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M.T. Savvina, N.R. Maksimova

MICROARRAYS IN CLINICAL
DIAGNOSTICS AND PROSPECTS FOR
THEIR APPLICATION AS A SCREENING

TOOL

Abstract. In this paper diagnostic microarrays and its application in various fields of clinical medicine are reviewed. The use of DNA microarray
based diagnostics for carrying out the genetic carrier screening has been proposed.
Keywords: hereditary diseases, molecular genetic screening, biological microchips, practical medicine

Introduction. A series of outstanding
discoveries: DNA and the genetic code
gave a big impact to the development of
genetics and methods in molecular biolo-
gy. In 1977, Frederick Sanger developed
the first in the modern sense of the meth-
od of DNA sequencing, which at that time
was called the "chain termination meth-
od". Soon in 2001Human genome project
were completed. In parallel with sequenc-
ing, after the discovery of the polymerase
chain reaction in 1983, another method
rapidly began to gain popularity and de-
velop, which combines the developments
of several areas from biology to electron-
ics - microarray technology. Biological
microchips are microarrays with various
kinds of biopolymers deposited on a solid
substrate as probes, and the biological
material under investigation as targets.

There are two types of microchips,
high and low density, which are widely
used in basic research and in various
fields of clinical medicine. High density
microarray fabrication is characterized
by the synthesis of probes directly on the
substrate. For example, the GeneChip
microchip photolithography technology
developed by Affimetrix is designed to
analyze large DNA fragments and the en-
tire genome of an organism. Such types
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of microchips require expensive equip-
ment and specially trained bioinformatics
specialists to interpret a huge amount of
information [21].

A slightly different approach is used
in the manufacture of low-density micro-
chips, in which the probes are applied to
the prepared substrate surfaces. In clin-
ical medicine, low-density microarrays
are gaining more and more popularity
due to their low cost and specificity of the
studied DNA fragments.

Application of biological micro-
chips in practical medicine. A signif-
icant part of ongoing genetic medical
research is currently aimed at diagnose
monogenic and multifactorial diseases
caused by point mutations in the ge-
nome - single nucleotide polymorphisms.
DNA microarrays are used to identify
mutations and genetic polymorphisms
to detect hereditary diseases, hereditary
predisposition to various widespread dis-
eases, for example, diabetes, cardiovas-
cular diseases, oncology, ophthalmology,
as well as for the diagnosis of infectious
diseases. Table 1 presents a list of diag-
nostic microchips developed for use in
clinical medicine.

Gene expression profiling using DNA
microarrays provides information on the
relative differences in gene expression
between two different cell populations,
for example, in a comparative analysis
of certain drugs tested on cultured cells,
or a comparison of gene expression in
cancer cells with normal cells. The hu-
man genome is made up of 3.2 billion nu-

cleotides. According to some estimates,
it contains about 10 million nucleotide
substitutions - the so-called single nucle-
otide polymorphisms (SNPs). SNPs are
distributed throughout the genome and
can be used as genomic markers to find
links between genes and diseases. SNP
is essentially the replacement of one ni-
trogenous base in DNA with another. For
example, guanine is replaced by cyto-
sine, while all other bases located nearby
remain unchanged. Since SNP can be
located within one gene, or in several at
once, therefore, the probe for the micro-
chip must be designed in such a way that
the entire genome is covered. This can
be a serious obstacle to genome-wide
analysis [34]

Microchips for the biomarker de-
tection in multifactorial disease diag-
nostics. The discovery of new specific
biomarkers associated with a specific
disease is very important for making an
accurate diagnosis and drug develop-
ment. The search for a biomarker using
a DNA microarray is carried out by an-
alyzing a large amount of data on ex-
pression levels under various genotypic,
phenomical, and environmental condi-
tions, which makes it possible to identify
a larger number of candidates. It allows
the simultaneous identification of candi-
date biomarkers by analyzing differential-
ly expressed genes in comparison with
normal and pathological conditions. By
carefully applying clinical specimens at
different stages or conditions to the DNA
microarray, it is possible to identify those
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Microarrays in clinical diagnostics

Classification / name Disease /causative agent references
Crohn's disease [11]
Type 1 diabetes mellitus [26]

Oncological diseases, SNPs in the genes of the biotransforma- 3]

Microarray for biomarker detection in multifactorial tion, SNPs in the genes of the renin-angiotensin system

disease diagnostics

Sporadic Alzheimer's Disease [4]
Breast cancer [12]
Chemotherapy resistance for uterine cancer [36]

Tuberculosis and its drug-resistant forms; pathogens of HIV,
hepatitis B and C, smallpox, 2 types of herpes simplex, an- [12]
thrax, influenza A virus

Oncogenic variants of human papillomavirus type 18 (HPV- [33]
18).

Adenoviruses, bocavirus, Chlamydia trachomatis, coronavi-
ruses types 229E, OC43, NL63, HKU1, human metapneumo-
virus (hWMPV) types A and B, influenza A, influenza B viruses, [13]
influenza C - Mycoplasmae. 4, respiratory syncytial virus
(RSV) types A and B, and rhinoviruses

Microarray for infectious disease diagnostics

Neutropenia [18]
Resistance to the anti-tuberculosis drug Ethambutol [25]
Pathogens in Bacterial and Fungal Brain Infections [9]

AIV, NDV, IBV and IBDV for use in routine mass epidemio-
logical monitoring.

Chromosomal disorders associated with developmental delay
and congenital malformations (Down's syndrome, Patau's syn-
drome, Edward's syndrome, Turner syndrome, Klinefelter's
syndrome, alpha-thalassemia syndrome, Charcot-Marie-Tooth [16]
neuropathy 1A, cri-du-chat syndrome, hereditary neuropa-
thy with a tendency to paralysis from compression (HNPP),
Prader-Willi syndrome, Rubinstein-Tybee syndrome, Williams
syndrome, and Wolf-Hirschhorn syndrome)

Gemoglobinopatiya [30]
Microarray for genetic disease diagnostics Primary immunodeficiency [32]
Cystic fibrosis [3,4]

Tay-Sachs disease, Bloom syndrome, Canavan disease, Nie-
mann-Pick disease, familial dysautonomia, torsion dystonia,
mucolipidosis type 1V, Fanconi anemia, Gaucher disease, gly-
cogen storage disease type 1A, maple syrup urine disease, non-
syndromic hearing loss, familial Mediterranean hearing loss
and type III glycogen storage disease

Wilson's syndrome [22]

genes that are specifically associated
Disease relevant SNPs detection: . . .
Multifactorial . Oncology with different stages of the disease. DNA
disease  the cardiovascular system microarray approaches for searching for
biomarkers have been used to study sev-
eral chronic diseases, including diabetes,
arthritis, cardiovascular and oncological
diseases. For example, biomarkers for
the diagnosis of systemic lupus erythe-

Diagnostics X ™
microarray matosus (SLE) and rheumatoid arthritis
(RA), which are chronic autoimmune and
) N\ inflammatory diseases, can be tested by

Pathogen detection: - . . .
i i, Chromosome abnormality analysis proflllng expression In |eUkOCyteS, since
iruses = T . i i il . . . .
Bacteria Vs Couschizaenl | (T Tecon seresning differential gene expression in leukocytes
Fungi

is clearly related to SLE and RA. Osteo-
arthritis, a degenerative joint disease
Fig. Application of diagnostic microchips in clinical medicine. that can be confused with RA, can also



be diagnosed by leukocyte expression
profiling. Based on these facts, Wohlge-
muth et al. Developed a method for di-
agnosing and monitoring autoimmune or
chronic inflammatory disease, especially
SLE, based on differentially expressed
genes. The selected genes were further
studied by comparing them with clinical
data. The nucleotide sequences of the
selected genes were determined and
used to diagnose these diseases [9].
Crohn's disease, ulcerative colitis, and in-
flammatory bowel disease (IBD) can also
be diagnosed using biomarker genes
selected from gene expression profiles
using DNA microarrays. In particular,
a diagnosis of high incidence and inci-
dence of IBD is important for assessing
prognosis and treatment. Mannick and
his colleagues made a diagnostic chip for
diseases based on sequences of overex-
pressed and underexpressed genes se-
lected using high-density chips Affymetrix
GeneChip.As a result, in patients with
IBD, 25 sequences were identified as
genes related to IBD, giving a sensitivity
of 84% and specificity 100%. In Crohn's
disease in patients with ulcerative colitis,
36 genes were identified as genes re-
lated to Crohn's disease with ulcerative
colitis, giving a sensitivity of 89% and a
specificity of 80% [11].

Scientists Natarajan and Myao have
developed a DNA microarray to map his-
tone modifications in the coding regions
of genes involved in gene regulation and
expression. They compared the patterns
of histone modifications in the coding
regions of disease-specific genes by
analyzing the localization of the entire
genome using chromatin immunopre-
cipitation coupled to cDNA microarrays.
Were selected those genes that showed
increased (more than 2-fold) and de-
creased (less than 0.5-fold) expression
under certain conditions. This patent
proposes a method for determining the
risk of developing a disease by examin-
ing the presence or absence of histone
modification (H3-K9 dimethylation) as-
sociated with type 1 diabetes, which
is an autoimmune disease that can be
accompanied by complications such as
retinopathy, neuropathy and nephropa-
thy [25]. In Russia, Institute of Molecular
Biology. V.A. Engelhardt RAS microchips
for the analysis of single nucleotide poly-
morphisms in humans with various dis-
eases have been developed: a biochip
for the diagnosis of lymphoproliferative
diseases, microchips for detecting and
diagnosing a genetic predisposition to
the development of oncological diseases
of various etiologies and for determining
individual sensitivity to certain drugs, and

others designed for the analysis of poly-
morphism in the genes of the biotransfor-
mation system, for the determination of
polymorphism in the genes of the renin-
angiotensin system and for hemostasis
genes, and are used to analyze the ge-
netic predisposition to the development
of complications during pregnancy [1]. A
biological microchip has been developed
to study the hereditary predisposition to
the sporadic form of Alzheimer's disease.
The biochip is capable to detect 10 poly-
morphic markers in the APOE, TOMMA40,
APOJ, EXOC3L2, GAB2, A2M, CR1,
BIN1 and PICALM genes. The genotyp-
ing procedure includes the amplification
of the nucleotide sequences of the se-
lected genes and subsequent hybridiza-
tion of the fluorescently labeled regions
with allele specific DNA probes, immobi-
lized on a biochip [2]. A low-density mi-
crochip was developed, which contains
markers of 132 genes that are differen-
tially expressed in breast cancer and also
associated with signs of a malignant tu-
mor (cell cycle disorders, hormonal sen-
sitivity, proteolysis) and the developed
system has shown itself as an alternative
way to diagnose breast cancer at an ear-
ly stage [12]. Scientists from China pro-
posed a method based on a low-density
microchip, which allows to identify 83 dif-
ferentially expressing genes that indicate
resistance to chemotherapy in uterine
cancer [36]. An oligunocleotide biochip
was created by a Mexican group of sci-
entists to detect 19 point mutations in the
5th, 7th and 9th exon of the TP53 gene,
which is a known oncogene and muta-
tions in which lead to malignancy and are
observed in most patients with various
types of cancer, and this approach has
been proposed as a screening tool and
early detection of malignant cancer for
timely treatment [23]. An oligonucleotide
biochip was developed to detect the car-
riage of 182 mutations in the LDLR and
APOB genes that cause hypercholester-
olemia, which in turn leads to early dis-
eases of the cardiovascular system [10].

Microchips for the infectious dis-
eases diagnostics. DNA microarrays
are widely used and improved in the field
of diagnostics of various infectious dis-
eases. So, developed at the Institute of
Molecular Biology. V.A. Engelhardt RAS
hydrogel microchips allow to determine
the causative agent of tuberculosis and
its drug-resistant forms; pathogens HIV,
hepatitis B and C (22 subtypes), small-
pox, 2 types of herpes simplex, anthrax,
infections of newborns, 30 subtypes of in-
fluenza A virus, including avian influenza
H5N1 [24]. Scientists from the University
of Mexico have developed a low-densi-
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ty oligonucleotide microchip for the rapid
screening of oncogenic variants of the
human papillomavirus type 18 (HPV-18)
strain. The technology used in the devel-
opment can be used to differentiate three
possible phylogenetic branches of HPV-
18 [33]. Scientists at University College
Dublin described the development of a
test system based on oligonucleotide mi-
croarrays for the simultaneous detection,
differentiation and typing of 18 viral and
bacterial respiratory pathogens, including
16 viruses and two atypical bacteria: ade-
noviruses, bocavirus, chlamydia (Chlam-
ydophila) pneumoniae, coronaviruses of
types 229 , NL63, HKU1, human metap-
neumovirus (hMPV) types A and B, influ-
enza A, influenza B viruses, influenza C
- Mycoplasmae. 4, respiratory syncytial
virus (RSV) types A and B, and rhinovi-
ruses [13]. A similar approach was used
in the development of a microchip for the
rapid diagnosis of bloodstream infections
caused by bacterial pathogens in pediat-
rics and general therapy [27]. PCR am-
plification in combination with an oligo-
nucleotide microchip was used to identify
the bacterium Bacillus anthracis based
on the ITS region in rRNA. Several stud-
ies have reported the use of microarrays
to identify pathogenic yeasts and molds
by targeting the ITS region in fungal
rRNA genes [14]. In another study, a DNA
microarray was created to detect and
identify 14 common fungal pathogens in
clinical specimens from neutropenic pa-
tients [18]. At the University of Barcelona,
a method based on a DNA microchip was
proposed for the simultaneous diagnosis
of mutations in the embB gene, which in-
dicates resistance to the anti-tuberculo-
sis drug Ethambutol [25]. DNA microchip
for the detection of 14 strains of bacte-
ria (Klebsiella pneumonia, Acinetobacter
baumannii, Pseudomonas aeruginosa,
Escherichia coli, Haemophilus influenza,
Stenotrophomonas maltophilia, Neisseria
meningitidis, Enterobacter spp. Candida
tropicalis, Candida glabrata, and Crypto-
coccus neoformans pathogens in bacte-
rial and fungal infections of the brain [9].
Scientists from Kazakhstan have de-
scribed a method for the rapid detection
of viral diseases AlV, NDV, IBV and IBDV
simultaneously for use in routine mass
epidemiological monitoring [31].
Microchips for the genetic disease
diagnostics. Foreign companies Affy-
metrix and lllumina present biochips for
genotyping 2,800,000 and 1,000,000
SNPs, respectively. The technologies
of these companies are based on the
methods of allele-specific hybridization
and allele-specific primer extension, re-
spectively. In allele-specific hybridization,



. YAKUT MEDICAL JOURNAL

probes are concentrated in the center
of the mutation site so that the variable
base is in the middle of the probe. This
allows the formation of nonspecifically
bound hybrids to be maximized, and the
sensitivity of the probe to the target is sig-
nificantly increased. Two probes are used
to detect a specific SNP: one probe cor-
responds to one allelic variant, and the
other probe is intended for the second al-
lelic variant. The genotype is determined
by analyzing the relative signal strength
of the two probes. Despite this, Affymetrix
uses about 20 probes for each SNP an-
alyzed in order to obtain more accurate
analysis results [20]. The same technolo-
gy used for SNP analysis is used to geno-
type specific mutations that cause mono-
genic diseases. Biochip technology here
effectively replaces labor-intensive and
time-consuming sequencing technology.
Considering the methods used in biochip
technologies and sequencing methods,
biochips have a number of advantages:
they are cheaper, faster and less labori-
ous. Diseases caused by chromosomal
abnormalities include several types, such
as Down syndrome (associated with
chromosome 21), Edwards syndrome
(chromosome 18), Patau syndrome
(chromosome 13), Turner syndrome (XO)
and Klinefelter syndrome (XXY), which
leads to irreversible physical and mental
abnormalities and even death. Micro-
chips are widely used in cytogenetics to
detect various chromosomal pathologies.
For example, chromosomal microarray
analysis (CMA) to detect variations in
copy number, homozygosity, and triploi-
dy, replacing karyotyping as a diagnostic
tool for many cases where chromosomal
is suspected. CMA is significantly more
sensitive (from 10 to 100 kb) than tradi-
tional karyotyping (from 5 to 10 Mb). In
addition, CMA does not require cell cul-
ture, which reduces processing time and
is an excellent alternative tool when cell
division is not available for analysis. This
method can be used for various purpos-
es, for example, to determine the cause
of miscarriage or to identify aneuploid-
ies such as Down's syndrome [7]. CMA
uses comparative genomic hybridization
(CGH) technology, a molecular cytoge-
netic technology that combines the stan-
dard cytogenetic karyotyping technique
and the method of fluorescence in situ
hybridization. CHG is based on a com-
parison of test and control DNA labeled
with different fluorochromes, which mix in
a 1: 1 ratio and hybridize on the meta-
phase chromosomes of a karyotypically
healthy person. After chromosome iso-
lation, the program automatically calcu-
lates the fluorescence ratio for each point

of the chromosome and, based on the
data obtained, builds a color-coded im-
age. CGHs have been designed to cover
the entire genome, for targeted analysis
of known microdeletions / microdupli-
cations, and for known loci of inherited
mutations [6]. Chip sensitivity depends
on the size and type of probes used. The
most common are oligonucleotide probes
(~ 60 bp) or probes with single nucleotide
polymorphism (SNP) (32-40 bp). Oligo-
nucleotide probes can be used to cover
the entire genome with an average reso-
lution of about 35 kb. Modern SSG chips
typically use a combination of copy num-
ber probes (oligonucleotides) to detect
increases and decreases in copy num-
bers and single nucleotide polymorphism
(SNP) probes to detect single nucleotide
sequence similarity (homozygosity). The
combination of probes detects a series of
homozygosity between the maternal and
paternal copies of each chromosome,
which allows the diagnosis of triploidy,
homogeneous disomy and consanguin-
ity, and also improves the detection of
low levels of mosaicism [8]. Several com-
mercial CMA tests are available today,
including GeneDx's GenomeDx CMA.
GenomeDx can confirm clinical diagno-
ses, distinguish between de novo and
familial cases, and assist in the prenatal
diagnosis of high-risk pregnant women.
This test takes three weeks to complete,
and both blood and buccal scraping can
be used as the test sample. GenomeDx
is a full genome CMA containing 118,000
oligonucleotide probes that detect copy
number variations [17]. LabCorp has
developed the Reveal® microchip that
detects chromosomal abnormalities as-
sociated with developmental delay and
congenital malformations [29]. Scientists
from South Korea have also developed
a microchip for diagnosing chromosomal
abnormalities that cause various diseas-
es: Down's syndrome, Patau's syndrome,
Edward's syndrome, Turner's syndrome,
Klinefelter's syndrome, alpha-thalas-
semia, Charcot-Marie-Tooth disease,
hereditary neuropathy with a tendency to
paralysis from compression, Prader-Willi
syndrome, Rubinstein-Tybee syndrome,
Williams syndrome and Wolff-Hirschhorn
syndrome [16].

A DNA microchip was developed for
neonatal screening for hemoglobinopa-
thy. The following approach to the man-
ufacture of a microchip was used - a
fragment of the human beta-globin gene
was amplified and immobilized on a glass
substrate, on which the solution was then
applied with the test sample-labeled with
a fluorescent dye oligonucleotide probes
corresponding to either the wild-type or

mutant alleles S, C, and E of the be-
ta-gene. Globin [30].

Research team from the Netherlands,
the United Kingdom and Thailand has de-
veloped a biochip for the diagnosis of pri-
mary immunodeficiency (PID), which is
a group of heterogeneous diseases that
includes more than 400 different mono-
genic hereditary diseases that affect the
development and function of the immune
system. Modern approaches to genetic
diagnosis of PID are based on Sanger
sequencing, next generation sequencing
(NGS), and copy number variant (CNV)
analysis. However, these methods are
time-consuming, expensive and require
complex data interpretation, which up to
now limits the number of analyzes. For
this development, the biochip platform of
lllumina The lllumina Custom GSA was
used, which includes 9,415 mutations in
277 genes associated with PID. The test
system allows high-precision screening
for known mutations in a short time and
at a lower cost [32].

Also, the Alkor Bio group of compa-
nies (St. Petersburg) has developed a
test system for detecting the 25 most
common mutations in the CFTR gene
“Cystic fibrosis-biochip” in the Russian
Federation and Europe [3]. Every year bi-
ological microchips are being introduced
more and more in various fields of clinical
medicine. Many different types of micro-
chips are being developed. Microarray
technology continues to improve in terms
of performance in terms of sensitivity and
accuracy, and is becoming the most eco-
nomical research method.

Prospects for the use of diagnos-
tic DNA microarray in genetic carrier
screening. Modern microchips can con-
tain millions of markers for thousands of
diseases, which makes it possible to sig-
nificantly reduce the cost of screening di-
agnostics of the population. However, as
noted earlier, due to the great complex-
ity and laboriousness of the technology
for printing microchips at the moment,
they have not yet become widespread in
clinical practice. In addition, since mass
screening of people from various popu-
lations for thousands of genetic diseases
(most of which are not common) is not an
urgent task at this time. The most inten-
sive introduction of microchips of medi-
um and low print density, containing tens
and hundreds of genetic markers. Such
microchips have a relatively low cost and
affordable printing technology, and also
allow screening only for the most com-
mon mutations. In addition, the method
of microchip DNA diagnostics has a high
speed of analysis and high reliability of
the results obtained, which, according to



scientists, ensures the future leadership
of this method in the segment of DNA di-
agnostics.

In isolated populations, for example,
in the Yakut ethnic group, there is an ac-
cumulation of certain forms of monogenic
disorders caused by ethnospecific mu-
tations, the frequency of heterozygous
carriage of which significantly exceeds
the global data [4]. In this regard, the de-
velopment and implementation of new ef-
fective methods of DNA diagnostics is an
integral task of medical genetic services.
An excellent example is the research of
scientists from Stanford University, who
proposed the development of a micro-
chip to identify ethnospecific mutations
responsible for the occurrence of hered-
itary diseases common among the Ash-
kenazi Jewish population - Tay-Sachs
disease, Bloom syndrome, Canavan
disease, Niemann-Pick A, familial dysau-
tonomia , torsion dystonia, mucolipido-
sis type IV, Fanconi anemia, Gaucher
disease, glycogen storage disease type
1A, maple syrup urine disease, non-syn-
dromic hearing loss, and glycogen stor-
age disease type Il [15]. Also, a research
group of scientists from India developed
a low-density oligonucleotide biochip to
detect the carriage of 62 mutations of the
ATP7B gene, characteristic of the Indian
population, that are the cause of Wilson's
syndrome. The frequency of heterozy-
gous carriage of these mutations in India
is 1: 90. In their development, the meth-
od of allele-specific primer extension
was used. This development has already
been introduced into the practice of clini-
cal medicine in India for the diagnosis of
Wilson's syndrome in the Indian popula-
tion [22].

Programs to prevent the spread of he-
reditary diseases have been introduced
and are being practiced in several coun-
tries. For example, such measures have
been shown to be effective in reducing
the incidence of B-thalassemia, sickle
cell anemia by 70% in Mediterranean
populations, and by 90% the incidence of
TSD (Tay-Sachs disease) in the Jewish
population in the United States of Amer-
ica and Canada [35, 19]. Currently used
classically diagnostic methods such as
PCR-RFLP, real-time PCR, sequencing
methods have a number of disadvan-
tages that limit the number of analyzes
performed due to the laboriousness and
high cost of consumable reagents, which
greatly complicate the conduct of DNA
diagnostics on a large scale and, there-
fore, the introduction of such preventive
measures. Also, as we mentioned earlier,
ready-made high-resolution microchips
from large companies "lllumina”, "Affime-

trix", "PerkinElmer" and others include
simultaneous detection for thousands
and millions of SNPs, which makes them
very expensive and not in demand in
clinical the practice of a geneticist and
a doctor of another specialty. To pro-
cess the huge information obtained from
these microchips, it is necessary to use
special programs and trained personnel.
Commercially available off-the-shelf mi-
crochips often do not correspond to the
interests of research in a specific area,
for example, in the Republic of Sakha,
due to the specificity of mutations char-
acteristic of the Yakut ethnic group, which
have a high frequency in the region, but
are completely rare for other populations
in the world. Thus, the independent pro-
duction of microchips at the workplace is
very important for regions burdened with
hereditary diseases for the detection of
heterozygous carriers and application in
molecular genetic screening.

The research is conducted under the
state target program: project FSRG-
2020-0014 “Genomic of Arctic: epidemi-
ology, hereditary and pathology”
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A.A .Shevchenko, N.G. Zhila, N.I. Boyarintsev
SURGICAL TREATMENT OF POST-
OPERATIVE STERNOMEDIASTINITIS
(LITERATURE REVIEW)

Postoperative sternomediastinitis is an infectious complication occurring after sternotomy with the sternal bone tissue and mediastinal tissues
being involved into the infectious process, with the involvement or noninvolvement of superficial soft tissues and with the stable or unstable ster-
num. According to domestic authors [3], up to 8,000 reconstructive surgical operations for postoperative sternomediastinitis are performed annually
in the developed countries. According to various sources, infectious complications occur up to 6.9% of cases [8]. Due to the rapid development of
cardiac surgery in the late 20" century, the number of studies on postoperative sternomediastinitis has increased significantly. At present cardio-
surgical patients are people of older age with multiple comorbid diseases determining a great number of risk factors, which lead to the complicated
healing of surgically operated tissues. Postoperative sternomediastinitis morbidity increases the early in-hospital mortality to 7% as compared
to patients having no inflammatory changes in the sternum with mortality rate of 1.8% [30], and the risk ratio of decreased long-term survival of
patients after a deep sternal infection is 1.91 [30]. Postoperative sternomediastinitis aggravates the clinical status of the patient and increases the
duration of the treatment, and the long-term expensive treatment of post-operative complications caused by cardiac surgery interventions makes
us consider the economic dimension [15]. The cost of treatment of deep postoperative sternum infection doubles the cost of overall treatment of
cardiac patients [15]. Thus in the US specialized centers this cost is about 500,000 dollars which even with an infection rate of less than 1% pre-

sents impressively high expenses for a country.

Keywords: thoracic surgery, postoperative sternomediastinitis, purulent complications of cardiac surgery

Historical stages of treatment of
postoperative sternomediastinitis.
First, sternomediastinitis was treated
by an open method which included re-
exploration and surgical revision of the
wound with dressings of the wound ap-
plied constantly, and the expectation of
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spontaneous closure of the wound with
granulations followed by epithelization.
The treatment took a long time. The mor-
tality reached 50%, with the death usu-
ally being caused by the development of
sepsis, bleeding or the direct damage
to the heart inflicted by the sharp bone
fragments or the edges of the sternum
[31].

Later a surgical treatment of the
wound was proposed in combination with
the system of continuous flow irrigation
of the wound with antibiotics or antisep-
tics, among which 0.5% povidone-iodine
solution was most often used. According
to the data of foreign authors [34], treat-
ment with the system of continuous flow
irrigation of the wound lasted 12.7 days
on the average, with 87% of such cases
recognized as being treated effectively,
13% of cases characterized by sternal

instability, and 13% of lethal cases due to
deep infection.

Another technique suggested an open
management after surgical treatment
with further using a variant of muscu-
loplasty, or with the preservation of the
wound until complete granulation. In this
case, the mortality rate reached 50%,
and the development of a new technolo-
gy for surgical treatment of the pathology
in question was required.

In 1975, a radical surgical d-bridement
of sternotomy wounds with myoplasty or
omentoplasty but without continuous flow
irrigation of the wound or open treatment
were proposed, which decreased the
mortality to 10% [14].

By the end of the XX-th century for-
eign researchers [22] offered a more
active use of the surgical treatment tech-
nique applying reconstructive methods of



