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COVID-19 Infection
REVIEW ARTICLE 

Immune and Metabolic Response to COVID-19 Infection: 
Review for Molecular Pathways

Andrew K. Martusevich, PhD, ScD1*; Konstantin A. Karuzin, MD2; 
Olga B. Zhdanova, PhD, ScD3,4

1Privolzhsky Research Medical University, Nizhny Novgorod, Russia
2Bioniq Health-Tech Solutions Ltd., London, United Kingdom

3Kirov State Medical University, Kirov, Russia
4Institute of Parasitology – Branch of Federal Scientific Center “All-Russian Research Institute of 

Experimental Veterinary Medicine named after K.I. Scriabin and Ya.R. Kovalenko”, Moscow, Russia

Abstract
The purpose of this review is a systematic analysis of data from clinical observations, international experience and reviews 

related to the pathogenetic aspects of the impact of a new coronavirus infection on the immune system. Information was searched in 
MEDLINE, PubMed, and RSCI databases. Some data for SARS-CoV-2 virus as etiological agent that provokes the development of 
COVID-19 are presented. Special attention was paid to immunity shifts, which were produced in patients under COVID-19 infection. 
The prevailing role of the “cytokine storm” in the development of severe forms of the disease is revealed in detail. Demonstrated and 
integrated into a single scheme of adjustment, innate and adaptive immunity is occurring with the new coronavirus infection. This 
information is supplemented by the characteristics of the metabolic response accompanying this pathology and by changes in the 
erythrocyte state under COVID-19 infection. Based on these pathogenetic mechanisms, potential variants of targeted correction of the 
disease are proposed and justified. (International Journal of Biomedicine. 2020;10(3):177-181.) 

Key Words: COVID-19 • pathogenesis • immunity • cytokine storm

Introduction
Currently, it is difficult to overestimate the importance 

and relevance of a comprehensive review of various aspects 
of a new coronavirus infection (COVID-19),(1-4) which has 
become the cause of a global biological threat, as early as 
February 2020, classified by WHO as a pandemic.(5) According 
to official statistics, the prevalence of COVID-19 in the world 
at the beginning of June is approaching 7 million people, of 
which about 400,000 have died. In the Russian Federation, the 
number of cases of infection is about half a million, with about 
6,000 deaths due to this disease.

All of the above prompted us to closely study the 
features of the clinical picture and pathogenetic mechanisms 
that determine the course of this pathology, especially its 

severe forms. Taking into account this circumstance, what 
comes to the fore is the assessment of the informativity of 
laboratory markers in relation to patients with COVID-19, 
which primarily include indicators that characterize the state 
of the blood system.(6-8) On the other hand, the literature 
lacks a comprehensive description of the emerging shifts in 
SARS-CoV-2 infection: Attention is paid only to one of the 
components (disorders of the coagulation system, dysfunction 
of the body’s immunological defense links, etc.). In addition, 
it should be noted that, despite the obvious relevance and 
severity of the problem, there are only isolated generalizing 
works in the Russian literature, most of which are focused 
on the epidemiology of the disease,(1,9-11) while only one 
publication is devoted to the disclosure of the pathogenetic 
aspects of the problem.(12)

The purpose of this review is a systematic analysis of 
data from clinical observations, international experience and 
reviews related to the pathogenetic aspects of the impact of a 
new coronavirus infection on the immune system. Information 
was searched in MEDLINE, PubMed, and RSCI databases. 

*Corresponding author: Prof. Andrew K. Martusevich, PhD, 
ScD. Privolzhsky Research Medical University, Nizhny Novgorod, 
Russia. E-mail: cryst-mart@yandex.ru
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Some data for SARS-CoV-2 virus
Full-genome sequencing and phylogenetic analysis of 

the virus genome revealed that the coronavirus, which is an 
etiological agent that provokes the development of COVID-19, 
is a β-coronavirus. As a whole, coronaviruses contain single-
stranded RNA and belong to the family Coronaviridae of 
the subfamily Orthocoronavirinae, which causes diseases 
in birds, mammals and humans. The viral genome consists 
of 27-32 thousand nucleotides encoding structural and non-
structural proteins. The greatest pathogenetic value is found 
in the proteins of the membrane, capsid, nucleocapsid and 
spikes, which play an important role in the virus penetrating 
the host cell and replicating.(15,28)

SARS-CoV-2 is genetically related (belongs to one 
subgenus) to the SARS virus, as well as a number of other 
coronaviruses, primarily isolated in bats. The structure of 
the receptor-binding gene region is almost identical to that 
of the SARS coronavirus. In addition, a common feature is 
that viruses use the angiotensin-converting enzyme 2, or 
ACE2 receptor, to enter the cell.(13) In this regard, the group 
of the International Committee on virus taxonomy that 
studies coronaviruses proposed to name it SARS-CoV-2 (a 
coronavirus that causes Severe Acute Respiratory Syndrome 
Coronavirus 2).(14,16)

It is interesting that the results of phylogenetic analysis 
of 103 SARS-CoV-2 strains isolated from Chinese patients 
identified two different serotypes of SARS-CoV-2, designated as 
type L (about 70% of circulating strains) and type S (about 30% 
of circulating strains).(17) The authors note that type L showed 
a significant predominance at the initial stage of infection 
development in China, then in the course of its spread (outside 
of Wuhan district), the ratio changed towards an increased role 
of type S. However, the clinical significance of these results 
is still unclear, since the prevalence of these strains was not 
compared with laboratory shifts and symptoms of the disease.

Genetic “relatives” whose spread preceded the new 
coronavirus infection are SARS-CoV and MERS-CoV viruses, 
which are primarily zoonoses originating from bats.(15,18) The 
first of them, transmitted to humans from cats and raccoon 
dogs, began in the province of Guangdong (China) and affected, 
according to official data, 8,096 patients, 774 of whom died, 
in 37 countries (mortality about 10%). The MERS-CoV virus, 
also primarily cultured in bats and transposed to humans via 
an intermediate host (camels), was more severe: 1,790 cases 
were identified with 640 deaths (mortality about 36%) in 27 
countries.

MERS virus, also related to the genus of β-coronaviruses, 
is potentially more distantly related to SARS-CoV-2.(2,16,18) 

Given that the RNA sequence of the considered coronavirus is 
similar to two other bat coronaviruses, it is assumed that bats 
were the primary source of the virus.(17,18) On the other hand, 
it is not reliably established whether this transmission was 
carried out directly from bats, or whether any other mechanism 
or intermediate host was involved in this process.(4)

The experience gained by doctors and biologists in 
eliminating the foci of infection with SARS-CoV and MERS-
CoV can be useful in the fight against the new coronavirus 
infection.

Immunity under COVID-19 infection
The state of the immune system in patients comes 

naturally under the close attention of specialists,(6,18,19) since 
full disclosure of the nature of the immune response to the 
penetration of the coronavirus into the body is the key to 
creating the most effective and safe vaccine against this 
pathogen,(20) which can significantly limit its spread.

It should be noted that the common regularities of 
the immune response to the penetration of the COVID-19 
pathogen into the body are consistent with ideas about the 
reaction to any viral agents.(19,20) The integrative scheme of the 
immune response to the considered infectious agent is shown 
in Figure 1. Thus, when entering the internal environment 
of the body, the pathogen binds to low-specific, pattern-
recognizing receptors, including Toll-(TLR), RIG-I-(RLR) 
and NOD-like (NLR) receptors, as well as lectin-type receptors 
and other soluble molecules (cGAS, IFI16, STING, DAI, 
etc.).(19) TLRs perceive lipid, lipoprotein, protein, and nucleic 
antigens that are components of bacterial cells, viruses, and 
fungi.(21) RIG-I-like receptors are more specific and can only 
bind complementarily to the nucleic acids of RNA-containing 
viruses.(22,23) In turn, NOD-like receptors form complexes with 
protein antigens and participate in regulating the inflammatory 
response.(24,25) Finally, lectin receptors provide implementation 
of phagocytic activity of immunocytes chemotaxis and 
stimulation of dendritic cells by involving NF-kB-and MAPK-
dependent pathways.(26)

Another feature of the interaction of SARS-CoV-2 
with components of innate immunity is the ignoring of 
the inhibitory/viricidal function of defensins, endogenous 
peptides with pronounced antibiotic activity against a wide 
range of bacteria, fungi and viruses, and this effect is shown 
in vitro for neutrophil defensin obtained in humans (HNP1-3) 
and rabbits (RNP1–5).(27)

More significant changes in COVID-19 infection occur 
in the composition of the acquired immunity. First of all, 
almost all researchers point to preferential shifts in the cellular 

Fig. 1. Common scheme of immune response to SARS-
CoV-2 infection (adapted from [19]). 
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(T-dependent) link of the immune response, consisting of a 
decrease in the absolute number of CD4+ and CD8+ T cells,(6,8) 
as well as an increase in the level of activation markers 
(HLA-DR and CD45RO) on these cells and a decrease in co-
stimulating CD28 molecules.(8) The severity of these disorders 
directly depends on the severity of the course of coronavirus 
infection, which is pathogenetically justified, since it is the 
T-cell component of the immune system that is responsible for 
the antiviral response. At the same time, a significant decrease 
in the level of T-regulatory lymphocytes was observed in 
patients with severe COVID-19 infection.(8) Together, this led 
to the development of progressive lymphopenia. Clinicians 
differ in their views on the dynamics of γIFN-producing 
CD4+ and CD8+ T cells: according to one, it is to increase, 
directly dependent on the severity of the condition;(28,29) but 
to another– the dynamics is to reduce the numbers as well 
as IFN-γ production by CD4+ T cells on the background of 
maintaining the level of CD8+ T cells.(6)

Taking into account the phenomenon already 
established as one of the main pathogenetic mechanisms of a 
new coronovirus infection—the «cytokine storm»—it seems 
more logical to increase the number of interferon producers, 
which is confirmed by the undeniable extremely rapid 
hypercytokinemia, which plays a key role in the formation 
of severe forms of the disease (Fig.2).(29) It is the medicinal 
effect on individual cascades of the cytokine storm that can 
act as a targeted pathogenetic therapy for this life-threatening 
condition.(29) In this regard, there are several approaches:  

(1) Using exogenous gamma interferon and its direct 
inducers to stimulate components of innate immunity

(2) Using immunomodulators to restore cytokine balance
(3) Inhibiting cytokine production
(4) Using cytokine traps
(5) Inhibiting mononuclear mobilization and deconta-

mination
(6) Strengthening the vascular barrier by activating the 

Slit-Robo4 signaling mechanism
These paths are indicated by the respective numbers in 

Figure 2.

Interestingly, the B-dependent link of immunity also 
does not remain intact. It has been shown that COVID-19 
infection reduces both the total number of B-lymphocytes 
and the level of their activation molecules.(8) This trend also 
applies to dendritic cells, especially in severe patients.(6,8)

Separately, we should focus on the ways this strain of 
coronavirus penetrates the cells of the macroorganism. Currently, 
it has been convincingly demonstrated that the main receptor 
providing COVID-19 internalization is ACE2, which combines 
it into SARS-CoV. On the contrary, the MERS-CoV virus uses 
dipeptyl-peptidase type 4 (DPP4) receptors for penetration.

At the same time, according to recent data, another 
receptor, CD147, plays an important role for the COVID-19 
pathogen on the membrane of host cells, this receptor can 
act as an additional factor of virus invasion.(30) It has been 
shown that CD147 can independently bind to the virus spike 
protein, and its inhibition, or inhibition of expression, prevents 
internalization and spread of viral particles. In this regard, it is 
useful to use azithromycin, for which a similar effect based on 
inhibition of the CD147 cell receptor has been demonstrated 
on the example of malaria, as well as the use of high-affinity 
anti-CD147 antibodies.(30) In addition, azithromycin induces 
antiviral reactions in epithelial cells by increasing the level 
of interferons and proteins stimulated by its release, while 
reducing viral replication and virus release from the host 
cell. Additionally, this drug reduces the expression of 
metalloproteinases (MMPs) closely associated with CD147.

Metabolic shifts under COVID-19 infection
A number of other metabolic parameters reflecting signs 

of developing inflammation are pathogenetically associated with 
the dynamics of directly immunological indicators (Table 1). 

Fig. 2. “Cytokine storm” pathways and possibilities of 
its target therapy (adapted from [29]).

Table 1. 
Common characteristics of hematological and metabolic shifts, 
induced by COVID-19 

Metabolic shifts Clinical value

Leucopenia Immune response

Leucocytosis Bacterial superinfection

Neutrophylosis Bacterial superinfection or/and
cytokine storm

Trombocytopenia Consumption coagulopathy

Elevation of C-reactive protein Viremia, heavy course of disease

Calcitonin increasing Bacterial superinfection

Elevation of LDH activity Lung damage or multiorgan
insufficiency 

Bilirubin increasing Liver damage

Elevation of aminotransferase
activity

Liver damage or/and multiorgan
insufficiency

High creatinine Kidneys damage

Increasing of troponins Heart damage 

Hypoalbuminemia Liver dysfunction

Trombine time prolongation Consumption coagulopathy

Elevation of D-dimer or/and
other products of fibrinogen
degradation

Consumption coagulopathy
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Thus, many authors note the formation of 
hypoalbuminemia, an increase in the concentrations of 
ferritin and C-reactive protein, and the activity of alanine 
aminotransferase and lactate dehydrogenase.(1,6-8,31) A high-
strength correlation between these parameters and the severity 
of the patients’ condition was found.(6)

Thus, it is assumed that these parameters can act as 
Llaboratory markers of infection and prognosis, can monitor 
the condition of patients and can perform topical diagnostics 
of lesions of individual organs and tissues in a new coronavirus 
infection.

COVID-induced changes in erythrocytes
The small amount of information in the literature about 

the state of red blood cells (RBCs) in coronovirus infection is 
available only from all components of the blood system. The 
main international databases of publications do not contain 
any articles directly devoted to the features of RBCs. Most 
of the information on this issue is indirect, and concerns the 
dynamics of general blood analysis.(6,8,26) In particular, G. 
Lu and J. Wang (32) demonstrated a marked decrease in the 
absolute number of RBCs, depending on the severity of the 
disease, as well as their hypochromia, which persists even 
for 7-14 days after the clinical manifestation of infection. In 
addition, these shifts were naturally accompanied by a decrease 
in the concentration of hemoglobin, more pronounced than 
in seasonal flu outbreaks,(32,33) combined with a progressive 
increase in the rate of erythrocyte sedimentation (ESR).(34,35) 
Of particular interest is determining the level of glycosylated 
hemoglobin, a significant increase in the proportion of which, 
together with ESR, the concentration of fibrinogen and IL-
6, may indicate the development of a systemic inflammatory 
response, hypercoagulation, and, as a result, a poor prognosis 
for patients with COVID-19.(35) Thus, in patients with diabetes 
mellitus, who are more likely than the general population to 
develop a severe course of the disease,(11,13) when such signs were 
detected in 27.7% of them, the outcomes were  fatal.(35) These 
data can be used as a target for targeted pathogenetic effects, 
as indicated by information about the protective properties of 
ascorbate in relation to oxidative modification and degradation 
of hemoglobin and albumin, demonstrated both in vitro and 
empirically in clinical conditions.(36) This fact can be useful as a 
way to preserve the oxygen transport function of the blood and, 
consequently, to increase the critical parameter-SaO2, and so 
to stop the hypoalbuminemia present in the considered patient 
population.(30,32)

In conclusion: On the whole, the etiological agent 
of a new coronavirus infection has a multi-faceted negative 
effect on the blood system of patients, which is expressed in 
the dysfunction of the immune system (mainly cellular) with 
the formation of a special syndrome, cytokine storm, as well 
as a decrease in the absolute amount of all the formed blood 
elements. Understanding the mechanisms of how these shifts 
develop creates opportunities for inventing new technologies 
for targeted therapy.
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Abstract
Background: To date, there is no evidence supporting the effectiveness of the use of any drugs for the prevention of 

COVID-19. However, we have a number of promising drugs at our disposal, which may be potential candidates in COVID-19 
prevention. The main aim of this study was to assess the prevalence of COVID-19 among healthy volunteers using nasal INF-γ 
as a preventive measure.

Methods and Results: In this observational prospective study, we used INF-γ in a dosage form for intranasal administration 
to identify a prophylactic effect in volunteers at high risk of getting COVID-19 - medical workers and personnel working in the “red 
zone.” Prophylactic efficacy was evaluated by the incidence of COVID-19 among volunteers when using the study drug (the study 
group) in comparison with the control group. The mean score on the WHO clinical improvement scale in the two groups was also 
analyzed. For each participant in the study, initial demographic and epidemiological data were collected: age, gender, the average 
frequency of acute respiratory viral infection (per year), as well as information on professional activities (work schedule and the 
number of patients with whom the participant contacts every day). Findings showed that most participants previously had about 
45%-48% cases of acute respiratory diseases per year. As a result, we saw good tolerance to COVID-19: 98% and 86% of subjects 
of both groups did not get sick during the period of observation, although the first group showed statistically significant (P=0.0019) 
better results in disease prevalence. In addition, the comparative analysis demonstrated 0.02 and 0.14 scores of the WHO clinical 
improvement scale in the study group and control group, respectively (P=0.0255). None of the subjects had adverse events.

Conclusion: This study concluded that there is a potential positive preventive effect of nasal INF-γ against ARVI including 
COVID-19 in healthy volunteers. INF-γ use was safe and well tolerated. (International Journal of Biomedicine. 2020;10(3):182-188.) 

Key Words: interferon gamma • SARS-CoV-2 • COVID-19 • intranasal administration • prevention
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Introduction
COVID-19, a novel coronavirus infection, was detected 

in the human population at the end of 2019. The initial outbreak 
in Wuhan (Hubei Province, China) was represented by a severe 

form of the disease in every fifth case. Severe COVID-19 is 
associated with a high tropism of the SARS-CoV-2 virus to the 
lung tissue, which determines its similarity to the pathogenesis 
of severe acute respiratory syndrome (SARS) registered in 
2003. The severity of the disease is associated with age and 
the presence of concomitant pathologies.(1) The main clinical 
manifestations of COVID-19 include fever, cough, shortness 
of breath, and myalgia in most cases. Chest CT can detect the 
unilateral or bilateral patchy shadows or ground-glass opacities 
in the lungs. Reports of histological examination of the lungs 
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of patients indicate bilateral diffuse alveolar and bronchial 
damage, pulmonary edema, and hyaline membrane formation, 
indicative of acute respiratory distress syndrome, accumulation 
of neutrophils, macrophages, and lymphocytes,(2,3) as well 
as characteristic syncytial cells in the alveolar lumen.(1,4,5) In 
addition to acute respiratory symptoms, weight loss can be 
observed.(6,7)

SARS-CoV-2 virus persists in the pharynx, throat, and 
lungs during the first week of infection and is well defined 
in a swab from the throat during this time period. A notable 
difference between SARS-CoV, SARS-CoV-2, and MERS-
CoV is the kinetics of virus shedding. Whereas SARS-CoV 
and MERS-CoV have tropism for lower airways, with less 
virus present in the upper respiratory tract, this tropism is 
different in SARS-CoV-2.(8-10) Wolfel et al.(11) reported a 
detailed virological analysis of nine cases of COVID-19 
that provides proof of active virus replication in tissues of 
the upper respiratory tract. Pharyngeal virus shedding was 
very high during the first week of symptoms. Later in the 
disease, COVID-19 resembles SARS in terms of replication 
in the lower respiratory tract with a prolonged viral load in 
sputum. Both SARS-CoV-2 and SARS-CoV enter host cells 
via the angiotensin-converting enzyme 2 (ACE2) receptor, 
which is expressed in various human organs. The concurrent 
use of ACE2 as a receptor by SARS-CoV and SARS-CoV-2 
corresponds to a highly similar excretion kinetic in sputum, 
with active replication in the lung.(11) In a study by Wolfel et 
al.,(11) the shedding of viral RNA from sputum outlasted the 
end of symptoms. Seroconversion occurred after 7 days in 
50% of patients (and by day 14 in all patients), but was not 
followed by a rapid decline in viral load. The conjunctival 
epithelium and conducting airways appear to be potential 
portals of infection for SARS-CoV-2. Both SARS-CoV and 
SARS-CoV-2 replicated similarly in the alveolar epithelium; 
SARS-CoV-2 replicated more extensively in the bronchus than 
SARS-CoV. These findings provide important insights into the 
transmissibility and pathogenesis of SARS-CoV-2 infection 
and differences with other respiratory pathogens.(12,13) The 
confirmation of active virus replication in the upper respiratory 
tract has implications for the containment of COVID-19.(11) In 
SARS-CoV-2 infection, the virus was detected in type I and II 
pneumocytes in foci of diffuse alveolar damage and in ciliated 
epithelial cells of nasal, bronchial, and bronchiolar mucosae. 
In SARS-CoV and SARS-CoV-2 infections, lung lesions are 
typically more severe, whereas they are milder in MERS-
CoV infection, where the virus is detected mainly in type II 
pneumocytes.(1)

Active replication of the virus in the lower respiratory 
tract is associated with the development of complications 
and lung damage.(1) Older adults are susceptible to severe 
coronavirus disease 2019 (COVID-19) outcomes as a 
consequence of their age and, in some cases, underlying health 
conditions.(14)

It should be noted that the acquired immunity against 
coronavirus infections is not stable and does not protect 
against re-infection.

To date, there is no evidence supporting the effectiveness of 
the use of any drugs for the prevention of COVID-19.  However, 

we have a number of promising drugs at our disposal, which may 
be potential candidates in COVID-19 prevention.(15-17) Interferons 
are one of these potential candidates. 

Interferons are the most important components of the innate 
antiviral immune response.(18-21) Type I IFNs (IFN-α and IFN-β) 
have a unique ability to directly induce an antiviral response 
through the up-regulation of molecules that can antagonize 
virus replication.(22) Type I IFNs are also essential for activating 
natural killer (NK) cells,(23) which produce IFN-γ (type II IFN).
(23-26) IFNγ is also released in large amounts by macrophages, 
activated CD8 T cells, and Th1 CD4 T cells. IFN-γ is a key 
link between the innate immune response and activation of the 
adaptive immune response.(24) IFNγ is a potent chemoattractant 
promoting the recruitment of neutrophils, and T cells through 
paracrine signaling. IFNγ up-regulates antigen presentation on 
epithelial cells.(27) The impact of IFN-γ on antigen-presenting 
cells is to enhance stimulation of the adaptive antiviral response 
to both clear the infection and generate memory as a safeguard 
for future infections.(28,29)  IFN-γ has complementary effects on 
inducing an antiviral macrophage function.(24,30) 

Several different IFNs are currently FDA approved 
to treat a variety of infections. Type I IFNs have been used 
clinically as therapeutics against both hepatitis B and C 
infections.(31,32) Due to its profound immune-modulatory 
abilities, IFN-γ has been used as a prophylactic measure to 
cure several infections.(33) IFN-γ actions against influenza 
virus, herpes simplex virus, HPV, and HIV have been 
described in many studies.(34-37)  Rhein et al.  demonstrated the 
ability of IFNγ to protect animals both prophylactically and 
therapeutically against Ebola virus (EBOV) infection.(38)

Ingaron® (IFN-γ human recombinant, manufactured by 
SPP Pharmaclon Ltd., Russia) is presented in two dosage forms: 
lyophilisate for the preparation of a solution for intranasal 
administration, as well as intramuscular or subcutaneous 
administration. Efficacy and safety in the prevention and 
treatment of viral infections, including coronavirus nature, flu, 
and pneumonia, have been shown in randomized controlled 
and placebo-controlled clinical trials.(39-41) A drug for intranasal 
administration based on recombinant IFN-γ was studied to 
evaluate the effectiveness of prophylactic administration 
during the period of an epidemic increase in the incidence of 
influenza and SARS. According to the results of a placebo-
controlled randomized study of using recombinant IFN-γ in 
the complex therapy of patients with influenza A, the disease 
incidence during the period of prophylaxis and within a 
one-month follow-up period after 2 ten-day cycles of drug 
administration decreased by more than 2 times. Among those 
who nevertheless fell ill, a complicated course of infection 
was observed 2 times less likely.(41) The results of the clinical 
study of the efficacy and safety of IFN-γ (Ingaron100,000 IU, 
a lyophilisate for the preparation of a solution for intranasal 
administration) in treatment of influenza-like infections 
showed high antiviral and detoxification efficacy.(42)

Ingaron was included in the training manual “New 
coronavirus infection COVID-19: etiology, epidemiology, clinic, 
diagnosis, treatment and prevention”(15) and is recommended by 
the Expert Council for Science of the Moscow Department of 
Health as a preventive measure against COVID-19.(43)
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Intranasal drug administration has a long tradition. 
The nasal mucosa can be used for non-invasive systemic 
administration of drugs.  Due to the presence of the so-called 
mucosa-associated lymphoid tissue,(44) intranasal IFN-γ 
administration induces mucosal (protection at the site of 
infection) and systemic immunity. An important aspect is that 
intranasal administration is easy to do for self-administration. 
Intranasal drug delivery has a favorable safety profile.

Susceptibility to SARS-CoV-2(15,43,45) is high in all 
populations. Nonetheless, attending physicians and medical 
personnel assisting and caring for patients infected with SARS-
CoV-2 are certainly at particular risk. The main aim of this 
study was to assess the effectiveness and safety of prophylactic 
therapy with INF-γ (Ingaron®, lyophilizate for the preparation 
of 100,000 IU solution for intranasal use, manufactured by SPP 
Pharmaclon Ltd., Russia) among volunteers - medical workers 
and personnel working in the “red zone” of the State Clinical 
Hospital named after M.E. Zhadkevich (Moscow, Russia). 

Materials and Methods
During the observational program, the efficacy and 

safety of intranasal INF-γ for the prevention of viral infection 
caused by COVID-19 among medical personnel working 
(about 30 hours a week) in direct contact with infected patients 
(about 20 people a day) were evaluated.

Study inclusion criteria:
• A signed informed consent document indicating that 

the subject has been informed of all pertinent aspects 
of the study prior to initiation of any subject-mandated 
procedures

• Male or female aged 18 years and older
• Medical staff and nursing working in the “red zone” in 

direct contact with infected patients
• No symptoms suggestive of SARS-CoV-2 or any 

respiratory infection
• Negative PCR result of SARS-CoV-2 nucleic acid test 

in nasopharyngeal swab
Study non-inclusion criteria:

• The presence of specific IgG and IgM against SARS-
CoV-2 (ELISA test) 

• Exacerbation of concomitant diseases  that can affect the 
results of the study

• Use of drugs that can affect the results of the study
• Contraindications to the use of investigational drug
• Pregnancy or breastfeeding

Primary Outcome Measures:
• The incidence rate of common clinical symptoms of 

COVID-19 (fever, cough, and shortness of breath) 
[Time Frame: 27 days]

• The incidence rate of confirmed symptomatic infections 
of SARS-CoV-2 ((PCR with RealBest RNA SARS-
CoV-2 (VectorBest, Russia) and/or IgG/IgM antibodies 
to SARS-CoV-2 (ELISA with Coronavirus Disease 
2019 Antibody (IgM/IgG) Combined Test Kit Dixion, 
Mindray, China)) [Time Frame: 27 days]
Secondary Outcome Measures:

• Severity of disease and average score on the WHO 
clinical improvement scale [Time Frame: 27 days]

• Less common signs and symptoms of SARS-CoV-2 
(COVID-19) infection (headache, muscle pain, 
abdominal pain, sputum production, and sore throat) 
[Time Frame: 27 days]
To evaluate the frequency and severity of adverse events, 

laboratory test results, as well as the general tolerability of 
the drug during prophylactic administration according to the 
CTCAE 4.03 scale were used.

According to the methodology approved by the 
observational program, a participant had to use or not the 
investigational drug (depending on his/her own will) within 
27 days of the preventive course (10 days of use + 7 days of 
break + 10 days of use). The control group did not receive 
investigational preventive therapy.

Participants of the study were employees who 
voluntarily expressed a desire to participate in the study, signed 
an informed consent form, and completed the worksheet. The 
first 50 volunteers who expressed such a desire to use IFN-γ 
for prophylactic purposes were included in the study group. 
The first 50 volunteers who expressed a desire to participate 
in the study, but without taking the investigational drug, were 
included in the control group. After the total inclusion of 100 
subjects, enrollment in the study was closed. However, for 
ethical reasons, other volunteers who expressed a desire to 
take IFN-γ for prophylactic purposes received this opportunity 
without collecting personal data.

All subjects enrolled in the study underwent the following 
examinations: assessment of risk factors, demographic 
and anamnesis data collection, and nasopharyngeal smear. 
Nasopharyngeal swabs were obtained before and after the 
completion of prophylactic observation.

Data collection was performed using special worksheet 
of the observational study containing questions concerning 
date of birth, contraindications to investigational drug use, 
working functions, number of patients with COVID-19 used 
to deal with per day, average incidence of ARD per year, side 
effects and prevention efficacy, etc. The worksheet was divided 
into 2 parts: Part 1 was filled out by the participant, Part 2 - by 
the investigator. To reduce the risk of contamination of the 
document and the transmission of the infectious agent through 
paper versions, it was recommended that the worksheet was 
sent by the subject to the investigator with the electronic means 
with a seal and signature by the researcher in the “green zone”.

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the Ethics Committee of the State 
Clinical Hospital named after M.E. Zhadkevich. 

Statistical analysis was performed using statistical 
software package SPSS v.17.0 (SPSS Inc, Chicago, IL). Baseline 
characteristics were summarized as frequencies and percentages 
for categorical variables and as mean±standard deviation (SD) 
for continuous variables. For data with normal distribution, inter-
group comparisons were performed using Student’s t-test. Group 
comparisons with respect to categorical variables were performed 
using χ2 test or, alternatively, Fisher’s exact test. A probability 
value of P<0.05 was considered statistically significant.
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Results and Discussion
We examined 100 subjects (81% women and 19% men 

aged between 21 and 62 years, mean age of 40.4±9.3 years) 
with no symptoms of acute respiratory infection verified by 
standardized validated tests of PCR detecting SARS-CoV-2 viral 
antigens in a nasopharyngeal swab. The presence of specific IgG 
and IgM against SARS-CoV-2 (ELISA test) in the blood was 
estimated as non-inclusion criteria at the screening visit.

All subjects were divided into two groups (1:1): the 
study group (SG) included 50 subjects who took INF-γ for 
prophylactic purposes, the control group (CG) included 
50 subjects who did not use the investigational drug. The 
characteristics of the compared groups are presented in 
Table 1. The analysis did not reveal statistically significant 
differences between groups (P>0.05) in critical parameters.

The study involved nurses (52%), doctors (30%), and 
junior staff (18%). Nursing staff performed injections and 
infusions. Junior staff was involved in overcrowding of beds, 
sanitary and hygiene items, and caring activities. Doctors 
examined patients and appointed therapy. In both groups, all 
participants used respirators, gloves, glasses, and suits as a 
non-specific preventive measure. In CG, 4(8%) participants 
used the drugs Arbidol (2 people) and Anaferon (2 people) 
for disease prevention. No statistically significant differences 
between the groups for this parameter were revealed.

All participants worked in the “red zone” of the State 
Clinical Hospital named after M.E. Zhadkevich during the 
period from 04/2020 to 06/2020. None of the study participants 
dropped out of the study ahead of schedule. 

According to the primary outcome measures of the 
disease prevalence, significant differences between the two 
groups were found with lower incidence in SG (P=0.0019). The 
level of laboratory confirmation of COVID-19 clinical cases 
in SG was also lower than in CG, although no significance was 
found. The maximum score on the WHO clinical improvement 

scale in both groups did not exceed 1. Moreover, the difference 
in average values revealed significant differences between 
groups in this parameter in favor of SG (Table 2).

Complaints about symptoms of intoxication, such 
as headache, dizziness, weakness, fever, etc., which are 
characteristic of the course of the underlying disease, were 
not recorded as adverse events. During the study, not a single 
adverse event was noted, including a serious one. Thus, the 
study drug confirmed a good safety profile and good tolerance 
in the study population.

The incidence of laboratory-confirmed cases of 
COVID-19 was less than the incidence of clinical symptoms 
without laboratory confirmation and did not show statistical 
significance, probably due to insufficient sample size. 
Limitations of the study included exclusively voluntary 
participation of research subjects and the recruitment of 
participants on the basis of one research center, in this regard, 
the sample size was small. In addition, all medical workers 
used the maximum possible personal protective equipment. 

Taking into account the inclusion criteria (staff working 
in the “red zone”), the selected population was at risk for the 
disease COVID-19. The identification of other viruses has not 
been supposed by the clinical routine. The nucleic acid test is a 
gold standard of laboratory diagnostics of COVID-19.(46) The 
sensitivity of the test varies from 19% to 59%, while specificity 
almost 100% that is the reason for a high rate of false positive 
results.(47) In this connection, it was assumed that the presence 
of key prevailing clinical symptoms indicates primarily 
COVID-19 due to the epidemiological situation and working 
conditions of participants. Such an approach based mainly on 
clinical evidence without PCR testing results has been described 
concerning the detection of risk groups of patients who are more 
likely to have COVID-19.(48)

It should be noted that all the participants manifested 
clinical symptoms similar to ARVI caused by SARS-CoV-2: 
fever (up to 380C), and dry cough. Fever and cough are the 
main COVID-19 symptoms detected in 88%-98% and 68%-
76% of cases, respectively, showing a high correlation with 
the disease incidence.(49,50) The severity of the disease was 
mild, lasting an average of 4 days in both groups, and none of 
the subjects required hospitalization.

Technical reasons for false negative results of laboratory 
tests to confirm COVID-19 include the wrong procedure of 

Table 1. 
The characteristics of the compared groups

Variable Study group Control group P-value 

Age, years (M±SD) 40.9±9.7 39.9±8.9 0.5924

Male, % 20 18 0.7989

Female, % 80 82 0.7987

Average incidence of
ARD, number per year
(M±SD)

3.5±1.7 3.0±1.7 0.1446

Smoking, % 62 58 0.6827

CVD, % 18 18 1.000

DM, % 18 8 0.1371

GID, % 46 44 0.8414

KLD, % 0 0 1.000

Other diseases, % 0 0 1.000

Table 2. 
The parameters of the preventive efficiency in the compared groups

Variable Study 
group

Control
 group

P-value 
(2-tailed test)

Incidence of disease, % 2 14 0.0019

Laboratory confirmed
incidence of disease, %^ 2 6 0.2687

WHO Clinical
improvement scale score
(M±SD)

0.02±0.140 0.14±0.347 0.0255

^PCR and/or ELISA positive results in those participants who 
manifested clinical signs of COVID-19
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nasopharyngeal swab sample taking and timing of analysis 
after sample taking.(51)

The quality of a sample correlates with the efficiency 
and accuracy of the test of viral nucleic acid extraction. 
However, the procedure of reaching the nasopharynx is not 
easy because of the high variability of the intranasal anatomy 
and requires training, skills, and practical experience that are 
limited due to emergency. A patient usually feels discomfort 
during the procedure that may also result in wrong diagnostic 
sampling performance.(52)

Once collected, the sample should be examined as soon 
as possible. The faster the analysis performance, the higher the 
probability of detecting antigens. RNA of the virus is easily 
destroyed.(53)

In addition, there is a range of factors independent of 
sampling technique but associated with the defect of the test 
kits themselves, like lack of specificity of a gene locus, low 
product stability, etc.(54)

Besides, the test in nasopharyngeal swab is less precise than 
in sputum or other lower respiratory tract secretions. However, 
sputum analysis was not supposed by the study design, and 
sputum was registered in none of the disease cases. Generally, 
only about 28-30% of patients complain of sputum appearance. 
Less than half of patients have manifestations of myalgia, fatigue, 
diarrhea, acute respiratory distress syndrome.(49)

Serological testing is not a gold standard of SARS-
CoV-2 confirmation, although widely used in clinical practice 
as an additional method to detect COVID-19 cases. Current 
epidemiological studies show that the incubation period is up to 
14, most often around 5 days.(55) For the right interpretation of 
test results, medical proof is still required. No relevant clinical 
studies, only previous experience with viral infections, formed 
the basis of the test interpretation rules. Typically, antibodies 
are produced after infection. Detection of antibodies indicates 
that there is antigen stimulation, including current illness, 
or previous infection, or antigen exposure, not necessarily 
an infectious disease. Thus, IgM positive result indicates 
the possibility of early infection, however, does not exclude 
a false positive result. Both IgM and IgG negative results 
besides false negative results might mean a “window period.” 
The rate of false positive or negative results is unknown. No 
distinction can be made between a present infection, a past 
infection, or just close contact based on a serological test.(56)

Thus, our study showed that the course of INF-γ is 
effective in the prevention of ARVI, including COVID-19 
infection (Figure 1) that confirm the data received in other 
studies evaluated antiviral properties of the drug.(39-41)    

INF-γ for intranasal use has confirmed high safety and 
good tolerance. It seems advisable to use intranasal IFN-γ 
administration to reduce the risk of infection of medical 
workers in an epidemic caused by COVID-19. Further large-
scale clinical trials are needed to confirm the efficacy and 
safety of intranasal INF-γ in the prevention of COVID-19 in 
contact individuals.
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Abstract
According to the World Health Organization (WHO), cardiovascular diseases (CVD) are the number one cause of death 

globally, taking an estimated 18 million lives each year. Framingham Heart Study Group in Boston developed, the very first 
10-year CVD risk prediction model. The WHO recently derived a 10-year risk prediction model, for fatal and non-fatal CVD 
events using individual participant data, from the Emerging Risk Factor Collaboration. This CVD risk model, derivation involved 
participation of 376,177 individuals from 85 cohorts, and 19,333 incident CVD events. Cardiometabolic diseases in general, - 
and metabolic diseases like hypertension, excess weight, obesity, type-2 diabetes, and vascular diseases collectively, contribute 
to the overall morbidity and mortality related to CVDs. Of the 18 million CVD-related deaths in 2017, more than three quarters 
were in low-income and middle-income countries. Risk stratification, management, and prevention models can be very important 
components of disease prevention and control efforts. In view of this very important role the risk assessment plays,  we have 
reviewed and discussed three specific areas of integration of emerging diagnostic technologies,-population level, individual level, 
and novel ways of collecting, collating, derivation, and validation of individual risks, risk scores for cluster of risks, and for the use 
of such data for treatment management. For collection of massive data from general population, we have discussed the National 
Institutes of Health’s flagship program, -All of Us. For empowering individuals in risk assessment and management of identified 
risks, we have discussed ambulatory diagnostic devices, blood pressure monitors, and continuous glucose monitors. As an example 
of futuristic approach for the integration of diagnostic tools, we have discussed the products developed by LD-Technologies, 
Miami, Florida by Dr. Albert Maarek and associates. There are thousands of mHealth apps available for download, and not all are 
of great use in developing, a seamless diagnostic platform, that we at AayuSmart are trying to put together for cardiometabolic 
risk stratification, risk prediction, and risk management. We have provided, just a brief glimpse of available tracking, computing, 
collating, and the software analytical capabilities that exists, and discussed how innovators are trying to use them to build novel 
diagnostic tools. Despite the important role of telemedicine and internet of things (IOT) in disease management, and healthcare 
delivery, we have not discussed those applications. In this overview, we have discussed the use of emerging diagnostic tools, for 
obtaining data at the population level, personal level, as well as for clinical settings. Having said that, we must inform the readers, 
that there is a great difference between the consumer devices (wrist-worn activity trackers), medical devices (FDA cleared or CE 
Marked), and a variety of technologies that are in use, but not yet considered clinical testing devices.(International Journal of 
Biomedicine. 2020;10(3):189-197.) 

Key Words: cardiovascular diseases • noninvasive technologies • cardiometabolic risk

Introduction
Cardiometabolic diseases, such as hypertension, 

obesity, type 2 diabetes (T2D), and vascular diseases have 
increased in their prevalence and incidence, to epidemic 

proportions worldwide.(1-10) Considering the rates of severe 
obesity in children in the USA, in 2010, the US Whitehouse 
established the first ever Task Force on childhood obesity, to 
end this public health problem, within one generation. Follow-
up reports indicate, significant progress in communities across 
the nation. Obesity is a major risk factor, for the development 
of T2D. Added to this observation, it is worthwhile considering 
another contributing factor, pre-diabetes. According to a 
NHANES 2011-2012 survey, prevalence of prediabetes 
was 36.5% among US adults, which is three-fold greater 
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than diabetes incidence in the USA. Obesity and diabetes 
contribute significantly, to the development of vascular 
pathology. They produce a variety of structural and functional 
alterations. Like the obesity and diabetes, CVD burden varies 
among the US states.(10) American Diabetes Association says, 
over 30 million Americans live with diabetes; 84 million more 
have prediabetes and the epidemic keeps growing. Unless we 
act now, one in three Americans will be diagnosed with this 
disease by 2050. The Sustainable Development Goals also 
include, a target to reduce the proportion of premature deaths 
due to NCDs, including diabetes, by one third by 2030. Global 
Burden of Disease Study 2010 (GBD2010), a collaborative 
project led by the Institute for Health Metrics and Evaluation 
(IHME), at the University of Washington, announced its 
findings to the Royal Society London. Robust management of 
modifiable risk factors for CVD development, have reduced 
significantly CVD-related deaths in industrialized nations. 
Following a healthy diet with increased physical activity, 
seems to be the most effective, least expensive choice for 
reducing, or reversing this disease burden.

President Barack Obama announced a research initiative 
in 2015,  that aims to accelerate progress towards a new era of 
precision medicine (www.whitehouse.gov/precisionmedicine). 
“Tonight, I’m launching Precision Medicine Initiative to bring 
us closer to curing diseases like cancer and diabetes- and to give 
all of us access to the personalized information we need to keep 
ourselves and our families healthier.”(11) Precision medicine 
is a personalized medicine, that has been further refined by 
inputs from diverse fields such as genetics, epidemiology, and 
pharmacogenomics. Part of the effort of this grand visionary 
initiative was “All of Us, Research Program.(12) The All of Us 
research program aims, to enroll a diverse group of as least 
one million persons in the United States, in order to accelerate 
biomedical research and improve health. The program aims 
to make the research results accessible, to participants and it 
is developing new approaches to generate, access, and make 
data broadly available to approved researchers. Elements of 
the program protocol include health questionnaire, electronic 
records (EHRs), physical measurements, the collection and 
analysis of biospecimens. This one of a kind projects, with 
over a billion-dollar budget is what we consider a ‘Top Down 
Approach’ to the precision medicine, because this program 
according to the article, does not focus on any set of disease 
or health status. Having said that, there is a component of the 
program, which is novel and useful. Participants of this program 
will have the opportunity, to contribute data from sensors and 
mobile health devices, and be contacted for future research 
opportunities. In other words, the All of Us cohort will thereby 
provide data for prospective, retrospective, and cross-sectional 
analyses.

Fitbit Inc. has been selected to provide wristband 
activity trackers, for the National Institutes of Health’s largest-
ever research programs, - All of Us, an ambitious effort to 
recruit and collect data from 1 million people in the USA. The 
program according to reports, collects genetic information 
from participants, and uses wearable devices to track health-
related metrics, including heart rate and sleep patterns. We and 
others believe that wearables, real-time big data acquisition, 

software analytics, artificial intelligence, machine learning, 
and algorithms are going to be a large part of the future digital 
health. Simple measurements like heart rate and sleep patterns, 
can indeed provide valuable information about physical 
activity, performance, and overall wellness. In a press release, 
(05/13/2017) Dr Conor Heneghan, sleep research scientist at 
Fitbit, presented his findings of the study, “Estimation of sleep 
stages using cardiac and accelerometer data from a wrist-worn 
device at SLEEP-2017, the joint conference of the American 
Academy of Sleep Medicine and Sleep Research Society in 
Boston. According to these experts, analysis of 4 billion nights 
of Fitbit sleep data supports scientific theories, that sleeping 7+ 
hours can positively affect sleep quality. Fitbit, the leader in the 
connected health and fitness wearables, has validated the ability 
of wrist-worn trackers that incorporate movement and cardiac 
sensors, like ‘Fitbit Alta HR’, ‘Fitbit Blaze, and Fitbit Charge 2’, 
to accurately determine light, deep, and REM sleep stages. 

Fitbit is sold in 110 countries and over 28 million people 
use it to track their activity. Twenty million people use  Fitbit 
Community FEED app. Individuals who are 18 or older and use 
smart activity trackers, such as Fitbit, Apple Watch, Amazfit, 
Garmin Watch, can join the Scripps Translational Science 
Institute (STSI), study and consent to share their data by down 
loading the MydataHelps mobile app (www.detectstudy.org). 
STSI is now partnering with Fitbit to enable users to synch 
their mHealth wearables, with the national All of Us research 
program. In addition to this partnership, Fitbit has launched 
Fitbit Heart Study, its first large-scale virtual study, to validate 
the use of wearable technology, to identify episodes of irregular 
heart rhythm suggestive of atrial fibrillation (AF). To track the 
heart rate, Fitbit’s devices use optical heart rate monitoring, 
or photoplethysmography (PPG) technology, to measure the 
rate of blood flow directly from user’s wrist. Fitbit’s algorithm 
will analyze for irregularities, in the Fitbit Heart Rate Study. 
The participants who receive a notification about an irregular 
heart rhythm, will be communicated with a doctor for a virtual 
appointment at no cost, to get more information and may 
receive an electrocardiogram (ECG) patch in the mail, at no cost 
to confirm notification.

A few years ago, we were trying to advocate the 
use of Fitbit for monitoring sleep patterns, as a part of our 
cardiometabolic disease prevention protocol, at the prestigious 
Indian Institute of Science (IISc), Bengaluru, India. The 
occasion was the ‘inauguration ceremony’ of a collaborative 
program between the Stanford (USA) Researchers and the 
staff of IISc. When we proposed our idea of using the Fitbit for 
following sleep patterns, the Stanford Researcher expressed 
his disapproval, -for use of a cheap wrist worn activity tracker 
in a research program. What then made the Fitbit the choice 
wearable for use in one of the largest studies put together by 
the prestigious National Institutes of Health (NHI), USA and 
the Scripps Translational Science Institute? STSI was founded 
in 2007 with the specific aim, - to individualize healthcare 
by leveraging the remarkable progress made in human 
genomics and combining it with the power of wireless digital 
technologies.

An analysis published by the Federation of American 
Societies for Experimental Biology (FASEB) Journal found, 
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that Fitbit devices are the most commonly used trackers in 
biomedical research, including published work (89%), clinical 
trials (83%), and NIH-funded research (95%). To-date, more 
than 470 published studies have utilized a Fitbit device, which 
is more than any other consumer wearable brand, including use 
of wearables in areas such as diabetes, cardiovascular health, 
oncology, mental health and post-surgery. “Most of what 
researchers know, is based on intermittent snapshots of health 
in an artificial setting or based on personal recall,” said Steven 
Steinhubl, MD, Cardiologist and Director of Digital Medicine 
at STSI. “Through this research program, we’ll have access 
to comprehensive activity, heart rate, and sleep data, that may 
help us better understand the relationship between lifestyle 
behaviors and health outcomes, and what that means for 
patients on an individualized basis.” Canadian researchers 
have validated the accuracy of Fitbit devices. In a systematic 
review and narrative synthesis, the authors concluded, “Other 
than for measures in adults with no limitations in mobility, 
discretion should be used when considering the use of Fitbit 
devices as an outcome measurement tool in research or to 
inform health care decisions.”(13)

Cardiometabolic diseases are lifestyle diseases, 
therefore changes in lifestyle, healthy diet, and exercise, go 
a long way in preventing the development of risk factors for 
these chronic diseases. 

Harvard Medical School, under the title, “Trusted advice 
for healthier life” sates, that exercising regularly every day if 
possible, is the single most important thing you can do for your 
health. In the short term, exercise helps to control appetite, 
boost mood, and improve sleep. In the long term, it reduces the 
risk for heart disease, stroke, dementia, depression, and many 
cancers.(14-24) Several clinical studies, indeed, have demonstrated 
the benefit of healthy lifestyle in preventing premature mortality 
due to these diseases.(25-27) The range of health and fitness trackers 
and wearable technologies, have multiplied since the time Fitbit 
launched its activity tracker in 2009, reflecting the widespread 
interest and desire to be physically active. We and others believe, 
that the fitness technologies have potential, to significantly 
impact public health, research and policies.(28,29) We suggest 
in this overview, some of the novel ways these technologies 
could be integrated for fine tuning the cardiometabolic risk 
assessment, risk prediction, and risk management.(30-34)

Discussion
Framingham Heart Study (FHS) is a collaborative project 

of the National Heart, Lung and Blood Institute (NHLBI) of 
National Institutes of Health (NIH) and Boston University.(35) 

According to their web site (https://www.framinghamheartstudy.
org), in 1948, Framingham heart study (FHS) scientists and 
participants embarked on an ambitious project, to identify risk 
factors for heart disease. Today, the study remains a world-class 
epicenter for cutting-edge heart, brain, bone and sleep research. 
The Framingham Risk Score is computed, based on findings 
of the FHS about various risk factors associated with the heart 
disease.(36) Various professional organizations such as American 
Heart Association, Mayo Clinic, Cleveland Clinic and many 
other independent sources, have developed heart disease risk 

calculators. Framingham Heart Study Group from Boston 
University developed Cox proportional-hazards regression, to 
evaluate the risk of developing first CVD event using data from 
8,491 Framingham participants. Sex specific multivariable 
risk functions (“general CVD” algorithms) were derived that 
incorporated age, total and high-density lipoprotein cholesterol, 
systolic blood pressure, treatment for hypertension, smoking, 
and diabetes status.(37) Canadian clinicians have published their 
perspective on the practical use of the Framingham risk score 
for primary prevention.(38) They have developed a tool for use 
with Canadian Cardiovascular Society (CCS) guidelines. It will 
calculate risk scores using new algorithms. It runs on Firefox, 
Google Chrome, or Internet Explorer and requires JavaScript. It 
is available at www.palmedpage.com. The Rasmussen Center 
at the University of Minnesota has, for the past 18 years, has 
been performing a noninvasive cardiovascular evaluation in 
individuals, with no history of cardiovascular disease (CVD). 
The diagnostic study assesses the severity of functional and 
structural abnormalities in the small arteries, the large arteries, 
and left ventricle. Preliminary follow-up data have revealed 
a striking relationship between the Disease Score, which 
represents the sum of abnormal tests, and the risk of future 
morbid events.(39) The ten tests of vascular and cardiac health 
they assess include; sitting blood pressure, treadmill exercise, 
small artery elasticity, large artery elasticity, optic fundus 
photo, carotid intima thickness, microalbuminuria, ECG, Left 
Ventricular ultrasound, B-type naturitic peptide (BNP). Each of 
these tests are evaluated as normal (Score 0), border line (Score 
1), and abnormal (Score 2). An individual with ten abnormal 
score test will have a score of 20. The authors have screened over 
1000 patients, and arbitrarily and temporarily have identified 
total scores of 0, 1 and 2 as low risk, 3 to 5 as moderate risk and 
score > 6 as high risk.(40)

Noninvasive Diagnostic Tools for Early 
Detection of Metabolic Risks

Common metabolic risks that promote the development 
of chronic metabolic disease include, oxidative stress, 
alterations in the circulating vasoactive compounds, 
altered blood flow, increased blood sugar, elevated  blood 
lipids, altered blood flow, endothelial dysfunction, arterial 
stiffness, subclinical atherosclerosis, hypertension, excess 
weight, obesity, prediabetes, diabetes and vascular diseases. 
Founder, Director, Professor Jay Cohn of Rasmussen Center 
for Cardiovascular Disease (CVD) Prevention says, that 
earliest biomarker for CVD is the development of endothelial 
dysfunction. According to him, “No endothelial dysfunction; 
no vascular disease.” Excess weight and obesity could be 
computed by measuring body mass index or the Hip/Waist 
ratio.(8) We have described a variety of noninvasive diagnostic 
tools, that can be employed for early detection of metabolic 
risks and management of identified risks.(30-34, 40-43)

Pulse wave velocity (PWV), is measured by devices, 
that use either probes or cuffs to noninvasively track the 
speed of blood flow in meters per second. One measurement 
is taken at the carotid artery and one at the femoral artery, and 
the difference between the two-calculated by the device- is 
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the current gold standard measure for aortic stiffness. At the 
University of Minnesota, the Heart Disease Prevention group 
uses CV-Profiler developed by Hypertension Diagnostics of 
Minneapolis, Minnesota (www.hypertesnsiondignotics.com). 
PWV Collaborative Group analyzed the data from 12 studies, 
in a total of 15, 220 subjects with 1779 combined events. Their 
conclusion was, that adjusting for conventional risk factors, they 
showed that the predictive value was strongest in those younger 
than 50 years of age. With aging comes arterial stiffness, comes 
blood pressure (BP) elevation, comes pulse pressure increase, 
which can be measured by Family Practitioners. Availability 
of cost-effective, reliable smart applications that measure 
arterial stiffness or endothelial dysfunction means, that primary 
care clinics will be able to utilize this technology.(44) Kelly and 
associates, at the University of Minnesota assessed subclinical 
inflammation, insulin and endothelial dysfunction, before and 
after exercise in overweight children and adolescents. They 
found, just eight weeks of aerobic exercise improved fitness, 
HDL cholesterol, and endothelial dysfunction.(45) Researchers 
from East China Jiaotong University investigated, the effect 
of exercise intervention on lipid metabolism, vascular 
endothelial function, adropin levels, and found similar 
encouraging results.(46) Yet another, major metabolic risk is 
the altered blood pressure, which could be monitored easily 
and accurately by using ambulatory blood pressure monitors. 

Abbott Diabetes Care has launched an FDA approved 
continuous glucose monitor (CGM). We had an opportunity 
to validate this devise, when it was originally launched in 
India, for following glucose profile of T2D subjects. The 
press release at that time claimed, “First-of-its-kind flash 
glucose monitoring system from Abbott, to revolutionize 
diabetes management in India.” India was the first country, 
to globally launch this technology. Software presents data in 
a user friendly, visual charts, enabling productive treatment 
discussions. The Dexcom G6 (www.dexcom.com/G6.CGM) 
is the first CGM approved as both stand-alone device and one 
that can be integrated into automated insulin dosing systems. 
The composite glucose profile shown in Fig 1, is average values 
for interstitial glucose, collected and computed every fifteen 
minutes. In this profile, one can see a low of 117 mg/dl and a 
high of 205 mg/dl with a mean of 157 mg/dl. The disposable 
sensor collects data for a 14-day period and stores it indefinitely. 
The data can be downloaded to a computer and further analysis 
can be performed. In Dexcom G6, data are collected every 5 
minutes and therefore, one can get more data points in such 
profiles. Recent issues of JAMA (June 2020) have reported the 
results of studies on continuous glucose monitoring in Type-1 
patients.(47) 

Another major development in the noninvasive 
diagnostic tools for monitoring cardiometabolic risks, is a 
set of novel devices and integrated analytical systems, put 
together by Dr Albert Maarek and associates of Miami Florida. 
Products include, a blood oximeter, blood pressure monitor, 
and a galvanic skin response monitor, all FDA approved 
devices. Initial launch included, Sudo Path System (for 
detection of peripheral neuropathy and microcirculation), TM 
Oxi System (for detection of diabetic autonomic neuropathy 
and endothelial function), and ES Complex System (for early 

detection of diabetes related complications and treatment 
management). These systems were initially validated at 
the IPC Heartcare, Mumbai by Dr Pratiksha Gandhi and 
associates. A typical summary of results is presented in digital 
format (Fig 2) and in graphic representation in Figure 3.

Mainly, Sudomotor function evaluation is performed, 
to detect skin blood flow (microcirculation) and C-fiber 
density, for early detection of peripheral distal neuropathy 
in population at high risk. In brief, C-fiber damage could be 

Fig. 1. Interstitial Glucose Profile of an 80-year-old Patient 
(Personal Data).

Fig. 2. Summary Results of Cardiometabolic Risk Assessment 
(Courtesy: Dr Albert Maarek).

Fig. 3. Summary Results of Cardiometabolic Risks (Courtesy: 
Dr. Albert Maarek)
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associated with numbness and pain in hands and feet. The 
spectral analysis, of the photoplethysmography method is 
non-invasive, fast, operator-independent, and cost-effective, 
as only an oximeter and galvanic skin response devices are 
required in order to assess in a single testing, the autonomic 
nervous system and endothelial function. The spectral analysis 
techniques used on the photoplethysmogram, as outlined in 
this study, could be useful when used alongside conventional 
known cardiovascular disease risk markers.(41)

Risk scores computed for various functions tested are 
digitized and color-coded. Abbreviations used in the following 
summaries of results include: ANS; Autonomic nervous system, 
BMI: Body mass index, CAN: Cardiovascular autonomic 
neuropathy, DAN: Diabetic autonomic neuropathy, CMRS: 
Cardiometabolic risk score, CVD: Cardiovascular disease, 
DVP: Digital volume pulse, ESRNO: Electric skin response to 
nitric oxide, FFT: Fast Fourier transform, FFTPTG: Frequency 
spectrum of PTG data, FGP; Fasting plasma glucose, GHB: 
Glycosylated hemoglobin, HRV: Heart rate variability, PNS: 
parasympathetic nervous system, PTG: Photoplethysmograph, 
PTGHF: Component associated with R-R changes during 
various phases of breathing, SNS; Sympathetic nervous system. 
For additional information about the use of these devices for 
monitoring cardiometabolic risks, readers are urged to refer to 
our earlier publications.(41-43)

The bar graph above represents values for the fourteen 
risk clusters monitored. Cardiometabolic risk score is 
computed from the values derived by fat mass, spectral 
analysis of the pulse wave and the blood pressure (Systolic) 
data. The cardiometabolic risk (CMR Score) is quite high 
(CMR Score;15) hence shown in red. Individual risk factors 
that contribute to the overall increase in the CMR also are 
shown in the bar graph as red.

First risk bar (on the right) reflects the maker before 
treatment, the second risk bar (on the left) reflects the marker 
after the treatment (change in lifestyle, diet metformin and 
antihypertensive medications). In Fig. 4 a summary of results of 
all the test of a patient are presented in graphic form (CMR Risk 
Score 15). In the Fig. 4 the data of an early onset diabetic, before 
and after treatment is presented, showing the ability of the 
software to compute, compare values before and after treatment 
and generate composite risk scores (CMR Risk Score 4). 

Opportunities, Challenges and Limitations
American College of Cardiology (ACC) presents a 

Road Map for innovation on healthcare transformation in the 
era of digital health, big data, and precision health, presents a 
shared vision in their Health Policy Statements.(48) In the newly 
evolving, -novel, patient centered, evidence-driven models, in 
which rapidly evolving technology-based innovations play a 
very important role. “These include: digital health with wearable, 
smartphone, and sensor-based technologies; big data that 
comprises the aggregation of large quantities of structured and 
unstructured health information and sophisticated analyses with 
artificial intelligence, machine learning, and natural language 
processing techniques; and precision-health approaches 
to, identify individual-level risk and the determinants of 
wellness and pathogenicity. “Although there is promise in the 
development of such innovations, to shift traditional healthcare 
delivery to virtual and real-time methods and to empower 
the healthcare enterprise to utilize new technologies and data 
analytics, there remains a lack of true evaluation of whether 
these innovations improve outcomes and the quality of care.”(49) 
Looks like there is no way to avoid incorporation of new and 
emerging technologies, to improve the way the healthcare is 
delivered in future. Having said that, it is very important discuss 
the disconnect that exists, between the various stakeholders in 
this complex healthcare service. 

Fifty million people in the USA wear connected devices, 
to track activity and the number is expected increase to more 
than 160 million, with the introduction of smart watches. (49, 50) 
There is ever increasing number of direct-to-consumer smart 
medical devices available to track activity, performance, 
health status and wellness. We and others have described the 
use of Photoplethysmographic (PPG) sensors, to estimate the 
heart rate based on the transmission and absorption of light 
applied to the skin. Altered flow dynamics and blood volume 
caused by peripheral pulses, can be measured by dedicated 
photodetectors and light emitting diodes incorporated in 
wrist-worn bands or smartphone cameras. Collating data from 
PPG sensors with accelerometers can facilitate the detection 
of arrhythmias.(50) Having said that, it is essential to note that 
activity trackers, wearables although produce massive data 
on a real- time use, do not provide the needed analytics for 
computing the performance or risk stratification. According to 
the experts, even though PPG sensor can detect tachycardia 
or irregular rhythms, they cannot distinguish between the 
atrial fibrillation and premature beats, unless the software 
analytics includes dedicated algorithms that analyze beat-to 
beat variability. No data analytics and interpretation will ever 
replace a clinician, in the final decision making. In view of 
this fact, it will be extremely useful, if there is a collaboration 
between the innovator and clinicians (end users). 

Whereas the ambulatory blood pressure monitors, 
interstitial glucose monitors, which are US/FDA approved can 
indeed help the individuals as well as clinicians in monitoring 
the progression as well as treatment associated regression of 
these modifiable risks. Continuous glucose monitor is easy to 
use and relatively affordable and provide real-time data on 
interstitial glucose profile. The data can be shared by multiple 

Fig. 4. Patient Profile: Interaction of Markers and Treatment 
Management. (Courtesy: Dr A, Maarek, LD Technologies, 
Miami, Florida).
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users (patients, spouses, clinicians). The use of this device to a 
great extent empowers the user (diabetic patients) to track the 
glucose levels and observe in real-time, the effect of lifestyle 
changes, physical activity, diet, and medications. These types 
of devices can be used as Theranostic devices, -meaning use 
for both diagnostics and treatment management purposes. 
On the other hand, LD-technology products (www.ldteck.
com) like SudoPath and TM-Oxi systems provide risk score 
for over ten different cardiometabolic risks. Except for blood 
pressure, all other metabolic risks are proprietary software-
derived, therefore warrant clinical studies for validating 
specificity and efficiency. Having said that, we and others have 
demonstrated the usefulness of these devices for lifestyle and 
treatment management.(41-43,51,52) If clinically validated, these 
noninvasive diagnostic platforms, can be used for diagnosis 
of early metabolic risks and treatment management of these 
modifiable risks. 

In 2015 according to reliable sources, the market for 
wearables doubled to reach 1.5 billion USD. This does not 
seem to be the end of its growth. The market size for these 
health and activity trackers, is predicted increase to over 50 
billion in the next few years. New and better devices are coming 
all the time. There are great improvements in the sensors and 
chips used, as well as software analytics and algorithms. 
Newer wrist-worn trackers (simlemia.com), claim to have 
incorporated more accurate PPG sensors (3D acceleration 
sensor) and ECG chips (Nordic 52832) to improve accuracy. 
They report heart rate, blood pressure, blood oxygen, EKG 
tracings, sleep monitoring, as well as EKG reports. There are 
reports, that simple PPG-based screening of ECG by Kardia 
Mobile (AliveCor) device has been shown, to detect atrial rate 
and rhythm, AV block, and QRS delay with relative accuracy. 
Studies have shown that for AF screening, Kardia device 
has reported sensitivity of 98% and specificity of 97% and 
overall accuracy of 97% with an optimized algorithm. In our 
earlier studies, we too have reported excellent sensitivity and 
specificity of LD-technology risk management systems.(41-44) 
Murakami and associates from Japan studied, more than dozen 
wearables including Fitbit and concluded, “Although wearable 
devices for estimating energy expenditure are becoming 
increasingly popular, there is little evidence regarding their 
validity.(53) A report by experts in the NEJM, discusses the 
public health benefits and risks of mHealth and the challenges 
facing the FDA in regulating this technology.(54)

Future of Activity trackers, wearables and 
mHealth

We at the AayuSmart, India, are quite excited about the 
opportunities that exists, for the use of emerging diagnostic 
technologies, for providing better healthcare.(30-34,55-58) The 
fact that the premier health research institute of the USA, 
National Institutes of Health (NIH) has partnered with 
Fitbit for the first digital health technology initiative, to 
understand the relationships between physical activity, heart 
rate, sleep and health outcomes, speaks a volume about the 
opportunities. Furthermore, the launching of bring-your-own-
device (BYOD)program for the NIH’s flagship precision 

medicine program. -All of Us research project, has opened 
new and novel avenues for big data acquisition, analytics, risk 
stratification and management. NIH claims that the million-
person precision medicine study ‘a constant learning process.’ 
John Reites, chief product officer of Fitbit writes, “We are 
not only seeing this approach in post-approval research and 
registries but also phase 11/111 studies.” Scripps Translational 
Science Institute (STSI), has published their first report on, 
-Inter-and intraindividual variability in daily resting heart 
rate and its association with age, sex, sleep, BMI, and time of 
the year: Retrospective, longitudinal cohort study of 92,457 
adults. 

Cardiogram and Fitbit Inc. have partnered to bring 
Cardiogram’s suite of health monitoring features to Fitbit 
users around the world, with a goal to improve healthcare 
management, empower users, and potentially save lives. The 
Cardiogram app is a digital health and fitness diary, using 
heart rate and sleep data from wearables and displaying 
on a user’s phone with insights and tracking. Their press 
release (06/26/2019), claims, “Now, Fitbit users can access 
Cardiogram’s screening tools, which have been clinically 
validated to detect signs of conditions like diabetes, 
hypertension, sleep apnea, and atrial fibrillation data from 
Fitbit services (https://cardiogr.am/research). Fitbit users have 
the option to upgrade to Cardiogram Premium, - a subscription 
service that enables sharing live Cardiogram data, insights, 
and confirmatory tests with a loved one or caretaker, and easily 
export data to share with a physician. This is just the beginning 
of digital health application for the improvement of personal 
healthcare. Cardiogram has validated accuracy of an artificial 
intelligence-based algorithm (with over 14,000 participants), 
Deep Heart, to accurately detect multiple health conditions. 
Steven Steinhubl, the leader of the STSI’s All of Us research 
program concludes that, “Multi-omics longitudinal profiling 
of individuals, can detect subtle changes in health status at the 
earliest possible time point, allowing preemptive initiation of 
mechanism-appropriate, disease-prevention strategies.(57)

We at AayuSmart, India, would like to develop a 
similar personal healthcare platform for the early detection 
of cardiometabolic risks and management of modifiable 
risks. We would like to sponsor this project, through our 
professional society (SASAT) platform (www.sasat.rog). 
The approach will be like ‘All of Us’ research project. Any 
adult participant can register via our App and provide data for 
further analysis on our personal health portal. Once the data 
is acquired by any activity tracker, wearable or non-invasive 
diagnostic tools, our proprietary software with dedicated 
algorithms will analyze the data and generate risk score for 
cardiometabolic risks such as excess weight, hypertension, 
arterial stiffness, endothelial dysfunction, obesity, T2D and 
vascular diseases. To start with we will use the data from 
clinically validated diagnostic devices. We will also validate 
noninvasive diagnostic tools, for the specificity and accuracy 
in India for standardization purpose. Scripps researchers have 
launched a new study (DETECT study) to see if data collected 
from wearable devices, could be used to track flu-like illness, 
including Covid-19. We have initiated a similar tracking 
system in India. In addition to tracking severe respiratory 
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diseases, we are also tracking prevalence and incidence of 
cardiometabolic diseases. In a short overview like this, it is 
rather difficult to discuss all aspects of devices that are useful 
for future healthcare, readers are urged to refer to reviews and 
original articles on this topic.(55-63)

Conclusions
There are 325,000 health-related apps available for 

download from the app store. But only a tiny fraction of those 
are appropriate for clinical use. This has led the researchers, 
clinicians, as well as regulatory agencies, to appeal for a better 
oversight and regulation of the information in these apps. 
We and others feel, that there is a great disconnect between 
the entrepreneurs, researchers, software developers, and the 
end users such as clinicians and the patients. Many apps, for 
instance, the Fitbit like activity trackers are for that matter, 
even LD-technology products that we have described, are not 
seen as high-quality devices for diagnostics by the clinicians. 
Hardware used for developing this system are oximeter, 
blood pressure monitors, and galvanic skin response monitor. 
When the test starts recording the inputs from these devices, 
software collects the signals from these three devices and 
saves the recordings for further interpretation. Since this is not 
a dedicated device, like the ambulatory devices that we have 
discussed, one wonders how these biomarkers are derived? 
This is one of the reasons why, we feel that it is very essential 
for the device developers to work with the clinicians, during 
the development phase, and incorporate tests that are familiar 
to the clinicians. Majority of the clinicians use fasting blood 
glucose (FBG), impaired glucose tolerance (IGT) or HbA1c 
as gold standards for diabetes management. When they do 
not see such biomarkers, they feel uncomfortable to use these 
modern technologies, in their day-to-day disease management. 
One way to improve this situation is, to develop robust clinical 
validation for each of the biomarkers computed by software 
analytics. 

Since our interest is in the early detection of risk factors 
for cardiometabolic diseases, management of modifiable risk 
factors, we have envisioned use of emerging technologies, at 
three different phases of prevention protocol. The first phase 
is population-based studies. We feel the novel approach used 
in the ‘All of Us’ program could be used as model. Activity 
trackers are used by millions of individuals globally and would 
serve as a useful tool for obtaining massive amounts of data in 
real-time, on vital functions during various phases of activity. 
There is a great need to develop appropriate app to collect, 
collate, and analyze such data to derive useful information 
on prevalence and incidence of metabolic diseases at the 
population level. In addition, as is done with Cardiogram 
app, one can develop appropriate health portals, which can 
serve as a platform between individuals, care givers, and 
clinicians. Second level we have discussed in this article is 
the use of dedicated medical devices, such as ambulatory 
blood pressure monitors and continuous glucose monitors 
to empower the patients. The data collected from such 
devices also could be channeled to the health app for further 
processing and interpretations. The LD-technology products 

are novel, noninvasive and easy to use. They have used a 
sophisticated proprietary software, to compute individual risk 
factors and further derive cluster of risks and risk scores for 
cardiometabolic risks (CMR) and autonomous neuro system 
(ANS) risks. Clinical validation and ability to incorporate 
such calculated risk scores to fine tune the cardiometabolic 
risk would be very useful. 

There is great interest and excitement in the use of non-
invasive sensors, for obtaining data on physical activity, health 
status, fitness, and wellness. The incorporation of multiple 
sensors including, accelerometers, gyroscopes, goniometers, 
oscilloscopes, force sensors (pressure sensors), PPG sensors, 
can provide a wealth of information as seen in the few 
examples we have discussed in this overview. What we have 
outlined in this essay is a novel approach, for integration of 
emerging technologies, for the development of an affordable 
healthcare. One area of great importance, if perfected with 
appropriate clinical validation is, the integration of diagnostic 
and therapeutic systems into theranostic devices. Majority of 
devices these days have connectivity to smart platforms. As 
we have proposed in this article, one can build a health portal, 
which can collect the needed information on risk factors and 
available therapeutic interventions. Improved data collection, 
software analytics can improve the way we diagnose, alert 
the developing risks, manage and treat metabolic diseases. 
Thinking about the future of integrated diagnostics, one can 
visualize a novel precision medicine approach, characterized 
by the development of sophisticated software programs that 
will enable to collect, consolidate and integrate a large volume 
of different sets of data, within the same information system 
(cardiometabolic diseases), producing a fully integrated 
report, that will combine genetic, radiology, laboratory and 
pathology data for developing improved risk stratification and 
risk management.
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Abstract
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia associated with increased morbidity and mortality. The 

pathophysiological mechanisms underlying the development of AF are not entirely clear. In addition, there are no optimal biomarkers 
for the early detection and prognosis for patients with AF. Emerging studies have uncovered a role for miRNAs in the initiation and 
maintenance of cardiovascular disease.This review discusses the role of miRNAs in the pathogenesis of AF as well as the possibility 
of using miRNAs as biomarkers for detecting and predicting AF. (International Journal of Biomedicine. 2020;10(3):198-205.)
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Atrial fibrillation (AF) is the most common sustained 
cardiac arrhythmia. According to the latest data, 

there are more than 33 million people suffering from AF in the 
world, and gender-specific morbidity has been observed. In men, 
the incidence of AF is 3 times higher than in women.(1) Many 
genetic, molecular, and environmental risk factors associated 
with AF are also major risk factors for morbidity and mortality 
among patients with cardiovascular disease (CVD).(2)

The simplest and most frequently used method for 
diagnosing AF is electrocardiography, but this method has a 
significant drawback, which consists in the short duration of 
recording the electrical activity of the heart, which limits the 
diagnosis in asymptomatic patients.(3) Existing laboratory 
biomarkers of myocardial damage (cardiac troponins, natriuretic 
peptides, creatine phosphokinase, lactate dehydrogenase, 
aspartate aminotransferase, etc.), among which cardiac troponins 

are most sensitive and specific,(4,5) are not very effective for 
detecting and predicting AF.(6) The elevation in troponin levels 
occurs because of a mismatch between oxygen demand and 
supply. The escalated heart rate increases myocardial oxygen 
demand while decreasing myocardial oxygen supply by 
shortening diastolic time.(6,7) The shortened diastolic phase 
reduces the time for myocardial perfusion, a majority of which 
occurs during diastole. According to some reports, troponins 
correlate well with the severity of arrhythmias and can be used 
as prognostic markers,(8) but according to other sources, they are 
ineffective as biomarkers.(9) Therefore, there is a need to search 
for new and reliable biomarkers for the early diagnosis of AF.

Heart failure (HF), diabetes, hypertension, hyperthyroidism, 
obesity, gender, and structural and ischemic heart diseases are the 
most common risk factors associated with AF.(10) The genetic 
component was recently also considered as a significant risk 
factor for AF.(11,12)

miRNAs are endogenous 21–22-nucleotide noncoding 
small RNAs that regulate physiological and disease processes at 
the post-transcriptional level. The first such tiny regulatory RNA 
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to be identified was the lin-4 RNA, which controls the timing of 
Caenorhabditis elegans larval development.(13) Over the last few 
years, miRNAs have been the focus of many studies, providing 
evidence that these small RNAs have a significant role in the 
modification of numerous biological pathways.(14) miRNAs 
regulate approximately 30% of all protein-coding genes and 
have therefore been predicted to be involved in almost all cellular 
processes.(15) miRNAs have been implicated in various human 
diseases like cancer,(16-18) CVD, (19-21) neurological diseases, (22,23) 
autoimmune diseases,(24-26) and asthma.(27,28)

miRNA regulation in CVD was first described in 2006, 
when specific miRNAs were found to be up- or downregulated 
in mouse models of cardiac hypertrophy and HF.(29) Later, it 
was demonstrated that AF is associated with altered miRNA 
levels in atrial tissue and plasma.(30,31) The regulatory function 
of specific miRNAs has been studied in the structural and 
electrical remodeling of the heart.(32-36) A number of studies 
have shown that c-miRNAs associated with AF could serve 
as potential biomarkers of the disease, whereas specific tissue 
miRNAs could become targets for therapy.(37-38)

According to the latest data, miRNAs play a leading role 
in the pathophysiology of AF, regulating mechanisms of atrial 
remodeling. The reduced or increased expression of miRNAs 
is genetically programmed and under normal conditions 
contributes to the development of the cardiovascular system in 
humans and animals.(39) At the same time, a change in the level 
of miRNA expression in circulating blood and tissues can occur 
under pathological conditions associated with the development 
of various CVDs, including AF, which lead to myocardial 
remodeling. Numerous experimental and clinical studies found 
the role that miRNAs play in the pathogenesis of AF. The 
following main pathogenetic links in the initiation and progression 
of AF can be distinguished, in the regulation of which microRNA 
is involved: electrical remodeling (ER), structural remodeling 
(SR), remodeling of ANS, and dysregulation of calcium levels. 
A discussion of the involvement of miRNAs in each of these 
mechanisms is presented in the main part of this article.

Electrical remodeling in AF mediated by miRNAs
ER is the most common change associated with 

AF. ER occurs due to decreasing L-type calcium channel 
conductance (ICaL) and increasing inwardly rectifying 
potassium conductance (IK1). Changes in the electrical 
properties of Ca2+-dependent potassium channels and 
connexin channels also cause AF-related ER.(40) In the process 
of ER, several miRNAs are involved: miRNA-1, miRNA-328 
and miRNA-499, each of which exhibits several specific 
properties.

miRNA-1
miRNA-1 is abundantly expressed in the myocardium 

and plays an important role in the development of the heart 
and electrical activity. Dysregulation in miRNA-1 expression 
leads to myocardial hypertrophy, myocyte proliferation, and 
cardiac arrhythmias. In addition, the arrhythmogenic potential 
of miRNA-1 is associated with CHD.(41) A study on a rabbit 
model of atrial tachycardia showed that overexpression of 
miRNA-1 shortens the atrial refractory period induced by 
tachycardia and increases inward-rectifier current activity 
(IKs) by reducing the expression of the KCNE1 and KCNB2 

genes encoding the potassium channel subunits. miRNA-1 
knockdown, in contrast, weakened the suppression of the 
KCNE1 and KCNB2 genes, resulting in a shortening of the 
atrial effective period and an increase in IKs. Thus, it was 
found that KCNE1 and KCNB2 are target genes for miRNA-1. 
It has also been suggested that targeted suppression of these 
potassium channel genes enhances the duration and frequency 
of AF.

Jia et al.(42) showed the critical role of miRNA-1 in atrial ER 
and the clinical importance of miRNA-1 as a therapeutic agent 
in AF. Tsoporis et al.(43) studied the expression of the muscle-
specific miRNA-1 and miRNA-133A in RAA biopsies and blood 
plasma taken before aortic cross-clamping and after reperfusion. 
There was no change in tissue or plasma miRNA-1 and miRNA-
133A levels compared to pre CABG. However, in patients 
who postoperatively developed AF, compared to patients who 
remained in sinus rhythm, tissue miRNA-1 increased whereas 
miRNA-133A decreased and negatively correlated with RAA 
apoptosis. In postoperative AF, differential regulation of pro- and 
anti-apoptotic miRNAs-1 and -133A respectively in the RAA, 
may contribute to postoperative apoptosis. These results provide 
new insights into molecular mechanisms of postoperative AF 
with potential therapeutic implications.

As is known, miRNA-1 and miRNA-133 regulate the 
expression of multiple genes involved in myocardial function, 
including hyperpolarization-activated cyclic nucleotide-gated 
(HCN) cation channels. In the study performed by Yao-Dong 
Li et al.,(44) aged patients with AF, compared with aged patients 
with sinus rhythm, exhibited significantly higher HCN2 and 
HCN4 channel mRNA and protein expression levels (P<0.05), 
but significantly lower expression levels of miRNA-1 and 
miRNA-133 (P<0.05). Expression levels of HCN2 and HCN4 
increased with age, and a greater increase was identified in 
patients with age‑associated atrial fibrillation compared with 
that in those with aged sinus rhythm. These electrophysiological 
changes may contribute to the induction of ectopic premature 
beats that trigger AF. In patients with AF, miRNA-1 levels are 
greatly reduced, possibly contributing to up-regulation of Kir2.1 
subunits, leading to increased IK1. Because up-regulation of 
inward-rectifier currents is important for AF maintenance, 
these results provide potential new insights into molecular 
mechanisms of AF with potential therapeutic implications.(45)

Numerous studies have confirmed the relationship 
between the changes in expression profile of c-miRNAs and 
the regulatory effect of AF-related miRNAs on ion channels. 
The results obtained by Yingmin Lu et al.(46) indicated that 
transfected miRNA-1 could significantly inhibit the expression 
of CACNB2 protein. miRNA-1 can decrease the intracellular 
Ca(2+) concentration and prevent the AF. In addition, the 
recently proposed involvement of miRNA-1 in the modulation of 
Ca2+ handling proteins, including calmodulin, phospholamban, 
Na+/Ca2+ exchanger (NCX), sorcin, junctin, triadin, eventually 
resulting in shortened refractoriness of sarcoplasmic reticulum 
Ca2+ release further support the hypothesis of a pivotal 
functional role of miRNA-1 in the pathogenesis of AF.(47)

miRNA-328
miRNA-328 contributes to adverse atrial ER in AF 

through targeting L-type Ca(2+) channel genes. A potential role 
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for miRNA regulation of cardiac depolarization was identified 
when Lu et al.(48) utilized computational prediction algorithms 
to identify CACNA1C and CACNB1 as potential targets for 
miRNA-328. Overexpression of miRNA-328 in experimental 
models recapitulated the phenotypes of AF, exemplified by 
enhanced AF vulnerability, diminished L-type Ca2+current, 
and shortened potential duration of atrial action. CACNA1C 
and CACNB1 were established as the cognate target genes 
for miRNA-328 by western blot and luciferase activity assay, 
showing the reciprocal relationship between the levels of 
miRNA-328 and ICaL channel protein subunits.(48,49) Soeki et 
al.(50) found that plasma levels of miRNA-328 were higher in 
AF patients than in control subjects. Plasma miRNA-328 levels 
were significantly higher in the LAA than in the periphery and 
PV in patients with AF, but not in control subjects. The authors 
concluded that local production of miRNA-328 in the LA may 
be involved in the process of atrial remodeling in AF patients.

miRNA-499
Recently, KCNN3, the gene that encodes the small-

conductance, calcium-activated potassium channel 3 
(SK3), was found to be strongly associated with AF. The 
study performed by Ling et al. showed that in patients 
with permanent AF, atrial miRNA-499 was significantly 
upregulated, leading to SK3 downregulation through effects 
on the KCNN3 gene expression and possibly contributing to 
ER in AF.(51) In addition, upregulation of atrial miRNA-499 
induced the downregulation of CACNB2 (an important 
subunit of the LTCC) expression and may contribute to ER 
in AF.(52) Increased expression of miRNA-499 (2.3-fold) was 
observed in patients with acute new-onset AF, compared with 
well-controlled AF and control patients.(53)

Structural remodeling in AF mediated by miRNAs
miRNAs that participate in sarcoplasmic reticulum regulate 

the genes encoding the proteins responsible for the formation 
of the extracellular matrix and contribute to atrial fibrosis by 
regulating pro- and antifibrotic signaling pathways.(54) These 
miRNAs are mainly involved in a decrease in the conduction 
rate and an increase in the reentrant activity.(55) The following 
miRNAs participate in SR of the heart in AF: miRNA-21, 
miRNA-29, miRNA-126, miRNA-150, and miRNA-483.

miRNA-21
Barana et al.(56) reported that chronic AF (CAF) 

increases miRNA-21 expression in enzymatically isolated 
human atrial myocytes. Moreover, it decreases ICaL density 
by downregulating the expression of Ca(2+) channel 
subunits (CACNA1C and CACNB2). These results suggest 
that miRAN21 could participate in the CAF-induced ICaL 
downregulation and in shortening the duration of the action 
potential that maintains the arrhythmia. 

Atrial fibrosis is the most important substrate of AF. In 
a study performed by Adam et al.,(57) LA from patients with 
AF showed a 2.5-fold increased expression of miRNA-21, 
compared to matched LA of patients in sinus rhythm. Increased 
miRNA-21 expression correlated positively with atrial 
collagen content and was associated with a reduced protein 
expression of Spry1 and increased expression of connective 
tissue growth factor, lysyl oxidase and Rac1-GTPase.(57)  

Thum et al.(58) showed that miRNA-21 regulates the 

ERK-MAP kinase signaling pathway in cardiac fibroblasts, 
which impacts global cardiac structure and function. In vivo 
silencing of miRNA-21 by a specific antagomir in a mouse 
pressure-overload-induced disease model reduces cardiac 
ERK-MAP kinase activity, inhibits interstitial fibrosis and 
attenuates cardiac dysfunction.

The PTEN/PI3K signaling pathway was involved 
in a variety of physiological activities, including cell 
proliferation, differentiation, and apoptosis, which participate 
in the pathophysiology of various diseases.(59) The target 
genes of miRNA-21, namely, PTEN, are PI3K signaling 
pathway inhibitors. Overexpression of miRNA-21 decreased 
expressions of PTEN, thereby activating the PI3K signaling 
pathway, which may play a crucial role in initiation and 
maintenance of atrial SR.(60)

miRNA-29
The human miRNA-29 family of mirnas has three mature 

members, miRNA-29a, miRNA-29b, and miRNA-29c. miRNA-
29s directly target at least genes related to the extracellular 
matrix. These genes code for several of the key proteins involved 
in the physiological or pathological formation of extracellular 
matrix. The regulation of the extracellular matrix by miRNA-
29s has been implicated in the development of fibrosis in many 
organs, including the heart.(61) Strong antifibrotic effects of 
miRNA-29s have been demonstrated in the heart, kidney, and 
other organs.(62) Expression of miRNA-29b extracellular matrix 
target genes collagen-1A1(COL1A1), collagen-3A1 (COL3A1), 
and fibrillin increased significantly in CHF fibroblasts. miRNA-
29b plasma levels were decreased in patients with CHF or 
AF  (by 53% and 54%, respectively; both P<0.001) and were 
further decreased in patients with both AF and CHF (by 84%; 
P<0.001). miRNA-29b expression was also reduced in the atria 
of CAF patients (by 54% versus sinus rhythm; P<0.05). Adeno-
associated virus-mediated knockdown of miRNA29b in mice 
significantly increased atrial COL1A1 mRNA expression and 
cardiac tissue collagen content. miRNA-29 likely plays a role 
in atrial fibrotic remodeling and may have value as a biomarker 
and/or therapeutic target.(63)

miRNA-126
miRNA-126 plays an active role in angiogenesis by 

regulating the expression of Epidermal Growth Factor Like-
domain 7 (EGFL7). EGFL7 has been identified as a potential 
miRNA-126 target. EGFL7 and its specific miRNA-126 
may be involved in the pathogenesis of vasculopathy and 
fibrosis.(64) In a study by Wei et al.,(65) relative miRNA-126 
expression was downregulated in patients with AF and/or HF 
compared with controls. Moreover, miRNA-126 expression 
was markedly lower in the HF-AF group compared with 
the AF and HF groups. Multiple linear regression analysis 
showed that miRNA-126 expression was positively correlated 
with LVEF, but negatively correlated with the logarithm of 
NT-pro BNP and the cardiothoracic ratio (all P<0.05). Thus, 
serum miRNA-126 levels could serve as a potential candidate 
biomarker for evaluating the severity of AF and HF.

miRNA-150
In a study performed by McManus,(66) plasma levels 

of miRNA-150, known to influence atrial fibrosis and pro-
fibrillatory potential under experimental conditions, were 
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2-fold lower among patients with AF than among those 
without AF. In addition, plasma level of miRNA-150 also was 
lower in participants with persistent AF than in those with 
paroxysmal AF and increased 3-fold after AF ablation. Goren 
et al.(67) found that miRNA-150 expression was 3.2-fold lower 
in platelets of HF patients with AF, relative to those without 
AF. A similar effect was seen in serum samples from the same 
patients, in which miRNA-150 levels were 1.5-fold lower 
(P=0.004) in HF patients with AF. Thus, the authors concluded 
that miRNA-150 expression levels in platelets of patients with 
systolic HF with AF are significantly reduced and correlated to 
the cell-free circulating levels of this miRNA.

miRNA-483 
miRNA-483-5p, typically transcribed with its host gene, 

IGF2,  has been isolated in several human tissue types including 
myocardium, hepatic and brain tissue as well as in blood 
serum.(68,69) Harling et al.(70) found significant overexpression 
of miRNA-483-5p in the pre-operative serum of patients with 
postoperative AF. It is possible that the observed increase in 
miRNA-483-5p expression represents upregulation of the 
IGF2 gene, which, for example, may be stimulated in states of 
cardiac stress. Overexpression of IGF2 may also play a role in 
providing a pro-inflammatory substrate through the regulation 
of NF-kB- and IL-6-mediated pathways, which may in turn 
lower the threshold on which a surgical trigger may potentiate 
AF in the postoperative period.(71)

Remodeling of the autonomic nervous system in AF 
mediated by miRNAs

ANS has been shown to have an important role in the 
initiation and maintenance of AF.(72) Activation of either the 
extrinsic parasympathetic or sympathetic neural elements of 
the cardiac ANS has been reported to induce rapid focal firing 
and AF induction via mechanisms of shortening the atrial or 
pulmonary vein refractoriness mediated by parasympathetic 
neurotransmitters or increasing intracellular Ca2+ concentrations 
mediated by sympathetic neurotransmitters, respectively. These 
results indicate the complexity and multiple functions of the 
cardiac ANS in inducing AF.(73)

Rao et al.,(74) utilizing the right cervical vagus trunk 
stimulation (RVTS) to successfully induce AF by reducing 
the effective refractory period (ERP) and increasing dERP,  
hypothesized that RVTS activates the extrinsic and/or intrinsic 
cardiac ANS to mediate neural remodeling, which initiates 
and/or maintains AF, presumably by increasing the activity of 
acetylcholine. Modulation of ANS activity may constitute an 
important therapeutic strategy for the management of atrial 
tachyarrhythmias.(75)

At least two miRNAs, miRNA-30 and miRNA-206, are 
involved in the ANS remodeling in AF.

miRNA-30 
Among 355 of 1,205 human miRNAs being expressed 

and assumed functioning in the heart, miRNA-30d is the sixth 
most abundantly expressed miRNA, which indicates that it could 
be a crucial regulator of cardiomyocytes in the physiological 
and/or pathophysiological condition. Morishima et al.(76) 

demonstrated a novel role for miRNA-30d in remodeling the 
cardiac ion channel in human persistent AF. miRNA-30d was 
upregulated, whereas KCNJ3, a target gene of miRNA-30d, 

was downregulated in human AF cardiomyocytes. The authors 
provided the first evidence that the downward remodeling of 
IK.ACh in Ca2+-overloaded cardiomyocytes is attributed, 
at least in part, to deranged Ca2+ handling, leading to the 
upregulation of miRNA-30d in human AF.

miRNA-206 
Cardiac autonomic nerve remodeling (ANR) is a critical 

mechanism in AF. Zhang et al.(77) performed a study to assess 
the underlying role of miRNAs in regulating cardiac ANR 
in AF by right atrial tachypacing (A-TP) in dogs. Forced 
expression of miRNA-206 through lentiviral infection 
based on A-TP in vivo significantly shortened the atrial ERP. 
The regeneration of nerves increased more than 2-fold by 
miRNA-206 overexpression. The expression of SOD1 was 
repressed by miRNA-206 overexpression, indicating SOD1 as 
a direct target of miRNA-206. Overexpression of miRNA-206 
increased reactive oxygen species (ROS) levels in vitro and in 
vivo. Thus, overexpression of miRNA-206 promoted ANR by 
targeting SOD1 and production of ROS.

It was also reported that miRNA-206 overexpression 
in an experimental canine model inhibited expression of the 
GCH1 gene, which encodes GTP cyclohydrolase I, a key 
enzyme in de novo synthesis of tetrahydrobiopterin (BH4), 
an essential cofactor for NO synthesis.(78) Previous studies 
reported that increased tetrahydrobiopterin (BH4) and NO 
content negatively regulated nerve regeneration. These 
findings suggested that GCH1 downregulation exacerbates 
ANR by decreasing atrial BH4 and NO content modulated by 
miRNA-206 in A-TP canines.

Dysregulation of Ca2+ level in AF mediated by 
miRNAs

Calcium plays a fundamental role in the pathophysiology 
of AF. Enhanced SR Ca(2+) leak through ryanodine receptor 
type-2 (RyR2), in combination with larger I(NCX) for a 
given (SR) Ca(2+) release and increased diastolic [Ca(2+)]
(i)-voltage coupling gain, causes AF-promoting atrial delayed 
afterdepolarizations/triggered activity in AF patients.(79) The 
rise in intracellular calcium concentrations also activates pro-
fibrotic pathways leading to SR in the atria that produces a 
substrate that can support the complex re-entry seen in AF.(80) 

Ca(2+)-related miRNAs have been found to be significant 
pathophysiological contributors in conditions like myocardial 
ischemic injury, cardiac hypertrophy, heart failure, ventricular 
arrhythmogenesis, and AF.(81)

miRNA-106
Recent studies have shown that the level of RyR2 protein is 

elevated in atria of patients with paroxysmal AF, suggesting that 
miRNA-mediated post-transcriptional regulation of RyR2 might 
be an underlying mechanism. Bioinformatic analysis suggests that 
miRNA-106b, a member of the miRNA-106b-25 cluster, could 
bind to RyR2-3’-untranslated region and suppress its translation. 
Quantitative real-time PCR showed that the level of mature 
miRNA-106b was lower in atria of patients with paroxysmal 
AF than in patients in sinus rhythm. Ca(2+)-spark frequency and 
total sarcoplasmic reticulum Ca(2+)-leak were increased in atrial 
myocytes of miRNA-106b-25(-/-) mice, and these mice exhibited 
more frequent atrial ectopy and were also more susceptible to 
pacing-induced AF than wild-type littermates.(82)
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miRNA-208
Results from analysis of miRNA-208b-overexpressing 

HL-1 atrial myocytes and from myocytes isolated from CAF 
patients showed that aberrant miRNA-208b levels reduced 
the expression and function of L-type Ca2+ channel subunits 
(CACNA1C and CACNB2) as well as the sarcoplasmic 
reticulum-Ca2+ pump SERCA2.(83)

The above data on the role of miRNAs in the 
pathophysiology of AF and the possibility of being used as AF 
biomarkers are summarized in Table 1.

miRNAs as AF biomarkers
miRNA expression in tissue and blood can be used as 

a biomarker for various diseases. A biomarker has been defined 
as “a characteristic that is objectively measured and evaluated as 
an indicator of normal biologic processes, pathogenic process, or 
pharmacologic responses to a therapeutic intervention”(84)  and “A 
defined characteristic that is measured as an indicator of normal 
biological processes, pathogenic processes, or responses to an 
exposure or intervention, including therapeutic interventions.”(85)

Currently, there are no suitable biomarkers for the primary 
diagnosis of AF. The use of natriuretic peptides and troponins, 
which are of very high value in  myocardial infarction and HF, 
is ineffective with regard to the diagnosis and prognosis of AF.(6) 
High stability, sensitivity, specificity, and prognostic properties of 

c-miRNAs make them an attractive biomarker for the early 
diagnosis of numerous diseases, including CVD.(86) Moreover, 
miRNA expression can be detected both in biological fluids ( 
plasma, serum), and in individual heart tissues and blood cells.

c-miRNAs exhibit numerous essential characteristics of 
biomarkers: While they are extremely stable in circulation, their 
expression is tissue-/disease-specific, and they can be easily 
detected using sequence-specific amplification methods. These 
features of c-miRNAs are helpful in the development of non-
invasive assays to monitor the progress of CVDs.(87,88) 

Studies performed by Natsume et al.(88) revealed that 
four miRNAs (miRNA-99a-5p, miRNA-192-5p, miRNA-214-
3p, and miRNA-342-5p) were significantly upregulated in AF 
patients. A receiver-operating characteristics curve indicated that 
miRNA-214-3p and miRNA-342-5p had the highest accuracy. 
The combination of the four miRNAs modestly improved the 
predictive accuracy for AF (76% sensitivity, 80% specificity). 

c-miRNAs might be potential biomarkers of AF. They are 
easily accessible, relatively stable and in some instances tissue 
specific.  At the least, c-miRNAs may offer new insights into the 
mechanisms of AF.(89) Further studies are required to gain a better 
understanding of the role of miRNAs in the pathophysiology of 
AF, which will provide tremendous opportunities for targeted 
therapy of AF in the near future.

Table 1.

The role of miRNAs in the pathophysiology of AF and the possibility of being used as AF biomarkers

Pathophysiological
mechanism miRNA Targets and effects A relationship of the elevated/

decreased levels of miRNAs with AF Source

Electrical remodeling

miRNA-1
Downregulation of the expression  of
the KCNE1, KCNB2  HCN2, and HCN4
genes

Both increased and decreased miRNA-1 
expression  may be associated with AF [42-45]

miRNA-328 Downregulation of the expression  of
the CACNA1C and CACNB1 genes

An increased miRNA-328 expression  
is associated with AF [48-50]

miRNA-499 Downregulation of the expression  of
the KCNN3 and  CACNB2 genes

An increased miRNA-499 expression  
is associated with AF [51-53]

Structural remodeling

miRNA-21 Downregulation of the expression  of
the CACNA1C and CACNB2 mRNAs

An increased miRNA-21 expression  is
associated with AF [56-58]

miRNA-29 Downregulation of the expression of the
COL1A1, COL3A1, and FBN1 genes

Down-expression of miRNA-29 is
associated with AF [62, 63]

miRNA-126 Downregulation of the EGFL7
expression  

Down-expression of miRNA-126 is
associated with AF [64,65]

miRNA-483 Upregulation of the expression of the
IGF2 gene

An increased miRNA-483 expression
is associated with AF [70]

Remodeling of ANS
miRNA-30 Downregulation of the expression  of

IKACh gene
An increased miRNA-30 expression  is
associated with AF [76]

miRNA-206 Downregulation of the expression  of 
the SOD1 и GCH1 genes

An increased miRNA-206 expression
is associated with AF [77,78]

Dysregulation of Ca2+
level

miRNA-106 Downregulation of the expression  of 
the RYR2 gene

Down-expression of miRNA-106 is 
associated with AF [82]

miRNA-208
Downregulation of the expression  of the
SERCA2a, CACNA1C, and CACNB2
genes

An increased miRNA-208 expression
is associated with AF [83]
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Abstract
The potential that digital holographic imaging (DHI) holds in the future of radiology in 3D will undoubtedly lead to 

revolutionizing the guidance of minimally invasive surgical and percutaneous procedures, which are currently being performed 
using 2D and/or 3D images displayed on flat screens. This review will update the reader on the definition and processes of digital 
holography, holographic applications in radiology, limitations of holography and DHI and their significance in the future of 
radiology. Furthermore, the review elaborates upon the many open questions on how to exploit DHI fully in radiological practice. 
(International Journal of Biomedicine. 2020;10(3):206-210.) 
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Introduction
The term hologram, with “holo” meaning complete and 

“gram” meaning message, has long been used to refer to both 
the technique of wave-front reconstruction by interference, 
diffraction and reflection, and an image genre of a virtual 
encounter between an immaterial, usually 3D image of an 
absent human and living humans.(1) Holography, or “whole 

drawing,” is a method by which an exact visual representation 
of an object in three physical dimensions can be created using 
laser beams, the properties of interference and diffraction, 
light intensity recording and the illumination of the recording. 
The images change according to the relative position of the 
individual viewer, as if the objects displayed are actually 
present.(2)

Dennis Gabor, a Hungarian-British electrical engineer and 
physicist, was awarded the Nobel Prize in Physics for inventing 
holography in 1971.(2) Holograms, which have only been around 
since the latter part of the last century, enable the visual display 
of an object in 3D using light-physics. Digital holography (DH) 
has been implemented in many areas, including microscopy, and 
data storage and processing.(3-5) The creation of holograms to aid 
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medical and clinical decision-making has been discussed in the 
existing literature on the subject for over two decades.(6) Two 
types of holography are available: conventional and dynamic. 
Conventional holography represents static images of 3D objects, 
whereby a change in the viewer’s angle of vision results in a 
change of perspective of the holographic object. Additionally, 
a dynamic holograph is one that adds motion to the 2D or 3D 
object.(7)

Live X-ray and live 3D cardiac ultrasound imaging could 
be used simultaneously to guide minimally invasive structural 
heart repair procedures, with ultrasound images providing 
detailed insights into the heart’s soft tissue anatomy, and with 
the X-ray imaging providing visualization of catheters and 
heart implants. Medical holography is actually the integration 
of all these modalities. However,  3D viewing technologies 
are not able to create truly accurate 3D renditions: They are, 
in actuality, 2D images gathered from MRI, CT scanner, 
ultrasound and other devices, stitched together to create a 
rough 3D image. Furthermore, it is extremely laborious and 
time-consuming to create 3D visualizations from these 2D 
images. This makes treatment and making diagnostic decisions 
based on these images rather challenging, and their accuracy 
is often questionable. Medical holography can be the answer 
to these challenges. By rendering these 2D images into 3D 
floating projections, this technology will revolutionize the way 
the medical professionals plan and carry out their treatments 
and surgeries: enabling physicians to zoom in and out of the 
images to get a better view of the areas under observation that 
are unclear in the initial scans.(1) To date, the incorporation of 
technology in the medical field appears to lag behind, although 
promising advances in medical imaging have been witnessed in 
the fields of ultrasound, MRI, and PET.(8) Bruckheimer et al.(9) 

have applied the DH technology to generate interactive, real-
time, 3D holograms of cardiac imaging data based on rotational 
angiography and live 3D transoesophageal echocardiography. 
This new technology allows for the visualization of medical 
images in 3D without the need for 3D glasses. The operators 
can interact with the real-time dataset to crop, rotate, magnify, 
and move structures as they float in front of the operators, who 
will gain the advantage of appreciating the depth and proximity 
of adjacent anatomy with greater ease.

In the real world, the use of classical holographic 
technology has resulted in relatively primitive designs, 
and now we are witnesses to another major development in 
holographic technology. The True 3D Viewer, by EchoPixel, 
aims to solve this problem by providing medical professionals 
with a hologram of the organs, which can be moved around, 
zoomed in on or manipulated in actual 3D space. This new 
technology might not necessarily improve medical practices 
rapidly, but it can make diagnosing patients and treatment 
processes more effective. Furthermore, this 3D holography 
could avoid the use of physical procedures that may cause 
discomfort to patients and help detect problems in complex 
organs such as the heart or the brain.(1) The addition of motion 
represents a significant advancement over current 3D displays, 
which can only show 3D static images. It also opens the door 
to three major potential uses of holography in radiology: i) 
teaching anatomy, ii) PACS storage, and iii) displaying more 

complex anatomic images that can be used to present more 
informative reports to physicians and their patients.(10)

This review article will update the reader on the 
definition and processes of DH, holographic applications in 
radiology, limitations of holography and DHI, and the crucial 
role this technology has in the future of radiology.

Literature Review
An inclusive literature review was conducted to update 

the reader on the definition and processes of DH, holographic 
applications in radiology, limitations of holography and 
DH and their significance and impact with regard to the 
future of radiological imaging. The ScienceDirect, PubMed, 
NCBI, Scopus, Elsevier and SAGE databases were utilized 
on September 2019 to search for publications containing 
information about DH in radiological imaging for the purpose 
of this report. The abstracts, which were discovered through 
this search, were re-considered for their applicability to the 
clinical outcomes associated with this procedure. Complete 
manuscripts were retrieved and considered for inclusion in this 
report if they featured data that evaluated the evidence on the 
role of DH with radiological imaging and assessed the possible 
impact on modern medicine, and if the manuscripts featured 
clinical practice. Only those studies published between 2000 
and 2019 were included in the outcomes analysis; this was 
due to the tremendous evolution of DH that occurred at the 
beginning of the new millennium. With respect to the location 
of the research or the types of journals included in this study, 
all valid sources of experience were incorporated. There were 
no restrictions with respect to the country of origin of the 
publications, which led to a range of opinions and experiences 
being found that could serve as material for this report. Articles 
obtained through a refined search were surveyed individually 
to further explore their content.

DH: Definition and Process

Digital holograms are made up of holographic elements 
(hogels) rather than pixels or voxels. In contrast to pixels, 
which are normally used in photography, hogels contain 3D 
information from multiple perspectives.(11) DH is a two-step 
process. Step 1 involves recording the hologram, where the 
radiographic image is transformed into a photographic record. 
Step 2 consists of reconstruction, in which the hologram is 
transformed into a virtual image. The digital hologram created 
contains a grid of holographic pixels, also known as holopixels, 
or the aforementioned hogels. Over time, holopixels have 
been diminishing in scale, currently being around 0.8mm, 
and are now being reduced to 0.5 mm or even 0.25 mm. Any 
kind of 3D medical dataset, such as CT and MR images, can 
be converted into a digital hologram. Such data can also be 
made available in the form of a physical scan of an object, 
a mathematical description of the images, molecular data or 
even a series of stills or videos.(10)

DH in Medicine

Recently, Royal Philips and RealView Imaging reported 
on a clinical study demonstrating the feasibility of using 
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innovative live 3D holographic visualization and interaction 
technology to guide minimally invasive structural heart 
disease procedures.(12) RealView’s visualization technology 
was used to display interactive, real-time 3D holographic 
images acquired by Philips’ Interventional X-ray and cardiac 
ultrasound systems. Consequently, in addition to viewing the 
patient’s heart on a 2D screen, interventional cardiologists 
were able to view detailed, dynamic 3D holographic images 
of the heart floating in free space during an interventional 
structural heart disease procedure, without having to use 
special eyewear. The physicians were also able to manipulate 
the projected 3D heart structures by literally touching the 
holographic volumes in front of them. Another area in which 
this technology may be useful is that of medical education. It 
may now be possible to deliver a presentation from a remote 
setting: A 3D, high-resolution, full-size image of the presenter 
could be projected onstage, onto a special podium, in front of 
a live audience thousands of kilometers away, thus allowing 
virtual lectures to be held. These technologies can also provide 
live simulations to aid students in learning a procedure. Other 
uses could include applications in telemedicine, 3D mapping 
technologies, remote guidance during emergencies, remote 
video conferencing, manufacturing, and myriad other uses.
(1) Regarding the DH industry, there are several companies 
that now produce true hologram systems that are specifically 
targeted towards the medical sector (Table 1).(1)

Potential Applications of DH in Radiology

There are three potential uses of holography in 
radiology: i) teaching radiologic anatomy, ii) PACS storage, 
and iii) image display.(10)

i) The medical hologram, particularly in radiology, 
presents a performance boost over traditional textbook images. 
The 3D nature of the image generated provides superior visual 
capabilities.(10) The concept of optical components suggests that 
the 3D concept relies on the grouping of visual subcomponents 
based on textures, color grade and the linking of structure.(13) 

This technique enables visualization of the intricate details 
of anatomical structures. Its use has also been documented 
in imaging the liver through ultrasound scans. Complex 
holograms containing information layers from images of 
the musculoskeletal, vascular, and nervous systems are now 
available.(10)

ii) There has been renewed interest in holography due to 
the recent propagation of 3D content and availability of 3D data 
from CT, MRI and ultrasound scanners, low-cost depth scanners, 
cinema/TV, and 3D printing. Holographic storage and retrieval 
systems can be looked upon as solutions to the demands being 
made for greater storage capacity, rapid retrieval, and smaller 
physical storage footprints.(10) By adopting PACS, a turnaround 
has occurred in radiology productivity through the channeling 
of the radiology workflow.(14) Holographic media can be used 
specifically for data storage due to their unique ability to store 
information in 3D, in contrast to standard optical disks, which 
store data only on the surface. In the near future, there is a 
high probability that this technology can eventually replace 
magnetic, single-layer storage with optical, 3D holograms.(15) 

PACS currently requires excessive amounts of data storage, 
whereas holographic technology can provide up to 1000 times 
greater storage capacity than current methods.(15,16)

 With holography, we can record 1 million bits of data 
with a single flash of light.(17) Comparative data suggests that 

Table 1. 
Digital holography industry in the medical sector (1)

Company name Country of
origin Product Properties

EchoPixel USA True 3D Viewer
(t3d) Converts 2D images to stereoscopic 3D images

Zebra Imaging USA ZScape
Allows the navigation of the entire body as well as sifting 
through the skin layers, muscles, the cardiovascular system 
and the skeleton

RealView
Imaging Ltd Israel 3D holograms (Holoscope)

Employs digital light-shaping technology to create a unique 
hyper-realistic experience for visualization of 3D medical 
images

Mach7
Technologies
Pte Ltd

Australia Enterprise imaging platform Enterprise imaging platform provides the most robust, full-
functioning product set in the industry for PACS

Ovizio Imaging
System Belgium Ovizio’s microscopes (3D and 4D 

uantitative microscopy)
Real time 3D imaging with differential digital holography 
microscopy

Holoxica Ltd United
Kingdom 3D digital holograms Facilitates the visualization of 3D data from every angle and 

illustrate details that cannot be viewed in 2D images

Lyncee Tec Switzerland Digital holographic microscopes
with digital holographic camera

Provides marker-free, non-invasive images of cells and allows 
their characterization without perturbation

Eon Reality USA Virtual reality (VR) and 
augmented reality (AR) software

VR and AR products aimed at improving medical knowledge 
transfer

NanoLive SA Switzerland 3D cell explorer High precision holotomographic microscope, which facilitates 
instantly being able to look inside living cells in 3D
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the cost for new holographic media will probably be around 
$0.06-$0.20 per GB, as compared to data tape, which costs 
between $0.25 and $1, and videotape, which costs between $1 
and $3 per GB.(15)

iii) The use of holographic displays in radiology is still 
in research, but they can soon find their way into commercial 
use and become economically viable.(18) A holographic 
screen can be created using a specially coated glass medium 
for the projection surface of a video projector, thereby 
creating a free-space display, as the image bearing surface 
appears very transparent. These views can be particularly 
advantageous in radiology, as computers will send the 3D CT 
data to a projector, which will beam it to a computer screen. 
Furthermore, 3D reconstruction of 2D images from sectional 
imaging can lead to detailed 3D models of body structures, 
which can then be holographically displayed.(10) Holographic 
displays are presently insufficient with respect to giving good 
spatial resolution for general radiological interpretation. 
However, holography as a novel idea has been tried with very 
encouraging results in various other medical applications, such 
as echocardiography, guided invasive procedures, depiction of 
pelvic fractures, measurement of the motion of the tympanic 
membrane, depiction of bone fractures, and forensics.(19-21) 

Recently developed display technology is now able to project 
3D images in free space and give the clinician the ability to 
reach into the object to manipulate and apply markings to it.(10)

DH: Limitations

Holography requires relatively complicated methods 
to record holographic images, making it expensive and less 
accessible. Currently, holographic display technology lies 
far behind commercially available 2D and 3D displays. The 
most advanced volumetric displays currently have very poor 
spatial resolution and can display images at only about two 
frames per second. Holographic images are also inherently 
poor at visualizing subtle differences in tissue contrast. 
Storage solutions based on holography are facing significant 
challenges in bringing the technology into the market. A 
significant problem in holographic recording is the destructive 
readout.(10) Such challenges have limited the adoption of DH in 
the field of radiology. In contrast, the potential impact of live 
holography on medical imaging is considerable, especially 
in the field of minimally invasive interventions, since these 
procedures demand a clear understanding of the patient-
specific spatial anatomy.(22,23)

DHI and its Role in the Future of Radiology

Current radiology study images vary from 10MB to 
90MB in size per test. A rough estimate shows that high-
resolution and specialized CT scans can occupy around 
30MB of data per scan. Over the last decade, the quality of 
such investigations has undergone a change. Scans are now 
more focused, of higher resolution and are more detailed due 
to thinner sections and dynamic studies, which are possible 
due to the ability of both CT and MRI studies to create huge 
amounts of data. The current estimate suggests that for every 
100,000 examinations performed, there will be the need to 
book approximately 3.1 terabytes of storage.(24)

Though holograms can create fascinating imagery, 
recording and presenting a visual object is not all they do. 
Holograms are capable of recording pure data— mountains 
of it. Holograms have the potential to store vast amounts 
of information. The current prototype systems store 4.4m 
individual pages of information on a DVD-like disc. They 
also offer a unique form of long-term security. If someone 
makes an optical hologram of a page of information and then 
smashes it, for example, it can be reconstructed from any of 
the pieces. This makes holographic data storage extremely 
reliable. Unlike CDs and DVDs, which store their data on the 
disc’s surface, holograms store data in 3D and those pages can 
overlap in storage space.(25)

Holography is on its way to revolutionizing medicine. 
It can be a tool for visualizing patient data, which will be of 
much use in training students and surgeons. Current systems 
like CT, MRI and ultrasound scans generate complex data 
using advanced imaging technology. This technology has 
the capability to produce full-color, computer-generated 3D 
holograms. For training and display, these holograms require 
no particular viewing devices or glasses. Students and doctors 
can simply look unhindered at the 3D images. These images 
can depict incredibly complex organs and systems of the body, 
like the brain, heart, liver, lungs, nerves and muscles.(25)

Due to the unique ability of DH to store data as a 
volumetric density and read it quickly, it is likely to become 
the storage medium of choice in the future.

Conclusion
DH will significantly disrupt 3D imaging as it has 

the potential to transform radiology and make it truly 
virtual. It can also influence every aspect of medical and 
clinical practice but in particular, it can be a game changer 
in radiology practice. Holographic imaging will provide 
radiologists and radiographers with the freedom to elevate 
the radiology workflow beyond high-resolution monitors, 
into free space. In addition, the complex issue of radiological 
image storage can be addressed with the use of holography. 
There are many questions remaining on how to exploit DHI 
fully in radiological practice. A plethora of clinical trials is 
currently investigating the implementation of 3D DHI and its 
significance in the future of radiology, and on patients.
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Abstract
Background: The purpose of this study was to evaluate the mean values of the portal vein diameter (PVD) and establish its 

ultrasound reference values in healthy Saudi adults.
Methods and Results: A total of 124 healthy adult volunteers (45.2% males and 54.8% females, a mean age of 44.8±16 

years), presenting at the US Department of El-Karama Medical Center in Riyadh, Saudi Arabia, were recruited between November 
2018 and May 2019 for this prospective study. Abdominal ultrasound scans were conducted on a Hitachi Aloka F37 machine with 
a curvilinear transducer with a frequency of 3.5 MHz. The data collection sheets completed for each subject included the following 
variables: sex, age, height, weight, and BMI (kg/m2). The mean PVD was 10.40±1.22 mm and higher in men (10.7±1.1 mm) 
than in women (10.1±1.2 mm) (P<0.05). Study results showed that PVD did not correlate with age and BMI. 

Conclusion: Further large-scale studies are needed to establish ultrasound reference values for PVD in healthy Saudi adults. 
(International Journal of Biomedicine. 2020;10(3):211-214.)

Key Word: portal vein diameter • ultrasound • body mass index • age

Abbreviations
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Introduction
The portal vein (PV) is the main vessel of the portal 

venous system, resulting from the confluence of the splenic and 
superior mesenteric veins.(1) The portal vein and hepatic artery 
form the liver’s dual blood supply. The portal vein supplies the 
liver with 70–75% of its blood and the hepatic artery provides 

the remaining 25–30%.(2) The normal portal vein diameter 
(PVD) can vary between 10-15 mm in different settings.(3,4) 
The most common abnormality of the portal venous system is 
portal hypertension.

Various modern imaging technologies such as ultrasound, 
endoscopic ultrasound, computed tomography, and magnetic 
resonance imaging, have been widely used in the clinical 
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evaluation of portal hypertension.(5) Among these modalities, 
ultrasound is the most convenient and noninvasive imaging 
technique. Ultrasound (US) is safe, can be repeated easily, is 
not expensive, and is highly sensitive in detecting thrombosis 
in the portal vein and hepatic veins, so allowing a correct 
differential diagnosis of new cases of portal hypertension.(6-8)

Measurements of PVD are used as indicators for portal 
hypertension. However, the cutoff point for portal hypertension 
in the appropriate clinical setting varies in different studies.(4,9-11)

Thus, the purpose of this study was to evaluate the mean 
values of PVD and establish its ultrasound reference values in 
healthy Saudi adults.

Materials and Methods
This study is a cross-sectional prospective study done after 

receiving approval from all participants in this study and our 
institutional review board. A group of 124 healthy adult volunteers 
(mean age of 44.8±16 years), presenting at the US Department 
of El-Karama Medical Center in Riyadh, Saudi Arabia, were 
recruited between November 2018 and May 2019 for this 
prospective study. The current study adhered to the Declaration 
of Helsinki and Title 4, US Code of Federal Regulations, Part 
46, Protection of Human Subjects. A waiver of informed consent 
was conceded as per institutional rules. Participants who gave 
any data of a formerly known liver or vascular abnormality were 
excluded, also pregnant women, participants with abnormal 
liver tests, and participants on hepatotoxic drugs such as anti-
tuberculous and antiretroviral drugs were excluded.

Abdominal US scans were conducted on a Hitachi Aloka 
F37 machine (Hitachi Medical System, Tokyo, Japan) with a 
curvilinear transducer with a frequency of 3.5 MHz. The US 
examination was carried out with the subjects in the supine and 
right anterior oblique position. The transducer was placed in 
the upper abdomen immediately over the stomach (epigastrium 
area); the scan has been done in both the longitudinal and 
transverse planes to assess the PV during participant respiration 
when the visualization of the PV was optimal.

Measurements were made at a point where the PV crosses 
anterior to the inferior vena cava, with the calipers placed between 
the inner margins of the echogenic walls of the vessel (Fig. 1).

 Measurements were made twice by two sonographers 
with at least 5-year experience. The average values of the two 
measurements were recorded as the final value. 

The data collection sheets completed for each subject 
included the following variables: sex, age, height, weight, and 
BMI (kg/m2).

The obtained data were analyzed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, IL, USA) version 20. Continuous variables were 
presented as mean±standard deviation (SD). For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Pearson’s correlation coefficient (r) was 
used to determine the strength of the relationship between 
the two continuous variables.  A linear regression model was 
constructed. A probability value of P<0.05 was considered 
statistically significant.

Results and Discussion
The study included 56 (45.2%) males and 68 (54.8%) 

females, aged between 18 and 91 years, with a mean age 
of 44.88±16.32 years. The mean PVD was 10.40±1.22 mm 
(10.1±1.2 mm in females and 10.7±1.1 mm in males, P<0.05 
(Table 1, Table 2, Table 3, and Fig. 2). Study results found that 
there was no significant correlation between BMI and PVD 
(P>0.05) (Table 4). 

Fig. 1.  Transverse view of the portal vein 

Table 1. 
Descriptive statistics of study variables (n=124)

Variables Minimum Maximum Mean SD
Age (years) 18 91 44.9 16.3
Weight (kg) 39 92.5 90.5 100.7
Height (cm) 100 188 161.2 17.1
BMI (kg/m2) 13 43.4 41.1 4.9
PVD (mm) 8 13 10.4 1.2

Table 2. 
Descriptive statistics of study variables in females (n=68)

Variables Minimum Maximum Mean SD
Age (years) 18 91 45.8 17.1
Weight (kg) 39 92,5 88.7 104.5
Height (cm) 100 188 154.4 19.8
BMI  (kg/m2) 13 43.4 38.7 5.0
PVD (mm) 8 13 10.1 1.2

Table 3. 
Descriptive statistics of study variables in males (n=56)

Variables Minimum Maximum Mean SD
Age (years) 18 81 43.7 15.4
Weight (kg) 45 79.5 92.8 96.8
Height (cm) 145 182 169.4 7.0
BMI (kg/m2) 18.1 38.9 44.0 4.8
PVD (mm) 8 13 10.7 1.2
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In eleven different studies implemented to measure 
the PVD by using abdominal US scans, the mean PVD was 
10.87±0.81 mm, 8.1±0.12 mm, 10.3±1.5 mm, 11.5±1.5 mm, 
9.2±2.6 mm, 10.0±1.8 mm, 6.3±2.3 mm, 11±2.0 mm, 9.36±1.65 
mm,  9.60±1.41mm, and 10.02±0.89 mm, respectively.(12-22)

The mean PVD in the current study was compatible with 
the results of Usman et al. (10.87±0.81 mm),(14) Hawaz et al. 
(10.3±1.5 mm)(13), Bhattacharya et al.(12) (10.0±1.8 mm), and 
Adeyekun et al. (10.02±0.89 mm)(15). This might be due to 
the methods adopted by these studies for PVD measurements 
were all done using the trans-abdominal approach and similar 
age group.

In the studies conducted by Weeb et al.(17), Ukperi(18), 
Yazdi and Sotoudeh(19), and Ongoiba et al.(20), the mean PVD 
was 6.3±2.3 mm, 8.1±0.12 mm, 9.36±1.65 mm, and 9.2±2.6 
mm, respectively. These values were lower than our results 
(Table 1, Table 2, Table 3). These differences in diameters 
could be due to the smaller sample size when compared to 
the other study. Also, PVD in the current study was higher 
than the diameters reported by Anakwue and Tsebi (11±2.0 
mm)(15) and Weinerb et al. (11.5±2 mm)(16). To our knowledge, 
the difference between our study and theses previous studies 
could be due to different ethnic groups and races, with varying 
sample sizes. 

Some studies had documented PVD to vary with age, 
gender, and BMI. In our study, PVD was higher in men 
than in women (Table 2 and Table 3). The current findings 
regarding the gender were different than the results of other 
studies, (13,15,22-24) which found no significant influence of 
gender on PVD. Moreover, the influence of age on PVD 
has been documented also in these various researchers with 
varied results.(13,15,22-25) In the current study, we noticed that 
there was no significant correlation between participants’ age 
and PVD (Fig.2) and it was in agreement with the reports of 
other researchers (12,1315,22-25) reported no statistically significant 
influence of age on PVD.

Study results showed that there was no significant 
correlation between BMI and PVD. Our results are in agreement 
with the data obtained by Adeyekun and Tesbi(15). However, 
these results were not similar to previous studies conducted 
by Gosh et al.(26) and Saha et al.,(22) in which the researchers 
found a positive correlation between BMI and PVD. Raut and 
Bahetee(27) reported a positive correlation between PVD and 
other anthropometric parameters. The knowledge of these 
normal variations is essential for surgeons, sonologists, and 
sonographers during the diagnosis of problems that may relate 
to the portal system.

This study is limited by the heterogeneity of the 
population because of the randomized selection process, 
which may influence the exactness of our outcomes and 
lessen the intensity of our conclusions since it makes other 
age groups have a lower factual validity if applied in future 
investigations.

In conclusion, this study established baseline values 
in the normal range of PV diameter in apparently healthy 
Saudi adults and found that PVD positively correlates with 
anthropometric variables. In addition, this study proofs that 
the mean PVD in males was higher than in females while 
BMI and age had no significant correlation with PVD. Further 
large-scale studies are needed to establish ultrasound reference 
values for PVD in healthy Saudi adults.
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Abstract
Background: The aim of this study was to characterize the morphological differences of the corpus callosum (CC) 

concerning gender- and age-related variations, and establish reference values of the CC measurements for Sudanese participants 
using magnetic resonance imaging (MRI).

Methods and Results: MRI scans from 196 males and 189 females, ranging in age from 18 to 84, were reviewed. Only 
MRI studies without pathological findings were included in the analysis. The following measurements were done: the longitudinal 
dimensions of the brain, CC, the genu of CC, the splenium of CC, as well as craniocaudal height of the body of CC. Callosal 
longitudinal dimensions were measured using the Witelson division method. The longitudinal dimension of the genu was found 
to be larger in females (11.12±1.54 mm) than in males (10.73±1.75 mm) (P=0.021). The longitudinal dimension of the brain was 
greater in males (161.6±7.2 mm) than in females (159.3±7.6 mm) (P=0.002). There was a weak statistically significant direct 
correlation between age and CC ratio (r=0.271, P<0.05).

Conclusion: The results revealed that only the genu length showed sexual dimorphism and was larger in females than in 
males. This study showed variabilities regarding the CC dimensions in Sudanese participants compared to the Caucasian, Indian, 
and Japanese population.(International Journal of Biomedicine. 2020;10(3):215-220.)

Key Words: corpus callosum • gender • age • magnetic resonance imaging • Sudanese population
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Introduction
The corpus callosum (CC) is unique to placental mammals 

in the brain structure that connects the right and left hemispheres. 

It consists of approximately 200 million neural fibers and is 
responsible for the interhemispheric transfer of information and 
higher-order cognition.(1) The most parsimonious explanation 
for callosal evolution is that it arose to facilitate long-distance 
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integration within large brains.(2) Callosal fibers are first found 
in human embryos at 10–11 weeks of gestation, and by 12–13 
weeks, a rudimentary callosal plate can be seen.(3) It connects 
the non-olfactory areas of the right and the left cerebral cortex. 
Initially, it forms a small bundle in the lamina terminals. As a 
result of the continuous expansion of the neopallium, however, 
it extends first anteriorly and then posteriorly, arching over the 
thin roof of the diencephalon.(3) The CC first enlarges caudally 
then develops rostrally. Myelination occurs relatively slowly 
over the lifespan, with the process completing in puberty.(4) 
Myelination progresses caudally to rostrally, much as the CC 
develops, from the splenium to the genu and rostrum. It begins 
to develop around the 12th week of gestation and matures 
through a complex process of neuronal migration, development, 
and eventual neuronal pruning.(1,4) By week 20, the CC can be 
seen on a sonogram or fetal MRI.(4) Although the CC may be 
considered fully developed by around age, as with most neural 
structures, it likely continues to change over the lifespan.(5,6)

The majority of the literature has found that outcomes 
are better for individuals with dysgenesis of the CC when 
compared to individuals with complete agenesis of corpus 
callosum, though there is some conflicting evidence. Moderate 
evidence suggests that the presence of the anterior commissure 
which consists of the rostrum and the genu correlates with 
better cognitive and/or developmental functioning, though 
very few child studies have documented the degree of 
dysgenesis or which segments of the CC.(7,8)

The variability of the adult CC may vary with gender 
and age. There are, however, little data on the morphology of 
the CC in the Sudanese population. The purpose of this study 
was to investigate the relationship between morphometric CC 
measurements, age, and gender and establish CC reference 
values in Sudanese adults using MRI.

Materials and Methods
This study was approved by the local ethics committee 

and the Institutional Review Board (IRB) of the Faculty of 
Radiology, University of Medical Sciences and Technology 
(UMST), Khartoum, Sudan. A group of 385 participants (196 
males and 189 females), presenting at the MRI units of Al-
Zytouna Specialized Hospital, Royal Care Hospital, Al-Ribat 
Teaching Hospital, Antalya Hospital, Dar Al-Elaj Specialized 
Hospital, Fedail Hospital, and Al-Amal Hospital (Khartoum, 
Sudan), were recruited between March 2015 and August 
2015 for this descriptive study. A disclaimer of the informed 
consent form was conceded as per institutes rules. Participants 
who gave data of a formerly known CC or the history of any 
neurological disease were excluded.

MRI brain examinations were conducted on a 1.5 Tesla 
MRI machine (Toshiba Medical Systems, Tokyo, Japan) at 
the Al-Zaytouna Specialist Hospital, Dar Al-Elaj Specialized 
Hospital, and Royal Care Hospital. A 1.5 Tesla MRI unit 
(Siemens Medical Systems, Munich, Germany) was used to 
examine participants at Fedail Hospital and Al-Ribat teaching 
hospital. In addition, a 1.5 Tesla MRI unit (Philips Medical 
Systems, Amsterdam, Netherlands) and (GE Healthcare 
Medical Systems, Chicago, United States) was used in Al-

Amal Hospital and at Antalya Hospital, respectively.
Each patient was scanned supine on the examination 

couch with his or her head within the head coil. The head is 
adjusted so that the interpupillary line is parallel to the couch. 
The brain MRI protocol included the following imaging 
planes: a) sagittal T1-weighted images, b) axial T1-weighted 
images, c) axial T2-weighted images, d) axial fluid-attenuated 
inversion recovery (FLAIR) protocol, and e) coronal T2-
weighted images. Slice thickness/interslice gap of 5/1.5 mm 
and matrix size of 256×192 were used.

In this study, we measured the longitudinal and vertical 
dimensions of the corpus callosum and its various parts. For 
each case, using a mid-sagittal view of the cerebral hemispheres, 
the following global dimensions were measured (2,9,10) (Fig.1.): 
AB - Longitudinal dimension of the brain from the frontal to 
the occipital pole (anterior-posterior length (APL) of the brain); 
EZ - Length of CC from the most anterior point of the genu to 
the most posterior point of the splenium. Using the Witelson 
division method, the longitudinal dimensions of the genu (E/3), 
and splenium (E/5) were measured. The width of the CC middle 
portion was considered as the body dimension. (11)

Each image was recalled from the MRI computer’s hard 
disk; brightness and contrast were set to approximate images 
used for clinical evaluation; the area of the CC was computed 
with the standard MRI software.

The obtained data were analyzed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., Chicago, 
IL, USA) version 20. Continuous variables were presented as the 
mean, standard error of the mean (SEM), standard deviation (SD). 
For data with normal distribution, inter-group comparisons were 
performed using Student's t-test. Pearson’s correlation coefficient 
(r) was used to determine the strength of the relationship between 
the two continuous variables. A probability value of P<0.05 was 
considered statistically significant.

Results and Discussion
A total of 385 Sudanese individuals participated in the 

study, aged from 18 to 84 years, with a mean of 41.7±18.6 

Fig 1. Brain MRI image demonstrates the measured 
dimensions. 
A - Frontal pole of the brain; B - Occipital pole of 
the brain; E - Genu of CC; Z - Splenium of CC (9)
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years. Of the 385 participants, there were 196(50.9%) males 
(mean age of 44.9±19.37 years) and 189(49.1%) females 
(mean age of 38.4±17.19 years). 

CC morphometric measurement parameters are shown 
in Table 1.The study revealed that the mean values for the 
longitudinal dimensions of the CC, genu, splenium, and body 
width were 74.23±5.12 mm, 10.92±1.6 mm, 10.92±1.47 mm, 
and 5.43±0.89 mm, respectively, while the mean value for for 
the longitudinal dimension of the brain  was 160.5±7.5 mm.

Differences between males and females with their levels 
of significance are summarized in Table 2. We found that the 
genu length was greater in females (11.12±1.54 mm) than in 
males (10.73±1.75 mm) (P=0.021). Our findings were not 
similar to the results obtained by Mourgila et al.(2) for the Greek 
population and Takeda et al.(12) for the Japanese population. In 
addition, there were no statistically significant gender-related 
differences for the longitudinal dimensions of the CC and 
corpus callosal splenium, as well as for the corpus callosal 
body dimensuin. Our findings were not similar to the results 
obtained by Suganthy et al.(13) for the Indian population. There 
was a statistically significant gender-related difference for 
anterior-posterior length (APL) of the brain: 159.3±7.6 mm 
in females and 161.6±7.2 mm in males (P=0.002) (Table 2). 

In this study, the CC index (CCI) was estimated by the 
following formula: CCI = (genu dimension + body dimension 
+ splenium dimension)/APL of the brain. The current findings 
reported that the mean value of CCI was 0.170±0.021. There 
was a statistically significant gender-related difference for 
CCI: 0.173±0.020 in females and 0.167±0.021 in males 
(P=0.004) (Table 3). 

We found a weak but statistically significant indirect 
correlation between age and CCI (r=-0.370, P<0.05) (Fig 7).

Our results showed a positive correlation between CC 
length and age. Also, there was a weak direct correlation 
between age and APL of the brain. Further, the relationship 
between age and dimensions of CC (genu, body, and splenium) 
and APL of the brain, CCI, and the CC ratio was presented in 
Figures 2-8. 

Table 1. 
Descriptive statistics of study variables (n=385)

Variables Minimum Maximum Mean SD

Splenium dimension (mm) 6.1 16.9 10.92 1.47

Genu dimension (mm) 4.4 15.6 10.92 1.6

Body dimension (mm) 2.3 7.9 5.43 0.89

Length of CC (mm) 59.8 86.6 74.23 5.12

APL  of the brain (mm) 139 183 160.5 7.5

Age 16 84 41.76 18.60

Table 2. 
Dimensions of CC in the Sudanese participants according to gender

Variables Gender n Mean SD SEM P-value

Age (yrs)
Male 196 44.94 19.37 1.38

0.001
Female 189 38.47 17.19 1.25

Genu dimension (mm)
Male 196 10.73 1.75 0.12

0.021
Female 189 11.12 1.54 0.11

Body dimension (mm)
Male 196 5.38 0.95 0.06

0.270
Female 189 5.48 0.82 0.05

Splenium dimension (mm)
Male 196 10.84 1.46 0.10

0.316
Female 189 10.99 1.47 0.10

Length of CC (mm)
Male 196 74.58 4.87 0.34

0.168
Female 189 73.86 5.35 0.38

APL of the brain (mm)
Male 196 161.6 7.2 0.50

0.002
Female 189 159.3 7.6 0.50

Table 3. 
The statistics of CCI in Sudanese participants according to gender

Variable Gender n Mean SD SEM P-value

CCI
Male 196 0.167 0.021 0.0015

0.004
Female 189 0.173 0.020 0.0014

Fig. 2. The relationship between age and the CC genu dimension

Fig. 3. The relationship between age and the CC body dimension
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In this study the CC ratio was defined as CC length 
divided by APL of the brain.(2,9,10) The current findings reported 
that the mean value of the CC ratio was 0.46±0.03 (0.461±0.025 
in males and 0.463±0.03 in  females, P>0.05) (Table 4). There 
was a weak but statistically significant direct correlation 
between age and CC ratio (r=0.271, P<0.05) (Fig 8).

Several MRI studies were conducted to determine the 
dimensions, morphology, and gender-related differences of 
CC in different countries.2,12,13  Mourgila et al.(2) found that 
there was minimal variability in the dimensions and relative 

Fig 4. The relationship between age and the CC splenium dimension.

Fig. 5. The relationship between age and the CC length

Fig. 6. The relationship between age and APL of the brain.

Fig. 7. The relationship between age and CCI.

Table 4. 
The CC ratio statistics according to gender

Variable Gender n Mean SD SEM P-value

CC ratio
Male 196 0.461 0.025 0.001

0.502
Female 189 0.463 0.033 0.002

Fig. 8. The relationship between age and CC ratio. 
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dimensions of the corpus callosum among all Greek subjects. 
The longitudinal dimensions of the genu (EZ/3) and total corpus 
callosum (EZ) were found to be larger in males, whereas the 
longitudinal dimension of the splenium (EZ/5) was larger in 
females. Although there was no statistical correlation between 
corpus callosum and brain dimensions, the authors noted that 
there was a symmetry between corpus callosum and brain 
size, with stable proportions, in every studied individual.

For Iranian subjects (n=100), Mohammadi et al.(9) found 
that the longitudinal dimensions of CC, genu, and splenium 
were larger in males than in females, but these differences were 
not significant. Furthermore APL of the brain was significantly 
larger in males than in females (P<0.05). The length of CC 
increased with age and there was also a positive significant 
correlation between the CC length and APL of the brain.

For Japanese subjects (n=205), Takeda et al.(12) found 
that the width of the corpus callosum, including the rostrum, 
body and splenium, gradually decreased with age.  No sex-
related differences in the longitudinal dimensions of CC, 
including CC length (69.7±4.15 mm in males and 69.4±4.33 
mm in females) were observed.

In a study performed by Suganthy et al.,(13) the size of the 
corpus callosum on midsagittal section was measured in 100 
(50 males and 50 females) normal adult Indians. The authors 
reported that the corpus callosum was longer in males and 
the discriminant score to differentiate gender was determined 
with an accuracy of 66%; the length of the corpus callosum 
increased with age.

Bermudez and Zatorre(14) used MRI to measure 
midsagittal CC area in 137 young normal volunteers. Male 
subjects showed significantly larger absolute total area, 
as well as anterior third and posterior midbody. However, 
females showed relatively larger total area, anterior midbody, 
and splenium.

For North-West Indian population, Gupta et al.(10) showed 
that the CC length was 7.57 cm in males and 7.1 cm in females; 
the CC height was 3,27 cm in males and 2.59 cm in females. 
The authors revealed that the Indian values were found to be 
more than the Japanese values for length, height and most of the 
widths of CC. The length and width of CC were found to be less 
than those of Caucasian population. 

In another study conducted by Gupta et al.(15), the only 
CC parameter, which showed sexual dimorphism, was larger 
CC length in males.

In the current study, the dimension of the CC concerning 
the genu was found to be larger in females in contrast to the 
findings of Mourgila et al.(2)  and Mohammadi et al.(9) 

A  statistically significant gender-related difference 
for (APL) of the brain found in our study (159.3±7.6 mm in 
females and 161.6±7.2 mm in males (P=0.002))  (Table 2) was 
in agreement with a previous study by Mohammadi et al.(9) In 
the current study, we found a weak positive direct correlation 
between age and APL of the brain. A statistically significant 
correlation between age and CC length revealed in the current 
study (Fig.3) was similar to results obtained by Mohammadi 
et al.(9) and Suganthy et al.(13)  

In our study, only the genu length showed sexual 
dimorphism and was larger in females than in males. A longer 

corpus callosum in the males has been reported in study by 
Suganthy et al.(13) Concerning the CC length (74.5±4.87 mm 
and  73.8±5.35 mm in females), our results were higher when 
compared to studies conducted by Mourgela et al.(2) and Takeda 
et al.(12), in the other hand these findings were compatible with 
the results of Gupta et al.(10)

The differences in quantitative data of CC in various 
areas of the world, which were seen in different studies, might 
be due to racial/ethnic factors.(2,9,10,15) Further large-scale 
studies are needed to estimate differences among various 
ethnicity/races and establish the standard CC dimensions in 
each population.

In conclusion, the results revealed that only the genu 
length showed sexual dimorphism and was larger in females 
than in males. This study showed variabilities regarding the 
CC dimensions in Sudanese participants compared to the 
Caucasian, Indian, and Japanese population.
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Abstract
Background: The aim of this study is to use CT images to characterize the foramen magnum (FM) in a sample of Sudanese 

participants and examine the effect on FM diameters of patient height and the diameter of the base of the skull to help predict 
pathological conditions according to organ size.

Methods and Results: This study was conducted between January 2016 and March 2016 and included 50 patients (60% male 
and 40% female, aged between 20 and 85 years) with normal cranial CT images. The mean values of the FM sagittal diameter 
(FMSD) for female and male subjects were 35.80±2.88 mm and 37.41±3.27 mm, respectively. The mean values of the FM 
transverse diameter (FMTD) for female and male subjects were 28.8±1.96 mm and 30.93±2.95 mm, respectively. A weak direct 
correlation was found between FMSD and the length of the base of the skull (r=0.177), indicating that the diameter of the base 
of the skull is related to the measurement of the FM. Weak direct correlations were also found between patient height and FMSD 
(r=0.023) and patient height and BSL (r=0.044).

Conclusion: The effect of the diameter of the base of the skull on the FM diameters was very weak. There was a relationship 
between FMSD and patient height, although this correlation was weak.(International Journal of Biomedicine. 2020;10(3):221-225.) 

Key Words: foramen magnum • base of the skull • computed tomography

Introduction
The foramen magnum (FM) is a large circular opening 

in the occipital bone of the human skull.(1,2) It is one of several 
oval openings (foramina) in the skull’s base, and the spinal 
cord, an extension of the medulla, passes through the FM as 
it exits the cranial vault. Apart from the transmission of the 
medulla oblongata and its membranes,(1,2) the FM transmits the 
vertebral arteries, anterior and posterior spinal arteries, tectorial 

membranes, and alar ligaments. It also allows the spinal 
component of the accessory nerve to pass into the skull.(2,3) The 
configuration and size of the FM play an important role in the 
pathophysiology of various craniovertebral junction disorders.

Stenosis of the FM causes brainstem compression, 
which is often manifested by respiratory complications, lower 
cranial nerve dysfunction, upper and lower extremity paresis, 
hypo- or hypertonia, hyperreflexia, or clonus.(4,5) Therefore, 
fundamental knowledge of this region’s normal anatomy is 
important to clinicians when diagnosing patients. Radiological 
images such as those from computed tomography (CT) are 
widely used for FM measurements.(6)

In 1972, CT scans were commercially introduced in the 
radiology field, and as the first fully digital imaging device, it 
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was truly revolutionary in diagnostic imaging. In conventional 
CT, the X-ray tube and detector rotate around the patient while 
the table remains stationary. The X-ray beam is attenuated by 
absorption and scatter as it passes through the patient. With the 
detector measuring transmission, multiple measurements are 
taken from different directions as the tube and detector rotate.
(6) A computer reconstructs the image for a single slice, and 
the patient and table are then moved to the next slice position 
and the next image is obtained. To develop spiral (helical) CT 
images, the X-ray tube rotates continuously while the patient 
and table move through the scanner.(6) Instead of individual 
slices, a block of data in the form of a helix is obtained. The 
scans can be performed during a single-breath hold, which 
reduces misregistration artifacts, which often occur when 
a patient has different respiratory depths. CT scanners with 
multiple rows of detectors allow the acquisition of multiple 
slices in one spiral acquisition, leading to many applications, 
such as multi-planer reconstruction, maximum intensity 
projection, three dimensions, and so on.(6) In conjunction 
with fast rotation speeds, the volume coverage and speed 
performance are improved.(6) CT is a reliable modality that 
provides accurate bone measurements. In addition, it reduces 
the impact of overlapping structures and offers clear and 
precise images with high resolution.(7,8)

To the best of our knowledge, there are no anatomical 
studies of the FM in the Sudanese population. The aim of this 
study is to use CT images to characterize the FM in a sample of 
Sudanese participants and examine the effect on FM diameter 
of patient height and the diameter of the base of the skull to 
help predict pathological conditions according to organ size.

Materials and Methods
This study was conducted between January 2016 

and March 2016 and included 50 patients (60% male and 
40% female, aged between 20 and 85 years, mean age 
of 49.24±19.69 years) with normal cranial CT images. 
Participants with abnormal cranial CTs or poor quality images 
were excluded. 

The current study adhered to the Declaration of 
Helsinki and Title 4, US Code of Federal Regulations, Part 46, 
Protection of Human Subjects.

Cranial CT scans were obtained from the scanner’s 
local database and backed up on a compact disc from the CT 
library. The scans were performed using a multislice helical 
CT scanner (Toshiba 2009 model). Measurements were made 
with a Toshiba 16-slice and 4-slice Medical System. During 
CT scanning, patients were supine with their heads first and in 
a good position for the rest of the body. The FM measurements 
(sagittal and transverse) were obtained from reformatted axial 
sections (5 mm thickness, 150 kVp, 200–230 mAs, 1800 
AU window levels, and 35–45 s scan time) using helical CT 
scans All selected sections were parallel to the FM plane to 
ensure that the best images of the FM were included. The FM 
length diameter was recorded as the greatest antero-posterior 
dimension of the FM (i.e., the FM sagittal diameter [FMSD]). 
The FM width diameter was recorded as the greatest width 
of the FM (i.e., the FM transverse diameter [FMTD]) (Fig.1). 

The area of the FM was automatically obtained after tracing 
the bony margin of the FM on a CT image with a resolution 
of 1280×1042 (full-screen format), using a 3D program on the 
CT workstation (Fig.2).

Methods for measuring the foramen magnum and skull base
The following descriptive and metric measurements 

were taken.(2) FMSD included the direct distance from the 
basion to the opisthion. FMTD included the distance between 
the lateral margins of the FM at the points of greatest lateral 
curvature. The width of the base of the skull (BSW) was 
measured from the outside of the roots of the zygomatic 
processes at their deepest curvature to slightly anterior to the 
external auditory meatus. The length of the base of the skull 
(BSL) was measured from the distance between the anterior 
and posterior borders (Fig.1).

The data collection sheets completed for each subject 
included the following variables: sex, age, height, and FM and 
skull base diameters. 

Statistical analysis was performed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, IL, USA) version 22 for Windows. The normality 
of distribution of continuous variables was tested by one-
sample Kolmogorov-Smirnov test. Continuous variables were 

Fig. 1. FMTD and FMSD.(17)

Fig. 2. CT images of the FM in 3D views: (A) A 47-year-old 
woman (the width and length of the base of the skull and FM; 
(B) A 25-year-old man (the width and length of the base of the 
skull and FM; (C) A 27-year-old woman (the width and length 
of the base of the skull and FM).
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presented as mean±standard deviation (SD). For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Pearson’s correlation coefficient (r) was 
used to determine the strength of the relationship between the 
two continuous variables.  A probability value of P<0.05 was 
considered statistically significant.

Results
The following tables and figures present the data 

obtained from 50 patients with normal cranial CT scans at 
radiology departments. FMSD, including all subjects, ranged 
from 30 mm to 45 mm and from 26 mm to 35 mm for FMTD 
(Table 1). The mean FMSD and FMTD were 36.76±3.37 mm 
and 30.06±2.77 mm, respectively (Table 1).

This study compared the means and standard deviations 
of the FM diameters for males and females. The mean values 
of FMSD for female and male subjects were 35.80±2.88 mm 
and 37.41±3.27 mm, respectively. There was no statistically 
significant difference between the two groups. The mean 
values of FMTD for female and male subjects were 28.8±1.96 
mm and 30.93±2.95 mm, respectively (Tables 2 and 3). There 
was a statistically significant difference between the sexes.

FMSD and FMTD for all patients are represented in 
Figures 3 and 4, respectively. Figures 5 and 6 include the 
BSL and BSW for all patients, respectively. A weak direct 
correlation was found between FMSD and BSL (r=0.177), 
indicating that the diameter of the base of the skull is related 
to the measurement of the FM. Weak direct correlations were 
also found between patient height and FMSD (r=0.023) and 
patient height and BSL (r=0.044).

Table 1.
Statistical parameters for all patients

Parameters Mean SD Min Max
Age 49.24 19.69 20 85
Height 165.66 7.90 145 180
FMSD 36.76 3.37 30 45
FMTD 30.06 2.77 26 35
BSL 178.98 7.92 160 195
BSW 125.60 6.60 112 142

Table 2.
Statistical parameters for females

Parameters Mean SD Min Max
Age 48.55 19.57 20 84
Height 161.70 7.59 145 175
FMSD 35.80 2.88 31 41
FMTD 28.80 1.96 26 33
BSL 174.15 7.58 160 187
BSW 120.85 5.02 112 133

Table 3.
Statistical parameters for males

Parameters Mean SD Min Max
Age 49.70 20.30 22 85

Height 168.30 7.06 155 180
FMSD 37.41 3.57 30 44
FMTD 30.93 2.95 26 35
BSL 182.2 6.45 169 195

BSW 128.77 5.59 118 142

FMSD
Fig. 3. The distribution of FMSD for all patients.

FMTD
Fig. 4. The distribution of FMTD for all patients.

BSL
Fig. 5. The distribution of BSL for all patients.
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Discussion
This study aimed to characterize the dimensions of 

the FM in a Sudanese sample using CT images. The FM is 
vital in identifying the gender of unknown skeletal remains, 
a process particularly important in forensic radiology because 
remains are often compromised by fragmentation damages 
that affect the accuracy of sex determination.(9) Because of its 
anatomical position, the FM is protected by the occipital bone 
and has an increased potential for survival, making it ideal for 
determining sex.(10)

The results of the current study show that although the 
FM dimensions (length and width) for males were larger than 
for females, this difference was not statistically significant. 
These results concur with previous studies.(9-11) FMSD and 
FGTD were 36.11 mm and 29.56 mm in males and females, 
respectively. FMSD and FMTD showed no difference across 
subjects from 20 to 79 years of age, which is similar to the 
findings of this study.(11) However, our results confirm the 
presence of sex differences in FM dimensions in a Sudanese 
sample.

Toneva  et al.(12) compared the results of 20 previous 
studies and found that the FM dimensions in Bulgarian males 
are very similar to those of Turkish, Greek, and Spanish males.
However, they also found that the FM in Bulgarian females 
is slightly longer and narrower than in Turkish, Greek, and 
Spanish females. Our FM measurements were similar to those 
of an Egyptian population study, which found no statistically 
significant sex difference.(3) Gruber et al.  stated that FM 
sizes are relatively similar for most of the recently studied 
populations.(13) Therefore, FM size is not perfect for ethnicity 
identification.(13) The configuration of the FM created from 
developmental changes affects the morphology of the four 
parts of the intraoccipital synchondroses and the occipital 
bone, and in modern humans the dominant FM shape is oval 
or oval to round.(14) Sudanese, Polish, and Greek populations 
more frequently demonstrate an oval shape,(14,15) and a 
round shape is more frequently found in Turkish and Swiss 
populations.(15,16)

This study attempted to find a correlation between 
FMSD, BSL, and patient height. There was a weak correlation 

among the three measurements. The main limitation of this 
study is its small sample size, but we suppose that expanding 
the sample size may not lead to finding a significant difference 
in FM size in a larger population.

In conclusion, the FM dimensions in Sudanese males 
were greater than in females. There was a direct relationship 
between FMSD and BSL, but this correlation was weak. 
The effect of the diameter of the base of the skull on the FM 
diameter was very weak. In addition, there was a relationship 
between FM diameter and patient height, although this 
correlation was weak. There was no influence of patient height 
on the measurement of FM.
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Abstract
Background: A change in renal length may be evidence of many renal diseases. The aim of our study was to produce 

reference ranges for renal length in Sudanese children up to 5 years of age using ultrasonography.
Methods and Results: This cross-sectional study was done to measure the normal size of kidneys in pediatrics up to 5 

years of age using ultrasound. The study was conducted at Khartoum state in the Emergency Department of Albuluk Pediatric 
Hospital and Jafar Ibn Ouf Referral Pediatric Hospital from March to June 2018. The study included 101 Sudanese children up to 
5 years with normal renal function tests and urine analysis. All ultrasound examinations of the kidneys were performed on a GE 
Logiq F6 Ultrasound Machine. The longitudinal measurement was obtained from the coronal section, while thickness and width 
were measured in the transverse section. The study revealed that mean measurements of the right kidney (RK) were 6.74±1.16 
cm, 3.12±0.68 cm, and 2.59 ±0.58 cm for length, width, and anteroposterior diameter, respectively, and for the left kidney (LK) 
6.98±1.10 cm, 3.25±0.65 cm, and 2.74±0.60 cm, respectively. There was no significant difference in renal length according 
to gender. The study concluded that the renal length in pediatric up to 5 years old can be predicted by age using the following 
regression equations: RK length=0.0422×age+5.4182cm (R²=0.4636), LK length=0.0392×age+5.7472cm (R²=0.4539).

Conclusion: The study found a significant correlation between RK, LK length and age (r=0.68 for RK and r=0.67 for LK, P 
<0.01). Age is an important influencing factor for assessing kidney length since there is a strong, significant correlation between 
age and kidney length. (International Journal of Biomedicine. 2020;10(3):226-230.) 

Key Words: kidney length • ultrasound • age • height • weight

Abbreviations
BMI, body mass index; KL, kidney length; RK, right kidney; LK, left kidney; RKL, RK length; LKL, LK length

Introduction
A change in renal length may be evidence of many renal 

diseases, so it is essential to know the average reference values 
in children concerning their age, gender, height, weight, and 

BMI. Several studies suggested that there is a good correlation 
between KL and body parameters such as BMI, weight, height, 
and age. Sex does not affect kidney dimensions in pediatrics; 
in practice, the most used charts are KL according to age.(1) 

One of the previous studies stated that the most influential 
factor among the other values is height. Furthermore, 
considerable correlations were found between KL and height, 
age, weight, and body surface area. The rapid growth of height 
in children during the first two years was primarily associated 
with a similar increase in KL, suggesting that height should be 
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considered an essential factor correlating with renal length.(2) 

The Sudanese population differs from others in body 
habitus. Therefore, the renal measurements may differ from 
those mentioned in the literature. It is particularly important to 
obtain a growth chart for standard measurement of kidneys to 
avoid misdiagnosis of acute or chronic renal diseases, which 
may affect the renal size. However, no published data have 
been reported for the measurement of healthy kidneys in 
Sudanese children. 

Thus, the aim of our study was to produce reference 
ranges for renal length in Sudanese children up to 5 years of 
age using ultrasonography.

Materials and Methods
This cross-sectional study was done to measure the 

normal size of kidneys in pediatrics up to 5 years of age using 
ultrasound. The study was conducted at Khartoum state in the 
Emergency Department of Albuluk Pediatric Hospital and Jafar 
Ibn Ouf Referral Pediatric Hospital from March to June 2018. 
The study was approved by the ethics committee of Alzaiem 
Alazhari University, Faculty of Radiological Sciences and 
Medical Imaging. The study included 101 Sudanese children 
up to 5 years with normal renal function tests and urine 
analysis. The exclusion criteria were children with pathology 
in kidneys or medical conditions that may cause enlarged or 
reduced kidney size; these include malnutrition, sickle cell 
disease, and renal diseases (acute and chronic). In addition, 
children suffering from renal masses, cysts, hydronephrosis 
and abnormal renal function were excluded, regardless of the 
size of the kidneys. 

The patients were examined using G.E. Logic F6, 
Denshi UF-4100, and Isaote with 3-4MHz with curvilinear 
probes using the electronic calipers for measurement. Blue 
aqueous gel and sterilized cotton were used for cleaning 
after each examination. A digital weighting scale was used to 
measure the weight, and an Infantometer was used to measure 
the height in children under 2 years. A Standometer was used 
to measure the height of children above 2 years. Verbal consent 
was taken from a relative of those children.

The sonographic examination began with the child 
lying supine on a couch. The kidneys were examined in a 
longitudinal and transverse section with the arms away from 
the chest wall, and the child was instructed to take shallow 
breaths if possible. Measurement of the kidneys was obtained 
with the subjects in the supine position, left lateral decubitus 
and right lateral decubitus. The longitudinal measurement was 
obtained from the coronal section, while thickness and width 
were measured in the transverse section. 

Statistical analysis was performed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, IL, USA) version 16 for Windows. The normality 
of distribution of continuous variables was tested by one-
sample Kolmogorov-Smirnov test. Continuous variables were 
presented as mean±standard deviation (SD). For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Pearson’s correlation coefficient (r) was 
used to determine the strength of the relationship between the 

two continuous variables. The linear regression model and 
coefficient of determination (R2) were calculated. A probability 
value of P<0.05 was considered statistically significant.

Results
A total of 101 Sudanese children participated in the 

study, aged from 1 month to 5 years old, with a mean of 
31.37±18.79 months; height ranged from 50 cm to 110 cm, 
with a mean of 81.22±14.11 cm; weight ranged from 3 kg to 
29 kg, with a of mean 12.66±4.99 kg; and  BMI ranged from 
9.8 kg/m2 to 36.36 kg/m2, with a mean 18.77±4.65 kg/cm2 

(Table 1). The study revealed that mean measurements of the 
RK were 6.74±1.16 cm, 3.12±0.68 cm, and 2.59±0.58 cm for 
length, width, and anteroposterior diameter, respectively, and 
for the LK - 6.98±1.10 cm, 3.25±0.65 cm, and 2.74±0.60 cm, 
respectively; the LK was longer than the RK (Table 1).

The children were classified into 5 age groups (Table 2). 
The mean RLK increased steadily with age from 5.61±0.78 cm 
in Group 1 to 7.80±0.94 cm in Group 5. The study revealed that 
the mean RKL was 5.61±0.78 cm, 6.80±0.86cm, 6.76±0.96 
cm, 7.29±0.68 cm, and 7.80±0.94 cm for Groups 1,2,3,4, and 
5, respectively. The RKL increased with increasing age, and 
there was a significantly strong difference with age (P<0.01). 

Table 1.
Clinical characteristics and kidney measurements in the study 
participants

Variables Minimum Maximum Mean±SD
Age (month) 1 60 31.37±18.79
Height (cm) 50 110 81.22±14.11
Weight (kg) 3 29 12.66±4.99
BMI (kg/cm2) 9.80 36.36 18.77±4.65
RK length (cm) 4.5 9.7 6.74±1.16
RK width (cm) 1.5 5.0 3.12±0.68
RK anteroposterior
diameter (cm) 1.2 4.2 2.59±0.58

LK length (cm) 4.8 9.3 6.98±1.10
LK width (cm) 2.1 5.2 3.25±0.65
LK anteroposterior
diameter (cm) 1.8 4.4 2.74±0.60

Table 2. 
Mean lengths of the kidneys in different age groups*

Age groups RKL (cm) LKL (cm)

Group 1: ≤ 1 year 5.61±0.78 5.93±0.80

Group 2: 1 year, 1 month – 2 years 6.80±0.86 7.03±0.93

Group 3: 2 years 1 month to 3 years 6.76±0.96 6.96±0.73

Group 4: 3 years one month to 4 years 7.29±0.68 7.54±0.59

Group 5: 4 years one month – 5 years 7.80±0.94 7.93±0.93

*The RKL and LKL increased with increasing age (P<0.01)
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The study revealed that the mean LKL increased steadily with 
age from 5.93±0.80 cm in Group 1 to 7.93±0.93 cm in Group 
5. The mean LKL was 5.93±0.80  cm, 7.03±0.93 cm, 6.96±0.73 
cm, 7.54±0.59 cm, and 7.93±0.93 cm for Groups 1,2,3,4, and 
5, respectively; there was also a significantly strong correlation 
between LK length and age (P<0.01) (Table 2).

The study found a significant correlation between RK, 
LK length and age, height, weight, and BMI (Table 3). 

Regression analysis showed a linear relationship between 
the measurement of the kidneys and age. KL was estimated with 
the following equations: RKL=0.0422×age(month)+5.4182cm 
(R2=0.4636), LKL=0.0392×age(month)+5.7472cm (R2=4539), 
the mean KL=0.0407×age+5.5827(R²=0.4801) (Figure 1). 

In Group 1 children, there were RKL=0.0844×age(month)
+4.8658cm(R²=0.1306, LKL=0.0907×age(month)+5.1283cm, 
and the mean KL=0.0875×age(month)+4.9971cm (R2=0.1469) 
(Figure 2).

The study predicted that in children of 13 months to 5 
years, RKL=0.0309×age(month)+5.9379cm (R²=0.2109), LK
L=0.0286×age(month)+6.2336cm(R²=0.2099), and the mean 
KL=0.0298×age(month)+6.0857cm(R2=0.2266) (Figure 3). 
There was no significant difference in renal length according 
to gender. However, in boys both kidneys are slightly longer 
than in girls (Table 4 and Figure 4).

 The study found that in children ≤1year, there was 
no significant correlation between the RKL and age, while a 
significant correlation was found between the LKL and age 
(P<0.05). For children aged more than 1 year, there was a 
significant correlation between both renal lengths and age 
(P<0.01) (Table 5).

Table 3. 
Correlations between RK, LK length and age, height, weight, and 
BMI 

Variables RKL (cm) LKL (cm)

Age,month
Pearson Correlation 0.681* 0.674*

Sig. (2-tailed) <0.001 <0.001

Height, cm
Pearson Correlation 0.552* 0.622*

Sig. (2-tailed) <0.001 <0.001

Weight, kg
Pearson Correlation 0.626* 0.657*

Sig. (2-tailed) <0.001 <0.001

BMI, kg/cm2
Pearson Correlation 0.309* 0.259*

Sig. (2-tailed) 0.002 0.009
*- significant correlations

Fig. 1. Linear relationship between RK, LK length and age.

Fig. 2. Linear relationship between RK, LK length and age (up to 1 year)

Fig. 3. Linear relationship between RK, LK length and age 
(from13 months to 5 years)

Table 4. 
Comparison of kidney length in boys and girls

P-valueSEMean±SDGenderVariables

>0.05

0.14866.85±1.10Boy
RKL (cm)

0.18146.60±1.23Girl
0.13087.04±0.96Boy

LKL (cm)
0.18106.88±1.22Girl

    Fig. 4. Comparison of KL in boys and girls.
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Discussion
The growth chart of KL (Table 2) revealed that the mean 

renal length increased gradually with age, for 2 to 3 year olds, 
6.76 cm vs. 6.96 cm for RK and LK, respectively. This finding 
is consistent with the growth chart of a study conducted of 
Korean children, which reported that the mean measurements 
of the kidneys of Korean children 2-3 years old were 6.79 cm 
and 7.07 cm. In this study, the mean RKL and LKL were 7.29 
cm and 7.54 cm for 3-4 year olds, and 7.80 cm and 7.93 cm for 
4-5 year olds, respectively (Table 2). Oh et al. reported that the 
mean RKL and LKL were 7.06 cm and 7.27 cm for 3-4 year 
olds, and 7.53 cm and 7.77 cm for 4-5 year olds, respectively. 
The difference between the mean measurement of our study 
and that of Oh et al. was 2 to 3 mm.(2)

The present study found that there was no significant 
correlation between RKL and age in children up to 1 year, with 
a slightly significant correlation found between LKL and age. 
On the other hand, we found a significant correlation in both 
kidney lengths with age in children more than 1 year old. Oh 
et al. found a significant difference before and after 20 months 
of age.(2)  

 In pediatrics, the LK is longer than the RK. Previous 
studies conducted in Turkey by Özdikici,(3) in India by Otiv et 
al.(4) and Thapa et al.(5) agreed with our findings. They reported 
that the LK is longer than the RK.

Our study found that there was a significant correlation 
between age, height, weight, and BMI of participants, and 
kidney measurements (P<0.001). Oh et al.,(2)  Thapa et al.,(5) 

Gavela et al.,(6) and Ravikumar et al.(7) also found that the 
renal length correlated with different parameters such as 
age, weight, height. Oh et al.(2) and Thapa et al.(5) found the 
correlation was more between KL and height than age and 
weight. Furthermore, our findings are similar to studies 
conducted by Zerin and Blane,(8) who reported a strong 
correlation between KL and height. Body weight showed the 

best correlation with both KLs, according to Warnakulasuriya 
et al.,(9) who found that weight is the most influential factor 
in both KLs.  Additionally, Pantoja Zuzuárregui et al.(10) found 
that BMI is well-correlated with renal length.  In contrast, Kim 
et al.(11) stated that a weak correlation was found between BMI 
and renal length, compared to the correlation between BMI 
and height and weight. Our findings supported the strongest 
correlation of renal length with age, followed by weight, then 
height, and the least one with BMI. 

Regarding the correlation between gender and KL of 
children, this study found  no significant difference in renal 
length according to gender. Most of the previous studies 
supported this finding and reported that girls have smaller 
kidneys than boys do.(4,12-15)

In our study we found that in children ≤1 year the mean 
KL=.0875×age(month)+4.9971cm (R2=0.1469) and in children of 
13 months to 5 years the mean KL=0.0298×age(month)+6.0857cm 
(R2=0.2266). 

These results are consistent with Rosenbaum et al.(16) 

who found that the mean renal lengths per cm for children 
older than 1 year were 6.79+0.22×age(year) (R2=0.70), and 
for children younger than 1 year: 4.98+0.155×age(month) 
(R2=0.34). The minor difference in our equation in this study 
for children older than 1 year was the inclusion of children 
up to 5 years of age only, while they included children from 
several hours to 19 years. 

For Korean children, Kim et al.(17) found that 
KL(mm)=45.953+1.064×age(≤24months)(R2=0.720) or 

62.173+0.203×age(>24months)(R2=0.711).
Akhavan et al.(18) stated that in children 1 year of age and 

more, KL(cm)=age(years)×0.3+6(R2=0.81), but in infants less 
than 1 year, the renal length was poorly estimated by a simple 
age-based formula. 

The study concluded that the renal length in pediatric 
up to 5 years old can be predicted by age using the following 
regression equations: RKL=0.0422×age+5.4182cm (R²=0.4636), 
LKL=0.0392×age+5.7472cm (R²=0.4539). The mean KL in 
children ≤ 1years old: 0.0875×age+4.9971cm (R2=0.1469). The 
mean KL in those of 1 year+ 1day to 5 years: 0.0298×age+6.0857cm 
(R2=0.2266). 

Age is an important influencing factor for assessing KL 
since there is a strong, significant correlation between age and 
KL (r=0.68 for RK and r=0.67 for LK, P<0.01). There was no 
significant difference in renal length according to gender. The 
LK is larger than the RK in pediatric patients up to 5 years. 
Understanding the normal measurements of the children’s 
kidneys is important to reduce the misdiagnosis of renal 
diseases, which may alter the kidneys’ size in pediatrics. 
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Abstract
Background: Sleep disorders are one of the most common problems in patients with arterial hypertension (AH). Circadian 

blood pressure (BP) cycles are most likely associated with the regulatory influence of melatonin. However, in patients with 
hypertension, if melatonin production decreases there is no adequate decrease of BP during sleep. The purpose of this study was 
to analyze the quality of sleep, chronotypes, and clinical, instrumental and laboratory parameters depending on urinary melatonin 
level (UML) to determine a prognosis for the course of AH in patients with insomnia.

Methods and Results: We examined 178 patients with AH and insomnia aged from 30 to 70 years (mean age of 61.3±0.92 
years). The AH diagnosis was based on 2018 ESC/ESH Guidelines for the management of arterial hypertension and Russian 
Society of Cardiology Clinical guidelines – Arterial hypertension in adults (2020). The insomnia diagnosis was based on the 
international classification of sleep disorders (2005). Using Multiple Regression Analysis, we determined the factors that influence 
the levels of systolic BP (SBP) and diastolic BP (DBP) in AH patients with insomnia. 

AH patients with insomnia have a more severe clinical course of the disease, with frequent requests for medical help, altered 
BP variability, high anxiety level, high depression level and low level of the quality of life. The patients with AH and insomnia 
have low UML, which correlated with hypertension grade, chronotypes, high systolic and diastolic BP, BMI, high depression 
level, and low level of the quality of life in the physical and psychological domains. 

Conclusion: The developed methods for calculating the levels of SBP and DBP, depending on UML, body mass index, 
depression level, and PSQI, allow reliably evaluating and controlling the BP level in AH patients with insomnia. (International 
Journal of Biomedicine. 2020;10(3):231-234.) 

Key Words: arterial hypertension • insomnia • chronotype • quality of life

Abbreviations
AH, arterial hypertension; BP, blood pressure; BoP, bodily pain; BMI, body mass index; DBP, diastolic BP; DL, depression 
level; GH, general health; MEQ, Morningness-Eveningness Questionnaire; MH, mental health; PF, physical functioning; PSQI, 
The Pittsburgh Sleep Quality Index; QL, the quality of life; RP, role-physical functioning; RE, role emotional; SF-36, the 36-
Item Short-Form Health Survey; SF, social functioning; SBP, systolic BP; STAI, State-Trait Anxiety Inventory; UML, urinary 
melatonin level; VAS, the 10-point Visual Analogue Scale; VC, vital capacity; VT, vitality; WC, waist circumference. 

Introduction
According to the latest data from the World Health 

Organization, the Russian Federation established itself as a 
leader among developed countries in terms of cardiovascular 
mortality.(1) In addition, diseases of the cardiovascular system 
are the main cause of disability in Russia. One such disease, 

AH, is associated with severe complications, with temporary 
incapacity and permanent disability.(2) AH is one of the most 
common precursors of chronic heart failure. In 70.0% of cases, 
AH forecasts chronic heart failure.(3) 

Sleep disorders are one of the most common problems in 
cardiovascular diseases, including AH.(4) According to various 
studies from European countries, the prevalence of chronic 
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insomnia is from 5.7% to 19.0% of the population.(5) Sleep 
is the main modulator of the pulmonary and cardiovascular 
systems, both in norm and in pathology.(6-8) 

Melatonin is a hormone that is synthesized by the pineal 
gland cells and regulates the sleep-wake cycle. Melatonin 
also has significant antioxidant properties and carries out 
hormonal regulation of the circadian rhythm of the peripheral 
organs through appropriate receptors. Normally, BP during 
sleep is significantly lower than during the wakefulness 
period. Circadian BP cycles are most likely associated with 
the regulatory influence of melatonin.(9)

However, in patients with hypertension, if melatonin 
production decreases there is no adequate decrease of BP 
during sleep. In addition, melatonin can play the role of an 
adaptogen in weather-sensitive persons.(10) 

To indicate the individual characteristics of the 
organization of circadian rhythms, the term «chronotype» 
is proposed. Neurophysiologist N. Kleitman, Swedish 
psychologist O. Okvist, as well as J. Horn and O. Ostberg, 
actively studied various aspects of the rhythmic functions of 
human organs and systems, including human chronotypes.(11)

Three varieties of chronotype were identified: morning 
(“Larks”), intermediate (“Dove”) and evening (“Owl”).  
However, there are no pronounced boundaries between these 
three chronotypes.(12) Therefore, for research purposes, a more 
detailed gradation is used, for example, five chronotypes: 
definitely a morning type (“Lark”), moderate morning type, 
indifferent type (“Dove”), moderate evening type, and 
definitely an evening type (“Owl”).(13) 

The purpose of this study was to analyze the quality of 
sleep, chronotypes, and clinical, instrumental and laboratory 
parameters depending on UML to determine a prognosis for 
the course of AH in patients with insomnia.

Materials and Methods 
We examined 178 patients (98/55.1% men and 80/44.9% 

women)  with AH and insomnia aged from 30 to 70 years 
(mean age of 61.3±0.92 years). The AH diagnosis was based 
on 2018 ESC/ESH Guidelines for the management of arterial 
hypertension and Russian Society of Cardiology Clinical 
guidelines – Arterial hypertension in adults.(14,15)  The insomnia 
diagnosis was based on the international classification of sleep 
disorders.(16) 

The study was approved by the Ethics Committee 
of Voronezh State Medical University named after N.N. 
Burdenko. Written informed consent was obtained from each 
patient. 

A comprehensive clinical examination and laboratory 
tests included the following procedures: 

•Assessment of AH severity (visits to the general practice 
doctor, calls to emergency service, and hospital admissions for 
the past 12 months) 

•Quantity assessment of arterial hypertension symptoms 
(headache, vertigo, seeing spots, general weakness) by VAS

•Anthopometrical reference data: BMI was calculated 
using Quetelet’s formula (in kg/cm2). WC was measured using 
centimetric tape at the navel level on a horizontal line (in cm).

•Assessment of individual chronotype by MEQ(17)

•Assessment of insomnia by PSQI
•Functional test: 24-hour BP monitoring.
•Laboratory test: UML(ng/ml) 
•Assessment of psychosomatic disorders (anxiety level, 

depression level) by STAI and Zung Self-Rating Depression 
Scale

•Assessment of QL by SF-36
All data was evaluated with STATGRAPHICS Plus 

5.1. Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD 
for continuous variables. Student’s unpaired t-test was used 
to compare two groups for data with normal distribution. 
A probability value of P<0.05 was considered statistically 
significant. 

Results and Discussion 
According to clinical examination results, AH Grades 

1, 2 and 3 had 15/8.4%, 110/61.8%, and 53/29.8% patients, 
respectively.  

Assessment of AH severity demonstrated that the 
number of visits to the general practice doctor was 2.67±0.11 
per year, calls to emergency service – 1.0±0.32 per year, and 
hospital admissions – 0.7±0.11 per year. 

Results of quantity assessment of AH symptoms by 
VAS: headache - 5.1±0.10, vertigo - 3.32±0.15, seeing spots - 
2.2±0.09, and general weakness - 7.01±0.16.

According to anthopometrical reference data, 
30/16.8% patients had normal weight; 90/50.6% patients 
were overweight; 49/27.5% patients had first-degree obesity; 
9/5.1% patients had second-degree obesity.

According to MEQ, there were five chronotypes: 
definitely a morning type (“Lark”) in 14/7.9% patients, 
moderate morning type in 17/9.5% patients, indifferent type 
(“Dove”) in 100/56.2% patients, moderate evening type in 
22/12.4% patients, and definitely an evening type (“Owl”) in 
25/14.0% patients.

In patients with AH and insomnia, PSQI was 8.61±0.31, 
which demonstrates poor sleep quality.

According to 24-hour BP monitoring, average daily BP 
(SBD/DBP) was 153±4.2/83±3.2mmHg, average daytime BP 
was 160±3.2/92±2.9mmHg, and average nighttime BP was 
141±2.9/79±3.1mmHg. According to SBP night decrease, 
6/3.4% patients were dippers, 80/44.9% patients were non-
dippers, 89/50.0% patients were night-dippers, and 3/1.7% 
patients were over-dippers. 

According to DBP night decrease, 5/2.8% patients 
were dippers, 79/44.4% patients were non-dippers, 88/49.4% 
patients were night-dippers, and 6/3.4% patients were over-
dippers.

UML was 11.49±1.56 ng/ml. 
According to STAI, there were patents with high and 

medium state and trait anxiety (Table 1). According to the Zung 
Self-Rating Depression Scale, there were patients without 
depression, with mild (neurotic) depression, and masked 
depression. There were not patients with true depression 
(Table 2).
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Patients with AH and insomnia demonstrated a low level 
of QL in the physical and psychological domains, according to 
SF-36 (Table 3).

The performed correlation analysis between UML 
and the indicators characterizing the clinical course of AH, 
BP levels, AH symptoms, chronotypes, PSQI, anxiety level, 
DL, and the QL revealed statistically significant values of 
correlations. UML correlated with hypertension grade (r=-
0.102258433; P<0.05) and significant differed depending on 
hypertension grade: 32.56±1.64 in Grade 1, 13.14±1.02 in 
Grade 2, and 3.05±0.11 in Grade 3 (F=77.44; P=0.0003).

UML also correlated with chronotypes (r=-0.108763549; 
P<0.05) and significantly differed depending on chronotypes: 
29.18±1.04 in definitely a morning type, 21.11±0.89 in 
moderate morning type, 15.13±1.02 in indifferent type, 
9.14±0.23 in moderate evening type, and 2.17±0.22 in 
definitely an evening type (F=38.49; P=0.0001). 

Low UML correlated with high SBP (r=-0.205125635; 
P<0.05), high DBP (r=-0.104202288; P<0.05), BMI 
(r=0.041247740; P<0.05), high PSQI (r=-0.289759602; 

P<0.05), high state anxiety level (r=-0.213676388; P<0.05), 
high trait anxiety level (r=-0.177919008; P<0.05), high 
depression level (r=-0.283007396; P<0.05), and low level 
of QL in the domains PF (r=0.123196233; P<0.05), GH 
(r=0.152036746; P<0.05), VT (r=0.233206665; P<0.05), SF 
(r=0.118219426; P<0.05), RE (r=0.121586436; P<0.05), and 
MH (r=0.145305371; P<0.05).

Using Multiple Regression Analysis, we determined the 
factors that influence the levels of SBP and DBP in AH patients 
with insomnia. We calculated regression models, where the 
levels of SBP and DBP were chosen as the dependent variable.

The regression model for SBP level:
SBP=79.1142–0.487361×UML+2.10585×BMI+0.5704

48×DL–1.52905×PSQI.
The regression model for DBP level:
DBP=84.7495–0.585358×UML+1.84045×PSQI.
There was a statistically significant relationship between 

the variables at the 99% confidence level (P<0.05).
The models we developed allow reliably evaluating and 

controlling the BP level in AH patients with insomnia.
Example 1
A 52-year-old patient with AH Grade 1, moderate 

evening chronotype, UML–13.12, BMI–24.4, DL–59, and 
PSQI–6.

The levels of SBP and DBP by regression model were 
148.58483568 and 92.11230304, respectively. Thus, the 
patient’s BP was 149/92 mmHg, which corresponded to AH 
Grade 1 and confirmed the correctness of the calculation.

Example 2
A 63-year-old patient with AH Grade 3, definitely an 

evening chronotype (“Owl”), UML–1.56, BMI–37.18, DL–
65, and PSQI–15.

The levels of SBP and DBP by regression model were 
170.79266984 and 111.44309152, respectively. Thus, the 
patient’s BP was 170/111 mmHg, which corresponded to AH 
Grade 3 and confirmed the correctness of the calculation.

In conclusion, AH patients with insomnia have a more 
severe clinical course of the disease, with frequent requests 
for medical help, altered BP variability, insufficient decrease 
of BP at night, high anxiety level, high DL and low level 
of QL. The patients with AH and insomnia have low UML, 
which correlated with hypertension grade, chronotypes, high 
systolic and diastolic BP, BMI, high DL, and low level of 
QL in the physical and psychological domains. The methods 
we developed for calculating the levels of SBP and DBP, 
depending on UML, BMI, DL, and PSQI, allow reliably 
evaluating and controlling the BP level in AH patients with 
insomnia.
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Table 1.
The State-Trait Anxiety Inventory

Variable

Patients in with AH and insomnia, n=178

State anxiety Trait anxiety

n % n %

High
Medium
Low

120
58
-

67.4
32.6

-

103
75
-

57.9
42.1

-

The average values 47.43±1.02 46.88±0.73

Table 2.
Zung Self-Rating Depression Scale

Variable
Patients in with AH and

 insomnia, n=178

absolute %

No depression
Mild (neurotic) depression
Masked depression
True depression

40
83
55
-

22.5
46.6
30.1

-

The average values 57.41±1.08

Table 3. 
SF-36 parameters in patients with AH and insomnia, n=178

Variable Average values Variable Average values

PF 45.56±1.11 VT 52.05±1.13

RP 42.25±1.02 SF 49.16±1.14

BoP 41.97±1.35 RE 41.89±1.21

GH 53.15±1.27 MH 52.78±1.07
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Abstract
Background: The aim of this study was to explore specific sleep patterns in obese adolescents aged 15-17 using 

polysomnography (PSG), whether or not obstructive sleep apnea (OSA) is present. 
Methods and Results: Anthropometric measurements were taken of all participants, and outpatient PSGs were performed. 

After PSG, all obese participants were divided into two groups: non-OSA group (n=18) and OSA group (n=27). Fifteen lean 
adolescents were included in the control group. Apnea/hypopnea index, episodes of snoring, time with SpO2<90%, arousal index, 
sleep stages 1-2 were significantly higher; and lowest SpO2, sleep efficiency, slow wave sleep, rapid eye movement sleep were 
significantly lower in OSA patients than in both non-OSA groups. However, all PSG variables in the non-OSA obese group were 
comparable to lean controls.

Conclusion: Sleep characteristics are related to the presence of OSA, but not to the excess weight. Future research should 
evaluate sleep pattern changes following successful treatment of OSA in obese adolescents and longitudinal outcomes in adults. 
(International Journal of Biomedicine. 2020;10(3):235-240.) 

Key Words: obstructive sleep apnea • obesity •  polysomnography • middle adolescence

Abbreviations 
AI, arousal index; AHI, apnea/hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; EEG, 
encephalography; OSA, obstructive sleep apnea; PSG, polysomnography; REM, rapid eye movement; SpO2, arterial oxygen 
saturation; SE, sleep efficiency; SWS, slow wave sleep; zBMI, body mass index-for-age z-score.

Introduction
Obesity has become an epidemic in industrialized and 

developing countries among adults and children. About 10% of 
the world’s school-aged children are estimated to be carrying 
excess body fat with an increased risk of developing chronic 
diseases, such as type 2 diabetes, heart disease and a variety 
of other comorbidities before or during early adulthood.(1,2)  

It is known that many factors promote pediatric obesity (e.g. 

low physical activity, high calorie or high fat food, stress), but 
changing established weight-related habits is very difficult, 
and interventions targeting these behaviors have shown only 
moderate success.(3-5) Thus, research is needed to elucidate 
additional mechanisms of excessive weight gain in children 
and adolescents to further improve obesity prevention and 
intervention efforts. Sleep has been proposed as a promising 
target. Meta-analyses indicate that not meeting recommended 
sleep hygiene in adolescence increases risk of developing 
overweight/obesity.(6) C. Hart et al.(7) published a hallmark 
review of pediatric sleep and obesity, which indicated that 
sleep duration, quality, and schedules were all related to BMI 
in youth. Hypotheses that sleep is linked to the development 
and maintenance of obesity propose that it impacts weight 
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through a variety of biological and behavioral pathways.(8) 

It has been noted that poor sleep quality may impact overall 
sleep duration and additionally may interfere with the 
natural cycles of sleep waves throughout the night, which 
can alter metabolism.(9) Conversely, excessive weight is a 
risk factor for sleep-disordered breathing, including OSA 
and the likelihood of developing OSA in obese children is 
four to five times greater than in a healthy-weight peer.(10,11) 
It is known that OSA is characterized by the collapse of the 
upper airway during sleep, leading to airflow cessation or 
reduction, intermittent hypoxemia, hypercapnia and sleep 
fragmentation.(12) Untreated OSA may lead to an increased 
incidence of cardiovascular diseases, strokes, diabetes, 
depression, cognitive impairment and others.(13,14) 

Adolescence (especially the ages of 15-17 years, or 
middle adolescence) is a time of important physical, emotional, 
behavioral and social changes.(15) Sleep is a primary aspect of 
adolescent development. It is known that during adolescence, 
physiological sleep patterns (e.g. reduced depth of REM sleep, 
shortened total sleep time) and psychosocial influences on 
sleep change.(16-18) Thereby, on the one hand, adolescents may 
be particularly vulnerable to sleep-related changes in their 
weight.(19,20) On the other hand, as the pediatric obesity epidemic 
continues, adolescents comprise one of the fastest growing risk 
groups for developing OSA.(21,22) This raises the possibility of a 
causal relationship, and therefore the potential for sleep-related 
interventions. However, a few studies in population-based 
samples have shown an association between obesity and sleep 
variables (and/or sleep abnormalities, e.g. OSA) in adolescence, 
but reported findings are not similar. Moreover, a major 
weakness of the research in this area is the exclusive reliance on 
self-reported sleep measures or actigraphy as objective measures 
of sleep. PSG, as a comprehensive method for assessing sleep, 
during which various physiological parameters are recorded, 
is the gold standard for diagnosing sleep-disordered breathing, 
including OSA. It allows accurately detecting sleep disorders, 
in order to timely and adequately choose treatment approaches, 
preventing the progression of sleep disturbances and their 
possible complications.(23)

To address these weaknesses, we conducted the study to 
explore specific sleep patterns in obese adolescents aged 15-
17 using PSG, whether or not OSA is present. 

Materials and Methods
The present cross-sectional study, in which all variables 

were measured at the same time, was designed to explorer 
specific sleep patterns in obese adolescents with and without 
OSA by outpatient PSG. Study participants (45 adolescents 
aged 15-17 years) were recruited from obese patients referred 
to the Children’s Clinic of Scientific Centre for Family 
Health and Human Reproduction Problems (Irkutsk, Russian 
Federation), in the period from October 2018 to May 2019. 
After PSG, all obese participants were divided into two groups: 
non-OSA group (n=18) and OSA group (n=27). Fifteen lean 
adolescents were included in the control group. 

Study inclusion criteria: the 15-17 year age range; 
obesity, if zBMI>2 for age and sex, normal weight, if zBMI 

≥-2 to +1 for age and sex; signed informed consent form. 
Study non-inclusion critera: unwillingness to participate 

in this study, overweight or underweight (zBMI >+1 but ≤+2 
and ≤-2 for age and sex, accordingly), craniofacial anomalies, 
secondary obesity, CPAP therapy. 

Anthropometric measurements were taken of 
all participants, and outpatient PSGs were performed. 
Anthropometric parameters of adolescents were assessed once 
when they were included in the study. Height was measured to 
the nearest 0.1 cm using a stadiometer and weight was measured 
to the nearest 0.1 kg. The adolescents wore light indoor clothing 
and no shoes during the measurements. BMI was calculated as 
kg/m2. BMI was further analyzed as zBMI using the AnthroPlus 
calculator based on the WHO references.(24)

Due to the purpose of this study, the sleep patterns 
were evaluated objectively, using outpatient PSG, which was 
performed at the adolescent’s usual sleep times. A technologist 
from the Sleep Center went to the Children’s Clinic to place 
the leads. Adolescents were asked to record lights off and 
lights on times. They were supplied with an emergency 
telephone number to call during the night with questions, as 
well as a diagram and simple instruction sheet on replacing 
leads if they happened to notice that any fell off during the 
night. PSG data were collected using the AURA PSG GRASS-
TECHNOLOGIES (USA). We recorded six EEG derivations 
(Fp3-A2, Fp4-A1, C3-A2, C4-A1, O1-A2, and O2-A1), left 
and right electrooculography channels, submental muscle 
tonus, heart rate by electrocardiogram, airflow using a three-
pronged thermistor (Pro-Tech Services, Inc., Mukilteo, WA), 
nasal pressure by a pressure transducer (Pro-Tech Services, 
Inc., Walnut Cove, NC), snoring, chest and abdominal wall 
motions using respiratory inductance plethysmography, 
SpO2 by pulse oximetry, and body position. The recording 
was terminated by the adolescent in the morning after he/she 
awoke for the day, and the equipment was picked up by the 
technologist. Studies were transmitted electronically to the 
Sleep Center where they were scored by a single registered 
polysomnographic technologist and then interpreted by 
a single sleep medicine physician, using the American 
Academy of Sleep Medicine (AASM)(25) scoring rules. 
Obstructive apneas were defined as at least a 90% reduction 
in the thermal signal amplitude, whereas hypopneas were 
defined as diminution of at least 30% of the nasal pressure 
signal that was associated with an arousal or desaturation of 
3%. Obstructive apneas and hypopneas were expressed as the 
number of apneas/hypopneas per hour of total sleep. OSA was 
identified if AHI≥2n/h.(26) Cortical arousals were expressed as 
total number of arousals per h of total sleep time (AI). All 
studies were rated for technical quality. The percentage of 
total recording time with a satisfactory signal was visually 
assessed for each polysomnographic channel. A signal was 
considered satisfactory if the waveform was free of artifacts 
and the data were interpretable. Power EEG spectrum was 
automatically scored for consecutive 20-s epochs with 
Spectral Analysis option of GRASS-TELEFACTOR PSG 
Twin 4.5.2.

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 2013) 
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and approved by the Scientific Centre’s for Family Health and 
Human Reproduction Problems Ethics Biomedical Committee 
of February 23, 2018 (Reference number 2018/2). 

Statistical analysis was performed using the 
Statistica v10.0 software package (Stat-Soft Inc., USA). 
Baseline characteristics were summarized as frequencies and 
percentages for categorical variables and as mean±standard 
deviation (SD) for continuous variables. Multiple comparisons 
were performed with one-way ANOVA and Tukey’s  HSD 
Post-hoc Test. Group comparisons with respect to categorical 
variables were performed using chi-square tests or, 
alternatively, Fisher’s exact test. A probability value of P<0.05 
was considered statistically significant.

Results 
Participants’ characteristics were analyzed (Table 1). 

Adolescents with obesity (n=45) had a mean age of 16.3 
year, whereas lean adolescents (n=15) had mean age of 16.0 
years (P=0.56). However, zBMI for lean controls differed 
significantly from that for obese groups (P<0.0001). Females 
comprised 46.7% and 44.5% of corresponding samples 
(P=0.88).  OSA was present in 60% of patients with obesity, 
wherein there were 2 times more boys than girls. It should 
be noted that OSA has a sexual dimorphism, so men are 
especially vulnerable to sleep apnea, compared to women.(27,28) 

Characteristics and PSG data of patients with and 
without OSA were separately analyzed (Table 2). The OSA 
group was similar to the rest of the non-OSA group in terms of 
age (16.3±0.5 year vs. 16.1±0.3 year) and zBMI (2.5±0.5 vs. 
2.4±0.7), but both obese groups had significantly higher BMI 
compared to lean controls (P<0.0001). Polysomnography 
comparisons demonstrated significant differences between 
the obese subjects with OSA and both obese controls and lean 
controls in terms of severity of OSA, gas exchange during 
sleep, frequency of arousals, sleep efficiency and percentage 
of sleep stages. ANOVA showed that AHI, episodes of 
snoring, time with SpO2<90%, AI, sleep stages 1-2 were 
significantly higher; and lowest SpO2, SE, SWS, REM sleep 

were significantly lower in OSA patients than in both non-
OSA groups. However, all PSG variables in the non-OSA 
obese group were comparable to lean controls.

Generally, nocturnal sleep structure changes in OSA 
obese adolescents were characterized by an increase in the 
duration and a reduction in number of sleep cycles, and 
segmentation of non-REM sleep and REM sleep, compared 
with both non-OSA groups. Furthermore, increased frequency 
of arousals are accompanied by frequent sharp transients 
and periods of hypersynchronous theta activity of the EEG. 
The dominant frequency of EEG oscillations in nocturnal 
sleep in OSA obese adolescents was 6.8±0.73 Hz, which is 
significantly lower than the similar variables in both control 
groups (10.7±0.79Hz and 11.3±0.32Hz, accordingly, P<0.01). 
One of the highlights was the significant decrease in the sleep 
efficiency in patients with obesity and OSA.

Table 1.   

Comparison for age, gender, BMI and presence of OSA between 
the entire obese sample and the lean group

Variables Obese group (n=45) Lean group (n=15) P-value

Age, y 16.3±0.2 16.0±0.5 0.56

Female, n (%) 20 (44.5) 7 (46.7) 0.88

BMI, kg/m2 33.6±3.1 19.0±2.4 <0.0001

zBMI 2.4±0.9 -0.08±0.4 <0.0001

OSA, n (%)

Male, n (%)

27 (60)

19 (70.4)
-

<0.0001

<0.0001

Table 2.

Participants’ and PSG characteristics in obese adolescents 
according to the presence or absence of OSA and in lean controls 

Variables
Obese 

adolescents
with OSA
 (n=27)

Obese
adolescents

without OSA
(n=18)

Lean 
controls
(n=15)

P-value

Age, y 16.3±0.5 16.1±0.3 16.0±0.5 0.67

BMI, kg/m2 34.1±2.4 32.0±2.5 19.0±2.4 <0.00011

zBMI 2.5±0.5 2.4±0.7 -0.08±0.4 <0.00011

AHI, n/h 13.2±1.8 1.1±0.3 1.0±0.1 <0.00012

Snore, n 1087.8±557.5 267.4±31.6 243.6±26.7 <0.00012

Baseline SpO2,% 97.8±1.6 98.2±0.4 98.6±0.4 0.84

Lowest SpO2,% 85.3±1.6 95.6±0.2 96.1±0.6 <0.00052

Time with SpO2 
< 90%, % TST 4.7±1.9 0.0±0.0 0.0±0.0 <0.00012

Total AI, n/h 29.7±3.1 15.9±1.4 14.3±1.2 <0.00052

TST, min 435.3±53.1 427.3±35.2 431.6±41.3 0.17

SE, % 72.3±4.1 89.2±2.6 91.1±1.6 <0.0012

S1-2, % TST 73.8±9.7 55.6±4.7 53.7±3.4 <0.0012

SWS, % TST 13.2±2.5 20.9±1.2 22.6±2.0 <0.012

REM, % TST 13.1±3.8 21.7±3.3 21.3±2.7 <0.012

1 comparison between lean controls and both obese groups;
2comparisons between OSA and both control groups (the non-OSA 
obese group and lean controls).
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Sleep organization analysis in obese adolescents 
with and without OSA revealed the following: a change in 
superficial sleep with its minimum value in the first cycles and 
an increase in duration in the second, third and fourth cycles; a 
decrease in duration of deep sleep and atypical delta sleep, and 
a significant decrease in REM duration, predominantly in the 
second, third and fourth cycles in OSA obese patients.

Discussion
In the present study, we found sleep disturbance such as 

OSA in more than half of obese adolescents referred for PSG. 
This finding is consistent with recent literature. Andersen 
et al.(29) demonstrated the presence of OSA in 44.6% of the 
overweight study population and showed that a one-unit 
increase in the zBMI equaled an average increase in the AHI 
of 35%. A lower OSA frequency may be due to the inclusion 
in this study of children and adolescents with zBMI>1.28 
(BMI>90th percentile according to age- and sex-adjusted 
reference) compared to zBMI>2 (BMI>95th percentile 
according to age- and sex-adjusted reference). Kang et al.,(30) 

Evangelisti et al.,(31) Lennon et al., (32) and other scientists have 
shown that overweight status is negatively correlated with 
minimal SpO2, but positively correlated with AHI, and that 
obese children and adolescents have a significantly higher 
risk of OSA than children with underweight and normal 
weight status. The association of OSA and obesity was also 
reported by Parmar et al.,(33) Scheffler et al.(34) and others 
who demonstrated that using CPAP and adenotonsillectomy 
are effective treatments for OSA in obese subjects, and can 
improve OSA-related parameters such as AHI and SpO2 as 
well as some of the cardiometabolic dysfunctions linked to the 
disorder.(35) In contrast, Andersen et al.(36) reported that OSA 
improved during obesity treatment (e.g. lifestyle changes, 
physical activities, diet, behavioral therapy and so on) and 
the reduction in BMI was significantly associated with the 
reduction in AHI. 

It is known that the integrative processes that occur in 
the brain during sleep determine the sequence of occurrence 
of different phases and stages (sleep homeostasis) and 
characterize the ability of brain systems to achieve the main 
purposes of sleep— restoration and saving of metabolic 
health.(37) Any adverse effect on the body, primarily on the 
brain, can inevitably lead to sleep disruption of homeostasis 
and its restorative capabilities.(38) As expected, under the 
influence of periodic nocturnal hypoxia, the structural 
organization of sleep also changed in our patients with 
OSA. 

It is argued that sleep duration and sleep quality have 
been implicated as risk factors for obesity. Poor sleep quality 
may impact overall sleep duration and additionally may 
interfere with the natural cycles of sleep waves throughout 
the night, which can alter metabolism.(9) Obese adolescents 
had more disrupted sleep and less sleep efficiency than the 
healthy-weight controls.(21,39) It is interesting to note that we 
did not find changes in total sleep duration in adolescents 
with obesity, compared to lean controls, as well as between 
OSA and non-OSA obese patients. However, sleep efficiency 

and sleep structure were significantly changed in obese 
adolescents with OSA only, but not in obese controls, which 
were comparable to the lean group. These findings are 
different from the results demonstrated by Xanthopoulos 
et al.,(22) who did not find differences in sleep efficiency 
and duration of sleep stages between OSA obese patients 
and obese controls, but reported significantly higher sleep 
arousals in OSA participants, compared to both the non-OSA 
obese group and lean controls, which was also shown in our 
study.

In conclusion, this study demonstrates that more than 
half of an obese sample was affected by OSA. Further, obese 
adolescents with OSA showed altered sleep patterns, as 
compared to the non-OSA obese patients and lean controls. 
We can assume that sleep characteristics are related to the 
presence of OSA, but not to the excess weight. So excessive 
respiratory stimuli in OSA can break sleep homeostasis due 
to an increase in the ability of the sleeping brain to provoke 
arousal as a putative mechanism to protect from arousing 
stimuli, and thereby enhancing sleep consolidation. Our 
findings assume that untreated OSA during adolescence may 
lead to obesity progression and development of complications 
(e.g. neurobehavioral deficits, cardiometabolic changes, etc.) 
in adulthood. Physicians should identify adolescents from 
OSA risk groups, and arrange timely and adequate therapy 
to prevent significant sleep homeostasis changes, as well 
as OSA-linked disorders. It is assumed that a chronic care, 
multidisciplinary obesity treatment, as well as CPAP therapy, 
should be considered among the first-line treatments of OSA 
(mostly severe) in management of adolescents. Future research 
should evaluate sleep pattern changes following successful 
treatment of OSA in obese adolescents and longitudinal 
outcomes in adults.
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Abstract
Modern methods for diagnosing disorders of iron metabolism (ferritin, C-reactive protein) in iron deficiency anemia (IDA) 

and anemia of chronic diseases (ACD) contribute to the identification of metabolic characteristics that negatively affect the mother-
placenta-fetus system.

The biological response to hypoxia varies in anemia of different geneses: depletion of iron depot on the background of 
chronic infectious and inflammatory processes is accompanied by more obvious homeostasis disorders. Excessive activity of the 
peroxidase system (increase in prooxidant factors – malondialdehyde, catalase of blood serum and red blood cells, sulfhydryl 
groups) explains the large frequency of gestational complications and perinatal diseases in ACD women, such as morphofunctional 
immaturity, hypoxic-ischemic lesion of the central nervous system of newborns, and infectious and inflammatory diseases.

The degree of ante- and perinatal well-being in conditions of iron deficiency, accompanied by a violation of the molecular 
mechanisms of protein synthesis, depends on the activity of adaptive homeostatic mechanisms of the mother-placenta-fetus 
system. The strategy to reduce adverse perinatal outcomes includes identification of abnormal metabolism predictors with the 
expansion of the scope of examination in groups with high infectious risk, further monitoring of risk cases, and pathogenetic 
therapy. (International Journal of Biomedicine. 2020;10(3):241-246.)

Key Words: iron deficiency anemia • anemia of chronic diseases • outcomes • oxidative stress
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ACD, anemia of chronic diseases; AOD, antioxidant defense; CRP, C-reactive protein; CP, chronic pyelonephritis; ESR,  
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MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, hemoglobin amount per RBC; PI; 
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Introduction
Iron deficiency (ID) is a global public health problem 

affecting 10%–90% of pregnant women, from 5.4% in developed 

countries to more than 80% in developing ones.(1-3) The 
prevalence of anemia is heterogeneous in various regions of the 
Russian Federation. In the Republic of Sakha (Yakutia) (RS(Y)) 
in 2018, the frequency of anemia among diseases that preceded 
or occurred during pregnancy was higher than the all-Russian 
indicator (RS(Y)-42.3%; RF-35.6%). This discovery requires 
deep fundamental research on the nutritional characteristics and 
micronutrient-macronutrient status of pregnant women.

*Corresponding author: Miroslava L. Polina, PhD. Women’s 
Health Medical Center, Moscow, Russia, e-mail: polina.ml@mail.ru
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Despite the downward tendency of anemia in the 
Karachay-Cherkess Republic over the past decade, medical 
organizational approaches are advancing in order to improve 
the health of pregnant women and perinatal outcomes.

The development of anemia is associated with socio-
economic conditions, protein deficiency in the diet, lack of 
essential vitamins and minerals (A, B12 and folic acid),, and 
chronic blood loss.(4) The biological role of iron in the body 
is multifaceted: oxygen transfer by red blood cells, providing 
redox processes, peroxidation reactions, synthesis of steroid 
and thyroid hormones, DNA, enzyme activity regulation.(5)

High frequency of gestational complications, fetal 
hypotrophy, asphyxia and pathological immaturity of 
newborns in anemia are considered to be the consequences of 
hemic and tissue hypoxia. 

The potential mechanisms of the effect of ID on the body 
of the pregnant woman and the fetus differ depending on the 
genesis of the anemia, on the development of oxidative stress, 
and on disorders of the systemic response to inflammation and 
infection.

Modern methods of diagnosing anemia contribute 
to the identification of its types, in relation to metabolic 
characteristics affecting angiogenesis, placentation and 
antenatal development of the fetus; however, opinions are 
ambiguous.(5)

Reducing gestational complications and perinatal 
morbidity is not possible in the absence of clear criteria for 
differentiating IDA and ACD, for which therapy with iron-
containing drugs has been proved inefficient.(6)

Differentiation of the genesis of anemia from an 
early date is crucial in order to prevent negative pregnancy 
outcomes and preserve the cognitive potential of the fetus. The 
key role in the selection of treatment tactics is determined by 
ID type (absolute or functional), with impaired distribution on 
the background of chronic inflammatory diseases (intestines, 
liver, kidneys), and obesity.

Risks associated with ID hypodiagnostics on the 
background of a systemic inflammatory reaction, in connection 
to pregnancy outcomes, are underestimated.

The accompanying inflammatory process in the body 
distorts the iron metabolic pattern: functional deficiency with 
its unchanged total content occurs due to sequestration in the 
reticuloendothelial system.

ACD (ICD D63.8) appears to be the pathogenetic 
response of the body to a long-term infectious, inflammatory 
or autoimmune process, with impaired erythroid proliferation 
predecessors.(6)  “Infect anemia” of pregnant women is a special 
case of ACD (4% of all anemia), resistant to iron treatment.(5)

The diagnostic value of hematological and biochemical 
parameters for various anemia geneses is debatable.

A common criterion for anemia in the first trimester of 
pregnancy was found to be a hemoglobin level less than 110 
g/l.(4) Risk of adverse outcomes for mother, fetus and newborn 
appears, according to a meta-analysis, at a hemoglobin level of 
less than 110-100 g/l in the first two trimesters of pregnancy,(7) 

according to other sources – in the presence of severe anemia.(8)

The diagnostic value of the parameters of the general 
blood test (MCV [the average RBC size], MCH, color index) 

as isolated IDA markers is disputed,(9) in contrast to the greater 
sensitivity of MCHC.(10)

The gold standard for IDA is a decrease in ferritin less 
than 30 mcg/l, regardless of hemoglobin and SI concentrations(4) 

Additionally noted is erythrocytes hypochromia, a decrease in 
the average hemoglobin content in an erythrocyte, SI less than 15 
ng/ml, a tendency to leukopenia, and an increase in the ESR.(11)

The combination of ID and a chronic inflammatory process 
complicates the assessment of iron metabolism.(6) Pregnant women 
with ACD are distinguished by ferritin variability from normal to 
elevated indices   as protein of acute inflammation phase.(12) The 
informative value of CRP content in the diagnosis of ID among 
pregnant women with autoimmune and inflammatory diseases is 
superior to transferrin and its soluble receptor, hepcidin.(13)

Preclinical diagnosis of PI among pregnant women with 
anemia is considered possible on the basis of the assessment of 
individual parameters of homeostasis in its various types,(5,14) 

especially in groups with high infectious risk. 
The LPO activation in PhP is explained by the need for 

the accumulation of “strategic” iron resources.(15) Oxidative 
stress during pregnancy is caused by increased metabolism; 
lack of a number of factors (catalase, glutathione peroxidase 
and glutathione transferase) requires inhibiting the synthesis of 
hydroperoxides.(15) 

The consistency of the mechanisms for suppressing 
excess hydroperoxides affects the prognosis of consequences 
of anemia for the embryo/fetus and placental-fetal interaction.

The specificity of LPO-activity/AOD-processes in 
various types of anemia has been poorly studied.(16-18)

Ideas of anemia types among pregnant women allow us 
to address the pathogenetic therapy of the diseases. Prescribing 
iron preparations resulted in a decrease in anemia by 70%, 
ID – by 57% until the time of childbirth.(19) On the contrary, 
the consequences of unreasonable ferrotherapy in normal or 
elevated levels of ferritin include competitive binding of iron 
by microbial and tumor cells, development of oxidative stress 
due to an excess of free radicals, endothelial dysfunction, and 
gestational diabetes mellitus.(20,21)

The effect of metabolic disorders in IDA and ACD 
on perinatal outcomes and the real prognostic value of 
peroxidation markers remain unclear.(12,22)

The general objective of the current study was to 
evaluate the effect of homeostasis features of iron metabolism 
and oxidative status among pregnant women with anemia of 
various geneses on perinatal outcomes.

Materials and Methods
The study cohort included pregnant women with 

IDA (n=286) and ACD (“infect anemia”) (n=184). Healthy 
pregnant women made up the control group (n=34). Written 
informed consent was obtained from all participants.

Inclusion criteria: single-child progressive pregnancy, 
the presence of anemia before planning pregnancy, the 
informed consent of a woman to use biological material for 
scientific purposes.

Research methods included the assessment of a general 
blood test (RBCs, hemoglobin, platelets, white blood cells, 
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lymphocytes, monocytes, ESR, MCV, MCH, SI, CRP, ferritin 
(ELISA-ferritin test system (St. Petersburg)), total protein, 
and pro- and antioxidant factors (catalase of blood serum and 
RBCs, sulfhydryl groups, ceruloplasmin, and MDA in blood 
serum).

 In IDA, anemia treatment included 100-300 mg 
ferrous iron per day, in ACD – identification and treatment 
of subclinical infectious and inflammatory diseases, and 
urogenital infections (antibiotic therapy, antioxidants, total 
tocopherols, polyunsaturated fatty acids, and probiotics). The 
general recommendation for pregnant women with anemia 
is folate supplementation (400-800 mcg per day), vitamins, 
minerals, and diet (protein, oligopeptides).

Statistical analysis was performed using the Statistica 10 
software package (Stat-Soft Inc., USA). The normality of 
distribution of continuous variables was tested by the Shapiro-
Wilk test. Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean (M) and standard error of the mean (SEM) for continuous 
variables. Student’s unpaired t-test was used to compare average 
values for data with normal distribution. Group comparisons 
with respect to categorical variables are performed using chi-
square tests with Yates correction or, alternatively, Fisher’s exact 
test when expected cell counts were less than 5. A probability 
value of P≤0.05 was considered statistically significant.

Results and Discussion
The average age of participants with ACD was 26.8±3.2 

years, IDA – 27.3±4.1years, without significant intergroup 
differences. Data on past illnesses of participants with IDA 
and ACD are presented in Table 1.

A number of chronic diseases (sinusitis (P=0.002), upper 
(P=0.0005) and lower (P=0.0005) respiratory tract diseases, 
CP (P=0.0005)) identified pregnant women with ACD as a 
group with a high infectious risk.

Inflammatory diseases of the female pelvic organs were 
characteristic of almost half of the women with ACD and only 
a quarter with IDA (P=0.0005).

Pregnancy in ACD women was more often complicated 
by gestational pyelonephritis (P=0.0009), CP exacerbation 
(P=0.0005), and acute respiratory infections (P=0.0005), 
compared with IDA women (Table 2).

Sonographic signs of fetal infection were noted three 
times more often in ACD (P=0.001).

A study of the hematological parameters of pregnant 
women showed a greater decrease in MCV and MCH in the ACD 
group in contrast to the average hemoglobin values (Table 3). 

The results of hematological and biochemical parameters 
of pregnant women with anemia of various geneses are 
presented in Table 4.

Table 1. 
Chronic diseases of pregnant women with anemia of various 
geneses

Diseases IDA
 (n=286)

АCD
 (n=184) P-value 

Sinusitis   16 (5.6)   27 (14.7) 0.002
Rhinitis. nasopharyngitis
and pharyngitis   33 (11.5)   66(35.9) 0.0005 

Respiratory diseases   21 (7.3)   45 (24.4) 0.0005 
Kidney diseases   41 (14.3)  67 (36.4) 0.0005 
Inflammatory diseases
of the female pelvic organs   78 (27.4)   99 (53.8) 0.0005 

Table 2. 
Pregnancy complications in anemia of various geneses

Pregnancy complications 
and diseases IDA АCD P-value

Gestational pyelonephritis  24 (8.4)   38 (20.6)  0.0009 
Exacerbation of CP  11 (3.8)   43 (23.4) 0.0005 
Sonographic signs of fetal infection  18 (6.3)  39 (21.2) 0.0005 
Acute respiratory viral infections  21 (7.3)  34 (18.5)  0.001 

Table 3. 
Hematological parameters of pregnant women with anemia of 
various geneses

Parameters IDA
 (1)

АCD
 (2)

Control
 group (3) P-value

*Erythrocytes,1012/l 3.37±0.05 3.44±0.04 3.9±0.05 P1-3=0.03
P2-3=0.005

Hemoglobin, g/l 95.4±6.4 106.8±5.4 136.6±5.3 P1-3=0.002
P2-3=0.03

*Platelets, 109/l 248.5±11.6 218.5±9.6 248.5±11.6 P>0.05

MCV, fl 83.5±1.2 92.5±1.1 98.5±1.4
P1-2=0.005
P1-3=0.03
P2-3=0.02

МСH, pg 28.4±0.5 31.3±0.52 33.3±0.4
P1-2=0.04
P1-3=0.03
P2-3=0.001

*Leukocytes,109/l 5.6±0.8 6.2±1.1 5.2±0.8 P>0.05

*- The content of leukocytes and platelets in groups with anemia did 
not significantly differ from that in healthy pregnant women.

Table 4. 
The results of studies of iron metabolism and pro-inflammatory 
markers among women with anemia of various geneses

Hematological parameters IDA АCD P-value
Ferritin reduction, mcg/l 286 (100.0)  0 -
Normal ferritin level, mcg/l 0 34 (18.5) -
Increased ferritin level,
mcg/l 0 150 (81.5) -

C-reactive protein, mg/l 0 184 (100.0) -
Lymphocytosis 28 (9.8) 54 (29.3) 0.0005 
Monocytosis  23 (8.0) 42 (22.8) 0.0005 
ESR increase, mm/h  13 (4.5) 27 (14.7) 0.0009 
Serum iron, mcmol/l 7.8±2.6 12.4±4.2 0.001
Total protein, g/l 74.6±4.2 69.4±5.3 0.03
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Unreasonable reliance on hemoglobin and SI exclusively 
in IDA diagnosis confirms the low ferritin with MCV and 
MCH in comparison with “infect anemia.” (23) True ID with a 
decrease in MCV (<80%) and ferritin(<12 ng/ml), as well as 
SI (<40 mcg/dl), was also confirmed by other authors.(24)

The depletion of iron reserves during ACD was 
accompanied by a range of ferritin from normal (18.5%) 
to elevated (81.5%), due to the redistribution of abnormal 
microbiome of various loci of the body on the background of 
chronic inflammatory processes. 

Iron sequestration in macrophages and hepatocytes 
reflects the protective mechanism, which reduces competition 
for a biological resource between pathogens and the body of a 
pregnant woman.

The normal level of ferritin is explained by the 
physiological increase in acute phase proteins.(6) The standard 
of ACD is a pro-inflammatory shift of the leukocyte formula in 
some cases (lymphocytosis, monocytosis and increased ESR), 
and CRP due to tissue alteration. An inflammatory reaction 
with CRP>6ng/ml in 52.2% of women with anemia versus 
28.8% in its absence was noted by Mburu et al.(25)

Reactive changes in erythropoiesis and iron metabolism 
during inflammation, infection, or autoimmune disease(26) 
indicate a difference in the pathogenetic mechanisms of iron 
deficiency in IDA and ACD.

A significant protein deficiency, along with low 
hemoglobin in the presence of normal and high ferritin content, 
means a violation of the activity of the iron transport chain, its 
release from macrophages and delivery to tissues.(6,20)

SI content was found to be reduced in IDA and 
corresponded to reference values   in the group with ACD 
(P=0.001).

The analysis of the activity of free radical oxidation 
processes indicated an increased production of a number of 
free radical molecules in ACD (Table 5).

The decrease in compensatory abilities of the body on 
the background of excessive production of prooxidant factors 
(MDA, SH-groups, catalase of blood serum and RBCs) 
among pregnant women with ACD corresponds to the state of 
endointoxication associated with obstetric complications.(27)

The prevalence of free radical reactions should 
be regarded as homeostasis failure caused by functional 
defectiveness of iron antioxidant enzymes. 

The concentration of one of the main antioxidants of 
ceruloplasmin, glycoprotein of the alpha-2-globulin blood 
fraction did not significantly increase, confirming the limited 
immune reserves in the group with “infect anemia.” Such 
observations allow us to note that the imbalance of pro- and 
antioxidant factors with the development of oxidative stress 
during ACD is accompanied by depletion of the erythroid germ.

The reduction of the number of factors providing 
protection from the damaging effects of hydroperoxides was 
accompanied by an increase in redox cell potential.

The value of hematological and biochemical studies for 
the preclinical diagnosis of PN among pregnant women with 
anemia was 100% for ACD and 63.6% IDA.

The morphological basis of PI in anemia of various 
geneses proves to be angiopathy of the uterine vessels, 
revealed in studies of the placental bed.(5,28) The lack of 
complete transformation of the spiral arteries, then the 
utero-placental, with the abnormal development of the 
villous tree, affects the functional activity of the utero-fetal-
placental complex of pregnant women with anemia. Universal 
metabolic reactions with ID among pregnant women with 
anemia of various geneses show that its participation is limited 
in the physiological reactions of the body and the other plastic 
resources necessary for fetal growth.(29)

In groups with anemia, urgent birthgiving was 82.3%, 
premature – 17.6%, and сaesarean section – 12.8%.

Newborns from mothers with ACD differed slightly in 
body weight – 2970±280 g/l versus 2850±140 g/l in the IDA 
group (P=0.07). Obviously, non-replenished ID, even with high 
compensatory resources of the placenta, leads to a deterioration 
of placental angiogenesis, fetal ischemia and growth restriction, 
and newborns of low weight.(30) The number of newborns in the 
groups of women with anemia who needed to be transferred to 
the intensive care unit (ICU) was 16.2%; in the ACD group it 
was almost three times higher (24.4% and 8.7%) than in the IDA 
group: however, without statistically significant differences. 
The number of children requiring nursing was slightly higher 
in the ACD group than in the IDA group (24.4% versus 11.5%; 
c2=4.3, P=0.04).

Anthropometry of newborns from mothers with anemia 
was inferior to the parameters of healthy ones, without affecting 
their viability, with a greater need for intensive care in the ACD 
group.(29) In groups with anemia, 8.5% of newborns had a small 
gestational period at birth, 23.6% had hypotrophy (Table 6).

Table 5. 
Pro- and antioxidant factors in samples of pregnant women with 
anemia of various geneses

Parameters IDA
 (1)

АCD
 (2)

Control
group (3) P-value

Malonic dialdehyde,
mcmol/l 1.3±0.1 1.7±0.1 1.2±0.4 P1-3=0.005

P2-3=0.01

Erythrocyte catalase 
activity, mkat/l 74.9±1.4 87.4±2.7 74.7±0.9 P1-3=0.001

P2-3=0.02

Serum catalase
activity, mkat/l 14.8±1.5 29.6±2.4 15.7±0.5 P1-3=0.001

P2-3=0.005

Ceruloplasmin, mg/l 369.8±12.5 406.3±14.1 366.9±13.5 P>0.05

SH-groups, mmol/l 13.3±0.4 17.2±1.3 12.4±0.4 P1-3=0.005
P2-3=0.01

Table 6. 
Perinatal morbidity in groups of women with anemia of various 
geneses

Newborns’ diseases IDA АCD P-value
Hypotrophy 59 (20.6)  49 (26.6) 0.2
Infectious and inflammatory diseases 14 (4.9)  27 (14.7) 0.001
Morphofunctional immaturity 47 (16.4)  63 (34.2) 0.0005 
Hypoxic-ischemic brain damage 51 (17.8)  58 (31.5) 0.002
Premature newborns 18 (6.3) 20 (10.9) 0.1  
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The decrease in compensatory resources of pregnant 
women with “infect anemia” explained a three-fold increase 
in the frequency of infectious and inflammatory diseases 
(omphalitis, conjunctivitis, dacryocystitis, vesiculopustulosis) 
(P=0.001). Signs of morphofunctional immaturity were 
detected in almost half of newborns in the ACD group, and 
half as often in the IDA group (P=0.0005).

Hypoxic-ischemic damage to the central nervous 
system of newborns was noted more often in the group with 
“infect anemia” – almost one and a half times. High perinatal 
morbidity among women with anemia is caused by chronic 
hypoxia, which reflects morphofunctional failure of the 
placenta.(27,31) Obviously, unfavorable antenatal conditions for 
fetal development among pregnant women with anemia are 
determined by the underdevelopment of terminal placental 
villi (29) and their dystrophic changes.

The degree of dysregulation of the processes of cell 
growth and metabolism in the fetoplacental system differs 
depending on the genesis of anemia. Plastic deficiency is the 
starting point of the violation of the molecular mechanisms of 
protein biosynthesis in the placenta of pregnant women with 
anemia, being more vivid in “infect anemia.” The “crisis” of 
placental angiogenesis in ACD determines the worst perinatal 
outcomes, due to damaging effects with the development of 
molecular-cellular “stress” in the mother-placenta-fetus system 
from the early stages of embryogenesis. Increased production 
of LPO markers corresponds to a violation of redox processes 
and biochemical reactions in the mitochondrial respiratory 
chain.(32)

Assessment of metabolism among pregnant women 
with anemia will make it possible to diagnose the degree of 
compensation for circulatory hypoxic disorders in the mother-
placenta-fetus system.

Improving treatment and diagnostic approaches to 
pregnant women with anemia involves expanding the scope 
of examination (CRP, pro- and antioxidant defense factors) in 
groups with high infectious risk in order to identify markers 
of latent and subclinical infectious and inflammatory diseases. 
Significant adaptive homeostatic changes (oxidative stress on 
the background of an inflammatory response) among ACD 
women confirm the possibility of predicting adverse perinatal 
outcomes.

Early pathogenetic therapy will limit the degree of 
metabolic disorders among pregnant women with anemia, 
compensating for the consequences of abnormal placentation, 
and, therefore of perinatal morbidity.
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Abstract
Background: The aim of our research was to study the effectiveness of the potentiation of reparative processes in soft tissues 

using high-pressure oxygen insufflations of the sorbent (S-HPOI) in the experiment. 
Methods and Results: The study included 150 Wistar rats that were divided into 5 groups: four control groups and one 

experimental group. Each group included 30 animals. The identical soft tissue wounds were simulated in animals of all groups. 
No additional interventions were carried out in the animals of the control group (CG) 1; high-pressure oxygen and air insufflation 
of wounds were applied in animals of CG2 and CG3, respectively; sorbent applications were performed for wound treatment in 
animals of CG4. The technique of S-HPOI was applied in animals of the experimental group (EG). The results of the experiment 
were assessed immediately after the simulation procedure, and on Days 1, 3, 5, 7, and 14 after wound simulation. 

The use of the sorbent applications and S-HPOI contributed to a significant acceleration of reparative processes by 1.1-
1.3 and 1.2-1.5 times, respectively, compared with the results obtained in animals of CG1.The use of high-pressure oxygen has 
practically no benefits in wound treatment compared to similar intervention using air jet. 

Conclusion: On the whole, S-HPOI resulted in the maximum reduction in the area of soft tissue wounds: by 74.0% in 3 days, 
by 99.5% in 10 days compared to the initial findings. (International Journal of Biomedicine. 2020;10(3):247-250.) 

Key Words: soft tissue wounds • high-pressure oxygen insufflations • sorbent

Abbreviations
OD, optical density; HPOI, high-pressure oxygen insufflations; S-HPOI, HPOI of the sorbent.

Introduction
Currently, there is no decrease in the number of patients 

with soft tissue wounds; this might result from the fact that 
there is an increase in the number of patients with injuries, 
neoplasms, ulcers, and comorbid pathology.(1-6) About 1.5% of 

the population and up to 10% of patients in surgical hospitals 
suffer from long-term treated wounds, and their treatment is 
often not only very complicated, but also dramatic.(1) Novel 
materials, techniques and devices are constantly being 
introduced into surgical practice to advance clinical outcomes 
of this group of patients, but their effectiveness is still not 
adequate. Effects based on the use of oxygen therapy and 
sorbents that potentiate the repair of tissue defects have proven 
appropriate in various areas of medicine.(7-9)

The aim of our research was to study the effectiveness 
of the potentiation of reparative processes in soft tissues using 
S-HPOI in the experiment.
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Materials and Methods
The study was performed at the Department of General 

Surgery, Voronezh State Medical University named after N. 
N. Burdenko. A special device was designed to implement the 
S-HPOI technique. This device consisted of a spray nozzle, a 
sorbent container, and a mixing chamber (Fig.1). S-HPOI in 
the wound therapy was applied from the distance of 10-15cm, 
at an angle of 30-45° daily for 7 days (until the defect was 
closed). The study included 150 Wistar rats that were divided 
into 5 groups: four control groups and one experimental group. 
Each group included 30 animals.

The identical soft tissue wounds were simulated in 
animals of all groups. No additional interventions were 
carried out in the animals of the control group (CG) 1; high-
pressure oxygen and air insufflation of wounds were applied 
in animals of CG2 and CG3, respectively; sorbent applications 
were performed for wound treatment in animals of CG4. 
The technique of S-HPOI was applied in animals of the 
experimental group (EG). 

All animals included in the study were anesthetized 
by Zoletil-100. The wounds were simulated under aseptic 
conditions by excision in the area of the withers on the pattern 
of soft tissues with superficial fascia. The surgical field had 
been previously carefully shaved and treated with antiseptic 
solutions. The defect was washed with a 0.9% sodium chloride 
solution and covered with a sterile dressing.

The results of the experiment were assessed immediately 
after the simulation procedure, and on Days 1, 3, 5, 7, and 14 
after wound simulation. The assessment included the animals’ 
condition, the dynamics of symptoms of inflammation 
(soreness, swelling, hyperemia, hyperthermia, and exudation), 
the intensity of regeneration processes (the presence of 
granulations, epithelization, etc.), metrics (size and dynamics 
of the area of   the defect), and morphological and statistical 
research methods.

Work on the animals was done in compliance with the 
principles of the Helsinki Declaration on the humane treatment 
of animals, stated in normative documents of the European 
community(86/609/EU), Manual on Experimental (Preclinical) 
Study of New Pharmacological Substances, and “Good 
laboratory practice” (MHRF Order No. 708н of 23.08.2010).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was 
tested by the Kolmogorov-Smirnov test with the Lilliefors 
correction and Shapiro-Wilk test. For descriptive analysis, 
results are presented as mean±standard deviation (SD). For 
data with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Mann-Whitney U test and 
Wilcoxon criterion were used to compare means of variables 
not normally distributed. A probability value of P<0.05 was 
considered statistically significant.

Results and Discussion
Edema of paravual tissues was the most pronounced in 

animals of CG1 and it was improved on average in 3.26±0.27 
days; edema of paravual tissues was the least pronounced in 
animals of EG, and its elimination was registered in 2.47±0.32 
days after the defect was performed. In animals of CG2, 
CG3, and CG4, the studied parameter constituted 2.86±0.41, 
2.76±0.35, and 2.72±0.27 days, respectively (Table 1).

Hyperemia in the wound area was retained mostly in 
animals of CG1 - up to 2.78±0.46 days. Hyperemia in the 
wound area was cured most rapidly in animals of EG - up 
to 2.27±0.30 days. The use of high-pressure oxygen and air 
insufflations of wounds arrested hyperemia in 2.67±0.54 and 
2.63±0.39 days, respectively, and sorbent applications in 
2.51±0.35 days.

After wound simulation without treatment (CG1), the 
wound discharge disappeared, on average, in 3.55±0.36 days; 
after use of oxygen and air insufflations - in 2.75±0.36 days; 
after use of sorbent applications - in 2.67±0 30 days.

There were no significant differences between groups in 
the wound area after simulation, and the wound area averaged 
134.3±13.3 mm2 (Table 2). 

In animals of CG1, the studied parameter steadily 
decreased during the entire observation period, compared to 
the initial size, by 37.6%, 60.8%, 77.6%, and 86.9% on Days 
1, 3, 7, and 10 after wound simulation, respectively. In CG2 
and CG3, the wound area was eliminated by 39.5% and 40.8% 

Table 1.
The relief of local signs of inflammation in the groups included in 
the study

Group
Time, days

Edema Hyperemia Wound discharge1

CG1 3.26±0.27 2.78±0.46 3.55±0.36

CG2 2.86±0.41 2.67±0.54 2.75±0.36

CG3 2.76±0.35 2.63±0.39 2.75±0.36*

CG4 2.72±0.27* 2.51±0.35 2.67±0.30*

EG 2.47±0.32* 2.27±0.30 2.42±0.38*

Note: 1 – towards minuscule discharge; * P<0.05 in comparison with 
CG1 

Fig. 1.  Scheme of the device for the S-HPOI technique. 
1 – body, 2 – connecting pipe, 3 – spray nozzle, 4 – container 
for a medication, 5 – connecting cover, 6 – fixing screw, 7 
– mixing chamber, 10 – inner part of the connecting cover, 
11 – pivot link, 12 – system of silicone tubes.
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on Day 1, 66.3% and 68, 2% on Day 3, 83.5% and 84.6% 
on Day 7, and 92.9% and 93.6% on Day 10, respectively, 
compared with the findings obtained before treatment. Sorbent 
applications in animals of CG4 resulted in a reduction in size 
of the defect by 39.0%, 71.6%, 88.4%, and 98.2% on Days 1, 
3, 7, and 10, respectively. S-HPOI in EG animals resulted in 
the reduction of the wound area by 42.7%, 74.0%, 90.3% and 
99.5% on Days 1, 3, 7, and 10, respectively, compared with 
the sizes obtained immediately after wound simulation.

When studying the RNA level, we detected 
chromatophilic substances having different intensities most 
pronounced in the growth layers of the skin in animals of 
CG1 on Day 1 of the study; that fact indicated higher activity 
of metabolic processes in this area (Table 3). On Day 3, the 
severity of chromatophilic substances became more intense in 
the deep layers of the epidermis; in some cases, the basophilic 
material was located perinuclear. The OD (in relative units 
[RU]) of RNA in the epithelium on Days 1 and 3 was equal to 
0.24±0.01RU and 0.26±0.01RU; on Days 7 and 10, we found 
a further growth of the studied indicator to 0.30±0.01RU 
and 0.31±0.01RU. The maximum number of SH-groups in 
animals of CG1 was determined in the deeper layers of the 
paravual epidermis. The OD of SH-groups in the growth 
layers was 0.26±0.01RU, 0.26±0.01RU, 0.28±0.02RU, and 
0.27±0.01RU on Days 1, 3, 7, and 10, respectively.

In CG2, on Day 1 after the procedure, HPOI resulted 
in moderate basophilia with a more pronounced reaction 
within the growth layer; and the OD parameters for RNA and 
SH-groups were equal to 0.25±0.01RU and 0.26±0.02RU, 
respectively. On Day 3 after the procedure, metabolic 
activity was activated together with re-epithelialization of 
the wound area and was accompanied by stabilization of the 
studied parameters at the level equal to 0.27±0.01RU and 
0.26±0.01RU. On Day 7, the epidermis recovery resulted 
in an increase in the OD of RNA up to 0.31±0.02RU. SH-
groups in the indicated period were determined in the upper 
layers and amounted to 0.29±0.01RU, which could indicate 
the activation of keratinization of the epithelium. On Day 10, 
the OD of RNA and SH-groups constituted 0.32±0.02RU and 
0.27±0.01RU, respectively.

In CG3, on Day 1 after intervention, the OD of RNA and 
SH-groups was 0.25±0.01RU and 0.27±0.02RU, respectively. 
On Day 3, the OD of RNA increased to 0.27±0.01RU, and 
the SH-group level was stabilized at 0.27±0.02RU together 
with the increased metabolic activity. On Days 7 and 10, the 
restoration of damaged RNA was observed with an increase 
in the OD of RNA up to 0.32±0.01RU and 0.32±0.01RU, SH-
groups - up to 0.29±0.01RU and 0.28±0.02RU, respectively.

In CG4, on Day 1 after sorbent applications, the OD of 
RNA and SH-groups was 0.26±0.01RU and 0.28±0.02RU, 
respectively. The growth in the SH-group level in this case 
demonstrates increased metabolism and increased soft 
tissue regeneration. On Day 3, the OD of RNA was equal 
to 0.28±0.01RU; at the same time, the OD of SH-groups 
remained at the initial level. On Days 7 and 10, the wound was 
filled with the formed epidermis and the OD of RNA   reached 
0.32±0.02RU and 0.33±0.02RU, and the SH-group level - 
0.31±0.02RU and 0.29±0.02RU, respectively.

Similar dynamics of the changes in metabolic processes 
was registered in animals of EG after S-HPOI: the growth of 
RNA and SH-groups as the defect was further epidermized 
and the epidermis differentiated; these processes subsequently 
decreased as stratification processes completed. On the 
indicated days, the RNA level constituted 0.26±0.01RU, 
0.27±0.01RU, 0.32±0.02RU and 0.34±0.02RU, and for SH-
groups: 0.28±0.02RU, 0.28±0.02RU, 0.34±0.02RU, and 
0.28±0.02RU.

In conclusion, we can state the following:
- The use of high-pressure oxygen has practically no 

benefits in wound treatment compared to similar intervention 
using air jet.

- The use of the sorbent applications and S-HPOI 
contributed to a significant acceleration of reparative processes 

Table 2.
 Dynamics of changes in the wound area, mm2

Group
Day after wound simulation

Day of
simulation Day 1 Day 3 Day 7 Day 10

CG1 132.9±13.7 87.1±8.58* 50.5±5.9* 22.4±3.2* 11.3±1.4*

CG2 133.3±12.9 84.6±8.7* 43.6±6.2* 16.5±3.8* 6.1±1.4*,^

CG3 135.4±12.1 84.2±8.5* 41.8±5.4* 15.7±3.4*,^ 5.6±1.0*,^

CG4 134.1±13.1 85.9±8.4* 37.0±4.9*,^ 11.7±3.3*,^ 1.6±0.7*,^

EG 135.6±14.5 81.6±8.1* 34.2±3.6*,^ 9.9±2.5*,^2 0.5±0.7*,^
Note: *- P<0.05 in comparison with Day of simulation; ^ -P<0.05 in 
comparison with CG1

Table 3.
Dynamics of optical density of RNA and SH-groups, RU

Group
Day after wound simulation

1 3 7 10

Optical density of RNA

CG1 0.24±0.01 0.26±0.01* 0.30±0.01* 0.31±0.02*

CG2 0.25±0.01 0.27±0.01* 0.31±0.02* 0.32±0.02

CG3 0.25±0.01 0.27±0.01* 0.32±0.01*,^ 0.32±0.01*,^

CG4 0.26±0.01 0.28±0.01* 0.32±0.02*,^ 0.33±0.02

EG 0.26±0.01 0.27±0.01 0.32±0.02 0.34±0.02

Optical density of SH-groups

CG1 0.26±0.01 0.26±0.01 0.28±0.02 0.27±0.01

CG2 0.26±0.02 0.26±0.01 0.29±0.01 0.27±0.01

CG3 0.27±0.02 0.27±0.02 0.29±0.01 0.28±0.02

CG4 0.28±0.02 0.28±0.02 0.31±0.02 0.29±0.02

EG 0.28±0.02 0.28±0.02 0.34±0.02 0.29±0.02
Note: * – P<0.05 in comparison with Day 1; ̂  -P<0.05 in comparison 
with CG1
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by 1.1-1.3 and 1.2-1.5 times, respectively, compared with the 
results obtained in animals of CG1. On the whole, S-HPOI 
resulted in the maximum reduction in the area of   soft tissue 
wounds: by 74.0% in 3 days, by 99.5% in 10 days compared 
to the initial findings.

-  A higher reparative activity when using the sorbent is 
supported by parameters of the level of RNA and SH-groups, 
compared to findings obtained in the animals of other groups 
where sorbent was not applied. 
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Abstract
The article discusses the morphological changes in the mucous membrane of the stomach, duodenum, small intestine and 

large intestine after gastrostomy performed by the proposed original method of using an implant, in comparison with the classical 
Witzel gastrostomy and Depage-Janeway gastrostomy using the GIA stapler in laboratory animals (rabbits). Morphological 
changes were studied on Days 10 and 20 after surgery. It has been shown that gastrostomy causes adaptive-compensatory changes 
of a various nature, developing along the conveyor principle (along the passage of the food bolus), the morphological picture of 
which is represented by lymphohistiocytic infiltration and hemocirculatory disorders of a congested origin. The study revealed that 
the proposed original method of gastrostomy is characterized by a minimal damaging effect on the lower gastrointestinal tract, in 
comparison with the studied analogues. (International Journal of Biomedicine. 2020;10(3):251-256.) 

Key Words: gastrostomy • gastrointestinal tract • morphology • polypropylene mesh

Abbreviations 
GC, goblet cells; SI, small intestine; LI, large intestine; LGT, lower gastrointestinal tract

Introduction
Gastrostomy, in its various modifications, remains the only 

way to organize enteral nutrition in patients with tumor lesions 
of the upper gastrointestinal tract. However, this  breaks down 
the conveyor principle of the organization of digestion, which 

consists in the sequential effect of enzymes from different parts 
of the gastrointestinal tract on the food bolus, which ultimately 
leads to morphofunctional transformations of various parts of 
the gastrointestinal tract, reducing the efficiency of digestion 
and becoming a risk factor for the development of a number 
of diseases. Studies carried out in adult patients present, as 
a rule, complications of gastrostomy, primarily as a result of 
technical errors in the performance of the operation, considered 
in isolation from micro- and macrostructural rearrangements 
of the lower gastrointestinal tract (LGT) and a complex of 
metabolic disorders associated with them.(1,2) 
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The purpose of this work was to evaluate the 
morphofunctional changes in the gastrointestinal mucosa in 
the original method of gastrostomy using a polypropylene 
mesh, in comparison with the classical Witzel gastrostomy 
and Depage-Janeway gastrostomy using the GIA stapler.

Materials and Methods
For the experiment, we selected 18 sexually mature 

male rabbits (3 months old) of the Chinchilla breed, weighing 
2500–3400g The animals were divided by the method of pair 
analogues into 3 groups (6 animals each). The work with 
animals was carried out in accordance with the principles 
of humanism laid down in the directives of the European 
Community (86/609/ЕЕС) and the Declaration of Helsinki, in 
accordance with the “Animal experimentation legislations”.

Group 1 rabbits underwent the Witzel’s gastrostomy; 
Group 2 rabbits underwent the Depage-Janeway gastrostomy 
using the GIA apparatus; Group 3 rabbits underwent the original 
method of gastrostomy using a polypropylene mesh (Patent RU 
No. 2691924, Priority date: 06/18/2019, Bulletin No. 17).(3) 

 The animals were withdrawn from the study on Days 10 
and 20 after surgery. The fragments of the membrane of the wall 
of the gastric fundus, the duodenum, and the initial part of the 
small intestine (SI) and large intestine (LI) were fixed for at least 
2 hours in a 10% solution of neutral formalin. Further sample 
processing was carried out by intermediate Blick mixtures. 
Subsequently, paraffin sections 5–7 μm thick were made, which 
were stained with H&E. To identify acidic glycosaminoglycans, 
which are of particular importance in formation of connective 
tissue, staining with Alcian blue (pH 2.5) was used.(4)

Morphometry was performed using the ImageJ-1.45s. On 
sections of the gastric mucosa, the following was determined: 
the number of mucous cells in one fundic gland. the number 
of goblet cells (GC) of the surface epithelium, the number of 
of crypt epithelium, lymphocytes in the infiltrate (per 1 mm2 of 
the stroma), and the height of the mucous membrane glands of 
the fundus (μm). On sections of the mucous membrane of the 
duodenum, the following was determined: the total number of 
the cells of the epithelial layer per 1mm, the number of GC per 
100 epithelial cells, the height of the microvilli of the apical 
plasmatic membrane (μm), the height of the villi (μm), and the 
depth of crypts (μm). On sections of the mucous membrane 
of the SI, the following were determined: the height of the 
villi (μm), the depth of crypts (μm), the thickness of the brush 
border of epithelial cells and the number of GC per crypt. On 
sections of the mucous membrane of the LI, the following 
were determined: the number of GC of the surface epithelium, 
the number of GC of crypt epithelium and lymphocytes in the 
infiltrate (per 1 mm2 of the stroma).

Statistical analysis was performed using the statistical 
software «Statistica». (v10.0, StatSoft, USA) and Microsoft 
Excel 2007. Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SEM for continuous variables. The Mann-Whitney (U 
Test) was used to compare the differences between the two 
independent groups. A probability value of P≤ was considered 
statistically significant.

Results 
On Days 10 and 20 after surgery, morphological changes 

in the wall of the stomach and duodenum in Groups 1 and 2 
progressively increased (Fig.1). 

Fig.1. Mucous membrane of the stomach and duodenum. Day 20 
after surgery, staining with Alcian blue (pH 2.5).  Group 1 (1.1, 1.2, 
1.3) (Witzel’s gastrostomy); Group 2 (1.4, 1.5, 1.6) (Depage-Janeway 
gastrostomy); Group 3 (1.7, 1.8, 1.9) (Original method of gastrostomy).

1.1. Lens 40. The apical part of the glands of the gastric mucosa. 
Neutral polysaccharides in the cytoplasm of gastric glandulocytes. 
(↑).Mucus in the mouths of the glands (▲).
1.2 Lens 10. The wall of the duodenum. An increase in the number of 
goblet cells (↑) in the sparse villi of the duodenum. The volume of the 
end sections of the duodenal glands is significantly increased (▲).
1.3 Lens 40. A section of the villus of the duodenum. Numerous, 
large, dense mucin-filled GC (↑). Inactive, narrowed vessels of the 
microvilli of the duodenum (▲).
1.4 Lens 40. The apical part of the glands of the gastric mucosa. 
Accumulation of neutral polysaccharides in a large number of gastric 
glandulocytes (↑).
1.5 Lens 10. The wall of the duodenum. Sparsely located villi with a 
large number of GC (↑). Empty vein lumen (↑↑). The volume of the end 
sections of the duodenal glands is reduced compared to Group 1 (▲).
1.6 Lens 40. A section of the villus of the duodenum. Numerous, dense 
mucin-filled GC (↑).The size of the cells is slightly reduced compared 
to Group 1.
1.7 Lens 40. The apical part of the glands of the gastric mucosa. 
Decreased synthesis of neutral polysaccharides in the cytoplasm of 
gastric glandulocytes (↑) and an increase in the synthesis of acidic 
glycosaminoglycans (▲).
1.8 Lens 10. The wall of the duodenum. Densely arranged complex-
shaped villi (↑).The volume of the end sections of the duodenal glands 
is reduced compared to Group 1 (▲).
1.9 Lens 40. A section of the villus of the duodenum. Few, small GC (↑).
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In Group 1, neutral polysaccharides in the glandular 
cells of the fundus of the stomach were detected, first in the 
mouths and subsequently in the body of the stomach’s glands. 
On Day 20 after surgery, an increase in acidic glycoproteins 
(mucin) was also noted in the same places. In the duodenum, 
the villi became shorter and less numerous, the space between 
them was expanded, and a significant number of large rounded 
GC with cytoplasm filled with intensely staining alcianophilic 
inclusions were found in their epithelium. The brush border of 
the enterocytes was shortened. The vessels of the microvilli 
had a collapsed lumen free from blood cells (Fig. 1.1, 1.2, 1.3). 
The cells of the terminal sections of the duodenal glands were 
intensely stained and the glands became numerous, which 
caused the submucosa to become significantly thickened.

In Group 2, the changes in the morphological structure 
of the mucous membrane of the stomach and duodenum 
were very similar to the changes in Group 1 (Fig. 1.4, 1.5, 
1.6). However, in the stomach, the above-described changes 
were less pronounced, and only captured the in mouths of the 
glands and in the duodenum, the conglomerates of the terminal 
sections of the duodenal glands were not so massive.

In Group 3, the changes were minimal (Fig. 1.7, 1.8, 
1.9). In the stomach, they covered only the mouths of the 
glands; in the duodenum, densely located high villi with small 
GC remained. However, as in other groups, the villous vessels 
were empty.

The dynamics of morphometric changes in Groups 1 
and 2 progressively increased over time, most pronounced 
in Group 1, which consisted in a significant increase in the 
average number of mucous cells and a decrease in the average 
height of the glands in the fundus of the stomach. Changes in 
the above indicators in Group 3 were minimal (Table 1).

The revealed heterochrony in the dynamics of the 
studied parameters should be noted: The indices of the density 
of GC were the first to change, while the other indices showed 
reliable dynamics only on Day 20 after surgery. Morphological 
changes in the wall of the small and large intestines in all 
studied groups on Day 10 after surgery had a minimal severity; 
however, on Day 20, they progressively increased in Groups 
1 and 2.

On Day 10 after surgery, a desolation of the venous 
vessels and spasm of arterioles, as well as an increase in 
the number of GC, were observed in the villi of the SI. The 
epithelium of the LI was characterized by a slight increase in 
the number of GC (Fig. 2.1, 2.2).

In Group 2, the morphological picture was largely 
similar to the morphological picture in Group 1. In Group 3, 
minimal changes were revealed (Table 2).

Table 1.
The morphological parameters of the mucous membrane of the 
stomach

 Parameter Day after
surgery Group 1 Group 2 Group 3

Number of mucous
cells per one fundic
gland

10 17.1±0.4 16.8±0.4 14.2±0.3*, **

20 18±0.4 18±0.4 15±0.2*, **

Height of the
mucous membrane
glands of the 
fundus, µm

10 575.8±5.5 582.1±5.8 591.9±5.2*, **

20 453±4 468.7±4.6 587.5±6.5*, **

*P<0.05 between Group 1 and Group 3; **P<0.05 between Group 
2 and Group 3

Fig. 2. Mucous membrane of the SI and LI, staining with Alcian 
blue (pH 2.5).  Group 1 (2.1, 2.2, 2.5, 2.6) (Witzel’s gastrostomy); 
Group 3 (2.3, 2.4, 2.7, 2.8) (Original method of gastrostomy). 2.1, 
2.2, 2.3, 2.4 - Day 10 after surgery; 2.5, 2.6, 2.7, 2.8 - Day 20 after 
surgery.

2.1 Lens 10. Small intestine. The villus of the small intestine with 
central collapsed vessels (↑).
2.2 Lens 40. Large intestine with numerous mucus-secreting GC. 
Intestinal villi; sludge of erythrocytes in the lumen of the vein (↑).
2.3. Lens 10. Small intestine. Numerous villi of the small intestine 
with complex relief (↑).
2.4. Lens 40. Colon. Intestinal villus. Sparse, compact, inactive 
goblet cells (↑).
2.5. Lens 10. Small intestine. A short villus of the small intestine with 
few secondary villi (↑) and empty vessels.
2.6. Lens 40. Large intestine. Intestinal villus. Numerous GC in a 
degranulated state (↑). Lymphoid nodules (▲).
2.7 Lens 10. Small intestine. Long numerous villi of the small intestine 
with a complex relief (↑). Aggregation of erythrocytes in a vein (▲).
 2.8 Lens 40. Large intestine. Intestinal villus. GC, partly compact, 
partly degranulated (↑).Lymphoid nodule (▲).
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A distinctive feature from other groups was the presence 
of rare and compact inactive GC in the LI in Group 3 (Fig. 
2.3, 2.4).

On Day 20 after surgery, in Groups 1 and 2, a progressive 
increase in changes in the SI was revealed. The villi of the SI in 
both groups shortened over time, their vessels became empty, 
and the number of GC in crypts increased. The submucosa 
was dilated and looked edematous. In the vessels of the 
microcirculatory bed, signs of venous hyperemia were noted: 
sludge of erythrocytes in the veins and venules, blood plasma 
separation. The number of lymphoid elements increased, 
most pronounced in the large intestine. The lymphoid nodules 
increased in size, and the bright germinal center was clearly 
visualized (Fig. 2.5, 2.6). In the loose, fibrous connective 
tissue, the density of areas of lymphohistiocytic infiltration 
increased, and single lymphocytes were more common.

In Group 3, a crypt-villus system was characterized by 
the complex branched relief and sufficient crypt depth with 
a small number of GC. At the same time, slight disturbances 
of microcirculation were noted in the form of venous stasis, 
parietal aggregation of erythrocytes with the formation of 
“coin columns.” In the large intestine, the changes were close 
to the morphological picture of Groups 1 and 2, but they 
were less pronounced (Fig. 2.7, 2.8). The lymphoid nodules 
were partially oval and smaller in size, and lymphoid nodules 
without a pronounced, bright germinal center were also rare. 
Disturbances of microcirculation in the form of pronounced 
parietal aggregation of erythrocytes with the formation of 
large conglomerates (“coin columns”) in the vessels of the LI 
are shown in Figure 2 (2.7).

The results of the morphometry of the height of the villi 
and crypts in the SI showed a decrease in these parameters 
in Groups 1 and 2 from Day 10 up to Day 20 after surgery. 

At the same time, similar indicators in Group 3 did not 
change significantly. The average number of GC per crypt 
progressively increased throughout the study in all groups. 
The thickness of the brush border significantly decreased only 
on Day 20 after surgery, lagging behind other parameters. 
The intensity of the decrease in morphometric parameters in 
Groups 1 and 2 remained at approximately the same level, 
while in Group 3 it was significantly lower (Table 3).

The dynamics of morphometric changes in the mucous 
membrane of the LI was the least pronounced, in comparison 
with other parts of the intestine. There were practically 
no statistically significant differences between the studied 
parameters on Day 10 after the start of the study. On Days 10 and 
20 after surgery, significant differences were found between the 
indicators in Groups 3 and 1: an increase in the number of GC 
and cells of lymphohistiocytic infiltrate in Group 1, compared 
with similar indicators in Group 3 (Table 4).

Table 2.

The morphological parameters of the mucous membrane of the 
duodenum

 Parameter Day after
surgery Group 1 Group 2 Group 3

Total number of the
cells of the epithelial
layer per 1mm

10 103±7 110±7 112±9 

20 84±6 87±8 102±8*,**

The number of GC
per 100 epithelial
cells

10 20.2±1.7 15.9±1.2 14.1±1.4*,**

20 22.8±1.9 18.6±1.9 16.2±1.4*,**

The height of the
microvilli of the
apical plasmatic
membrane (μm)

10 2.3±0.2 2.4±0.2 2.5±0.2 

20 2±0.1 2±0.1 2.4±0.2*,**

The height of the
villi (μm)

10 440.5±4.1 440.7±4.2 445.2±3.4

20 388.7±3.7 417.9±2.9 432.2±2.,8*,**

The depth of crypts
(μm)

10 205±2.4 202.8±1.9 209±1.9**

20 172±1.9 178.2±1.9 186.9±1.8*,**

*P<0.05 between Group 1 and Group 3; **P<0.05 between Group 
2 and Group 3

Table 3.

The morphological parameters of the mucous membrane of the 
small intestine

Parameter Day after
surgery Group 1 Group 2 Group 3

The height of
the villi (μm)

10 340.4±3.4 341.4±3.6 357.9±3.7*, **

20 280.4±3 301.3±2.8 321±3.2*, **

The depth of
crypts (μm)

10 228.5±2.1 233.9±2.1 232.1±2.4*

20 205.3±2.1 210.6±2.1 212.5±1.9*

The thickness
of the brush
border of
epithelial cells

10 1.85±0.19 1.84±0.19 1.89±0.14 

20 1.74±0.18 1.76±0.15 1.87±0.09*, **

The number of
GC per crypt

10 20.2±0.2 19.8±0.2 18.8±0.2*, **

20 22.8±0.3 21.4±0.2 19.2±0.2*, **

*P<0.05 between Group 1 and Group 3; **P<0.05 between Group 
2 and Group 3

Table 4.

The morphological parameters of the mucous membrane of the 
large intestine

 Parameter Day after 
surgery Group 1 Group 2 Group 3

The number of
GC of the surface
epithelium

10 12.4±0.1 12.5±0.2 12.4±0.2 

20 15.1±0.5 12.4±0.2 12.5±0.2*

The number of GC
of crypt epithelium

10 38±0.6 38.2±0.7 38.4±0.9 

20 39.3±0.7 39±0.8 38.9±0.6 

Lymphocytes in the
infiltrate (per 1 mm2

of the stroma)

10 2391±164 2397±157 2378±146

20 2885±205 2638±200 2465±212*, **

*P<0.05 between Group 1 and Group 3; **P<0.05 between Group 
2 and Group 3
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The increase we observed in the synthesis of neutral 
polysaccharides in the upper sections of the fundic glands 
of the stomach was the most intense in Groups 1 and 2, as 
a rule, accompanied by a drop in the rate of mucin synthesis 
by epithelial cells of the deep sections—gastric pits and 
pyloric glands—which characterizes a decrease in the barrier 
properties of the stomach.(5) It is known that acidic mucins 
normally play a protective role. In this regard, the appearance 
of acidic glycosaminoglycans in epithelial cells in Group 1 
is considered as a compensatory response to chronic damage, 
since acidic glycosaminoglycans have better protective 
properties against destruction by bacterial enzymes.(6)

The morphofunctional features of the mucous membrane 
of the small intestine are determined by the presence of three 
types of specific formations: intestinal villi, Lieberkühn crypts 
and organized lymphoid nodules (single and group).(7) This 
allows us to identify three vectors of changes after performing 
various variants of gastrostomy, recorded in our study. A 
revealed decrease in the height of the villi and in the height of 
the brush border in our study can lead to a decrease in parietal 
digestion and absorption of monomers.(8) This is also evidenced 
by the desolation of the villous vessels, the morphometric 
characteristics of which are considered the most significant 
signs reflecting the dynamics of hemocirculatory disorders in 
the intestine.(9)

Since intestinal stem cells are located at the base of 
intestinal crypts and are responsible for renewing the intestinal 
epithelial lining to maintain cellular homeostasis, it can be 
concluded that a decrease in crypt depth is a morphological 
sign of a decrease in the regenerative activity of the epithelium 
of the small intestine.

An increase in the number of GC and layer formation in 
Groups 1 and 2 over time contributes to the growth of bacterial 
and toxic aggression, since the changes in the morphological 
properties of epithelial villi observed in our study are similar 
to those described in the work of Ruan et al.(10) The results 
obtained by Nan et al.(11) also testify to a similar negative effect 
of endotoxins on the morphological characteristics of villi. It 
was found that modeling of toxic effects by incubation of the 
jejunum of rats with E. coli M17 cells stimulates abundant 
mucus secretion. In this regard, the increase in the number of 
GC revealed in our study and, accordingly, the mucus produced 
by them, can be regarded as a protective mechanism against an 
increase in the toxic effect into the small intestine.(12)

This is also evidenced by neutrophilic infiltration of the 
intestinal mucosa, which was also identified in our study and 
which is a hallmark of inflammation of the gastrointestinal tract 
with significant adverse effects on the body.(13) Normally, the 
content of neutrophils in the intestinal mucosa is insignificant, 
while during inflammation it increases sharply; cells migrate 
across the epithelial barrier and appear on the surface of the 
villi.(14)

The activity of the lymphoid nodules of the large 
intestine revealed in our study, as well as an increase in the 
density of the lymphohistiocytic infiltrate of the submucosa, 
can be interpreted as an increase in the microbial and toxic load 
from the overlying parts of the intestine, since the lymphoid 
tissue in the walls of the hollow organs of the digestive system 

is the main protective immunological barrier of the body.(15)

The absence of statistically significant differences when 
comparing the morphometric parameters of the large intestine 
10 days after surgery is probably because the large intestine is 
less susceptible to ischemic and toxic tissue damage than the 
small intestine.(16)

Conclusions:
The adaptive-compensatory rearrangements in 

the mucous membrane of the stomach and the lower 
gastrointestinal tract that were revealed after 10 days of the 
experiment progress in all the studied groups by the end of the 
study. The maximum changes were found in the stomach. As 
the food bolus passes towards the lower gastrointestinal tract, 
the revealed changes are gradually leveled.

The morphological picture of adaptive-compensatory 
rearrangements includes an increase in morphological 
equivalents of protective factors and morphological signs of 
a decrease in parietal digestion processes developing against 
the background of activation of the lymphocystiocytic system. 
This is accompanied by impaired microcirculation of the 
congestive venous type. 

The choice of the gastrostomy method has a significant 
impact on the lower gastrointestinal tract, where the adaptive-
compensatory changes develop along the passage of the food 
bolus.

The original gastrostomy method we developed is 
characterized by a minimal damaging effect on the lower 
gastrointestinal tract, in comparison with the studied analogues.
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Abstract
Background: Surgical treatment of massive hepatic formations is an acute problem of operative hepatology, often being 

the only way to increase the life expectancy of patients. However, even nowadays, liver surgeries are considered to be traumatic, 
high-risk interventions due to the development of a potent body stress response induced by tissue damage, risk of severe intra- and 
postoperative complications, and high mortality. High mortality rates, especially after extensive liver resections, are more often 
associated with bleeding, bile flow from a liver section with the subsequent development of peritonitis, intoxication, and post-
hepatectomy liver failure. The aim of this study was to perform intraoperative, post-resection prevention of acute liver failure 
(ALF) by applying cyanocobalamin in the experiment.

Methods and Results: The study included 96 sexually mature male Wistar rats, which were divided into 4 groups, 24 
animals in each group. A conventional 70% hepatectomy was performed on animals of all groups. Prevention of post-hepatectomy 
liver failure (PHLF) was not performed in animals of the control group (CG) 1; animals of CG2 received 1 ml of 0.9% sodium 
chloride solution that was injected into the preserved hepatic lobes intraoperatively; animals of the experimental group (EG)1 
received 10 intrahepatic injections of 0.1 ml of cyanocobalamin (200 μg/ml); animals of EG2 received 1ml of cyanocobalamin 
(200 μg/ml) intraperitoneally. The general condition of the animals (activity, appetite), healing time of the postoperative wound, 
and weight of the regenerated liver were assessed after the experiment. Biochemical methods included assessment of the indices 
of the cytolysis syndrome, cholestatic syndrome, the syndrome of hepatic cell failure, as well as the analysis of oxidative stress 
parameter and sevaluation of the expression of transforming growth factor beta (TGF-β).

On Day 5 after hepatic resection, a significant improvement in the general condition of the animals (increased appetite 
and activity) was noted in EG1 and EG2. Intraoperative, intrahepatic administration of cyanocobalamin can increase the TGF-β 
expression by 2.5-3 times, affecting the proliferative activity of hepatocytes and providing recovery to 96.15±4.31% of the initial 
liver weight by Day 14 after hepatectomy

Conclusion: Intraoperative, intrahepatic administration of cyanocobalamin prevents the development of ALF in the early 
postoperative period and ensures restoration of the anatomical and functional integrity of the liver. (International Journal of 
Biomedicine. 2020;10(3):257-261.) 
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Introduction
Surgical treatment of massive hepatic formations is an 

acute problem of operative hepatology, often being the only 
way to increase the life expectancy of patients.(1) Laparoscopic 
technologies in hepatology are advancing at a slower rate than 
surgical technologies of other abdominal organs, since the 
large size and localization features of the liver do not always 
allow for a full laparoscopic examination of its surface and 
impede free instrumental access, especially to the posterior 
segments. Thus, an open liver resection remains the main 
surgical option.(2) An anatomical liver resection still appears 
to be the common method of radical treatment for patients 
with focal liver formations.(3) However, even nowadays, 
liver surgeries are considered to be traumatic, high-risk 
interventions due to the development of a potent body stress 
response induced by tissue damage, risk of severe intra- and 
postoperative complications (6%–36%), and high mortality 
even in patients who do not have structural and functional liver 
disorders.(3,4) High mortality rates, especially after extensive 
liver resections, are more often associated with bleeding, bile 
flow from a liver section with the subsequent development of 
peritonitis, intoxication, and PHLF.(5) To date, PHLF develops 
in 32%-60% of cases.(6,7) A significant increase in the risk of 
developing fatal PHLF is manifested in patients with chronic 
organ diseases who are subjected to a resection of 60% or 
more of the functioning parenchyma, as well as in patients 
with intact parenchyma who are subjected to a resection of 
75%–80% of the organ.(6)

The risk of developing ALF is due to several factors. 
First of all, ALF is a functional insufficiency of the remaining 
section of the liver parenchyma often resulting from initial 
dystrophic or cirrhotic changes. Hypoxia, which can be 
circulatory (due to ischemia caused by compression of the 
hepatoduodenal ligament – the Pringle maneuver), hemic (due 
to massive blood loss), or mixed, appears to be the risk factor 
of greatest importance.

For the prevention and treatment of ALF, various 
drugs with hepatoprotective properties are widely used in the 
scheme of pre- and postoperative infusion therapy, many of 
them including cyanocobalamin.(8) However, currently, there 
is no single approach to reducing the risk of ALF development 
in the early postoperative period by activating hepatocyte 
proliferation.

The aim of this study was to perform intraoperative, 
post-resection prevention of ALF by applying cyanocobalamin 
in the experiment.

Materials and Methods
The study included 96 sexually mature male Wistar rats, 

which were divided into 4 groups, 24 animals in each group. A 
conventional 70% hepatectomy was performed on animals of 
all groups, according to the model suggested by G. Higgins.(9) 

The operation was performed under intramuscular anesthesia 
using the anesthetic Zoetil-100 at a dose of 8 mc/kg in aseptic 
conditions. An oblique hypochondrium incision from the top 
of the xiphoid process to the free edge of the 11th rib was used 

as a surgical access. The removed lobes were mobilized by 
crossing the venous ligament. The previously isolated vascular 
pedicle was ligated with suturing ligature. The left and medial 
lobes of the liver were cut off above the level of the sutured 
ligature. Prevention of PHLF was not performed in animals of 
the control group (CG) 1; animals of CG2 received 1ml of 0.9% 
sodium chloride solution that was injected into the preserved 
hepatic lobes intraoperatively; animals of the experimental 
group (EG)1 received 10 intrahepatic injections of 0.1ml of 
cyanocobalamin (200 μg/ml) (certificate of acceptance No. 
2019113614 of 05/06/2019); animals of EG2 received 1ml 
of cyanocobalamin (200μg/ml) intraperitoneally. The wound 
was sutured in layers: the muscles were sutured with simple 
locking stiches; the skin was sutured with simple interrupted 
stitches. Polyhydroxy Acetyl suturing material was applied at 
all stages of the experiment. The animals were removed from 
the experiment on Days 1, 5, 7 and 14 after the intervention. 

The general condition of the animals (activity, appetite), 
healing time of the postoperative wound, and weight of the 
regenerated liver were assessed after the experiment. The 
weight of the regenerated liver was calculated using the 
formula: Minitial=Mresulted×3/2. Biochemical methods included 
assessment of the blood levels of AST, ALT, TBIL, CB, ALP, 
GGTP, TC, TP, HDL, LDL, VLDL, Tg, GL, Cr, BUN, GPx, 
SOD, MDA, and TGF-β.

Work on the animals was done in compliance with 
the principles of the Helsinki Declaration on the humane 
treatment of animals, stated in normative documents of the 
European community(86/609/EU), Manual on Experimental 
(Preclinical) Study of New Pharmacological Substances, 

and “Good laboratory practice” (MHRF Order No. 708н of 
23.08.2010).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was tested 
by the Kolmogorov-Smirnov test with the Lilliefors correction 
and Shapiro-Wilk test. For descriptive analysis, results are 
presented as mean±standard deviation (SD) and median (Me). 
For data with normal distribution, inter-group comparisons 
were performed using Student’s t-test. Mann-Whitney U 
test and Wilcoxon criterion were used to compare means of 
variables not normally distributed. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
The general condition of the animals in all experimental 

groups on Day 1 after the operation was specified as a state of 
moderate severity; there was a lack of appetite and a pronounced 
decrease in activity. Compared to the initial parameters, the 
liver weight was 32.44±3.01% in CG1, 35.16±2.86% in 
CG2, 35.01±3.12% in EG1, and 38.41±4.05% in EG2. On 
Day 5 after hepatic resection, a significant improvement 
in the general condition of the animals (increased appetite 
and activity) was noted in EG1 and EG2; the animals of 
CG1 and CG2 remained inactive and their appetite did not 
increase significantly. Compared to the initial parameters, 
the liver weight  was 41.87±2.43% in CG1, 44.11±3.80% in 
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CG2, 59.45±3.48% in EG1, and 52.05±2.13% in EG2. On 
Day 7 of the study, the general condition of the animals of 
all experimental groups was specified as close to satisfactory; 
their appetite and activity were not reduced. Complete healing 
of the postoperative wound was observed; the sutures were 
removed. Compared to the initial parameters, the liver weight 
was 64.15±3.07% in CG1, 70.18±2.46% in CG2, 88.56±4.02% 
in EG1, and 77.34±3.43% in EG2. On Day 14 of the study, the 
general condition of the animals that underwent the operation 
in all experimental groups did not differ from the state of 
intact animals. Almost complete restoration of the animals’ 
hair was noted at the site of the postoperative scar. Compared 
to the initial parameters, the liver weight was 82.04±3.48% 
in CG1, 80.54±4.01% in CG2, 96.15±4.31% in EG1, and 
87.09±3.91% in EG2.

When assessing indicators of the blood biochemical 
tests, the cytolysis syndrome was the most pronounced 
from Day 1 to Day 7 of the study. By Day 14, there were no 
symptoms of cytolysis in animals of all experimental groups 
(Fig.1).

On Day 1 after hepatic resection, in all groups of animals, 
indices of cholestatic syndrome significantly exceeded 
the indices of intact animals. On Day 5 of the experiment, 
indicators of cholestatic syndrome decreased insignificantly. 
It should be noted that the increase in TBIL in animals of all 
groups occurred mainly due to CB, which is associated with a 
decrease in the functional capabilities of the hepatocytes of the 
resected liver. The absence of a significant increase in un-CB in 
the blood of animals excludes the presence of necrosis of liver 
cells and entry of bilirubin glucuronide into the bloodstream. 
On Day 7 after the operation in animals of EG1, the levels 
of ALP and GGTPs were normalized. On Day 14 after the 
operation, the indicators of cholestatic syndrome slightly 
exceeded normal parameters in animals of CG1 (Fig.2). The 
TC level in animals of CG1, CG2 and EG2 was lower than 
parameters of intact animals throughout the experiment. It 
should be noted that in animals of EG1, the TC level returned 
to normal value on Day 7 after the operation (Fig.2).

When assessing the syndrome of hepatic cell failure, 
there was a significant decrease in parameters characterizing 
the synthetic (TP, lipid profile), metabolic (GL) and 

detoxification (Cr, BUN) functions of the liver in all groups of 
animals on Day 1 after hepatic resection. On Day 5, the protein-
synthetic function was reduced. The TC level was reduced 
in all groups of animals, while there was also a decrease in 
the levels of HDL, LDL, VLDL and Tg, which evidenced 
damage to the synthetic and energy liver functions. It should 
be noted that the decrease in TC might also be associated with 
the presence of ß-muricholic acid in rats; this contributes to 
the rapid excretion of the excess cholesterol from the body. 
An increase in the level of blood GL is manifested due to a 
decrease in glucokinase activity in the first days after surgery, 
and as a result, damage to carbohydrate metabolism. On Day 
5 of the study, a decrease in detoxification liver function was 
observed in all groups of animals. Compared to parameters of 
intact animals, on Day 7 after hepatic resection, parameters of 
lipid profile, GL, Cr, and BUN parameters were normalized 
in EG1 animals. On Day 14 of the study, parameters of Cr 
and BUN were normalized in animals of CG1, CG2 and EG2. 
In animals of EG1, only one parameter differed from that of 
intact animals – TP level decreased by 7.05±1.18% (Table 1).

The biochemical study demonstrated that the highest 
severity of the cytolytic syndrome was from Day 1 to Day 
5 after hepatic resection, a fact associated not only with 
intraoperative damage to the liver tissue, but also with the 
activation of apoptosis of damaged cells in the first days of 
the postoperative period. With intrahepatic and intraperitoneal 
administration of cyanocobalamin, cytolysis indices were 
normalized on Day 7 of the experiment, compared to the 
control groups. This normalization was associated with the 
restoration of the morphological structure of hepatocytes, 
membrane integrity and total liver weight. Cholestatic 
syndrome was more pronounced on Day 1 after hepatic 
resection. In animals of EG1, the levels of ALP, GGTP, 
and TC were normalized on Day 7 of the experiment; in 
animals of the other groups these parameters differed from 
the norm. A similar picture was observed on Day 14 after 
the operation. The results obtained were associated with 
severe functional liver failure in the postoperative period 
since in animals of EG1 the largest restoration of the initial 
liver weight was observed (88.56±4.02%) on Day 7 of the 
study, and abnormality of blood biochemical parameters was 
compensated. Hepatic cell failure syndrome was the most 
pronounced from Day 1 to Day 5 after the operation: the 

Fig. 1. Dynamics of indicators of the cytolysis syndrome, %

Fig. 2. Dynamics of indicators of the cholestatic syndrome, % 
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synthetic, metabolic and detoxification functions of the liver 
decreased. Almost complete restoration of functional activity 
and normalization of parameters was observed by Day 14 in 
EG1 animals, which was associated with the restoration of 
96.15±4.31% of the initial liver weight. A prolonged decrease 
in protein-synthetic function is explained by pronounced 
reparative processes and high activity of mitotic divisions of 
hepatocytes, and an increase in the liver size. The pronounced 
proliferative activity of liver cells requires significant reserves 
of energy and building material; due to this fact, restoration 
and accumulation of protein in the body is slow.

An assessment of oxidative stress parameters showed an 
increase in the antioxidant content on Day 5 of the study in 
animals of all groups. Thus, the most pronounced activation of 
the protective enzymatic system was observed in EG1, which 
was also supported by the results of a biochemical blood test on 
Day 5 of the experiment (the significantly decreased cytolytic 
syndrome parameters and damage to hepatocytes in comparison 
with the control groups); on Day 7, the mentioned parameters 
increased. Based on the results obtained, it can be noted that 
due to the activation of the enzymatic antioxidant system, the 
content of MDA decreased, the lowest value of which was 
obtained in animals of EG1. The results demonstrated that 
cytolytic syndrome parameters were normalized in animals of 
EG1 by Day 7 after hepatic resection; this fact evidences the 
complete compensation of oxidative stress after surgery and 
restoration of the cell membrane integrity. On Day 14 of the 
study, the levels of SOD, GPx, and MDA were similar to the 
parameters of intact animals in both experimental and control 
groups (Table 2).

Studying the cytokine content, we found a significant 
increase in TGF-β in animals of EG1 on Day 1 after surgery. 

On Day 7, this parameter decreased insignificantly. On Day 
14 after surgery, the TGF-β level constituted 2340.74±81.12 
pg/ml in CG1, 2107.45±107.48 pg/ml in CG2, 2537.46±78.40 
pg/ml in EG1, and 2441.12±92.12 pg/ml in EG2 (Fig.3). 
Thus, the maximum TGF-β value was registered in animals 
of EG1. The result obtained indicates that the intrahepatic 
administration of cyanocobalamin activated the proliferative 
activity of hepatocytes. The suggested method contributes to 
the increased TGF-β expression, and, at the same time, does 
not interrupt physiological norms of its maximum activity. 
A significant TGF-β increase contributes to the most rapid 
restoration of the initial liver weight in animals of EG1 (up 
to 96.15±4.31% by Day 14 of the experiment), and results in 
restoration of the normal functional activity of the liver.Table 1.

Dynamics of indicators of the syndrome of hepatic cell failure (a 
deviation from the indicators of intact animals, %)

Time Indices CG1 CG2 EG1 EG2

Day 5

Cr 11.04±1.14 14.05±1.48* 7.49±0.79* 10.21±1.17

TP 44.27±5.12 38.04±4.71 31.28±4.18* 31.35±3.91*

BIN 14.11±1.05 16.18±1.50 10.16±1.05* 14.11±1.48

GL 21.01±3.02 26.11±2.47 20.48±1.74 26.45±3.11

Day 7

Cr 8.47±0.58 8.40±1.42 N 5.46±0.72*

TP 31.16±2.14 26.01±2.42* 18.98±4.16* 23.48±2.18*

BIN 10.12±1.41 9.48±1.15 N 9.79±1.58

GL 20.01±3.14 16.12±2.00 N 14.56±2.08*

Day 14 

Cr N N N N

TP 20.28±2.10 18.47±1.14 7.05±1.18* 12.04±1.49*

BIN N N N N

GL 14.11±1.57 10.26±2.61 N 8.06±0.084*

Note: *-P<0.05 in comparison with CG1; N – Normal (indicators of 
intact animals)

Table 2. 
Dynamics of oxidative stress parameters

Time Indices CG1 CG2 EG1 EG2

Day 5

SOD,
pg/ml 10.80±0.24 9.02±0.15 13.20±1.18* 9.05±1.10 

GPx,
pg/ml 0.21±0.07 0.27±0.11 0.36±0.18* 0.21±0.07 

MDA,
mmol/l 16.36±1.18 18.97±1.24 11.71±0.89* 14.27±1.05 

Day 7

SOD,
pg/ml 12.25±1.08 14.00±1.11 17.14±1.24* 13.11±1.01* 

GPx,
pg/ml 0.28±0.05 0.28±0.08 0.39±0.14* 0.21±0.09* 

MDA,
mmol/l 14.21±1.07 16.21±1.36 7.84±0.58* 11.46±1.12* 

Day 14

SOD N N N N

GPx N N N N

MDA N N N N

Note: *-P<0.05 in comparison with CG1; N – Normal (indicators of 
intact animals)

Fig. 3. Dynamics of the TGF-β expressioncytolysis syndrome, %
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Thus, the method suggested for prevention of the 
post-resection ALF using intraoperative administration of 
cyanocobalamin reduces the time necessary for postoperative, 
reparative liver regeneration. The intrahepatic method of drug 
administration appears to be the most optimal, since it has 
demonstrated the highest pharmacological efficacy compared 
with intraperitoneal drug administration. Intraoperative, 
intrahepatic administration of cyanocobalamin can increase 
the TGF-β expression by 2.5-3 times, affecting the proliferative 
activity of hepatocytes and providing recovery to 96.15±4.31% 
of the initial liver weight by Day 14 after hepatectomy. 
Intrahepatic administration of cyanocobalamin results in 
activation of the antioxidant enzymatic defense system; this 
allows avoiding lipid peroxidation of cell membranes and 
reducing the severity of the cytolytic syndrome. The suggested 
method of administration does not cause cholestasis and 
contributes to the almost complete restoration of the synthetic, 
metabolic and detoxification functions of the liver by Day 7 
after the operation. 

Thus, intraoperative, intrahepatic administration of 
cyanocobalamin prevents the development of ALF in the early 
postoperative period and ensures restoration of the anatomical 
and functional integrity of the liver.
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Abstract
This study investigated the effect of heart rate (HR) on the pumping function of the heart ventricle (HV) in rainbow trout 

Oncorhynchus mykiss acclimated to a temperature of 5–7ºC, and in adult frogs Rana temporaria at an ambient temperature of 
10–12ºC. The dynamics of intracavitary ventricular pressure was recorded by transmural catheterization. HR was changed by atrial 
electrocardiostimulation. The increase in HR in rainbow trout resulted in a decrease in the maximal systolic ventricular pressure 
(MSVP), an increase of end-diastolic ventricular pressure (EDVP), and a reduction in the maximum rates of the rising and falling 
pressures. In the frog, MSVP and isovolumic parameters (dP/dtmax and dP/dtmin) also decreased as HR increased from 24 bpm to 42 
bpm. The preload of the frog’s HV did not change significantly, compared to the sinoatrial rhythm (SR). The maximum increase in 
the frequency of atrial stimulation up to 60 bpm in fish and up to 42 bpm in frogs resulted in a significant decrease in the myocardial 
contractility and deterioration of the pumping function of HV under low ambient temperature conditions. (International Journal of 
Biomedicine. 2020;10(3):262-265.) 

Key Words: pumping function • heart rate • heart ventricle • temperature • rainbow trout • frog 

Abbreviations
EDVP, end-diastolic ventricular pressure; HR, heart rate; HV, heart ventricle; MSVP, maximal systolic ventricular pressure; SR, 
sinoatrial rhythm.

Introduction
Any stressful changes in the environment trigger a 

complex of physiological reactions, mainly associated with 
an increase in cardiac output, which is realized by increasing 
HR.(1) In cold-blooded vertebrate amphibians, HR variability 
is considered as a factor that ensures the activity of the heart 
in extreme conditions that go beyond the usual conditions in 
the organism’s habitat.(2)   

In lower ectothermic (cold-blooded) vertebrates in 
natural conditions, slow sinoatrial heart rhythm (3,4) and the 

degree of organization of the cardiac conduction system (5,6) 

do not allow a significant increase in HR. In amphibians, 
however, an increase in habitat temperature to 20°C results 
in an increased HR, accompanied by improvement in the 
contractile function of the ventricle.(7)  In fish, especially 
salmon, cardiac output increases during active movement. 
During this time, the stroke volume and, to a lesser degree 
HR, is responsible for the rise of cardiac output during 
swimming. Increasing the temperature of the surrounding 
water environment from 3°C to 10°C is accompanied by a 
significant increase in HR; however, during these conditions, 
stroke volume and cardiac output vary in different fish species.
(8) In a study conducted on strips of ventricular myocardium,(9)  

the increased HR in rainbow trout (Oncorhynchus mykiss) in 
vitro at 4°C, 10°C, and 18ºC, acclimated to 10ºC, revealed 
no changes in the myocardial contractile function. Currently, 
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there are insufficient studies of the regularities of the influence 
of HR on the contractile function of the heart in amphibians 
and fish at low temperature conditions at which effective 
cardiac activity is maintained.(10)  It is important to conduct a 
model study of the contractile function of HV in cold-blooded 
animals (fish and amphibians)at different HRs in low ambient 
temperature conditions. 

The study of the contractile properties of HV with a 
functionally homogeneous spongy myocardium in lower 
ectothermic vertebrates (fish and amphibians) under 
electrocardiostimulatory myocardial stress (an increased HR) 
will help to explain the mechanisms of the heart function. 

The purpose of this work is to study the influence of 
HR increase on the contractile properties of HV in fish and 
amphibians, by modified atrial electrocardiostimulation in low 
temperature conditions.

Materials and Methods
Animals and surgical procedure

This investigation conforms with the Guide for the Care 
and Use of Laboratory Animals published by the US National 
Institutes of Health (NIH Publication No. 85-23, revised 
1996). The Animal Care and Use Committee of Institute 
of Physiology of the Komi Science Center of the Russian 
Academy of Sciences approved the experimental protocol 
(approved number: 29). 

Fish. The experiments were carried out on 14 rainbow 
trout (Oncorhynchus mykiss) of both sexes, weighing 1.1±0.2 
kg, adapted for several weeks to the natural water temperature 
of 5-7°С in pond-farm cages. Each fish was immobilized and 
fixed in a water-filled tray with its body positioned on the back. 
A rubber hose was inserted into the oral cavity, through which, 
to provide artificial respiration, river water at a temperature of 
5–7°C was continuously passed through the gills under low 
pressure. The body temperature of the experimental animals 
during the study was maintained within 5–7°C. A longitudinal 
incision was used to open the chest cavity and pericardium, 
exposing the heart and the myocardium of the ventricle.

Frog. Experiments were performed on 14 adults (2–3 years 
old) frogs (Rana temporaria) of both sexes, weighing 34 g – 47 g. 
All animals demonstrated normal sinus rhythm on an ECG. The 
frogs were anaesthetized by placing them for 3 minutes in a jar 
containing 40% ethanol. After that, the ventral thoracic wall was 
removed and the pericardium was cut open. During the experiment, 
the body temperature of each animal was in the range of 10-12ºC 
and the heart was flushed with warm Ringer’s solution (10–12ºC). 
In the laboratory, the animals’ body temperature equilibrated 
rapidly with an ambient temperature that corresponded to the data 
of other researchers. At the end of the experiment, the animals 
were euthanized by an intravenous injection of an overdose of 
alcoholic solution.
Hemodynamic recording

In both fish and frogs, the hemodynamic variables were 
determined with the Prucka Mac Lab 2000 system (GE Medical 
System, GmbH). The pressure in the ventricle was measured with 
a catheter (internal diameter, 1 mm) filled with the heparinized 
0.9 % saline inserted via the free wall into the ventricular cavity. 

Invasive monitoring of the pressure was carried out using 
transducers, transforming blood pressure inside of the vessels as 
the transducer registered mechanical changes. Intraventricular 
pressure and ECG in standard bipolar limb leads were recorded 
synchronously. Hemodynamic parameters measured included: 
MSVP (mmHg), EDVP (mmHg), maximal value of the MSVP 
derivative (dP/dtmax, mmHg/s), maximal rate of MSVP decline 
(dP/dtmin, mmHg/s). The durations of QRS complex and QT 
interval were measured also.

Pacing
The HR in fish was changed by pacing with a CEECX–3 

pacemaker. The atrium was stimulated, with the stimuli lasting 
2ms and amplitude 2–4V in the range from sinus rhythm to the 
maximum HR, at which disorders occurred in heart activity. 
In our study, HR of 60bpm is the maximum frequency in trout 
under the given temperature conditions, above which rhythm 
disturbance occurred.

In frogs, HR was changed by pacing the right atrium 
from 0.4 to 0.7Hz with step 0.1Hz (24-42 bpm). The right 
atrium was stimulated with cathodic impulses (duration 
3.5ms; twice-diastolic threshold). The amplitude of impulses 
was 3–5V. The duration of pacing period was 1 min. 

The results were statistically analyzed using BIOSTAT 4.03 
program with use of Wilcoxon and Mann-Whitney criterion.   Data 
are presented as mean±standard deviation (M±SD). A probability 
value of P<0.05 was considered statistically significant.

Results
Fish. The initial HR at SR ranged from 18 bpm to 27 

bpm at t=5–7°C. The duration of the QRS complex in the ECG 
increased at HR, increasing to 60 bpm (148.3±21.4 ms; P<0.05), 
relative to SR (102.7±12.5 ms). The QT interval shortened with 
the increase in HR up to 60 bpm (506.6±93.0 ms; P<0.05), 
relative to SR (1208.2±249.4 ms). 

MSVP was significantly reduced (P<0.02) at imposed 
rhythms from 30 bpm to 60 bpm, relative to SR (Fig.1).
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Fig 1. Hemodynamic parameters of the heart of rainbow trout with 
an increase in HR: А- MSVP;  B -  EDVP;  С - the maximum rate of 
the ventricular pressure rise  (dP/dtmax);  D - the maximum rate of the 
pressure fall (dP/dtmin. sa – sinus rhythm; ap – atrium pacing rhythm. 
30,  …, 60 - HR in beats/min, respectively. * P<0.05 - in relation to the 
sinus-atrial rhythm.    
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 During this time, EDVP increased significantly with the increase 
in HR, compared to SR. Increased HR led to a synchronous 
change in the isovolumic indices (dP/dtmax and dP/dtmin). Starting 
with the frequency of 30bpm and up to a maximum of 60bpm, 
these indicators were reduced (P<0.02), relative to SR.

Frog. At t=10–12°C, HR in frogs ranged from 23bpm to 
29bpm. The duration of the QRS complex did not significantly 
change with the increase in HR (from 27 to 44 bpm), compared 
to SR (76.2±20.8 ms), which distinguishes the change in this 
indicator obtained in fish. The duration of the QT interval 
decreased (P<0.05) with the increase in HR, compared to 
SR. MSVP and isovolumic indices (dP/dtmax and dP/dtmin) 
decreased (P<0.05) with the increase in the imposed HR from 
32 bpm to 44 bpm. However, the preload of HV in frogs with 
the increased HR did not significantly change, compared to 
SR (Fig.2), in contrast to the resulting EDP in fish.

Discussion
Fish. In relation to the initial rhythm in trout, MSVP, 

dP/dtmax and dP/dtmin decreased while EDVP increased with 
the increase of HR. In rainbow trout adapted to a temperature 
of 5–7°C at SR in the frequency range of 21.6±4.9 bpm, the 
pumping function of the heart was probably within the upper 
limit of the physiological norm and the further increase in HR 
caused its deterioration. Previously, research on myocardial 
strips by Coyne et al. showed that the pumping function 
of the HV muscle in trout depends on the concentration of 
intracellular and extracellular calcium, and that changes in HR 
do not significantly affect the contractile function. 

The ion channels of the fish heart, being plastic 
objects, actively react to the electrical parameters of the 
heart, depending on the ambient conditions and the way of 
life of fish. The density and kinetics of the sodium current 
(INa) are essential for generating the action potentials in fish 
myocardium. For example, at low temperatures, in burbot and 
rainbow trout the high INa density supports a relatively high 
HR.(11) Because the main role in activating contraction in the fish 

myocardium is given to the flow of extracellular Са2+ through 
the sarcolemma, the electromechanical synchronization and 
direction of myocardial contraction are limited not only by 
the size, but also by the duration and direction of the action 
potential.(12)  

It has been established(13) that an increase in HR by more 
than 2 times (in our study, increasing HR in fish up to 60 bpm) 
reduces the functional heterogeneity of the myocardium, 
which is manifested in almost simultaneous depolarization 
of the layers in the ventral and dorsal parts of the ventricle, 
which indicates how intensely those parts are involved 
in the contractile process. The functional homogeneity of 
the depolarization process of the myocardium is probably 
related to the almost simultaneous opening of Na+- and Са2+-
dependent channels, which increases the contribution of the 
calcium component of the depolarizing current to enhancing 
the operation of the Na\Ca pump under Са2+ cardiomyocyte 
overload.(14) In our experiment, in the electrocardiogram in 
fish during atrial stimulation with the frequency exceeding 
the physiological HR, the changes in the QT interval that 
were revealed may be a result of the formation of dynamic 
functional heterogeneity of the myocardium. As a result, HR 
exceeds the ability of cardiomyocytes to provide intracellular 
Са2+ homeostasis with the formation of the conduction block, 
which is manifested in the ECG by the broadening of the QRS 
complex.(14) 

At the maximum imposed HR of 60bpm, we found a short 
period in which hemodynamic parameters were stabilized, the 
so-called limit of reducing the contractile properties of HV. The 
increase in the ventricular preload in trout with the increase in 
HR is due to the increased contribution of α-adrenoreceptors, 
which compensates for the reduction in the time it takes for the 
ventricle to fill. It is possible that, under the conditions of our 
experiment, with increased preload and reduced contractility 
of HV, the mechanism of homeostatic physiological functions 
of the myocardium is activated, at which the maximum HR 
of 60 bpm is the maximum functionally effective frequency. 
Above that frequency, there develop structural disorders in 
HV and fatal rhythm disturbance. Thus, an increase in HR at 
the artificial atrial rhythm at a constant water temperature (5–
7°C) does not improve the contractile properties of HV in fish. 
In contrast, the results obtained earlier(13) suggest that with the 
increase of HR the mechanical load on the ventricular base 
area is distributed and the electrical and mechanical properties 
of the ventricular myocardium are desynchronized.

Frog. Previously, we showed that in amphibians one of the 
mechanisms for maintaining the functional activity of the heart in 
conditions of high ambient temperature with an increase in HR 
is an increase in electrical heterogeneity on the ventral surface 
of the ventricle in the area of the arterial cone.(2) The discovered 
electrical heterogeneity of the myocardium indicates that the 
myocardial tissue of the amphibian heart is able to change 
its functional properties depending on external conditions.
(7) Regionally determined changes in the electrophysiological 
properties of the myocardium are based on the changes in 
metabolism throughout the body.(15) Electrical stimulation of the 
atrium at the increase in HR in amphibians does not cause an 
increase in EDVP, unlike in fish. Rather, it reduces the systolic 
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Fig. 2. Hemodynamic parameters of the heart of frog with an increase 
in HR: А- MSVP; B -  EDVP; С - the maximum rate of the ventricular 
pressure rise (dP/dtmax); D - the maximum rate of the pressure fall 
(dP/dtmin. sa – sinus rhythm; ap – atrium pacing rhythm. 27,  …, 44 
- HR in bpm, respectively. *P<0.05 - in relation to the sinus rhythm.     
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blood pressure and isovolumic parameters of HV. It is known that 
the modulating effect on the strength and HR is realized through 
changing the action potential in order to discharge cardiomyocytes 
when performing excessive load.(16) During an increase of HR 
beyond the physiological norm for this species, this mechanism 
apparently stops working, which leads to the phenomenon of 
calcium overload of cardiomyocytes. The natural variability of 
HR as a factor of increasing the contractile function is realized 
through the increase in the electrical heterogeneity of the 
myocardium, while high HR reduces the electrical heterogeneity 
of the myocardium, and is the cause of changes in the contractile 
properties of the heart. Thus, we have shown that the increase in 
HR above the typical indicators for amphibians at an ambient 
temperature of 18–20°C is accompanied by a decrease in the 
contractile function of the myocardium.(2) 

Thus, the increased HR in lower cold-blooded animals 
under low habitat temperature leads to a significant decrease 
in the myocardial contractility, as well as deterioration of the 
pumping function of HV, and it cannot be considered as an 
adaptive factor that ensures the activity of the heart in extreme 
conditions that go beyond the usual habitat of the animal.
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Abstract
Background: The aim of this research was to study the regularities of changes in blood biochemical parameters in outbred 

rats exposed to the toxic effect of sodium valproate (SV) in the experiment. 
Methods and Results: The study was performed on 94 white outbred male rats, weighing 190-210g. According to the research 

protocol, all animals were divided into two groups: Intact Group (IG, n=30) and Experimental Group (EG, n=64). Animals of EG 
were given the anticonvulsant SV in a toxic dose of 600 mg/kg, intragastrically, once a day, for 7 (n=23), 14 (n=13), 21 (n=13) and 
28 (n=15) days. The animals were withdrawn from the experiment after 7, 14, 21 and 28 days using diethyl ether. The following 
biochemical parameters in blood serum were determined: AST (aspartate aminotransferase), ALT (alanine aminotransferase), 
ALP (alkaline  phosphatase), GGT (γ-glutamyltransferase), TP (total protein), glucose, direct bilirubin, TC (total cholesterol), and 
TG(triglycerides). The administration of toxic doses of SV to experimental animals was accompanied by changes in the biochemical 
status of blood, especially pronounced on Days 21 and 28 of the experiment. In particular, the activity of enzymes AST, ALT, ALP, 
GGT increases, the levels of TP and glucose decrease, and the levels of direct bilirubin, TG and TC, increase. 

Conclusion: The obtained data showed that the overdose of SV significantly worsens the blood biochemical parameters, 
which may indicate a toxic damage of hepatocytes. The studied biochemical parameters should be used to assess late effects of 
anticonvulsants on the body. (International Journal of Biomedicine. 2020;10(3):266-269.) 

Key Words: rats • sodium valproate • toxic dose • biochemical parameters • blood serum

Abbreviations
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; SV, 
sodium valproate; TC, total cholesterol; TG, triglycerides; TP, total protein.

Introduction
Epilepsy refers to common neurological diseases 

associated with high mortality, stigmatization and economic 
costs.(1) The prevalence of this pathological condition in the 

world is 6.38 per 1000 population, in Russia about 3.22 per 
1000 population.(2) Epilepsy is characterized by occasional 
epileptic attacks resulting from excessive neuronal discharges, 
accompanied by a variety of clinical and paraclinical symptoms.(3) 

The main method of epilepsy treatment is pharmacotherapy with 
anticonvulsants along with lifestyle changes targeted at preventing 
attacks and related complications.(1,3) 

Currently, a preparation of sodium valproate (SV) is 
widely used in the treatment of patients with epilepsy.(4) The 
main effect of SV is aimed at preventing the development of 
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epileptic attacks and cognitive deficits, which is achieved by 
long-term drug therapy, on average from two to five years or 
more, or lifelong.(1,5) Many metabolites of SV are biologically 
active substances, which, on the one hand, can lead to a 
potential clinical effect and, on the other hand, can lead to 
chronic intoxication of the organism.(4-9) It was found that SV 
in high doses has a pronounced neurotoxic effect with the 
development of cognitive disorders, increased anxiety, etc.(6) 

The frequency of side effects during anticonvulsant therapy 
varies from 7% to 25%, in some cases it can reach 68.3%.(4) 

An additional risk factor for the development of side effects is 
failure to follow instructions, which may concern indications, 
contraindications, and dosages when prescribing drugs, their 
сo-use with other drugs, age of patients, etc.(6,7) 

Due to long-term, often life-long therapy, as well as 
numerous negative effects, the drugs of this group have special 
requirements for their safety and impact on patients’ quality of 
life.(10) It is known that most of the basic anticonvulsants, also SV, 
are metabolized by the generation of reactive metabolites. They 
can covalently bind macromolecules, which results not only in 
the suppression of epileptic attacks, but also in the development 
of systemic toxicity, especially hepatotoxicity.(11-13)

Thereby, the aim of this research was to study the 
regularities of changes in blood biochemical parameters in 
outbred rats exposed to the toxic effect of sodium valproate 
in the experiment. 

Materials and Methods
The study was performed on 94 white outbred male 

rats, weighing 190-210 g. The animals were kept in standard 
plastic cages in natural light, with free access to water and 
food (standard food in an amount corresponding to the daily 
norms). The experiment was conducted on the basis of a 
certified vivarium of the “East-Siberian Institute for Medical 
and Environmental Studies.” 

According to the research protocol, all animals were 
divided into two groups: Intact Group (IG, n=30) and 
Experimental Group (EG, n=64). Animals of EG were 
given the anticonvulsant SV in a toxic dose of 600mg/kg, 
intragastrically, once a day, for 7 (n=23), 14 (n=13), 21 (n=13) 
and 28 (n=15) days. The dosage of SV was calculated based 
on the average daily dose for a person weighing 60 kg, which 
is 1200-2100 mg per day. The dose was increased by 50% 
relative to animal body weight.(5) The animals were withdrawn 
from the experiment after 7, 14, 21 and 28 days using diethyl 
ether. Blood was drawn into dry sterile tubes on an empty 
stomach at the same time. To obtain serum, the blood was 
centrifuged for 15 min at 3000rpm. The following biochemical 
parameters in blood serum were determined: AST, ALT, ALP, 
GGT, TP, glucose, direct bilirubin, TC, and TG.(14)

Work on the animals was done in compliance with 
the principles of the Helsinki Declaration on the humane 
treatment of animals, stated in normative documents of the 
European community(86/609/EU), Manual on Experimental 
(Preclinical) Study of New Pharmacological Substances, and 
“Good laboratory practice” (MHRF Order No. 708н dated 
23.08.2010).

Statistical analysis was performed using the 
Statistica 6.1 software package (Stat-Soft Inc., USA).  The 
normality of distribution of continuous variables was tested 
by the Kolmogorov-Smirnov test with the Lilliefors correction 
and Shapiro-Wilk test. For descriptive analysis, results are 
presented as mean±standard deviation (SD), median (Me), 
interquartile range (IQR; 25th to 75th percentiles). For data 
with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
A probability value of P≤0.05 was considered statistically 
significant.

Results and Discussion
The results of the research showed that with daily 

administration of SV in EG, the AST activity statistically 
significantly increased on Days 7 and 14 of the experiment 
(by 1.61 times (P=0.0187) and 1.28 times (P=0.0408), 
respectively), compared to IG (Fig.1). Simultaneous increase 
in the values of AST and ALT was recorded on Day 21 (by 3.67 
times (P=0.0118) and 2.33 times (P=0.0221), respectively), as 
well as on Day 28 (by 3.67 times (P=0.0147) and 2.33 times 
(P=0.019), respectively). Similarly, the serum activity of 
ALP and GGT was changed (Fig.1). Thus, the ALP activity 
increased on Days 7 and 14 (by 1.56 times (P=0.0405) and 
1.54 times (P=0.0141), respectively). On Days 21 and 28 of 
the experiment, there was a statistically significant increase in 
the activity of ALP and GGT in relation to the data of intact 
rats: the ALP level increased by 3.58 times (P=0.0261) and 
3.59 times (P=0.0321), and the GGT level increased by 3 
times (P=0.0034) and 3.79 times (P=0.0247), respectively.

An overdose of SV led to a moderate decrease in the 
serum levels of TP and glucose (Fig.2). On Day 21, the levels 
of TP and glucose decreased by 1.25 times (P=0.0124) and 
1.41 times (P=0.0155), respectively. On Day 28, the fall in 
values of TP and glucose was more intensive: by 1.49 times 
(P=0.0306) and 1.81 times (P=0.0322), respectively The level 
of direct bilirubin increased on Days 21 and 28 (by 2.5 times 
(P=0.0141) and 2.92 times (P=0.0225), respectively) (Fig. 2). 

Fig. 1. Dynamics of enzyme activity changes in rats when 
administered toxic doses of SV: * - statistically significant 
differences with control values.
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The TC content increased gradually by 1.65 times (P=0.0459) 
on Day 7 and more than 3 times on Days 21 (P=0.0244) and 
28 (P=0.0063). The concentration of TG also increased on 
Day 21 (by 1.54 times; P=0.0193), reaching its maximum on 
Day 28 (by 1.73 times; P=0.0312). 

As shown by the obtained data, when toxic doses of 
SV were administered, there was an increase in the activity 
of liver enzymes AST and ALT, with a maximum on Days 
21 and 28 of the experiment. These changes are common for 
cytolysis, the main syndrome of pathological liver damage. 
Intensive release of these enzymes from damaged hepatocytes 
indicates hepatocellular damage, and, in addition, may be 
associated with cholestatic reactions, when bile backflow is 
toxic to liver cells.(11) Liver metabolites of SV are known to be 
powerful alkylating, arylating and acetylating agents, which 
covalently combine with hepatocytic macromolecules.(15) 

Free-radical reactions are activated, with a logical decrease 
in the activity of the antioxidant defense system.(16-23) In 
particular, there is expressed insufficiency of glutathione, 
a very important antioxidant. It also acts as a cofactor of a 
number of enzymes involved in detoxification of xenobiotics.
(16,24) In a toxic lesion, the mitochondrial apparatus of cells 
suffers damage and dysfunction. It has been established 
that the metabolite of SV (2-propylpentanic acid) is able to 
directly block enzymes of the mitochondrion respiratory chain 
and actively participate in suppression of β-oxidation of fatty 
acids.(10,11) Inhibition of K+/Na+ATPase, glycolysis depression, 
separation of oxidative phosphorylation, and disruption 
of the ways in which an excess of fatty acids is utilized are 
observed.(25) These processes have an extremely negative 
impact on the condition of liver cells, and in the future may 
lead to the development of chronic liver dystrophy, the so-
called fatty hepatosis. Damage of mitochondria in hepatocytes 
is manifested by an increased mitochondrial apparatus with its 
significant swelling, reduction in the number of mitochondria 
per field of view, and specific paracrystalline inclusions in the 
mitochondrial matrix with reduced density.(6,7)

Damage to hepatocytes may contribute to disturbance of 
the synthesis, secretion or transport of bile and lead to clinical 
manifestations of cholestasis.(25) Severe SV intoxication will 

contribute to significant damage to the structure of liver cells, 
their necrotic changes, resulting in an increase in plasma 
transaminases, ALP, GGT, as well as bilirubin, especially 
expressed in the second period of the research.  The increased 
values of ALP may indicate the presence of structural and 
functional disorders of hepatocyte membranes, which is typical 
for infiltrative liver diseases.(6) Decrease in the level of TP may 
indicate low ability of the liver to metabolize amino acids, 
as a result of which a number of metabolic reactions may be 
impaired. Our data are consistent with results indicating that 
high doses of SV (80 mg/100 g of body weight) significantly 
reduce protein synthesis by liver cells.(11) In addition, our study 
recorded increased concentrations of TC and TG, also on Days 
21 and 28 of the experiment. In conditions of toxic effects 
of SV, it may indicate the development of lipid metabolism 
disorders.

Thus, the administration of toxic doses of SV to 
experimental animals is accompanied by changes in the 
biochemical status of blood, especially pronounced on Days 
21 and 28 of the experiment. In particular, the activity of 
enzymes AST, ALT, ALP, GGT increases, the levels of TP and 
glucose decrease, and the levels of direct bilirubin, TG and TC, 
increase, which may indicate a toxic damage of hepatocytes. 
The studied parameters should be used to assess late effects of 
anticonvulsants on the body.
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Abstract
The aim of this research was to study the levels of the main populations of blood lymphocytes in various stages of acute 

irreversible arterial mesenteric ischemia in an experiment.
Methods and Results: Acute mesenteric ischemia (AMI) was simulated by ligating the cranial mesenteric artery at the 

mesenteric root. The study was performed on white non-linear male rats, weighing 200±25g. According to the research protocol, 
the animals were divided into 3 groups depending on the time of compression of the general blood flow (3 hours (n=10), 6 hours 
(n=10), and 8 hours (n=10)). As a comparison, we used data from 30 animals (before artery ligation). The main populations and 
subpopulation structure of lymphocytes (total number of lymphocytes, CD3+ T cells, CD4+ T cells, CD8+ T cells, B cells, NK 
cells, and the CD4+/CD8+ ratio) were evaluated.

We found that the content of lymphocytes in the venous blood of rats has been directly dependent on the time of ischemia. 
After 3 hours of AMI development, a statistically significant decrease in the total number of lymphocytes and an increase in the 
content of CD3+ T cells, CD4+ T cells, CD8+ T cells, and the CD4+/CD8+ ratio occur. After 6 hours of AMI development, a 
statistically significant decrease in the total number of lymphocytes was persisted. The number of CD8+ T cells decreased, while 
the level of CD4+T cells increased with increasing the CD4+/CD8+ ratio. In this period, a significant drop in the number of B 
cells was noted. After 8 hours of AMI development, more pronounced changes were observed concerning various populations of 
lymphocytes: a statistically significant decrease in the total number of lymphocytes, CD3+ T cells, CD4+ T cells, CD8+ T cells, 
B cells, and NK cells. It should be noted that during this period, the CD4+/CD8+ ratio increased by more than 3 times relative to 
the initial indicator.

Conclusion: The significant decrease in the number of venous blood lymphocytes can be used to predict the severity of the 
disease in a comprehensive examination of patients with AMI. (International Journal of Biomedicine. 2020;10(3):270-273.) 

Key Words: acute mesenteric ischemia • rats • immunity • lymphocytes

Introduction
Acute mesenteric ischemia (AMI) is typically defined as 

a sudden interruption of the blood supply to a segment of the 
small intestine, leading to ischemia, cellular damage, intestinal 
necrosis, and eventually patient death if untreated.(1,2) AMI 
develops with occlusive changes in visceral blood flow, caused 

by arterial embolism, arterial and/or venous thrombosis, as 
well as due to non-occlusive blood flow disorders against the 
background of reduced cardiac output.(3,4) In AMI, such factors 
as arterial thrombosis and thromboembolism are the leading 
causes leading to occlusion of the visceral branches of the 
abdominal aorta and intestinal infarction.(5) AMI is still one of 
the most severe pathologies in emergency surgery and accounts 
for about 1%-2% of gastrointestinal diseases and about 0.1%-
0.4% of emergency surgical pathology, and the incidence rate 
tends to increase.(2,4,5) There is a high intrahospital mortality 
rate of this disease — at the level of 60%-80%.(6) The main 
reason for the high lethality of AMI is the difficulty of its 

*Corresponding author: Marina A. Darenskaya, PhD, ScD. 
Scientific Centre for Family Health and Human Reproduction 
Problems, Irkutsk, the Russian Federation. E-mail: marina_
darenskaya@inbox.ru



271Z. A. Artamonova et al. / International Journal of Biomedicine 10(3) (2020) 270-273

timely diagnosis even in specialized medical institutions The 
latter may be due to extremely large numbers of antigens and 
the duration of their contact with the intestinal mucosa. and, 
as a result, later and ineffective operational manual.(3,5) As a 
result, it is highly relevant to study the pathophysiological 
processes that accompany AMI, with the subsequent creation 
of new methods of diagnosing and treating this pathology.(7,8)

It is common knowledge that the gastrointestinal tract 
performs not only digestive but also immune functions, while 
about 80% of all immunocompetent cells of the body are localized 
in the intestinal mucosa. The immunocompetent cells of the 
gastrointestinal tract belong to the lymphoid tissue, which, in turn, 
is a component of the unified lymphoid system and represents 
the largest department of the immune system by volume.(9) The 
latter may be due to extremely large numbers of antigens and the 
duration of their contact with the intestinal mucosa. The immune 
system of the gastrointestinal tract consists of inductive (Peyer’s 
plaques, vermiform process, solitary follicles) and effector 
(lamina propria and epithelial cells of the intestinal mucosa) 
zones.(10) In the first zone, the first contact of lymphocytes with 
antigen occurs; in the second zone, immunoglobulin synthesis 
by B lymphocytes and cytokine production by monocytes/
macrophages, CD3+ T cells, and NK cells perform.(9) It is likely 
that acute disorders occurring in AMI already in the early stages 
can lead not only to a violation of digestive function but cause a 
deep imbalance in the immune system.

In this regard, the aim of this research was to study the 
levels of the main populations of blood lymphocytes in various 
stages of acute irreversible arterial mesenteric ischemia in an 
experiment.

Material and Methods
The study was performed on white non-linear male 

rats, weighing 200±25g. The experiment was conducted on 
the basis of a certified vivarium of the Chita State Medical 
Academy. The animals were kept in standard conditions 
with free access to water and food. Right after laparotomy, 
AMI was simulated by ligating the cranial mesenteric artery 
at the mesenteric root, and then the wound was sutured.(11) 

Termination of the blood flow through the artery was controlled 
visually: blanching of the artery distal to the ligation site, the 
desolation of the marginal vessels of the small intestine, and 
the cessation of their pulsation. Then, at certain time intervals, 
the relaparotomy was performed, blood was collected, and the 
animals were withdrawn from the experiment.

According to the research protocol, the animals were 
divided into 3 groups depending on the time of compression 
of the general blood flow (3 hours (n=10), 6 hours (n=10), 
and 8 hours (n=10)). As a comparison, we used data from 
30 animals (before artery ligation). The blood for the study 
was collected before the artery was ligated (initial data), after 
3, 6, and 8 hours. The blood was delivered to the laboratory 
within 15 minutes. The main populations and subpopulation 
structure of lymphocytes (total number of lymphocytes, CD3+ 
T cells, CD4+ T cells, CD8+ T cells, B cells, NK cells, and the 
CD4+/CD8+ ratio) were evaluated using the standard method 
of direct immunofluorescence staining of whole blood using 

the VersaLyse/IOTest 3 Fixing solution lysing/fixing solution 
(Beckman Coulter) and the IOTest Anti-Rat monoclonal 
antibodies panel (Beckman Coulter). The control samples were 
incubated with immunoglobulins labeled with fluorochromes 
(FITC, PC7, APC) of the corresponding isotype – mouse IgG1, 
IOTest (Beckman Coulter). Cytofluorometry was performed 
on the “Cytomics FC-500” flow cytofluorometer (Beckman 
Coulter, USA), registering a total of at least 10,000 events. 
The data was analyzed using the CXP Cytometer (Beckman 
Coulter) program. Absolute numbers (the number of cells in 1 
mcL of venous blood) were used as units of measurement for 
these parameters.

The operations and all manipulations with animals 
were performed using general anesthesia, and euthanasia - by 
overdosing on drugs for anesthesia, taking into account the 
provisions regulated by ethical standards. Work on the animals 
was done in compliance with the principles of the Helsinki 
Declaration on the humane treatment of animals, stated in 
normative documents of the European community(86/609/
EU), Manual on Experimental (Preclinical) Study of New 
Pharmacological Substances, and “Good laboratory practice” 
(MHRF Order No. 708н dated 23.08.2010). The study was 
approved by the Ethics Committee of the Chita State Medical 
Academy.

Statistical analysis was performed using the Statistica 6.0 
software package (Stat-Soft Inc., USA).  The normality 
of distribution of continuous variables was tested by the 
Kolmogorov-Smirnov test with the Lilliefors correction and 
Shapiro-Wilk test. Baseline characteristics were summarized 
as frequencies and percentages for categorical variables. 
Group comparisons with respect to categorical variables were 
performed using chi-square tests or, alternatively, Fisher’s 
exact test. A probability value of P≤0.05 was considered 
statistically significant.

Results and Discussion
The analysis of the concentrations of the main 

populations of lymphocytes in the AMI development dynamics 
showed the following changes.

After 3 hours of AMI development, we found a 
statistically significant decrease in the total number of 
lymphocytes by 40.65% (P<0.05) and an increase in the 
number of CD3+ T cells by 41.2% (P<0.05) compared to the 
initial data. With an increase in the number of CD4+ T cells 
by 50.96% (P<0.05), there was a simultaneous increase in the 
number of CD8+ T cells by 32.7% (P<0.05), leading to an 
increase in the CD4+/CD8+ ratio by 71.43% (P<0.05). No 
significant changes were detected for B cells and NK cells 
(P>0.05) (Fig. 1).

After 6 hours of AMI development, a statistically 
significant decrease in the total number of lymphocytes by 
49.5% (P<0.05) relative to the initial data was found. The 
level of CD4+ T cells increased by 55.63% (P<0.05), while 
the number of CD8+ T cells decreased by 26.23% (P<0.05), 
and the CD4+/CD8+ ratio increased by 88.1% (P<0.05). In this 
period, there was also a significant drop in the number of B cells 
by 71.29% (P<0.05) compared to the initial data (Fig. 2).
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After 8 hours of AMI development, more pronounced 
changes were observed concerning various populations of 
lymphocytes: a statistically significant decrease in the total 
number of lymphocytes by 65.4% (P<0.05), CD3+ T cells by 
56.84% (P<0.05), CD4+ T cells by 38.38% (P<0.05), CD8+ 
T cells by 80.56% (P<0.05), B cells by 89.03% (P<0.05), and 
NK cells by 68.36% (P<0.05) relative to the initial data. It 
should be noted that during this period, the CD4+/CD8+ ratio 
increased by more than 3 times (P<0.01) relative to the initial 
indicator (Fig. 3).

The majority of all immunocompetent cells are localized 
in the intestinal mucosa, with the primary protective barrier 
being intraepithelial lymphocytes, represented mostly by 
cytotoxic CD8+ T cells.(10) Although there is some territorial 
separation of the systemic immunity and the mucosa-
associated lymphoid tissues, all the main groups of the immune 
system function as a whole, which is due to the unique ability 
of lymphocytes to migrate and recycle.

In the first three hours of AMI, we registered significant 
changes in cell-mediated immunity, which was expressed by an 
increase in the content of CD3+ T cells (mature T lymphocytes), 
as well as their populations (CD4+ T cells and cytotoxic CD8+ T 
cells). Immunocompetent cells are the main components of the 
immune system, which are actively involved in inflammatory 
reactions and the formation of the immune response.(12-15) The 
participation of T lymphocytes in immune responses is due to 
the ability to recognize antigens. CD3+ T cells regulate and 
form an effector immune response.(10) An increase in the number 
of CD4+ T cells can be observed in the T helper (Th2) type of 
immune response. Thus, the detected changes at the initial stage 
of ischemia may indicate an increase in the activity of immune 
processes, which occurs in the conditions of the pathological 
process development.

By the sixth hour of AMI, changes were generally 
similar to the previous period in the form of reduced values 
of the total number of lymphocytes, an increase in the level 
of CD4+ T cells and the CD4+/CD8+ ratio. At the same time, 
a lower content of CD8+ T cells and B cells relative to the 
initial data was registered, which indicates the development of 
secondary immunodeficiency in this period.

The eighth hour of ischemia was characterized by more 
pronounced changes in cellular immunity in the form of a 
decrease in the total number of lymphocytes, as well as all the 
studied subpopulations (CD3+ T cells, CD4+ T cells, CD8+ T 
cells, B cells, and NK cells).

The mechanism of ischemic disorders in the intestine 
is mostly associated with impaired microcirculation, which 
ultimately leads to circulatory hypoxia of the intestinal wall.(8) 
At the same time, enterocytes—the main cells of the intestinal 
mucosa—are most affected, which is facilitated by a decrease 
in the level of energy metabolism, activation of anaerobic 
glycolysis, and high activity of prooxidant factors.(5,8,16-19) The 
changes in the activity of enzymes in hypoxia conditions 
lead to the destabilization of cell membranes and organelle 
membranes, which is manifested by a violation of their 
permeability, a violation of the ion pump operation, and 
intracellular electrolyte disorders.(20-22) There is evidence 
of pronounced violations of intraepithelial contacts of the 
intestinal mucosa already at the beginning of total ischemia.
(23) Against the background of progressive ischemia, the 
effects of microbial and tissue endotoxins are added, which 
leads to necrotic changes in the intestinal wall, with further 
perforation and peritonitis.(16) Probably, the progressive 
dysregulation of the immune system can be explained by the 
presence of a massive translocation of intestinal microflora 
through broken intestinal barriers, along with the migration of 
lymphocytes to the lesion and their death on the background 
of acute ischemia.

Fig. 1. Changes in blood lymphocyte populations after 
3 hours of AMI (*- statistically significant differences 
compared to the initial data (values are taken as 100%)).

Fig. 2. Changes in blood lymphocyte populations after 
6 hours of AMI (* - statistically significant differences 
compared to the initial data (values are taken as 100%)).

Fig. 3. Changes in blood lymphocyte populations after 
8 hours of AMI (* - statistically significant differences 
compared to the initial data (values are taken as 100%)).
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Thus, in conditions of AMI, a progressive decrease 
in the total number of venous blood lymphocytes with the 
development of an imbalance in their subpopulation occurs. 
Dysregulation of cellular immunity is directly related to the 
duration of intestinal ischemia and can be used as a predictor 
of the pathological condition severity.
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Abstract
Background: The aim of this research was to study the prevalence rate, structure, treatment methods and outcomes for 

patients with severe frostbite and hypothermia admitted to the Intensive Care Unit (ICU) for patients with thermal injuries.  
Methods and Results: We performed a retrospective analysis of the treatment outcomes for 108 patients (83/76.9% men 

and 25/23.1% women) exposed to excessive natural cold  and treated in ICU-1 of Republican Hospital #2 - Center for Emergency 
Medical Aid in the city of Yakutsk in the period 2017-2019. The age of the adult patients ranged from 18 to 77 years (mean age of 
47.5 ± 14.9 years), and three children were 2, 4, and 17 years of age. The diagnosis of hypothermia was made by measuring the 
core (rectal) temperature (trect). The following gradation scale was applied: mild (trec 32°C-35°C), moderate (trec 28°C-32°C), and 
severe (trect <28°C) hypothermia. 

The comprehensive treatment of frostbite was carried out in accordance with modern clinical guidelines. Among all patients 
with cold injuries, 38(35.2%) patients with combined hypothermia constituted the most severe category: mild hypothermia 
was observed in 26(68.4%), moderate in 7(18.4%), and severe in 5(13.2%) patients. Due to the development of tissue necrosis 
and its non-viability, various surgeries were performed on 33(30.5%) patients with third- and fourth-degree frostbite, including 
amputations of various limb segments in 29 (87.9%) patients. The treatment duration for all the ICU patients with cold injury was 
4.2±2.1 bed/days, and for the patients with combined hypothermia – 7.9±4.4 bed/days. Over the study period, 3(2.7%) patients 
with cold injury died.

Conclusion: The presented data show the relevance of the cold injury issue in the region, with severe frostbite with tissue 
necrosis resulting in amputation of extremities at different levels in 30.5% of the patients. Moreover, in 35.2% of the cases, 
frostbite was combined with hypothermia, which made the treatment even more difficult. (International Journal of Biomedicine. 
2020;10(3):274-277.)

Key Words: excessive natural cold • hypothermia • frostbite • Far North

Introduction
Injuries caused by exposure of the human body to 

extreme cold make up one of the serious problems for 
emergency medicine. This problem is particularly relevant 
in the regions situated in northern latitudes and characterized 
by low and ultra-low temperatures. The Republic of Sakha 
(Yakutia) (RS(Y) is one such region. RS(Y) is located in 
Northeast Siberia and stands out in the Northern Hemisphere 
for having the longest period of subzero temperatures, which 
lasts for 6.5-9 months a year.

Besides the severe clinical course and frequent 
complications in the respiratory and excretory systems, 
cold injury also often results in disability of patients due to 
amputations of various limb segments. Treatment outcomes 
depend on the depth of local tissue damage and the level 
of hypothermia, as well as treatment tactics, especially the 
adequacy of activities during the pre-thaw phase (from the 
onset of injury to the beginning of tissue rewarming and 
restoration of blood circulation) and the early post-thaw phase 
(from the beginning of tissue warming and restoration of 
blood circulation to the end of Day 1). 

At present, the basic approach to treating patients with 
frostbite of extremities is to ensure slow and gradual rewarming 
of the damaged tissues through internal heat production, which 
helps to prevent   tissue necrosis or reduce its area.(1,2) The 
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intensive care for hypothermia should first focus on ensuring 
adequate oxygenation of the body, maintaining hemodynamics 
and preventing fatal cardiac arrhythmias, which could be 
caused by general warming of the patient.(2) Today, in the event 
of death from hypothermia, a number of countries follow the 
“no one is dead until warm and dead” principle, which was 
recommended by the European Resuscitation Council in 2015.
(3) To this end, modern high-tech treatment methods are applied, 
including extracorporeal core warming and irrigation of body 
cavities with warm fluids.(4)

Obviously, there are differences in the level of 
hypothermia, severity of frostbite and, consequently, 
treatment outcomes between the patients exposed to mild low 
temperatures (0°C-5°C) and excessive cold (-35°C-45°C), 
when ice formation within the tissue can be observed. In this 
regard, it is interesting to study the prevalence, treatment 
techniques and outcomes for patients with severe cold injury 
at the specialized ward in the region with extremely low 
temperatures.

The aim of this research was to study the prevalence rate, 
structure, treatment methods and outcomes for patients with 
severe frostbite and hypothermia admitted to the Intensive 
Care Unit (ICU) for patients with thermal injuries.  

Materials and Methods
We performed a retrospective analysis of the treatment 

outcomes for 108 patients (83/76.9% men and 25/23.1% 
women) exposed to excessive natural cold (ICD-10 
codes T33-T35 for Frostbite and T68 code for Accidental 
Hypothermia) and treated in ICU-1 of Republican Hospital #2 
- Center for Emergency Medical Aid (RH2-CEMA) in the city 
of Yakutsk in the period 2017-2019. Medical records, intensive 
follow-up and intensive care histories of the inpatients were 
studied. The age of the adult patients ranged from 18 to 77 
years (mean age of 47.5± 4.9 years), and three children were 
2, 4, and 17 years of age. 

The diagnosis of hypothermia was made by measuring 
the core (rectal) temperature (trect). The following gradation 
scale was applied: mild (trec32°C-35°C), moderate (trec 
28°C-32°C), and severe (trect <28°C) hypothermia.(2) 

Statistical analysis was performed using the statistical 
software «Statistica» (v. 13.0, StatSoft, USA). 

Results and Discussion
An analysis of the data showed that in 2017-2019, ICU-1 

of RH2-CEMA treated 108 patients with cold injuries, making 
up 14.7% of all the patients admitted to the Unit during the 
study period (Table 1). For reference, ICU-1 is a specialized 
ward of the hospital for patients with thermal injuries; thus, 
it also treats patients with burn injuries, including children. 
In addition, the unit treats patients after semi-elective 
reconstructive surgeries to address consequences of thermal 
injuries (autografting of granulating wounds, cicatricial 
contractures and tissue deformities).

Of the study group, 38(35.1%) patients were taken to 
hospital by Yakutsk Ambulance Service teams, 26(24.0%) 
by the Republic Center for Disaster Medicine from district 
hospitals, 8(7.4%) were transferred from other medical 
institutions in the city of Yakutsk, and 36(33.5%) patients 
came on their own.

Among all patients with cold injuries, 38(35.2%) patients 
with combined hypothermia constituted the most severe 
category (Table 1). These patients were admitted to the unit in 
serious or extremely serious condition with trect ranging from 
24.5°C to 35°C (mean trect of 32.5±3.0°C). Mild hypothermia 
was observed in 26(68.4%), moderate in 7(18.4%), and severe 
in 5(13.2%) patients.

To ensure adequate oxygenation, all the patients 
underwent respiratory therapy, which included moist oxygen 
inhalation and, in one case, artificial ventilation (for severe 
hypothermia (trect 24.5°C), unconscious). Target SpO2 values   
were maintained at a level above 94%.

Infusion therapy of the patients with hypothermia was 
aimed at maintaining hemodynamics, correcting hypovolemia, 
improving blood rheology and microcirculation, as well as at 
preventing acute kidney injury. Crystalloid solutions heated 
to 40–42°C were infused (15–20 ml/kg) in the first 2 hours 
and subsequent continuous infusion of 5ml/kg/hr. Inotropic 
support (intravenous infusion of dopamine 3-8μg/kg/min) 
was required for 6(24%) patients: all 3 patients with severe 

Table 1.
The treatment indicators of ICU patients with cold injury

Years
Total

number 
of ICU
patients

Number of patients 
admitted with cold injury Mean temperature

of patients with
hypothermia 

at admission to ICU,
°C (M±SD)

Treatment duration, bed/days
 (M±SD)

Number of deaths  
(lethality, %)

total
(% of all ICU

patients)

including with
hypothermia
(% of all ICU

patients)
total

including with
hypothermiatotal

including with
hypothermia

2017 249 42
(16.9%)

14
(33.3%) 31.5±3.4 5.2±3.2 13.5±4.5 1 (2.3%) -

2018 263 29
(11.0%)

11
(37.9%) 33.6±1.6 3.5±2.0 5.6±3.4 1 (3.4%) -

2019 219 37
(16.9%)

13
(48.6%) 33.6±4.4 3.9±1.5 4.7±5.4 1 (2.7%) 1 (2.7%)

Total 731 108
(14.8%)

38
(35.2%) 32.9±3.1 4,2±2,1 7.9±4.4 3 (2.7%) 1 (0.9%)
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hypothermia and 3 patients with moderate hypothermia. 
Vascular access was provided by placing a peripheral infusion 
catheter into an accessible vein; central venous catheters were 
placed in 9(23.7%) of the patients with hypothermia. The 
target values of infusion therapy were as follows: systolic 
blood pressure >90mmHg, heart rate in the range of 60-
100bpm, diuresis of 30-60ml/hr. The rewarming took 1-4 
hours, depending on the level of hypothermia.

The remaining 70(64.8%) patients were admitted to the 
hospital without signs of hypothermia but with frostbite in 
various areas of the body, of which 3(4.3%) patients were in 
the pre-thaw phase of the injury and 67(95.7%) patients were 
in the post-thaw phase. Thirty-three(86.8%) patients with 
hypothermia had frostbite of the upper and lower extremities 
of varying severity and, in some cases, with ice formed within 
tissues.

All of the patients with cold injuries were distributed 
according to the severity of tissue frostbite, as follows: first-
degree frostbite was present in 10(6.2%) patients, second-
degree frostbite in 52(32.8%), third-degree frostbite in 
41(37.9%), and fourth-degree frostbite in 21(19.6%) patients. 
One (0.9%) patient was admitted with a combined injury—
frostbite of feet and a burn injury; he had a second- and third-
degree flame burn over 25% of the body surface.The patients 
often had frostbite in several areas of the body. Frostbite of 
hands and feet prevailed, amounting to 38.0 and 44.2% of all 
frostbites, respectively (Table 2).

The comprehensive treatment of frostbite on Day 1 
after admission was carried out in accordance with clinical 
guidelines(1) and included infusion of crystalloid solutions, 
antispasmodic, antiplatelet and antihypoxic therapy, a nerve 
conduction block in upper and lower extremities and pain 
management in case of pain syndrome. Heat-insulating cotton-
gauze compresses were applied to affected areas, regardless of 
the assumed degree of damage, to ensure their slow and gradual 
rewarming. In addition, according to the order of the MHRF 
No. 174 dated 05.17.1999, tetanus prophylaxis is mandatory 
for this category of patients.(5)  On the following day, bandages 
medicated with antiseptic solutions or antibacterial water-

soluble ointments were applied to the affected areas.
Due to the development of tissue necrosis and its non-

viability, various surgeries were performed on 33(30.5%) 
patients with third- and fourth-degree frostbite (Table 3).

Amputations of various limb segments were performed 
in 29 (87.9% of all patients operated on), necrectomy in 
1(3.1%), and autografting in 3(9.0%) patients. Six(5.5%) 
patients underwent amputations of segments of both upper 
and lower extremities. Of 38 patients with hypothermia, 
surgeries were performed on 29(76.3%), of which 16(42.1%) 
had amputations of limb segments.

The treatment duration for all the ICU patients with cold 
injury was 4.2±2.1 bed/days, and for the patients with combined 
hypothermia – 7.9±4.4  bed/days. The total treatment duration 
of the patients in the hospital was 24.0±12.6 bed/days, the 
patients with hypothermia – 26.8±18.2 bed/days.

Over the study period, 3(2.7%) patients with cold injury 
died. Of the patients with hypothermia, one (0.9%) died of 
cardiovascular collapse in the early post-thaw phase.

The current study covers only the treatment at the 
specialized ward and does not take into account the data on 
patients with cold injury who were treated in district hospitals; 
neither does it analyze the official mortality data from the 
Territorial Authority of the Federal State Statistics Service in 
the SR(Y). In fact, the situation with cold injury in the republic 
is far more acute. In our previous studies, we demonstrated 
that cold injury accounts for 11.4% of deaths in the structure 
of mortality from external causes in the republic, being one 
of the leading causes.(6,7)According to the 2018 data, the 
mortality from cold injury was 13.3 per 100,000 population 
of the region. The relevance of the cold injury problem is also 
due to a high level of disability. The current study showed that 
30.5% of the patients experienced amputation of extremities 
at various levels due to severe frostbite with tissue necrosis. 
Thus, the impact on public health from cold injury is one of 
the critical medical and social problems in the region. 

At present, the republic’s medical services face a 
number of objective difficulties in providing medical care to 

Table 2.
Frostbite areas

Frostbite areas
Number of patients (n=108)

n %
Upper extremities, including:
hands
forearm
elbow joint area
shoulder

47
43
2
1
1

41.6
38.0
1.8
0.9
0.9

Lower extremities, including:
feet 
shin
knee joint area
thigh
clunes

63
50
3
4
3
3

55.7
44.2
2.7
3.5
2.7
2.7

Other areas, including:
face
abdomen

3
2
1

2.7
1.8
0.9

Table 3. 
Number and types of surgeries performed on patients with cold 
injuries in 2017-2019 

Types of surgeries 2017 2018 2019 total

1

Extremity amputation, including: 5 8 16 29
- amputation of toes and fingers 3 - 1 4
- mid-leg amputation of both legs 1 - 3 4
- foot (feet) amputation - 1 1 2
- toes amputation - 1 - 1
- hand amputation - 1 1 2
- amputation of one or more fingers - 1 4 5
- finger amputation on both hands 1 4 6 11

2 Necrectomy - 1 - 1
3 Autografting 1 - 2 3

Total 6 9 18 33
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this category of patients. First, these are organizational-tactical 
issues due to the vast territory and inaccessibility of certain 
districts of the region. Among the constituent entities of the 
Russian Federation, Yakutia ranks first in area; while in terms 
of the population density, it is eighty-third out of 85 entities. 
Ninety percent of the region does not have year-round transport 
access. The cold season in the region lasts for 7 months, with 
the mean winter temperature of -35°C to -40°C. Second, 
clinical issues related to cold injury also need to be tackled. 
There is no unified methodology for reliable diagnosis of the 
severity of tissue damage and the level of hypothermia, which 
makes timely and adequate treatment of patients impossible. 
In addition, today there are no domestic standards and clinical 
guidelines for the treatment of patients with hypothermia, 
including the use of active rewarming methods. All of these 
deficiencies need to be solved through a wider use of modern 
communications and the potential of telemedicine, as well as 
the development and adoption of national guidelines for the 
diagnosis and treatment of patients with cold injury, including 
the best international practices.
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Abstract
This article presents the data from an analysis of the epidemiological situation on the incidence of syphilis in the Republic 

of Sakha (Yakutia) (RS(Y)) for the period between 1982 and 2017. The highest incidence of syphilis in RS(Y) was in 1997, 1998, 
1999 (253.9, 296.2, 258.6 per 100,000 population, respectively), which coincided with the socio-economic transformations in 
society. Currently, there is a decrease in syphilis morbidity. Nevertheless, the high rate of late latent forms requires epidemiological 
monitoring. (International Journal of Biomedicine. 2020;10(3):278-280.) 
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Introduction
Sexually transmitted infections (STIs) represent a major 

public health crisis worldwide. The importance of this problem 
is due not only to the spreading of STIs but also to severe 
complications, such as infertility, pathology of pregnancy, and 
childbirth: miscarriage, premature birth, and infant mortality. 
Reproductive pathology is one of the reasons for the low birth 
rate, which affects the growth of the population. The greatest 
damage is caused by the late forms of syphilis with lesions of 
internal organs and nervous system, which are associated with 
diagnostic difficulties, severity, difficulties of treatment, and 
longer time needed to observe patients.(1-4)

The purpose of this study was to assess the features of 
the syphilis spread during more than 35 years in the Republic 
of Sakha (Yakutia) (RS(Y)). 

Materials and Methods
The sources of information were the data from the 

Yakut Medical Information-Analytical Center of the Ministry 
of Health of the Republic of Sakha (Yakutia), the Yakut 
Republican Dermato-Venerologic Center, in the period from 
1982 to 2017, presented as State reporting forms No9 and 
No34. 

Results and Discussion
The morbidity due to syphilis in RS(Y) in the studied 

period was characterized as extremely unsteady. There were 
three peaks in the incidence, which were different in duration, 
level, growth, and decline time. Peak 1 was registered in 
1984-1987, Peak 2 - in 1994-2001, and Peak 3 - in 2008-2015 
(Fig.1).

Peak 1 was characterized by low intensity and duration. 
The highest incidence was recorded in 1986 (an intensive rate 
of 39.2 per 100,000 population), with a minimum in 1983 - 

Fig. 1. Three peaks in the incidence of syphilis in RS(Y). 
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10.2 per 100,000 population. From 1988 to 1992, there was a 
decrease in the incidence. 

The morbidity rate in 1990 was 0.9 per 100,000 
population. In 1992, new growth in morbidity was registered 
(8.6 per 100,000 population), which lasted until 2000. From 
1994 to 1998, the morbidity rate rose and reached its highest 
rate by 1998 (296.2 per 100,000 population). In comparison 
with 1990 (year of minimal syphilis incidence), in 1998 that 
indicator was increased by 329.1 times. Thus, 1992-2000 is 
assessed as an epidemic of syphilis with a progressive increase 
in the incidence rate.

Statistical data from 1990-2000 were analyzed to 
compare the dynamics of syphilis incidence in RS(Y) with that 
of the Russian Federation (Table 1). The epidemic increase in 
the syphilis incidence in Russia has been noted since 1990, 
with a rapid increase in 1993 (growth rate of 153.0%). In 
1997, the incidence rate reached 277.3 cases per 100,000 
population, which was 64 times more than in 1988. In 1997, 
the increase rate slowed down and stabilized; finally, in 1998, 
the morbidity level started to decrease (Table 1). 

Syphilis morbidity in RS(Y) repeated the incidence plot 
in the Russian Federation with a lag of two years. The rates of 
growth and reduction of syphilis morbidity in RS(Y) and the 
Russian Federation do not differ significantly (Fig.2). 

Peak 3 of syphilis morbidity was characterized by a 
wave-like course. The highest rate was recorded in 2010 (68.8 
per 100.000 population), with a decrease in 2013 (39.6 per 
100.000 population). Due to the measures taken to control 
STIs, a high rate of reduction in the incidence of syphilis was 
achieved, and in 2016 the morbidity rate dropped to 31.6 per 
100,000 population. The current decrease in syphilis morbidity 
does not yet indicate full epidemiological well-being. This 
decrease was accompanied by changes in the structure of 
clinical forms in the direction of increasing the latent forms. 

Analysis of acquired syphilis form structure showed that the 
proportion of early latent forms increased, compared to the 
primary and secondary periods of syphilis. Thus, in 2013, the 
incidence of early latent syphilis was 19.1, and of primary and 
secondary – 20.2. There was also an increase in late latent 
forms and reported cases of neurosyphilis. In 2013, the late 
latent syphilis was 0.1 per 100,000 population; in 2017 – 1.8 
per 100,000 population, and neurosyphilis – 0.3 per 100,000 
population. Thus, there was an increase in the incidence of 
late latent forms of syphilis, especially neurosyphilis. These 
were characterized by severe clinical presentation, lesions 
of organs and nervous system primarily latent or with an 
erased clinical picture, the formation of seroresistance, and 
delayed negativization of serological reactions after the end 
of the treatment of patients with syphilis, all of which caused 
concern among specialists.

The analysis of the long-term dynamics of the syphilis 
morbidity in RS(Y) revealed the uniqueness of the epidemic 
of syphilis in 1993-2000, which coincided with social and 
economic transformations. Negative, stressful life events, such 
as unemployment, the growth of prostitution, drug addiction 
and crime, were associated with a significantly pronounced 
intensity (12.2 - 296.2 cases per 100.000 population) and the 
growth rate of syphilis morbidity (up to 329.1%). During 
Peak 3 of syphilis morbidity, the incidence rate in 2010 
(68.6 per 100.000 population) was significantly higher than 
in 1993 (12.5 per 100.000 population). With an increase in 
the incidence of syphilis, the number of patients with early 
forms of the disease increased sharply, with a decrease - the 
proportion of patients with late latent forms of damage to 
the nervous system and internal organs increased. Studies of 
the past 5 years have shown a high proportion of late latent 
syphilis and neurosyphilis. 

Thus, syphilis remains as relevant a problem as it was 
many centuries ago. The important part in preventing this 
infection is further improvement of the system of providing 
prompt, reliable and confidential information to the population, 
especially the young people, about the danger of syphilis 

Table 1.
Dynamics of syphilis morbidity in the Russian Federation and 
RS(Y) in 1990-2000

Year
Russian Federation RS(Y)

Morbidity rate 
per 100,000 Growth rate Morbidity rate

per 100,000 Growth rate

1990 5.4 +25.6% 0.9 -52.6%

1991 7.2 +33.3% 3.5 +28.9%

1992 13.4 +86.1% 8.6 +14.6%

1993 33.9 +153.0% 12.5 +54.3%

1994 85.8 +153.1% 28.7 +129.6%

1995 177.0 +106.3% 79.3. +176.3%

1996 264.6 +49.5% 168.6 +112.6%

1997 277.3 +4.8% 253.9 +50.5%

1998 234.8 -15.3% 296.2 +16.7%

1999 187.2 -20.3% 258.6 -12.7%

2000 165.7 -11.5% 234.4 -9.4%

Fig. 2. The rates of growth and reduction of syphilis 
morbidity in RS(Y) and the Russian Federation 
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and other STIs and ways of prevention, as well as measures 
against alcoholism and drug addiction, and full coverage of 
the population with preventive examinations.
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Abstract
The article analyzes the content of chemical elements in the main abiotic components of the ecosystem and a group of 

chemical elements and their compounds that determine the development of microelementosis and affect the health of the population 
of the Vilyuysky district of Yakutia.

 The biomaterial was analyzed on the basis of a combination of two methods of atomic absorption and emission spectrometry 
with inductively coupled plasma and with the determination of the content of total and mobile forms of trace elements.

During the research, it was concluded that the health of the population is affected by the accumulation of mobile forms 
of trace elements, which are genetically inherited from the underlying rocks and accumulate in the main abiotic components of 
the ecosystem. Fe, Al, Si, Ti make up the groundmass and structure of aluminosilicate minerals. Na, K and Li together with Cl 
are the main components of mineral salts used for food. Ca and Mg are alkaline earth elements that are the main components 
of the Mesozoic carbonate rocks and are widely distributed throughout the Vilyuy region of Yakutia. (International Journal of 
Biomedicine. 2020;10(3):281-286.) 

Key Words: microelementoses • eco-dependent diseases • alases • cryogenic soils

Introduction
The supply of chemical elements from the external 

environment to the human body, through the food chain, is a 
system-forming factor of vital activity and homeostasis of the 
body. At the same time, the influence of the environment on the 
content of macro- and trace elements in the human organism 
makes it possible to consider the “elemental portrait” of a 
person from the standpoint of its eco-dependence.

In the conditions of technogenic transformation of the 
biosphere, it is important to conduct a comprehensive study 
of especially dangerous biogeochemical endemic diseases 
of animals and humans, their genesis, evolution, and the 
forecast of their manifestation because of natural disasters 
and anthropogenic factors.(1) It is well known today that 
the imbalance of vital elements and the accumulation of 
toxic concentrations of chemical elements in the body of 
animals and humans depend on their genetic basis and local 

biogeochemical cycles, which are determined by the processes 
of rock weathering, accumulation and migration in soils and 
vegetation, as well as anthropogenic factors.

In recent years, biomonitoring population studies of the 
elemental status of the population have become a promising 
and relevant trend that is being actively developed around the 
world.(2-16) 

Despite the high level of modern research, the 
biogeochemical panorama of the Republic of Sakha (Yakutia) 
(RS(Y)) is insufficiently studied, which is primarily due to 
its vast territory and sparse human population. Some studies 
of the status of trace elements in children and adults indicate 
pathological conditions related to an excess, deficiency 
or imbalance of trace elements in the human organism by 
the example of the cities of Yakutsk and Mirnyj, as well as 
small localities in northern and southern Yakutia.(17-19) At the 
same time, the identification of the relationship between the 
chemical composition of the human environment and the health 
indicators of the population is occasional.(20-23) As a result, 
there is a lack of reliable information about the prevalence and 
intensity of many endemic diseases of biogeochemical origin, 
which include microelementosis.

*Corresponding author: Yana B. Legostaeva, PhD; Diamond 
and Precious Metal Geology Institute of the Siberian Branch of the 
RAS. Yakutsk, Russia. E-mail: ylego@mail.ru
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The purpose of the research was a geoecological analysis 
of the state of the main abiotic components of different types of 
ecosystems in the middle-taiga landscape zone of the territory 
of the middle course of the Vilyuy river, and identification 
of marking groups of chemical elements that determine the 
development of microelementoses and affect the health of 
residents of the Vilyuy region of Yakutia.

Materials and Methods
The material was collected in the period 2001-2018 

within the framework of various thematic works carried out by 
SRIAE NEFU, MI NEFU, DPMGI SB RAS. To identify what 
is genetically inherited from the underlying rocks, accumulated 
in different environments, and enter the human body, the 
following schemes were developed: soil-bottom sediments 
– natural waters –hydrobionts (fish) and soil – natural waters 
– vegetation. The developed schemes were tested during the 
research of the territory of small settlements in the middle 
reaches of the Vilyuy river.(20) This territory is the starting point 
of the food chain, where the flow of mineral components, which 
are consumed by animals and humans, is formed. The basis of 
these schemes, which determines the geochemical specifics of 
the ecosystem as a whole, are the underlying rocks and soils.

Chemical, physical-chemical, and agrochemical and 
agrophysical properties of soils were determined by standard 
methods in laboratories ISSA SB RAS, SRIAE NEFU, 
“Yakutskgeologia” JSC. Generalization and interpretation of 
the data of chemical and analytical studies was performed in 
the laboratory of metallogeny DPMGI SB RAS.

The multilevel analysis of the absolute content of trace 
elements in bioassays and samples of soils, bottom sediments, 
and surface waters was performed using an atomic absorption 
spectrometer ICE3500 ThermoFisheScientific (USA) and an 
emission spectrometer with inductively coupled plasma iCAP 
6300 ThermoScientific series for the content of gross and 
mobile forms of trace elements.

Hair samples were taken from children aged 5 to 8 years 
in 13 settlements located in the studied territory as the objects 
of the elemental profile study. Hair sampling was carried out 
by MI NEFU employees in the period 2001-2015.

For analysis, the hair was cut from several (3-5) sections 
of the occipital part of the head, closer to the neck; the length 
of the hair was 2-4cm, and the mass of the total weight (one 
sample) should be within 100-300mg. The hair was placed in 
special bags, then in envelopes with identification records. 

Before mineralization, the hair samples were processed 
in acetone (high purity, Khimmed, Russia) 10–15 minutes, 
then washed three times with deionized water (18 МОm•cm); 
The deionized water was obtained by an electric distiller with 
combined membrane set DVS-М/1НА-1(2)-L (Mediana-Filtr, 
Russia). After that, the samples were kept at a temperature of 
60° C until they reached air-dry condition.

Weight portions of samples 0.1g were mineralized in 
Teflon liners with 2ml Н2О2+8ml НNО3 (high purity, Khimmed, 
Russia)  in the system HotBlock for 1 hour at a temperature 
of 1200 C until the sample was completely dissolved. The 
resulting solutions were cooled to 450 C and quantitatively 

transferred to 15 ml polypropylene tubes. The Teflon liners 
and lids were washed three times with deionized water, and 
the washout was transferred to the appropriate test tubes. Then 
1 ml of In2O3 was added to the solutions and brought to a 
volume of 15 ml of deionized water and thoroughly mixed by 
shaking in closed test tubes.

The analysis of hair samples was calibrated using 
monoelement solutions of 0.1mg/dm3 CuCdN-ICPMS-71A. 
The quality of the definition was controlled using a reference 
sample GBW09101 (The Shanghai Institute of Nuclear 
Research, China). The bioassays were analyzed using atomic 
absorption spectrometry.(24) The method is based on measuring 
the content of metals in biological material (hair), after 
appropriate preparation of samples.

Results and Discussion
The research area is located approximately between 

67°30’ and 63° north latitude; 113° and 126° east longitude, 
and covers the basin of the middle course of the Vilyuy river—
the western tributary of the Lena river. Currently, the Vilyuy 
river basin, located in the western part of the Central Yakutian 
lowland, has become one of the most long-term and large-
scale technogenically affected territories of Yakutia. 

The general structure of the relief is absolutely 
dominated by watershed spaces, where soil-forming rocks 
are represented by horizontal and lenticular interbeds of 
conglomerates and sand-gravel-pebble rocks of the Early 
Mesozoic. And they are the lithochemical basis of lacustrine-
boggy, Neogene-Quaternary deposits of areas subjected to 
alas sedimentogenesis.

According to the combination of physical and geographical 
features and the stage of anthropogenic transformation of 
landscapes, the territory of the middle Vilyuy river basin can 
be divided into three types of ecosystems using the principle of 
space-time analogies: alas, valley-river and taiga (Fig.1).

Fig. 1. The research area and conditional zoning based on 
ecosystem principle.
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The content of trace elements in the underlying rocks 
is given according to the data of “Yakutskgeologia” JSC. 
According to B.S. Yagnishev, the comparison of average 
chemical element contents shows that the transgressive-
regressive stages of the Mesozoic sedimentation are 
characterized by a close trace element composition of rock-
forming terrigenous material. Insignificant, in general, 
variations in average values indicate the constancy of eroded 
ancient hills and the manifestation of local differences in 
the terrigenous complex of drained rocks,(25) part of which 
is associated with variations in the composition of the 
cementing material, and part with a different ratio of the sand-
clay component under the obvious influence of epigenetic 
processes. Internal differences are expressed in the occurrence 
of higher concentrations of trace elements in the ancient Early 
Jurassic differences, where the increased number of elements 
such as Co, Mo, and Mn is typical, at close values of V, Sn, Li, 
P and at the same time lower contents of Ti, Ni, Cu, Pb, Zn, and 
B. Up the geological section there is a noticeable decrease in 
the amount of V, Cu, Pb, Mo, Li, and Ag. In the same direction 
there is an increase in the concentrations of Cr and Ti.

The zonal soil type of the entire territory of the Vilyu 
river basin is permafrost pale-yellow soils; permafrost alluvial 
and permafrost organic waterlogged soils are intrazonal. 
In the structure of the soil cover of alas landscapes, pale-
yellow typical, gray, or varying degrees of solodization and 
permafrost pale-yellow transitional soils occupy intra-alas 
space.(20,26-28) In addition, directly within alases, permafrost 
alas soil is formed. Therefore, in the structure of the soil 
cover of alas ecosystems, two equilibrium interdependent 
and complementary systems are identified, either of which 
is characterized by a different dominance of elemental soil 
processes and by the peculiar conditions of soil formation: 
alases and intra-alas space (Fig.2).

The determination of elements that are genetically 
inherited from the soil-forming substrate was carried out by 
calculating the accumulation coefficients (К1), representing 
the ratio of the total content of the element in the soil to 

the content in the soil-forming rock (Table 1), where there 
are only those elements whose accumulation coefficient K1 
values are ≥1; consequently, there is some accumulation of 
these elements in the soil layer. Manganese and gallium are 
accumulated most intensively in the soils of the study area, 
where gallium has a low degree of mobility and manganese 
has a medium one.(29) Significant accumulation was observed 
for Pb, Ti, Cr, and B, with medium and slight accumulation 
for Ni, Zn, V, Co, and Cu. Trends in the accumulation of this 
spectrum of trace elements can be traced in the soils of the 
identified types of ecosystems.

Now there is no doubt that the forming soils inherit 
the elemental chemical composition of the parent rock as a 
whole and the already existing distribution of microelements 
between granulometric fractions. In the soils of permafrost 
areas of alluvial and alas ecosystems, where in addition to 
the influence of cryoturbation in the first case, the primary 
soil-forming rocks are affected by alluvial processes, and 
in the second case by alas sedimentogenesis. At the same 
time, it is natural that the soils of each ecosystem differ in 
their morphological and physico-chemical properties; this 
difference is reflected in the variations of the trace element 
spectrum, which, in turn, can be traced in the composition of 
bottom sediments and natural lake waters, often used by the 
population as the main sources of water (Table 2). The Table 2 
shows elements whose values are higher than the background 
parameters. Of these, the trace elements whose accumulation 
is consistently traced in the system are indicated in bold: soil-
lake water- bottom sediments. At the same time, there are a 
number of trace elements that are accumulated to varying 
degrees in soils, waters and bottom sediments of all types of 
ecosystems – titanium, manganese and chromium.

It should be noted that the relatively low concentrations 
in which these elements and their compounds are found in water 
and bottom sediments, in themselves, do not do much harm to 
hydrobionts and humans, but they point to water contamination 

Fig. 2. The scheme of conditions of soil formation of alas 
landscapes in the basin of the middle reaches of the Vilyuy river.

Table 1.
Pattern of accumulation of basic trace elements in soils

Element,
mg/kg

Terrigenous-
continental

Early
Mesozoic
sediments
(n=850)

Average
contents
for soils
(n= 214)

Coefficient of
accumulation

(К1)

Pattern of
accumulation
of elements

Ga 0.18±0.02 10.3±2.06 57.2 Intensive,
К1  >10Mn 64.0±2.66 669.0±133.8 10.4

Pb 1.00±0.92 9.5±1.9 9.5

Significant,
К1=5-10

Ti 490.0±51.06 4010.0±802.0 8.2
Cr 3.90±3.49 29.2±5.84 7.5
B 4.35±3.03 21.8±4.36 5.01
Ni 3.75±2.43 18.1±3.62 4.8

Medium,
К1= 2-5

Zn 11.5±2.56 40.1±8.02 3.4
V 9.35±2.07 24.5±4.9 2.6
Co 2.50±1.20 5.8±1.16 2.3
Cu 11.6±3.06 21.5±4.3 1.8 Slight, К1= 1-2
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with organic substances of animal (and sometimes vegetable) 
origin. This group may contain sulfate and phosphate salts 
as well as chlorides, which are a characteristic sign of recent 
water pollution by human and animal wastes.

The research area, as already noted, is sparsely populated. 
But at the same time, the historical specificity of the local 
population’s current way of life suggests that the geochemical 
conditions of the environment create a certain background 
that predisposes people to the development of certain groups 
of diseases. Statistical processing of the results of medical 
examinations and data on the incidence of illness in children 
living within different ecosystems revealed regularities. 
Children living within the alas ecosystem are characterized by 
the lowest incidence of illness. The difference in the number 
of diseases detected, on average, in one child from alas and 
two children from other ecosystems is statistically significant 
with a 99% confidence in the conclusion. There are almost no 
differences in the incidence of illness in children in the taiga 
and valley-river ecosystems.

Along with the number of diseases detected in the 
examined children from different ecosystems, the structure 
of diseases differs (Table 3). The greatest number of diseases 
in the whole studied area was observed for diseases of the 
digestive system, which is naturally associated, first of all, 
with the quality of drinking water and the state of water 
consumption sources.

Comparison of the structure of diseases using the 
criterion of contingency shows that the ratio of types of diseases 
of children living in territories with different geochemical 
landscapes is significantly different, with a 99% reliability of 
conclusion. The calculated value of the Pearson criterion χ² 
estimated for the data shown in Table 3 (χ²=32.0), exceeds the 
critical value for 1% of the significance level χ²1%=32.0  

To determine a possible relationship between children’s 
health and the geochemical landscape of the territories where 
they live, mechanisms of distribution of chemical elements in 
the hair of children who have undergone a medical examination 
were studied. Processing of analytical data of the elemental 
composition of children’s hair by factor analysis showed that 
the overall variability of the content of elements by 79.6% is 
determined by seven factors. To simplify the structure of the 
identified factors, their promaxcontaination (oblique-angled) 
transformation was performed (Table 4). Changing the sign 
before the coefficient within one column indicates opposite 
trends in the behavior of elements. So, for example, in factor 
F1 with an increase in the content of iron, aluminum, silicon 
and titanium in children’s hair, the content of selenium, tin, 
phosphorus and calcium decreases.

Table 2.
Trace elements in the soil system – surface water – bottom sediments
in different types of ecosystems of the Vilyuy region of Yakutia 

Ecosystem 
type Soils Lake 

waters Bottom sediments

Alas Sc, Y, Mn, 
La, B, Ti Ti, P, Y B, Mn, Y, Mo, Ti, Co,

La, Pb, Sc
Valley 
river B, Mo, Nb, Sc Ti, Sc, V, Pb Li, Pb, Ti, V, Cr, Ni,

Cu, Zn, Nb, Sn, B, Ga

Taiga

Sc, Ti, Mn, P,
Cu, Nb, Pb, 
Ni, V, Zn, Co,
Sn, Cr

Mn, Cr, Ni,
B, Cu, Co Y, Ag

Table 3.
Degree of incidence of illness in children on the example of 
settlements located within different ecosystems on the territory of 
the Vilyuy region of Yakutia (%)

Ecosystem
Diseases

DS ES RS Inf CVS MSS NS Other
diseases

Healthy
children

Alas 
(n=50) 50.6 8.0 18.4 2.3 4.6 3.4 3.4 5.7 3.4

Taiga 
(n=49) 35.3 19.5 12.8 6.8 6.0 3.0 5.3 11.3 0.0

Balley
river 
(n=35)

31.7 13.5 19.2 1.9 4.8 5.8 11.5 11.5 0.0

Notes: DS – digestive system; ES – endocrine system; RS respiratory 
system; ССС – cardiovascular system; MSS – musculo-skeletal 
system; Inf – infectious; НС – nervous system.

Table 4.
Factor loading coefficients of elements in promaxcontaination 
factors 

Element F1 F2 F3 F4 F5 F6 F7
Fe 0.73 -0.11 0.02 -0.09 -0.04 0.01 -0.19
Al 0.71 -0.03 0.08 0.09 -0.07 0.10 0.11
Si 0.69 0.08 -0.18 0.11 0.03 0.21 0.11
Ti 0.59 0.00 -0.05 -0.23 0.08 -0.36 0.02
Se -0.47 -0.14 -0.05 0.00 -0.10 0.32 -0.08
Ni 0.42 0.12 0.11 0.05 -0.33 -0.13 -0.19
Na 0.03 -0.81 0.06 -0.01 -0.03 0.02 -0.12
K -0.05 -0.79 -0.06 0.01 -0.14 -0.11 0.07
Li 0.35 -0.50 0.00 0.14 0.07 0.17 -0.09

Mg 0.09 -0.02 0.78 -0.06 0.05 0.05 0.08
Ca -0.10 0.00 0.76 0.01 -0.02 0.27 -0.02
Mn 0.15 -0.02 0.47 0.47 -0.03 0.03 0.01
Co 0.21 0.06 0.46 0.20 -0.03 -0.12 -0.22
Sn -0.21 0.09 -0.05 0.61 -0.06 -0.03 -0.12
Pb 0.28 -0.13 0.02 0.59 0.06 -0.30 0.03
Cd 0.29 -0.09 0.11 0.58 0.06 -0.10 0.11
V -0.07 0.00 0.20 0.04 -0.74 0.03 0.12
Cr 0.38 -0.05 -0.12 -0.16 -0.67 -0.04 -0.07
As -0.07 -0.15 -0.15 0.10 -0.66 0.03 0.14
Zn 0.08 0.18 0.28 -0.28 0.06 0.65 0.09
P -0.16 -0.16 0.00 -0.23 -0.03 0.65 -0.03

Cu 0.12 0.10 0.01 0.14 0.02 0.47 -0.07
Be -0.03 -0.22 0.10 -0.07 0.16 -0.01 -0.52
Hg 0.02 0.20 -0.24 0.19 0.04 0.04 -0.46

Total 
dispersion, % 33.3 16.6 10.8 7.5 5.9 3.0 2.4

Note: elements that significantly determine the structure of the factor 
are highlighted in bold.
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The variability of chemical elements in children’s hair 
by more than 60% is determined by three factors, with a clear 
geochemical structure. The first factor includes elements 
(Fe, Al, Si, and Ti) that make up the bulk and structure of 
aluminosilicate minerals. The second factor combines sodium, 
potassium and lithium; these elements together with chlorine 
are the main components of mineral salts used for food. 
The third factor characterizes the variability of calcium and 
magnesium content; these two alkaline earth elements are the 
main components of the Mesozoic carbonate rocks that are 
widespread throughout the studied area.

In general, the highest concentration coefficients relative 
to the background parameters of the main components – soil, 
water, bottom sediments – are recorded in alas ecosystems. 
The “rich” trace element composition of the environment (high 
concentrations of a wide range of trace elements relative to 
background values) has, to a certain extent, a beneficial effect 
on the overall structure of the incidence of illness in children 
in alas ecosystems; but with the progressive degradation of 
the main components caused by pollution of lakes and soils, 
we can confidently predict the development of ecopathologies. 
This is evidenced by a fairly high percentage of diseases of the 
digestive system and respiratory organs.

Diseases of the children’s population of the studied area 
correlate with the content of trace elements in the hair, which is 
most traceable by variations of Cr, Co, Mn (Fig. 3). There is a 
high (r= -0.84 - (-0.98)) inverse correlation of chromium with 
infectious diseases, blood diseases and congenital anomalies. 
Negative correlation dependence was observed in manganese 
in most classes of the disease. This indicates that increasing 
the concentration of these elements in the body of children 
does not affect the state of health.

However, there is a direct correlation, with a very high 
correlation coefficient (r=0.8-0.97), of cobalt and manganese 
with infectious diseases, blood diseases and congenital 

malformations. It is the excess of cobalt and manganese in 
the body of children of the studied localities that can explain 
the marked blood diseases and the weakening of the immune 
system.

The eco-dependent diseases—neoplasms; diseases of the 
blood, endocrine system and metabolism; and of the nervous 
system, respiratory organs, skin, and urinary system—have 
a direct correlation with the content of chromium in the hair 
of girls. Excess chromium in the body can contribute to the 
development of neoplasms, cancers and the progression of 
bronchial asthma.

Thus, we can assume that the picture of eco-dependence 
in the studied area is determined by chromium; that is, an 
increase in the concentration of chromium in the body of 
children leads to an increase in the incidence of illness in 
children in six classes of diseases.

In our study, we determined the ranking of the risk of 
environmental-dependent pathology in children of the Vilyuy 
region. Research on the impact of environmental problems 
on children’s health has shown that this factor increases the 
risk that eco-dependent diseases will progress in children. 
Respiratory diseases were ranked first in terms of the risk that 
eco-dependent diseases will progress; second were diseases 
of the circulatory system; third, diseases of the digestive 
system; and fourth, diseases of the eyes and appendages, the 
osteomuscular system, and the endocrine system. 

The supply of chemical elements from the external 
environment to the internal environment, the human body, 
through the food chain, is a system-forming factor of vital activity 
and homeostasis of the body. The influence of the environment 
on the content of major elements and trace elements in the 
human body gives reason to consider the “elemental portrait” 
of a human in general and the children of the studied territory in 
particular from the standpoint of their eco-dependence.
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Abstract
This article presents an assessment of the clinical efficacy and long-term results of the use of pl-VEGF165 (a gene therapy 

drug Neovasculgen) in the treatment of patients with critical lower limb ischemia. The present study revealed a significant decrease 
in the degree of ischemia, pain reduction and relief; an increase in pain-free walking distance; a regression of trophic disorder; 
a decrease in the number of amputations; and an increase in the number of lower limb preservations.(International Journal of 
Biomedicine. 2020;10(3):287-290.)
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LEA, lower extremity arteries; LL, lower limb; PTA, posterior tibial artery; PFA, profunda femoris artery [deep femoral artery]; 
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Introduction
Currently, chronic lower limb ischemia (ChLLI) remains 

an urgent problem of angiology and vascular surgery due to the 
difficulty and duration of treatment, and the high prevalence 
and high degree of disability and mortality of patients.(1,2) More 
than half of patients with peripheral artery disease at the time of 
treatment already present stage IIb (pain-free walking distance 
[PWD] of <200m) according to the Fontaine–Pokrovsky 
classification.(3) Such patients are candidates for endovascular 
open or hybrid surgical treatment.(4) Nevertheless, the high 
level of modern reconstructive surgery of the lower extremity 

arteries (LEA) cannot solve all the problems in this group of 
patients. The success of reconstructive interventions directly 
depends on the condition of the so-called outflow pathways—
vessels located below the inguinal fold.(5) According to some 
reports, up to 40% of patients requiring surgical treatment 
cannot undergo arterial reconstruction due to distal- (or) 
widespread multifocal lesions of the arterial bed. 

Modern reconstructive vascular surgery and angiotropic 
pharmacotherapy can achieve positive results in a large number 
of patients. However, there are limitations on the possibilities 
of existing treatment approaches in relation to patients with 
diffuse lesions of the distal arterial bed, for which the long-
term results of surgical treatment are unsatisfactory, and 
pharmacotherapy is effective only in the early stages of the 
disease. This category of patients makes the main contribution 
to the unsatisfactory results of ChLLI treatment.(3,4,6) Currently, 
of modern principles of action, the use of pl-VEGF165 
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(Neovasculgen) is promising for the further study and use of 
new approaches in the treatment of ChLLI patients. 

Neovasculgen is a first-in-class gene therapy drug 
developed by the Human Stem Cells Institute and approved in 
2011 for human use in Russia for treatment of atherosclerotic 
PAD, including critical limb ischemia.(7) This drug is an 
original gene construction in which pl-VEGF165 1.2mg is the 
active substance, whose mechanism, therapeutic angiogenesis, 
introduces a new approach to treating ischemia: the use of an 
evolutionarily programmed process of blood vessel creation 
and growth.(8,9) 

The aim of this work was to evaluate the clinical 
efficacy and long-term results of the use of pl-VEGF165 (a 
gene therapy drug Neovasculgen) in the treatment of patients 
with ChLLI.

Materials and Methods
In total, 23 patients (15/65.2% men and 8/34.8%) with 

ChLLI that correlated with stage II–IV, according to the 
Fontaine–Pokrovsky classification (2004), were included in 
the study in the period from 2015 to 2019. Conditions for 
inclusion in the study were the presence of multistory lesions of 
the vascular bed, the absence of a good distal vascular bed, and 
distal arteries of the lower extremities on which reconstructive 
interventions could not be performed. Atherosclerotic genesis 
of ChLLI was determined in 16(69%) cases, diabetes mellitus 
in 5(21%) cases, and thromboangiitis obliterans with necrotic 
changes in the toes in 2(8.6%) cases. The age of the patients 
ranged from 22 to 76 years(average age of 66 years). 

All patients were divided into 3 groups according to the 
Fontaine–Pokrovsky classification: Group 1 included 8(34.8%) 
patients with stage IIa (PWD from 200 m to 500 m); Group 2 
included 10(43.5%) patients with stage IIb (PWD of  <200 m 
but >50 m); Group 3 included  5(21.7%) patients with stage 
III-IV (PWD of ≤50 m  with trophic and necrotic changes in 
the toes).

All patients suffered from pain syndrome of various 
intensity and 15(65%) had a constant pain in the foot. 
Two(8.6%) patients had a history of open reconstructive 
vascular surgeries. 

All patients underwent angiography of LEA at the 
beginning and after the course of treatment. CDUS (HI 
VISION Preirus) of the LEA was performed at the beginning 
of treatment, during treatment and at the end of the of treatment 
course. The level of PWD was determined by the treadmill 
test. The stage of limb ischemia was evaluated before and 
after treatment. All patients received standard conservative 
therapy for ChLLI without cilostazol and prostaglandins. 
Neovasculgen was administered into calf muscles  twice, 
with an interval of 14 days between them, at a dose of 1.2 mg 
dissolved in 2ml of water for injections at 4 to 5 injection sites 
located as close as possible to the ischemic area, according to 
the standard scheme.(3) After ending the course of treatment, 
control examination was performed in the period from 3 
months to 4 years.

The effectiveness of therapy was evaluated as follows:
-A significant improvement - a decrease in the stage of 

ischemia according to the Fontaine–Pokrovsky classification
-A moderate improvement and preservation of the 

previous stage of ischemia with an increase in PWD from the 
initial values

-A satisfactory result and stabilization of ChLLI without 
a significant increase in PWD; a regression of necrotic 
processes without surgical interventions, and after surgical 
treatment at stage IIIb

-A deterioration and increase in the stage of ischemia, 
the transition of ChLLI to CrLLI, amputation of a limb, death 
from any cause.

When evaluating clinical efficacy, a clear positive 
dynamics was established for all groups of patients. In Group 
1, PWD increased in all patients and amounted to 200±150 m; 
pain relief was noted. In Group 2, 8 out of 10 patients moved 
from ChLLI stage IIb to stage IIa with PWD of 213±209 m. 
In Group 3, 2 patients moved from stage III to stage IIa; in 2 
patients we noted the transition from ChLLI to CrLLI with LL 
amputation in the second and third months after Neovasculgen 
therapy (Fig.1.).  

For patients with diabetes mellitus, satisfactory results 
were achieved in 4 cases; one case ended with LL amputation. 
In remote observations, the best results in improving the 
quality of life were obtained in patients with stages IIa and IIb.

Clinical examples of the efficacy of Neovasculgen

Case report 1 

A 24-year-old white women with a history of smoking 
(more than 2 packs per day) presented to the surgical department 
of Republican Hospital No. 2 with a complaint of periodically 
occurring rest pain in the right foot with weak relief after analgesics, 
and trophic changes in the fourth toe of the right foot with the 
transition of skin necrosis to the foot. CDUS and angiography 
of LEA, as well as clinical and laboratory examination, were 
performed. It was not possible to evaluate the PWD, as the patient 
could not step on the LL due to trophic lesions of the foot. 

The results of angiography revealed a distal type of 
lesion of the vascular system of LL. We decided to refuse 
performing an open reconstructive operation due to the non-
operability state of the patient. An attempt at endovascular 
balloon angioplasty was without a positive result.

Fig.1.  The clinical efficacy of the use of Neovasculgen
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CDUS of LEA before (1) and after (2) a double injection 
of Neovasculgen (one month after of beginning treatment)

1. CDUS (01/09/2019).
Right LL: CFA, DPA, PA, and SFA are passable and 

accessible throughout the entire study, their gaps in the 
visible segments were free, and the intima-media complex 
with preserved differentiation into layers was not thickened. 
Stenoses were not detected. BF throughout the arterial bed 
was symmetrical, of the main type, with the usual speed and 
spectral characteristics. 

PTA: the upper third – a collateral type of BF;  the middle 
third - multiple crimped collaterals, a reduced BF, LBFV of up 
to 25 cm/s; the lower third - the tortuous collaterals, BF is not 
recorded. ATA: the upper third - LBFV of up to 60 cm/s; the 
middle third - LBFV of up to 40 cm/s; the lower third - LBFV 
of up to 25 cm/s, multiple crimped collaterals. 

2. CDUS (02/05/2019). 
Right LL: CFA, DPA, PA, and SFA are of normal 

echogenicity, passable, and with thin walls; BF of magistral 
type. PTA: a collateral type of BF; LBFV of up to 20-24 cm/s. 
ATA: no stenoses; LBFV of up to 55 cm/s. DPA: a reduced 
BF, LBFV of up to 15-27 cm/s.. Multiple collaterals were 
visualized along the front surface of the foot. 

Left LL: CFA, DPA, PA, and SFA are of normal 
echogenicity, passable, and with thin walls; BF of magistral 
type. ATA was passable, of small diameter with thin walls; 
a reduced BF with LBFV of up to 25 cm/s, which was 
decreased distally up to 15 cm/s; BF of a collateral type. DPA: 
a magistral-altered type of BF, LBFV of up to 22 cm/s. PTA: 
uneven narrowing, uneven course of the vessel, a collateral 
type of BF; LBFV decreased up to 25 cm/s. 

As a result of treatment, there were positive dynamics 
in the indicators of micro- and macrocirculation, according to 
CDUS, trophic change regression in the toe, the absence of 
rest pain, and an increase in PWD more than 100m. Further 
treatment was continued. After 2 months, necroectomy of the 
necrotic toe was performed with healing by primary intention. 
Thus, the result of the treatment was LL preservation and an 
increase in PWD level.

Case report 2 

A 56-year-old white male suffering from Type 2 diabetes 
mellitus, in 2014 for the first time noted the appearance of 
pain in the calf muscles, mainly on the right, when walking 
a distance of 300m. As time went on, the disease progressed. 
PWD decreased down to 100 m; necrotic changes of 
the fourth and fifth toes of the right foot appeared, with rest 
pain. CDUS and angiography of LEA, as well as clinical and 
laboratory examination, were performed. 

According to the results of angiography, stenosing 
atherosclerotic plaques (small, medium and high gradations of 
narrowing) of the LEA were revealed, as well as an occlusion 
in the lower third of SFA on the right, arterial stenosis of SFA 
(high and critical gradations with hemodynamic disturbances) 
on the left, stenosis of moderate gradations on both sides, small 
to moderate stenosis of ATA on both sides, and an occlusion of 
PTA in the upper and middle thirds on both sides. Inadequate 
development of collaterals was also noted.

CDUS of LEA before (1) and after (2) a double injection 
of Neovasculgen (26 days after of beginning treatment)

1. CDUS (01/13/2015). 
Right LL: CFA was passable, BF of the magistral type, 

stenosis of small gradations (up to 30%) of the artery mouth 
at the level of bifurcation. PFA was passable, stenosis of small 
gradations, the magistral type of BF. SFA was passable at the 
level of the upper third, the altered BF; at the level of the middle 
third of the thigh, heterogeneous thrombotic masses completely 
obstructing the artery mouth for approximately 15-20 cm; BF 
was not visualized. At the level of the lower third of the thigh 
(at the SFA mouth), the blood flow was collateral, LBFV of up 
to 35-29 cm/s. PA was passable, moderate stenosis, LBFV of up 
to 35 cm/s, a reduced collateral type of BF. ATA was passable, 
BF of the magistral type, a reduced BF, LBFV of up to 25-30 
cm/s. PTA: occlusions at the upper/middle thirds; at the level of 
the lower third - collateral inflow with LBFV of up to 17 cm/s. 
DPA was passable; a reduced and collateral BF.

Left LL: СFA was passable, BF of the magistral type, 
stenosis of small gradations (up to 30%) of the mouth at the 
level of bifurcation. PFA was passable, LBFV of up to 80-
89 cm/s, a magistral-altered BF type. SFA was passable, a 
pronounced stenosis at the upper third and moderate stenosis at 
the middle/lower thirds, and developed collateral BF networks. 
PA was passable, moderate stenosis, a reduced BF, LBFV of 
up to 58 cm/s, a magistral-altered BF type. ATA was passable, 
a moderate stenosis, LBFV of up to 70 cm/s, a magistral-
altered BF type.  PTA: occlusions at the upper/middle thirds; 
a collateral inflow at the level of the lower third; LBFV of up 
to 44 cm/s.

2. CDUS(02/07/2015). 
Left LL: CFA was passable, stenosis of 30%-40%, an 

unimpaired BF. PFA was passable, stenosis of 30%-40%, an 
unimpaired BF. SFA was passable, stenosis of 20%-30%, 
an unimpaired BF. PA was passable, stenosis of 30%, an 
unimpaired BF. ATA and DPA were  passable, a moderate 
stenosis. PTA was passable, a high stenosis, a reduced 
collateral type BF; LBFV of up to 26 cm/s.

Right LL: CFA was passable, stenosis of 30%-40%, 
an unimpaired BF. PFA was passable, stenosis of 30%-40%, 
an unimpaired BF. SFA was passable, stenoses at the upper/
middle thirds up to 65%-75% and 30% at the lower third; a 
magistral-altered reduced BF, starting from the upper third 
and distally, LBFV of up to 40 cm/s. PA was passable, stenosis 
of 30%-40%, a magistral-altered reduced BF, LBFB  of up 
to 45 cm/s. ATA and DPA were passable, a high stenosis, a 
reduced collateral type BF, LBFV of up to 35 cm/s. PTA was 
passable, a high stenosis, a reduced collateral type BF, LBFV 
of up to 30 cm/s.

As a result of treatment, there were positive dynamics 
in the indicators of micro- and macrocirculation, according to 
CDUS, trophic change regression in the toes, the appearance 
of a clear demarcation line in the area of necrotic lesion of the 
toes, an absence of rest pain, and an increase in PWD more 
than 100m. Further treatment was continued; necroectomy 
of the necrotic toes was performed with healing by primary 
intention. After 4 years, the patient had no complaints. PWD 
was more than 500 m.
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Conclusions:
1. An original gene construction based on pl-VEGF165 

(a gene therapy drug Neovasculgen) in complex treatment of 
patients with chronic ischemia and the threat of losing the lower 
extremities expands the possibilities of successful therapy in 
inoperable patients. We revealed a significant decrease in the 
degree of ischemia, pain reduction and relief; an increase 
in PWD; a regression of trophic disorder; a decrease in the 
number of amputations; and an increase in the number of LL 
preservations.

2. The presented method of gene therapy for ChLLI 
stages II-III can be recommended both as an independent 
method or in combination with reconstructive vascular 
surgery or complex conservative treatment to improve long-
term results, as well as a preventive therapy for patients with 
ChLLI stages I-II.
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