 0.08 [0.07; 0.16] 1.38 [1.17; 1.8] 6.25±1.21 1.33±0.35 6.25±21.13 0.4

Average interval
between taps, sec 0.9 [0.82; 0.97] 0.85 [0.8; 1.09] 0.9 [0.82; 0.97] 0.9± 0.1 0.91±0.13 1.1±0.12 0.9

Minimum interval
between taps, sec 0.6 [0.48; 0.73] 0.66 [0.63; 0.7] 0.6 [0.48; 0.73] 0.54±0.24 0.65±0.08 0.54±0.24 0.7

Total number of
taps 66 [61.5; 72.75] 71 [55; 74.5] 66 [61.5; 72.75] 66.8±7.4 66.84±9.34 64.66±12.44 0.9
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Abstract
A method of pressure registration in transpalpebral rheoophtalmography (TP-ROG) is proposed. Possible construction 

solutions of this method are presented, including sensor types and their technical parameters. One such solution (a resistive 
pressure sensor) was incorporated in a TP-ROG electrode system. The system was used to measure the sensitivity and linearity of 
this pressure sensor. (International Journal of Biomedicine. 2018;8(2):159-161.) 

Key Words: transpalpebral rheoophtalmography • bioimpedance • electrode system • pressure sensor • eye

Introduction
Impedance diagnostic methods have been used in 

ophthalmologic practice.(1,2) Rheoophtalmography allows 
investigating ocular hemodynamics in physiological 
conditions.(3,4) In particular, it can be used to assess the 
hemodynamic state in the anterior segment of the eye.(5) In 
recent years, TP-ROG has been used for certain eye diseases, 
including myopia, diabetic retinopathy, and glaucoma.(5,6)

In the reported work, TP-ROG signals were registered 
by a technique that makes use of tetrapolar TP-ROG(5): Four 
electrodes were positioned on an upper eyelid surface and 
arranged in a straight line. The two measuring electrodes were 
placed between the two current electrodes. The contact area 
diameter of an electrode was 4 mm. The electrodes were made 
of copper, with subsequent silvering, so that the silver layer 
was no less than 20 microns thick.(7) 

To achieve high quality TP-ROG signal recording, it is 
important that the force applied to the rheographic electrodes 
on the eyelid be controlled. During TP-ROG recording, base 
impedance (BI) of biological tissues is recorded. The BI is 
affected by the characteristics of the biological tissues and by 
the pressure that the electrode system applies to the eyelid.

The degree with which the electrode system presses on 

the eyelid should be regulated to ensure the required quality 
of the TP-ROG signal and to minimize the effect the electrode 
system might have on the normal condition of the eye.(8) It 
is for this reason that TP-ROG electrodes should always be 
monitored for the pressure they exert on the eyelid.

Materials and Methods
In the course of the research, it was found that with 

insufficient force applied to the electrodes, it is impossible to 
register a TP-ROG signal.(5) A minimum pressure is necessary 
to secure the contact between the electrodes and the skin. On 
the other hand, too strong a pressure reduces the reliability 
of the received signals and increases the number of signal 
distortions. In addition, excessive pressure on the eye increases 
the discomfort of the subject examined. Consequently, the 
method must have means to control the force affecting the 
electrodes. The control system can be either separated from or 
embedded into the design of the electrodes. Figure 1 illustrates 
how the whole system involving the measurements and force 
control operates. Possible options of system implementation 
are outlined below.

The pressing force can be registered with the help of 
piezoelectric sensors or resistive sensors. We have considered 
the piezoelectric sensor options with built-in and external 
electrodes. The manufacture of original piezoelectric sensors 
is difficult because serially produced samples with a diameter 
less than 5 mm and the required polarization vector are not 
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available on the market. We finally opted for a sensor produced 
by Honeywell. It is a piston sensor in a small enclosure with 
dimensions of 12.7×10.3×8.0 mm. The declared error of the 
sensor is 0.5%. The development of the design using this 
sensor implies the necessity of placing the sensor on a separate 
electrode that transmits the clamping action.

Thus, the force exerted by the fastener system will be 
transmitted to the eye by means of this sensor. In this case, the 
control of the pressing force of the electrodes will be carried out 
with a low accuracy. A similar problem occurs when placing 
the sensor on any of the electrodes being used because the 
uniformity of pressure exerted by the electrodes on the eyelid 
is lost. Increasing the thickness of the substrate complicates 
the procedure of applying electrodes as it is difficult to control 
their location.

One construction possibility we considered was to place 
the sensor next to the electrode system rather than directly 
within it. Since the piston has a smaller diameter as compared 
to the enclosure in which it is located, it is extremely difficult 
to fix the sensor perpendicular to the surface. Therefore, a 
special lining was made, supplied with pins to fabricate holes 
on the sensor. Regardless of the angle of inclination of the 
sensor axis, the force is transmitted to the sensor piston and 
not to its enclosure. The sensor is installed on a special base, 
which is fixed to the position control system. The construction 
is designed in such way that it can be easily moved along the 
lead system.

The tests showed that the construction is easy to use 
and allows registering the pressing force at any point along 
the line of the electrodes. However, piezoelectric sensors 
have a high sensitivity to the overlapping errors. Therefore, 
the solutions based on resistive diaphragms were found to be 
more preferable, and were eventually used in the construction 
of the developed system. Sensors from Interlink Electronics or 
Parallax Inc are suitable.

The construction options of applied force sensors in TP-
ROG electrode system are as follows:

a) Disks of varied diameters. For their use, it is necessary 
to manufacture additional elements (Fig. 2a). 

b) Resistive tapes. Such sensors can be installed along 
the line of all electrodes (Fig. 2b). 

Types of the sensors proposed are presented in Figure 3. 
The main technical characteristics of sensors are specified in 
Table1.

Sensors implemented using resistive technology have a 
number of limitations:

-Logarithmic dependence between the applied force and 
the change in resistance

-Possible effects of hysteresis
-Low reproducibility and stability of recorded signals
-Temperature dependence
Despite this, applied force sensors are useful in the TP-

ROG electrode system, and the fact that their dimensions are 
small facilitates their management.

The sensor can be installed on any of the electrodes. 
It will allow controlling the pressing force of each electrode 
directly. The proposed method increases the reliability of the 
obtained values of the pressing force. It is possible to control 
the contact of each electrode. 

As a rule, different versions of the bridge scheme are 
used in case of circuitry implementation of sensors based on 
elements with variable resistance (Fig.4). Based on the balance 
conditions in these circuits, resistors of the same or similar 
order as the upper limit of the sensing elements are used. 

The use of bridge circuits powered by a DC voltage 
source is more common, but they introduce additional linearity 
errors. In addition, the remote location of the sensor results 
in a drop in the accuracy of the conversion. These errors can 
be reduced by applying the same circuitry to a DC source. 
In this case, two independent sources of current are required 

Fig. 1. Pressure sensors position in diagnostics using TP-ROG

Fig. 2. Constructions with applied force sensors for TP-ROG
           electrode system.

Fig. 3. Sensor types.

Table 1.
The Main Technical Characteristics of Sensors

Main technical
characteristics

SEN-
10264 FSR 400 FSR 408 FLEXI-

FORCE
FSG

5N1A

Size, mm 57.3×6.0 5.08×5.08 609.2×5.08 9.53×9.535.0×5.0

Max. Weight,
N 10 10 10 113.4 15

Max. Output
value 125 kOhm 100 kOhm 10 kOhm 40 MOhm 360 mV
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to register a signal from two sensors. This implementation 
assumes a low accuracy.

Most preferable is the use of a circuit that eliminates 
the nonlinearity of the increment in the output voltage from 
the increment of the resistive sensor. The circuit based on the 
operational amplifier is most suitable for solving this problem 
(Fig. 4c). Resistance of auxiliary resistors is selected equal to 
the upper limit of the resistance of the sensor. With a supply 
voltage of 5 V, the dynamic range will be from 0 to 2.5 V, 
which is convenient for subsequent signal transmission and 
its sampling. 

In this work, we have used a registration scheme based 
on an amplifier. In the electrode system, a sensor was mounted 
on the measuring electrode.

Results and Conclusion
This study was performed in accordance with the 

Declaration of Helsinki and was approved by Local 
Committee of Biomedical Ethics of the Moscow Helmholtz 
Research Institute of Eye Diseases. Written informed consent 
was obtained from all participants. 

The example of typical calibration characteristics is 
shown in Figure 5.

The sensitivity and linearity of the resistive pressure 
force sensor was investigated by using the TP-ROG electrode 
system. Our research demonstrated that it is possible to register 

pressing forces from 55 g to 260 g. The result will be used to 
correct the recorded values, taking into account the specific 
implementation of the force sensor.

When performing TP-ROG diagnostics, applied force 
control is necessary. Control is exercised by the applied force 
sensors, which are built in the electrode system of assignment. 
Before carrying out the tests, the system needs to be calibrated. 
In view of the irregular geometrical shape of an eye with 
the eyelid and because the sensor is mounted on a flexible 
surface and nestles in a soft substrate, calibration of only the 
applied force sensor is insufficient. For correct calibration, it 
is necessary to provide a possibility of direct control of the 
force applied to the eyelid. The system proposed in this work 
allows such control.
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Fig.4. Schemes of registration of applied force sensors signal.

Fig. 5. Output data of the applied force sensor in TP-ROG.
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Abstract
The incidence of multiple primary malignancies has increased dramatically in recent decades. Herein we report synchronous 

multiple primary lung cancer (SMPLC) in a 52-year-old male patient. It is advisable to consider SMPLC as a local pathology 
and to perform radical surgical treatment, which contributes to a favorable outcome. (International Journal of Biomedicine. 
2018;8(2):162-164.) 
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Introduction
Multiple primary cancer (MPC) was defined by Warren 

and Gates as 2 or more tumors occurring at different locations 
that are histologically malignant and distinct, such that one 
tumor is not a metastasis of the other.(1) Based on the time 
when the tumors are identified, the disease can be classified 
as synchronous (MPC diagnosed within six months of the 
primary cancer diagnosis) or metachronous (MPC diagnosed 
more than six months after primary cancer diagnosis).(2-4)

An analysis of several studies showed that the incidence 
of multiple primary malignancies is estimated in 0.73%–5.2% 
of all tumor patients.(5) In Russia, this rate was 7.5% (in 2016) 
of patients with all malignant neoplasms.(6) The incidence 
of MPLC has been reported to range from 0.7% to 15% of 
patients with lung cancer.(7-11) 

Diagnosis of MPLC is complicated by difficulties 
in distinguishing it from lung cancer metastasis. SMPLC 
is characterized by the presence of the second tumor 

concurrently. The incidence of SMPLC has been variably 
reported as being between 1% and 16%.(7) Distinguishing 
intrapulmonary metastatic tumors from MPLC is difficult 
but of great importance for the therapeutic management and 
prognosis of these patients.(12-14)

Case presentation
A 52-year-old man  was admitted to our institution 

for the planned surgical treatment on June 16, 2017. The 
patient’s medical history showed that shortness of breath 
while exercising and cough first appeared in April 2017. After 
visiting the district therapist, during the X-ray examination a 
tumor of the right lung was detected. The patient was referred 
to an oncological dispensary for a consultation with a thoracic 
surgeon, where, after a post-examination, lung cancer of the 
right middle lobe was identified.  

Fibrobronchoscopy (06.09.2017): the glottis was passable 
freely, the trachea and the main bronchi without pathology, the 
carina was mobile. The left lung was examined up to subsegmental 
bronchi, pathology was not revealed. Right lung: an infiltration 
of the mucosa at the mouth of S5; a biopsy of the lesion 
was performed for a histological and cytological examination. 
The remaining bronchi were passable, without pathology.
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The contrast-enhanced CT examination of the chest 
(05.22.2017): a right middle lobe infiltrate (76×53 mm in size), 
atelectasis (Fig.1); a focal pulmonary lesion (subpleural) in 
S3 of the right lung (9.4×6.8 mm in size), the accumulation 
of contrast was impossible to reliably determine (Fig.2). The 
pulmonary hilar LNs were enlarged up to 10-14 mm.

Abdominal ultrasound (05.29.2017): the abdominal cavity 
and retroperitoneal space without pathology. Spirography: 
FEV1 - 87%, VC - 90%. The Echo and ECG data are within 
normal limits. Clinical blood tests are within the norm.

Objective data: the patient had a satisfactory state, clear 
consciousness, and preserved intellectual function; he was 
oriented, critical and emotionally labile. Weight - 84.5 kg, 
height - 184 cm. The patient was of normosthenic constitution. 

Skin cover was smooth and normal color. The leg veins were 
dilated in the system of the great saphenous vein. Peripheral 
LNs were not palpable. Thyroid gland is not enlarged. He had 
a bronchial breath sound in the right upper lobe; respiratory 
rate was 18 breaths per minute. Cardiovascular examination 
revealed normal heart sounds, blood pressure - 120/80 mmHg.
The liver was enlarged, painful on palpation. 

Based on clinical and anamnestic results of the 
examination, the following clinical diagnosis was constructed: 
Lung cancer of the right middle lobe (T2bNxM0). Histological 
diagnosis: moderately differentiated squamous cell carcinoma.

On June 19, 2017, given the clinical diagnosis, the 
planned operation was performed: Right thoracotomy, 
pneumonectomy with systematic lymph node dissection.

Intraoperative
Under endotracheal anesthesia, a right anterolateral 

thoracotomy performed in the fifth intercostal space revealed 
a 3×4 cm-sized nodule in S5 of the right middle lobe (tumor 
1), atelectasis of the middle lobe. In the upper lobe in S3, the 
focus of 1×1 cm (tumor 2) with invasion into the pleura, a 
conglomerate of bifurcation LNs up to 15 mm in size, single 
lymph nodes of the pulmonary ligament. Other groups of LNs 
are not enlarged. An operation was possible in the form of 
pneumonectomy. Next, a standard right pneumonectomy with 
systemic ipsilateral lymph node dissection was performed. 
There were no intraoperative complications. The postoperative 
period proceeded smoothly.

Histological examination
In the upper lobe of the right lung: well differentiated 

adenocarcinoma of a mixed structure (acinar-tubular-
papillary) with invasion into the visceral pleura. In the middle 
lobe: carcinosarcoma. A line of resection of the bronchus 
without tumor growth. In one peribronchial LN (out of 
17), there was metastasis of papillary adenocarcinoma (i.e., 
metastasis of tumor 2). In one bifurcation LN (out of 7), there 
was metastasis of carcinosarcoma (i.e., metastasis of tumor 
1). The remaining separately sent LNs (2 pulmonary ligament 
LNs, azygos lymph node, 6 LNs of paratracheal group) were 
without metastases. 

Immunohistochemical examination
Tumor 1: EMA, vimentin—diffuse bright expression; CK7, 

TTF-1—diffuse bright expression in the epithelial component and 
focal moderate expression in sarcomatous component. CK5/6—
moderate diffuse expression in the epithelial component. p63, 
SMA, CD34—negative. S100—focal moderate expression. 
CD68—marked expression. Desmin—diffuse bright expression 
in the epithelial component. Histological diagnosis: primary low-
grade adenocarcinoma of the lung with sarcomatous component 
and focal squamous differentiation.(Fig.3)

Tumor 2: TTF-1—diffuse expression, which confirms 
a primary character of the tumor. Histological diagnosis: 
Primary well differentiated adenocarcinoma.  (Fig.4)

The final clinical diagnosis. SMPLC: 1. Lung cancer of 
the right middle lobe (pT2aN2M0). Primary low-grade adeno-
carcinoma with sarcomatous component and focal squamous 
differentiation. 2. Lung cancer of the right upper lobe (pT1aN1M0). 
Primary well-differentiated adenocarcinoma. Three metastatic 
LNs: one LN of pulmonary root and two mediastinal LNs.

Fig.1. A right middle lobe infiltrate (76×53 mm in size).

Fig.2. A focal pulmonary lesion (subpleural) in S3 of 
the right lung (9.4×6.8 mm in size).
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The patient was discharged in a satisfactory condition 
on June 30, 2017. The patient received regular follow-up. 
After 3 weeks, adjuvant chemotherapy was started. Patient 
received 4 courses of adjuvant chemotherapy with cisplatin 
and etoposide. Patient had satisfactory response to treatment. 

Follow-up of 10.30.2017: no active complaints.
The contrast-enhanced CT examination of the brain, chest 
and abdominal organs did not reveal focal pathology. 
Fibrobronchoscopy: condition after right pneumonectomy, left 
lung without changes. The patient returned to his former work, 
socially adapted. 

Conclusion
The presented clinical case proves the complexity of the 

diagnosis of polyneoplasias in one lung. In most cases, MPLC 
is an operational finding and is confirmed by histological 
examination. According to the recommendations of foreign 
clinical studies and this clinical example, it is advisable to 
consider SMPLC as a local pathology and to perform radical 
surgical treatment, which contributes to a favorable outcome.
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Fig. 3. Tumor 1. Immunohistochemical examination: EMA, vimentin—
diffuse bright expression; CK7, TTF-1—diffuse bright expression 
in the epithelial component and focal moderate expression in 
sarcomatous component.CK5/6— diffuse moderate expression in 
the epithelial component; p63, SMA, CD34—negative. S100— focal 
moderate expression. CD68—marked expression. Primary low-grade 
adenocarcinoma of the lung with sarcomatous component and focal 
squamous differentiation.

Fig. 4. Tumor 2. Immunohistochemical study:TTF-1—diffuse expres-
sion, which confirms a primary character of the tumor. Primary well 
differentiated adenocarcinoma.
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published except in abstract form. 

Accepted manuscripts become the sole property of  
IJBM and may not be published elsewhere without the consent 
of IJBM A form stating that the authors transfer all copyright 
ownership to IJBM will be sent from the Publisher when the 
manuscript is accepted; this form must be signed by all authors 
of the article. 

All manuscripts must be submitted through the 
International Journal of Biomedicine`s online submission 
and review website. Submission items include a cover letter 
(required), the manuscript (required), and any figures and 
tables. Revised manuscripts should be accompanied by a unique 
file (separate from the cover letter) that provides responses to 
the reviewers’ comments. The preferred order for uploading 
files is as follows: cover letter, response to reviewers (revised 
manuscripts only), manuscript file(s), table(s), figure(s). Files 
should be labeled with appropriate and descriptive file names 

(e.g., SmithText.doc, Fig1.eps, Table3.doc). Text, tables, and 
figures should be uploaded as separate files. (Multiple figure 
files can be compressed into a Zip file and uploaded in one 
step; the system will then unpack the files and prompt the 
naming of each figure. See www.WinZip.com for a free trial.) 

Figures and tables should not be imported into the text 
document. Text and tables must be submitted as Word files. 
Complete instructions for electronic artwork submission, 
including acceptable file formats, can be found on the Author 
Gateway, accessible through the Journal home page (www.
ijbm.org). Figures will be tested by an artwork quality 
check tool and authors asked to view the results before the 
submission can be completed. Figures can be forwarded for 
manuscript review if not up to production standards, but high-
quality figures are required if the manuscript is accepted for 
publication. 

Authors who are unable to provide an electronic version 
or have other circumstances that prevent online submission 
must contact the Editorial Office prior to submission to discuss 
alternate options (editor@ijbm.org). 
Pre-submissions

Authors are welcome to send an abstract or draft 
manuscript to obtain a view from the Editor about the 
suitability of their paper. Our Editors will do a quick review 
of your paper and advise if they believe it is appropriate for 
submission to our journal. It will not be a full review of your 
manuscript.
Cover Letter 

The cover letter should be saved as a separate file for 
upload. In it, the authors should (1) state that the manuscript, 
or parts of it, have not been and will not be submitted 
elsewhere for publication; (2) state that all authors have read 
and approved the manuscript; and (3) disclose any financial 
or other relations that could lead to a conflict of interest. If a 
potential conflict exists, its nature should be stated for each 
author. When there is a stated potential conflict of interest a 
footnote will be added indicating the author’s equity interest 
in or other affiliation with the identified commercial firms. 

The corresponding author should be specified in the 
cover letter. All editorial communications will be sent to this 
author. A short paragraph telling the editors why the authors 
think their paper merits publication priority may be included 
in the cover letter. 
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Manuscript Preparation 

Title Page 
The title page should include (1) a brief and descriptive 

title of the article, (2) a short title of less than 65 characters 
with  spaces, (3) the authors’ names, academic degrees, and 
hospital and academic affiliations, (4) acknowledgment of 
grants and other support, (5) a word count, (6) the number of 
figures and tables, and (7) the name and address (including 
zip code), telephone, fax, and email address of the individual 
responsible for editorial correspondence and proofreading. 

Disclaimers. An example of a disclaimer is an author's 
statement that the views expressed in the submitted article are 
his or her own and not an official position of the institution or 
funder.

All sources of financial support for the study should 
be cited on the title page, including federal or state agencies, 
nonprofit organizations, and pharmaceutical or other 
commercial sources. 
Abstract 

The article should include a brief abstract of no more 
than 200 words. The abstract should be structured with the 
following headings: Background, Methods and Results, and 
Conclusions. The Background section should describe the 
rationale for the study. Methods and Results should briefly 
describe the methods and present the significant results. 
Conclusions should succinctly state the interpretation of the 
data. 
Key Words 

Authors should supply a list of up to four key words 
not appearing in the title, which will be used for indexing. 
The key words should be listed immediately after the Abstract. 
Use terms from the Medical Subject Headings (MeSH) list of 
Index Medicus when possible. 
Original articles 

Original articles present the results of original research. 
These manuscripts should present well-rounded studies 
reporting innovative advances that further knowledge about a 
topic of importance to the fields of biology or medicine. These 
can be submitted as either a full-length article (no more than 
6,000 words, 4 figures, 4 tables) or a Short Communication 
(no more than 2,500 words, 2 figures, 2 tables). An original 
article may be Randomized Control Trial, Controlled Clinical 
Trial, Experiment, Survey, and Case-control or Cohort study. 
Original articles should be presented in the following order: 
1) Title page; 2) Abstract with keywords; 3) main text in the 
IMRaD format (Introduction; Materials and Methods; Results; 
and Discussion). Introduction should describe the purpose of 
the study and its relation to previous work in the field; it should 
not include an extensive literature review. Methods should be 
concise but sufficiently detailed to permit repetition by other 
investigators. Previously published methods and modifications 
should be cited by reference. Results should present positive 
and relevant negative findings of the study, supported when 
necessary by reference to tables and figures. Discussion 
should interpret the results of the study, with emphasis 
on their relation to the original hypotheses and to previous 
studies. The importance of the study and its limitations should 
also be discussed. The IMRaD format does not include a 
separate Conclusion section. The conclusion is built into the 

Discussion. More information on the structure and content 
of these sections can be found in the Recommendations for 
the Conduct, Reporting, Editing and Publication of Scholarly 
Work in Medical Journals (ICMJE Recommendations), 
available from www.ICMJE.org.
4) Acknowledgements; 5) Conflicts of interest; 6) References; 
7) Tables (each table on a separate page, complete with title 
and footnotes); 8) Figure legends; 9) Figures.
Case Reports
Case reports describe an unusual disease presentation, a new 
treatment, a new diagnostic method, or a difficult diagnosis. 
The author must make it clear what the case adds to the field 
of medicine and include an up-to-date review of all previous 
cases in the field. These articles should be no more than 5,000 
words with no more than 6 figures and 3 tables. Case Reports 
should consist of the following headings: Abstract (no more 
than 100 words), Introduction, Case Presentation (clinical 
presentation, observations, test results, and accompanying 
figures), Discussion, and Conclusions.
Reviews

Reviews analyze the current state of understanding 
on a particular subject of research in biology or medicine, 
the limitations of current knowledge, future directions to be 
pursued in research, and the overall importance of the topic. 
Reviews could be non-systematic (narrative) or systematic. 
Reviews can be submitted as a Mini-Review (no more than 
2,500 words, 3 figures, and 1 table) or a long review (no more 
than 6,000 words, 6 figures, and 3 tables). Reviews should 
contain four sections: Abstract, Introduction, Topics (with 
headings and subheadings, and Conclusions and Outlook.
Perspectives

Perspectives are brief, evidenced-based and formally 
structured essays covering a wide variety of timely topics 
of relevance to biomedicine. Perspective articles are limited 
to 2,500 words and usually include ≤10 references, one 
figure or table. Perspectives contain four sections: Abstract, 
Introduction, Topics (with headings and subheadings), 
Conclusions and Outlook.
Viewpoints

Viewpoint articles include academic papers, which 
address any important topic in biomedicine from a personal 
perspective than standard academic writing. Maximum length 
is 1,200 words, ≤70 references, and 1 small table or figure.

 Authorship

Authorship credit should be based on the contribution 
of the individual authors to some combination of one or more 
of the following:

	conception or design

	data collection and processing

	analysis and interpretation of the data

	writing substantial sections of the paper

	drafting the paper or revising it critically

	final approval of the paper to be published.
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 Acknowledgments 
All contributors who do not meet the criteria for 

authorship should be listed in an acknowledgments section. 
Examples of those who might be acknowledged include 
a person who provided purely technical help, writing 
assistance, or a department chairperson who provided only 
general support. Authors should declare whether they had 
assistance with study design, data collection, data analysis, 
or manuscript preparation. If such assistance was available, 
the authors should disclose the identity of the individuals who 
provided this assistance and the entity that supported it in the 
published article. Financial and material support should also 
be acknowledged. 
References 

References should follow the standards summarized 
in the NLM's International Committee of Medical Journal 
Editors (ICMJE) Recommendations for the Conduct, 
Reporting, Editing and Publication of Scholarly Work in 
Medical Journals: Sample References webpage (www.nlm.
nih.gov/bsd/uniform_requirements.html) and detailed in the 
NLM's Citing Medicine, available from www.ncbi.nlm.nih.
gov/books/NBK7256/. MEDLINE abbreviations for journal 
titles (www.ncbi.nlm.nih.gov/nlmcatalog/journals) should be 
used. The first six authors should be listed in each reference 
citation (if there are more than six authors, “et al” should be 
used following the sixth). Periods are not used in authors’ 
initials or journal abbreviations.
Journal Article: Serruys PW, Ormiston J, van Geuns RJ, 
de Bruyne B, Dudek D, Christiansen E, et al. A Polylactide 
Bioresorbable Scaffold Eluting Everolimus for Treatment of 
Coronary Stenosis: 5-Year Follow-Up. J Am Coll Cardiol. 
2016;67(7):766-76. doi: 10.1016/j.jacc.2015.11.060.

Book: Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. 
Medical Microbiology. 4th ed. St.  Louis: Mosby; 2002.

Chapter in Edited Book: Meltzer PS, Kallioniemi A, Trent 
JM. Chromosome alterations in human solid tumors. In: 
Vogelstein B, Kinzler KW, editors. The Genetic Basis of 
Human Cancer. New York: McGraw-Hill; 2002:93–113. 

References should be numbered consecutively in the 
order in which they are first mentioned in the text. Identify 
references in text, tables, and legends by Arabic numerals in 
parentheses and listed at the end of the article in citation order.

Figures and Legends 
All illustrations (line drawings and photographs) are 

classified as figures. All figures should be cited in the text and 
numbered in order of appearance. Figures should be provided 
in .tiff, .jpeg or .eps formats. Color images must be at least 
300 dpi. Gray scale images should be at least 300 dpi. Line 
art (black and white or color) and combinations of gray scale 
images and line art should be at least 1,000 dpi. The optimal 
size of lettering is 12 points. Symbols should be of a similar 
size. Figures should be sized to fit within the column (86 mm) 
or the full text width (180 mm). Line figures must be sharp, 
black and white graphs or diagrams, drawn professionally 
or with a computer graphics package. Legends should be 
supplied for each figure and should be brief and not repetitive 
of the text. Any source notation for borrowed figures should 

appear at the end of the legend. Figures should be uploaded as 
individual files. 
Tables 

Tables should be comprehensible without reference to 
the text and should not be repetitive of descriptions in the text. 
Every table should consist of two or more columns; tables with 
only one column will be treated as lists and incorporated into 
the text. All tables must be cited in the text and numbered in 
order of appearance. Tables should include a short title. Place 
explanatory matter in footnotes, not in the heading. Explain 
all nonstandard abbreviations in footnotes, and use symbols 
to explain information if needed. Each table submitted should 
be double-spaced, each on its own page. Each table should be 
saved as its own file as a Word Document. Explanatory matter 
and source notations for borrowed tables should be placed in 
the table footnote.
Units of Measurement

Measurements of length, height, weight, and volume 
should be reported in metric units (meter, kilogram, or liter) 
or their decimal multiples. Temperatures should be in degrees 
Celsius. Blood pressures should be in millimeters of mercury. 
All measurements must be given in SI or SI-derived units. 
Drug concentrations may be reported in either SI or mass 
units, but the alternative should be provided in parentheses 
where appropriate. 
Abbreviations and Symbols

Use only standard abbreviations; use of nonstandard 
abbreviations can be confusing to readers. Avoid abbreviations 
in the title of the manuscript. The spelled-out abbreviation 
followed by the abbreviation in parenthesis should be used 
on first mention unless the abbreviation is a standard unit of 
measurement. 

Drugs should be referred to by their generic names. If 
proprietary drugs have been used in the study, refer to these by 
their generic name, mentioning the proprietary name, and the 
name and location of the manufacturer, in parentheses.

Permissions, archiving and repository policies
To use tables or figures borrowed from another source, 

permission must be obtained from the copyright holder, 
usually the publisher.  Authors are responsible for applying for 
permission for both print and electronic rights for all borrowed 
materials and are responsible for paying any fees related to 
the applications of these permissions. This is necessary even 
if you are an author of the borrowed material. It is essential 
to begin the process of obtaining permission early, as a delay 
may require removing the copyrighted material from the 
article. The source of a borrowed table should be noted in a 
footnote and of a borrowed figure in the legend. It is essential 
to use the exact wording required by the copyright holder. A 
copy of the letter granting permission, identified by table or 
figure number, should be sent along with the manuscript. A 
permission request form is provided for the authors use in 
requesting permission from copyright holders. 

Authors are allowed to deposit their works into an Open 
Access Repository.

Until an electronic backup and preservation of access 
to the journal content is implemented, we strongly encourage 
authors to archive the original data sets in publicly available 
and permanent repositories whenever possible and appropriate.
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Open Access and Processing Fees

Open Access Publication: all manuscripts submitted to IJBM 
will be submitted under the Open Access publishing model. 
Readers are allowed to freely read, download, copy, distribute, 
print, search, or link to full texts. In this publishing model, 
papers are peer-reviewed in the normal way under editorial 
control. When a paper is accepted for publication the author 
is issued an invoice for payment of a publication processing 
fee. Payment of this charge allows  IJBM to partially recover 
its editorial process and production of the printed version, and 
development of online functionality, and provide our content 
at no cost to readers. IJBM charges a processing fee of $100 
per printed black and white journal page and $200 per printed 
page of color illustrations. 

IJBM charges a processing fee of $50 per page in the 
case of online-only publications. For online-only publications, 
all illustrations submitted in color will be published in color 
online, at no cost to the author. 

Example 1 - Article length is 4 journal pages for online-only  
publication. Total Charge for article = $200.

Example 2 - Article length is 4 black and white journal pages. 
            Total Charge for article = $400.

Example 3 - Article length is 5 journal pages, 5 color figures. 
Figures 1-3 fit on one journal page, figures 4-5 fit on one 
journal page.

       - Page Charges = $100 × 3 black and white journal 
pages = $300

       - Color Cost= $200 × 2 color journal pages = $400
        Total Charge for article = $700

       Total Charge for article includes copyediting*, typesetting, 
publishing (online and print), indexing of article in citation 
databases and shipping.
   *For non-native English writers, we also provide additional 
copyediting services, which include the detailed grammar check 
(word use, sentence structure, phrases, clauses, verb-noun use, etc.).  
Our fee for such service is $10 per page (roughly 500 words) 

Surely, this processing fee does not cover the whole 
cost. For  IJBM, the income might be from subscriptions 
for the printed journal, foundation and grant support, 
advertisements, and institutional support. Published papers 
appear electronically and are freely available from our 
website. Authors may also use their published .pdf’s for any 
non-commercial use on their personal or non-commercial 
institution’s website, subject to a selected user license. A 
subscription to the printed version of IJBM remains available.

Under IJBM’s existing policy certain categories of 
authors are eligible for a discount. The amount of discount 
depends on factors such as country of origin, position of the 
author in the institute and quality and originality of the work. 
Young researchers and first time authors may also qualify 
for a discount. There is also an author loyalty discount open 
to authors submitting more than one article within twelve 
months.  To apply for a discount, please contact our office 
using the ‘Contact Us’ page or send email to the Publisher 
(editor@ijbm.org) with the following information:

•	 Your name and institution with full address details
•	 Reason for applying for a waiver

•	 Title of your paper
•	 Country of residence of any co-authors.

Commercial use: Articles from IJBM website may be 
reproduced, in any media or format, or linked to for any 
commercial purpose, subject to a selected user license.

Page Proofs: Page proofs are sent from the Publisher 
electronically and must be returned within 72 hours to avoid 
delay of publication. All authors must sign and return the 
author approval and final page of Publication Agreement. 
Generally, peer review is completed within 3-4 weeks and the 
editor’s decision within 7-10 days of this. It is therefore very 
rare to have to wait more than 6 weeks for a final decision.  

AUTHOR’S CHECKLIST 

When submitting manuscripts to the International 
Journal of Biomedicine please remember to include the 
following: 
• Cover Letter 
− The authors should (1) state that the manuscript, or parts 
of it, have not been and will not be submitted elsewhere for 
publication; (2) state that all authors have read and approved 
the manuscript; and (3) disclose any financial or other relations 
that could lead to a conflict of interest. If a potential conflict 
exists, its nature should be stated for each author.
− All sources of financial support for the study should be stated 
including federal or state agencies, nonprofit organizations, 
and pharmaceutical or other commercial sources. 
• Manuscript, including: 
− Title page 
− Article title 
− Short title (less than 65 characters w/ spaces) 
− Authors’ names, academic degrees, affiliations 
− Acknowledgment of grants and other financial support 
− Word count 
− Number of figures and tables 
− Name, address, telephone, fax, and e-mail address of 
corresponding author 
− All authors must disclose any financial or other relations that 
could lead to a conflict of interest. If a potential conflict exists, 
its nature should be stated for each author. When there is a 
stated potential conflict of interest a foot note will be added 
indicating the author’s equity interest in or other affiliation 
with the identified commercial firms.
− All sources of financial support for the study should be stated 
including federal or state agencies, nonprofit organizations, 
and pharmaceutical or other commercial sources. 
• Abstract 
• Key words 
• Text 
• Acknowledgments 
• References
• Figure Legends on a separate page
• Each figure should be saved as a separate electronic file
• Tables on a separate page
• Permissions for the use of any previously published materials 
• Disclosure Form (fax or e-mail to Editorial Office). 

It is important to note that when citing an article from IJBM, the 
correct citation format is International Journal of Biomedicine.


