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NONINVASIVE PRENATAL TESTING: THE ASPECTS OF ITS INTRODUCTION INTO CLINICAL PRACTICE

Korostin DO'? 2 Plakhina DA?, Belova VA'?

' Pirogov Russian National Research Medical University, Moscow, Russia

2 Genotek Ltd., Moscow, Russia
The last couple of years have witnessed the rapid development of prenatal molecular-based screening for fetal aneuploidies that utilizes the analysis of cell-free
DNA circulating in the bloodstream of a pregnant woman. The present review looks at the potential and limitations of such testing and the possible causes of
false-positive and false-negative results. The review also describes the underlying principles of data acquisition and analysis the testing involves. In addition, we
talk about the opinions held by the expert community and some aspects of legislation on the use of noninvasive prenatal testing (NIPT) in clinical practice in the
countries where NIPT is much more widespread than in Russia.
Keywords: NIPT, NIPS, prenatal screening, fetal aneuploidy, cell-free DNA
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HEWHBAS3WBHbIW MPEHATAJIbHbBIA MONEKYNAPHbIA CKPUHWHT:
OCOBEHHOCTU BHEOPEHUA B KIIMHUYECKYO NMPAKTUKY

0. O. KopoctuH' 2= [1. A, MNnaxvHa?, B. A. Benosa'?

T Poccuiickuii HaumoHanbHbIA MCCnenoBaTenbCKni MeAULIMHCKMIA yHMBepcuTeT nmenn H. V1. Muporosa, Mockea, Poccus
2000 «leHoTek», Mockaa, Poccus

Pa3BunTre npeHaTanbHOro MONEKySPHOMO CKPUHMHIA aHeynnouauia nnoga, 0CHOBaHHOMO Ha aHanmae BHekneToqHo JHK, umpKynnpyioLLe B KpoBW 6epeMeHHoNn,
npovcxogut BypHO, 0cobeHHO B nocneaHve 2-3 roga. B 063ope npeactasneHbl BOSMOXXHOCTU 1 OrPaHUYeHNs UCMONb30BaHMSA 3TON METOAVKM B KIMHUHYECKOM
NpaKkTUKe, a TakxXe MPUHMHbBI NIOXKHOMONOXUTENBHbIX 1 NIOXHOOTPULIATENBHBIX PE3YNBTATOB CKPUHUHIA. OnvcaHbl MPUHLMMBGI, NeXalline B OCHOBE TEXHOMOrUiA
Kak MofyYeHus, Tak 1 aHanmaa AaHHbIX. PacCMOTPeHbl MHEHNST MpodeCcCnoHabHbIX COOBLLECTB, a TakKe 0COBEHHOCTN 3aKOHOAATENBHOMO PEerynmpoBaHns
NMPVIMEHEHWST HEVHBAa3MBHOMO NpeHaTanbHOro ckpuHuHra (HMC) B KNMHMHECKON NpakTVke B CTpaHax, rae ypoBeHb ncnonb3osaHns HAMC cywectseHHO
MPEBbILLAET OTEHECTBEHHDIN.

KntouyeBble cnosa: NIPT, H/MC, npeHaTanbHbIi CKPUHWHT, aHeynnonamm nnoga, BHeknetovHas JHK

BnarogapHocTU: aBTOPbI O4eHb NpuaHaTesnbHbl cotTpyaHuue OreY «HMKL AT nmenn B. V1. Kynakosa» ExkatepuHe LLIy61HOM 3a LieHHble 3aMeqaHns U peKo-
MeHaaLmmn, KoTopble oHa flaBana B XOofe NOAroToBKM 0630pa.

NHdopmauus o Bknage aBTopos: [. O. KopocTvH — naes 1 nnad nybnvkaumm, oblee pykoBOoACTBO MNOAroToBKoM nybnnkaumm; . A. MNMnaxvHa — nogrotoBka
paspenos o BHAHK 1 0 3akoHopaTensCTee, pefakTpoBaHme pykonucy; B. A. benosa — nogroToska pasgenos o HAMC ¢ nomoypto MPS, nogrotoBka pasaena
0 3aKOHOAATENBbCTBE, PEAAKTUPOBaHNE PYKOMUCH.

><] Ans koppecnoHaeHumn: Imutpuin Onerosu4 KopocTuH
HacTtaBHmueckuin nepeynok, g. 17, k. 1, . Mockea, 105120; d.korostin@gmail.com

Cratbs nony4eHa: 05.10.2018 Ctatbsi npuHaTa K nevatu: 10.05.2019 Ony6nukosaHa oHnamH: 22.05.2019
DOI: 10.24075/vrgmu.2019.036

Fetal chromosomal aneuploidy is one of the primary causes of
spontaneous abortion, accountable for 35% of all miscarriages
[1] and occurring in 0.3% of all births [2, 3]. The most common
aneuploidies are trisomies 13, 18, 21 and XXY.

Trisomy 21, or Down syndrome (DS), is observed in 1 in
800 births [4]. The risk of fetal DS increases with maternal
age, starting to grow exponentially once a woman turns 34
and approximating an incidence rate of 1 case per 35 births in
women over 40 [5].

Until the 1980s, a woman’s age was the only reliable
prognostic criterion for the risk of aneuploidy; all pregnant
women over 35 were recommended to undergo an invasive
diagnostic test aimed to identify the karyotype of the fetus.
For younger women, the only indication for invasive diagnostic
procedures was a family history [6].

Today, the 1st trimester combined ultrasound and biochemical
screening test proposed back in 1997 [7] is considered to be
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the most reliable prognostic tool with its sensitivity of 90% for
Down syndrome and the false positive rate of 5% [8].

At present, only invasive diagnostic techniques are
employed to diagnose hereditary pathologies of the fetus,
including chorionic villus and amniotic fluid sampling. The
obtained specimens of fetal cells are analyzed by QF-PCR,
MLPA, G-banding, FISH, and molecular karyotyping [9].

Origin of cell-free fetal DNA

Cell-free fetal DNA (cffDNA) transcends the placental barrier and
enters the maternal bloodstream [10]. Modern technologies
can detect cffDNA in the maternal blood plasma as early as the
4th week of gestation. Its concentration increases throughout
pregnancy, peaking in the last 8 weeks before delivery and then
dropping abruptly to aimost 0 in the first hours after birth [11-15].
Cell-free fetal DNA originates in the placental trophoblast and
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leaks into the maternal bloodstream following the apoptosis
of trophoblast cells [16]. The placental origin of cffDNA is
corroborated by its presence in anembryonic pregnancies in
which no embryo is formed, but placental tissue is in place [17],
as well as in women with meiotic placental mosaicism (PM).

PM, which is essentially a discrepancy between the
karyotypes of a fetus and a maternal placenta, strikes 0.6-1%
of women who previously underwent invasive diagnostic
procedures [18]. PM can be broken down into mitotic and
meiotic types. Mitotic PM results from the chromosomal
nondisjunction during one of the divisions of a diploid zygote
that gives rise to an aneuploid cell line and leads to confined
PM. As a rule, confined PM affects only a limited region of the
placenta and can be defined as a low-level mosaicism. Meiotic
PM originates from an initially trisomic zygote in which a rescue
event occurs: the loss of an extra chromosome copy in the
early stages of fetal development. Thus, even if the placenta
is partially or fully aneuploid, the fetus can still have a normal
karyotype, and vice versa.

Cell-free fetal DNA characteristics

Cell-free DNA molecules circulating in the maternal blood are
chopped fragments of 166 bp (maternal cfDNA) or 143 bp
(fetal cfDNA) in length [19]. Such size distribution is the result
of nonrandom DNA fragmentation [20]. DNA is degraded
by various enzymes that cut at the sites they can access.
Nucleosomes represent the first level of DNA compaction. They
are histone spools with DNA wound around them, spaced 20
base pairs apart. These linker regions can be easily accessed
by nucleases. Therefore, we can assume that a 143 bp-long
cffDNA fragment corresponds to a “linkerless” DNA coil wound
around a nucleosome, whereas a 166 bp-long maternal cfDNA
fragment corresponds to a DNA coil containing a linker region.
The nonrandom fragmentation pattern can be explained by the
difference in histone H1 isoforms determined by the placental
or hematopoietic origin of nucleosomes. The main function of
histone H1 is to bind to a linker; apparently, the binding does not
occur in the case of cffDNA, and the linker is chopped off [19, 21].

The “sawtooth”-like size distribution of shorter DNA
fragments with a peak periodicity of ~10 bp suggests that cell-
free DNA undergoes further nuclease cleavage in apoptotic
bodies at the position of approximately every 10th nucleotide
directly attached to a histone protein [19, 22]. No similar size
distribution is observed during the analysis of short reads
mapped onto a mitochondrial genome that lacks histones.

It has been established that hypo- and hypermethylated regions
of fetal and placental genomes do not match those of the maternal
genome because of epigenetic difference between tissues
[23, 24]. Itis hypothesized [25] that unmethylated DNA regions are
more accessible for cutting. Maternal cfDNA is hypermethylated,
which means tighter DNA wrapping around histones, increased
compaction and nucleosome stability, and longer average cfDNA
fragment lengths in comparison with fetal DNA.

NIPT aided by MPS

Fetal cells, fetal cell-free RNA and fetal cell-free DNA are
potential targets for liquid biopsy. Fetal cell-free DNA has a
number of advantages that allow it to be used as a basis for
noninvasive prenatal testing (NIPT).

On average, the fetal fraction amounts to 10% of total
cell-free DNA at the gestational age when prenatal testing
is performed. This value exceeds the number of fetal cells
circulating in the maternal blood by 3-4 orders of magnitude.

The contribution of maternal microchimerism is normally
negligible in comparison with the fetal DNA fraction. Cell-free
DNA is more stable than cell-free RNA, and the methods used
for its analysis are better reproducible.

NIPT can be described as a statistical examination aimed
at estimating how well each chromosome is represented in a
studied sample. Normally, the number of short reads per each
chromosome of a nonpregnant woman is proportional to the
length of this chromosome. The same is true for women who
carry a child with a normal karyotype. However, in trisomies, as
is the case with trisomy 21, the proportion of reads needed to
cover all copies of the chromosome of interest will be increased
relative to other chromosomes. The length of chromosome
21 amounts to about 1.5% of the entire genome. Given that
the cffDNA fraction makes 10% of total cfDNA present in the
sample, the extra chromosome 21 will cause a 0.08% rise in this
value. To assess the reliability of NIPT results, different statistical
methods are used, the most common being Fisher’s Z test. It is
employed to investigate whether an increase in the read count
per chromosome of interest is accidental. The actual coverage is
compared to the expected precalculated value with due account
of the standard error. Z is calculated by the formula:

Z=Kx-Wo,

where A is the studied chromosome; x is the number of reads
mapped to A in the analyzed sample; i is the mean read count
needed to cover A in the reference sample (normal control); &
is the standard deviation. The resulting Z score > 3 suggests
trisomy; Z < =3 suggests monosomy, whereas a range of values
from -3 to 3 are indicative of a normal karyotype [26].

The expected value is calculated based on the analysis of a
cell-free DNA sample obtained from a diagnosed child.

During the analysis, maternal cfDNA is not separated
physically from fetal DNA. This means that if a woman carries
multiples, NIPT will be able to detect aneuploidy but will not
point to the affected fetus.

NIPT outcomes are largely determined by the fetal DNA
fraction. The higher is the proportion of fetal DNA, the higher
is the Z value yielded by the analysis in the case of aneuploidy.
The minimum fetal fraction needed for reliable NIPT results is
4% [27-29].

Although methods for estimating the proportion of fetal DNA
vary, they all share the same underlying principle, searching for
significant differences between fetal and maternal cell-free DNA
fractions. Such differences involve the presence of Y chromosome,
which amounts to half of total cell-free DNA. This approach,
however, can only be applied to women carrying male fetuses.

The universal and widespread SNP-based approach to
estimating the fetal DNA fraction exploits a simple idea: one should
look for those polymorphic loci where the mother is homozygous
and the baby is heterozygous (due to the presence of the paternal
allele). The polymorphic regions should be sequenced multiple
times, and then the number of reads covering the paternal allele
should be counted [30-32]. The cffDNA fraction is then calculated
by multiplying the proportion of such reads by 2. The following
criteria are applied to SNP selection:

- minor allele frequency (MAF) of about 50%;
« SNP should be constituents of different linkage groups;
« SNP should not be under natural selection pressure.

By expanding the panel of target SNPs, one can even
detect aneuploidies through comparing read counts per fetal
and maternal polymorphic loci in a chromosome of interest.
This idea was adopted by Natera to design a noninvasive
prenatal test based on the analysis of almost 20,000
SNP [33].
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Fetal DNA fraction can also be reliably estimated by
calculating the proportion of differentially methylated genome
regions in the analyzed cell-free methylome [34].

Because the lengths of fetal and maternal DNA molecules
are distributed nonuniformly, the fetal DNA fraction can be
determined from the ratio of fragments sized 100-150 bp to
those sized 163-169 bp, since they correspond to the fetal
and maternal DNA fractions, respectively [35]. This approach is
effective in paired-end sequencing [36].

Another novel “nucleosome track” method of quantifying
the fetal DNA fraction is underway. The idea behind it is that
fetal DNA fragmentation is not random and follows a certain
pattern determined by DNA packaging into nucleosomes, as
described above [37].

Researchers are also starting to harness neuronal networks
to estimate the fetal DNA fraction. Using large training samples
(thousands of specimens with a known fetal DNA fraction),
one can get reliable results by analyzing a number of certain
sequencing parameters [38].

NIPT potential

NIPT is mostly used to screen for chromosomal aneuploidies,
but massively parallel sequencing (MPS) technologies are
capable of detecting other genome abnormalities as well.

Low and ultra-low (< x1.0) coverage genome sequencing
does not allow point mutations to be detected, but can be
employed to screen for deletions and duplications [39]. Such
strategy is used to perform prenatal genetic screening aided
by high-throughput sequencing [40]. In most cases, NIPT data
resolution is not sufficient to capture medium-sized (up to 5 billion
bp) deletions and duplications; this problem can be solved by
improving data yield per studied sample [41-44]. Unfortunately,
this adds to the costs of testing. More complex bioinformatic
methods of data processing are a bit less effective [45, 46]. The
amount of sequencing data yielded from the sites of interest
can be significantly increased through targeted enrichment of
genomic DNA regions. For example, the Panorama test [47]
targets about 20,000 polymorphic loci densely located in the
regions prone to microdeletions. The developers believe that the
detection accuracy of the test is 97.8% or higher [48].

Since the moment cffDNA was discovered, the world has
seen the emergence of various approaches to the diagnosis of
genetic abnormalities of the fetus. The very first of them were
capable of determining the sex of the fetus [49] and its Rh factor
[60]; they were designed to screen for the sequences that
do not typically occur in the maternal genome and exploited
different PCR types, including gPCR, ddPRC, and QF-PCR.
Later, the development of methods for detecting genetic traits
inherited from the father became a routine practice: X-STR
markers [51], markers of autosomal dominant conditions, such
as Huntington’s disease [52] and myotonic dystrophy [53] were
soon discovered. However, the majority of monogenic diseases
are autosomal-recessive and their development is driven by
the mutations in both maternal and paternal copies of the
genome. Because of that, prenatal screening typically includes
3 sequencing procedures: sequencing of maternal and paternal
genomic DNA required to identify parental haplotypes and
locate the mutations of interest followed by cfDNA sequencing
in order to see what chromosomes the baby has inherited [54].

The analysis of the cffDNA methylome has revealed the
pattern of methylation that can serve as an aneuploidy marker
[65, 56]. It has been shown that the placental methylome, which
is what NIPT analyzes, is dynamic; the methylation pattern
can change depending on the condition of the fetus and the
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mother. For example, the analysis of cfDNA methylation can be
used to diagnose preeclampsia [57-59].

Although there are a few disadvantages to using cell-
free RNA as an analyte in screening tests (contamination by
noninformative rBNA, poor preservation in the sample, low
reproducibility of test results in comparison with cfDNA),
changes in the expression of some RNA transcripts in the
fetus can be a reliable predictor of preeclampsia long before a
woman develops its symptoms [60].

NIPT validation

Like any other diagnostic technique, NIPT had to undergo
clinical trials to prove its efficacy.

In 2014, a study conducted in 1,914 pregnant women
from 21 US medical centers demonstrated that for NIPT the
false-positive rate was significantly lower than for the standard
biochemistry screening (0.3% vs. 3.6%, p < 0.001 for trisomy
21 and 0.2% vs. 0.6%, p < 0.03 for trisomy 18). The test failed
in 0.9% of the participants [61].

A study published in 2015 compared the efficacy of NIPT
with that of conventional diagnostic techniques [62]. It was
conducted in 35 medical centers using the samples collected
from 15,841 pregnancies. NIPT was able to detect all cases
(88) of true aneuploidy in patients with fetal trisomy 21; in
9 patients the results were false-positive. For trisomy 21, DR
was 100%, FPR was 0.06%, and PPV was 80.9% (the standard
screening test used in the study returned 78.9%, 5.4%, and
3.4% for DR, FPR and PPV, respectively). NIPT performance
was significantly better than that of standard screening in
pregnant women with fetal trisomies 13 and 18. This means
that NIPT can be used for detecting fetal trisomies in the clinical
setting because it has better resolution and higher accuracy in
comparison with conventional diagnostic tools.

Causes of false-positive results in NIPT

NIPT has a number of limitations that can cause false-positive
results.

Maternal weight and gestational age

The amount of cffDNA correlates positively with the gestational
age and is reversely proportional to the body mass index of a
pregnant woman. Too few cffDNA fragments at 9-10 weeks
into pregnancy do not allow NIPT results to be reliable. For
women with high BMI, the test can turn to be ineffective as
well, because the probability of a false-positive result remains
high [15, 63] if cffDNA fraction is not estimated.

Placental mosaicism

Women who tested positive for aneuploidy by NIPT are advised
to undergo an invasive diagnostic procedure to rule out
placental mosaicism. Here, amniocentesis should be preferred
over chorion villus sampling because the DNA in the villi has
the same placental origin as cffDNA [64—67]. It is absolutely not
recommended to base the decision of pregnancy termination
on NIPT results solely (see below).

Twins
Although NIPT can detect aneuploidies in twin pregnancies,

it is unable to identify which of the twins has a chromosomal
abnormality. Here, invasive diagnostic techniques should be
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employed. Despite the fact that the total cffDNA fraction is
higher than in singleton pregnancies [68] and it is possible to
estimate the fetal fraction for each of the twins, the accuracy of
NIPT is lower than in the case with singleton pregnancies [69].

A vanishing twin syndrome occurs in multiple pregnancies
when one of the fetuses dies in the first trimester. The
frequency of aneuploidies among vanishing twins is higher
than in healthy twins. Because NIPT analyzes total cell-free
DNA and in the majority of cases cannot detect the presence
of additional haplotypes in the samples, a vanishing twin can
contribute to false-positive test results, being an aneuploid
fetus itself; it can also mask the aneuploidy of the second
twin, causing false-negative results and interfering with sex
determination. The study that analyzed data yielded by over
30, 000 noninvasive prenatal tests demonstrates that vanishing
twins with aneuploidies occur in 0.11% of the total sample [70].
This is quite close to the false-positive rate reported by an
extensive meta-analysis of the literature on NIPT [71]. To avoid
errors associated with vanishing twins and to timely detect the
second fetus, ultrasound examinations performed in the 1st
trimester should be more meticulous.

CNV in parents

It is reported that 17% of all false-positive NIPT results are
associated with CNV 0.5 to 14 billion bp in size present in
maternal cells [72].

Just like placental mosaicism, parental mosaicism can
skew test results. For example, the frequency of monosomy
X directly correlates with a woman’s age [74]; 16% of sex
chromosome aneuploidies detected by NIPT are linked to
the abnormalities of the maternal chromosome X [65]. The
frequency of monosomy X varies from 1 : 3,300 (the proportion
of mosaic cells is above 34%) [74] to 1 : 300 (the proportion
of mosaic cells is 4% and above) [75], depending on the low
detection threshold for mosaicism.

Tumors

NIPT results can be unreliable in pregnant women with cancer
because cancer cells have an unstable genome, tumors usually
produce a vast network of blood vessels and release a lot of
cfDNA into the bloodstream [76].

Myths about the dangers of invasive diagnostic tests

Among the arguments for a more vigorous clinical promotion of
NIPT lobbied by NIPT manufacturers is the risk of complications
(including pregnancy loss) associated with invasive diagnostic
tests: both amniocentesis and chorionic villus sampling are
reported to result in pregnancy loss in 1% of cases [4, 77, 78].
However, other authors provide different figures on pregnancy
loss following an invasive diagnostic porcedure: 1 : 200 for
chorionic villus sampling and 1 : 300 for amniocentesis [79, 80].
These values are lower than the rate of spontaneous abortions [81].

Table. Leading US manufacturers of commercial NIPT

Legislation and guidelines for NIPT

At present, there are two major models of NIPT incorporation
into clinical practice practiced in many countries.

1. The cohort model: the test is recommended to women at
risk based on the results of a 1st trimester screening procedure.
In this case, the expenses are fully or partially covered by the
federal budget.

2. The commercial model: the test is offered to those
pregnant women who can afford it (personal funds or health
insurance).

At the moment, vast TRIDENT-2 studies are being carried
out in Holland and Denmark to investigate the aspects of NIPT
introduction in clinical practice (http://www.meerovernipt.nl);
the participants are offered to undergo NIPT instead of 1st
trimester screening tests.

Below we provide examples of how NIPT is used in different
countries and talk about the regulatory legislation.

United Kingdom

In the UK, 800,000 pregnancies are reported annually. In
January 2016, the National Screening Committee operating in
the UK [82] recommended to incorporate NIPT into the Fetal
Anomaly Screening Program [83]. The guidelines suggest
that NIPT should be offered to all women at a high risk for
aneuploidy (> 1 : 150) revealed by a combined ultrasound and
biochemistry test between weeks 10 and 14 of pregnhancy.
The efficacy report will be released in 2018-2019. If the test
proves to be effective, the number of invasive screening
procedures will be reduced and the saved money will be used
to subsidize NIPT.

Sweden

In Sweden, 120,000 pregnancies are reported annually. In
June 2016, the Swedish Society of Obstetrics and Gynecology
issued guidelines [84] recommending NIPT to all women whose
risk for aneuploidies inferred from the combined ultrasound
and biochemistry test ranges between 1 : 51 and 1 : 1,000
and to those who cannot undergo an invasive diagnostic
procedure because of HIV or hepatitis. Caution should be
exercised when ordering NIPT for a woman carrying multiples.
A high risk for aneuploidy means that invasive diagnostic tests
should be performed, whereas for women at low risk standard
checkup examinations would be enough. The Society does not
recommend NIPT to every pregnant woman because there is
no sufficient evidence of the test’s efficacy in every cohort of
pregnant patients and because of its high costs.

France
In France, the number of annual pregnancies reaches 800,000.

The French Ministry of Health issued its guidelines for prenatal
testing in 2017 [85]. Before the advent of NIPT, screening

NIPR trade name Manufacturer Location
MaterniT21Plus™ Sequenom, subsidiary of LabCorp, Inc. San Diego, CA
Verifi™ Verinata Health, now lllumina Redwood City, CA
Harmony™ Ariosa Diagnostics San Jose, CA
Panorama™ Natera San Carlos, CA
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for aneuploidies relied on FMF standards [29]. If the risk for
aneuploidy was high (> 1 : 250), invasive diagnostic testing was
carried out followed by karyotyping. The expenses were covered
by health insurance. According to the recommendations
published in 2017, the analysis of circulating cell-free DNA is
recommended to women at high risk (from 1 : 1,000 to 1 : 51)
for fetal trisomy 21 revealed by 1st trimester ultrasound and
biochemistry screening. Pregnant women whose risk for
aneuploidy is 1 : 50 or higher should undergo an invasive
diagnostic procedure but still can opt for molecular screening
first. It is emphasized that NIPT should not be regarded as a
substitute for invasive diagnostic testing. The guidelines outline
the need for developing a quality control and lab accreditation
system. The screening strategy is to be revised in 3 years;
among other things, the revision will cover the issues of
screening for other aneuploidies and microdeletions.

USA

About 6.35 million pregnancies are reported annually in the
USA. The NIPT market is divided between a few major players
(see the Table) [86].

NIPT expenses are covered by health insurance or a
patient’s personal funds. No funding is received from the state.

So far, 4 medical associations have proposed guidelines
for NIPT:

«the American College of Obstetricians and Gynecologists
(ACOG), May 2016 [87];

« the International Society for Prenatal Diagnosis, April 2015 [80];

« the National society of Genetic Counselors, October 2016 [88];

«the American College of Medical Genetics and Genomics
(ACMG) [89].

The ACMG notes that the evolution of NIPT methods
and techniques is so rapid that any currently existing clinical
recommendations will become obsolete in just a couple of
years. Similar to ACOG, the ACMG guidelines emphasize that
all pregnant women should be informed about the possibility of
undergoing NIPT and its relative advantages over conventional
screening for trisomies 13, 18 and 21. Some experts and
manufacturers consider these guidelines as a signal for
ordering NIPT for all pregnant women regardless of the results
of 1st trimester screening. This interpretation is wrong. ACMG
only recommends that pregnant women should be informed of
the possibility of undergoing NIPT and provided with all relevant
information about the test [86]. Unfortunately, many physicians
are unaware of NIPT limitations, tend to misinterpret its results
or take wrong decisions. Knowing that, NIPT manufacturers
provide their own genetic counseling, which raises a number of
questions since the counsellors involved can be biased.
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DETECTION OF CHROMOSOMAL REARRANGEMENTS IN THE SHORT ARMS OF CHROMOSOMES 4

AND 12 AS AN EXAMPLE OF A WHOLE-GENOME APPROACH TO NONINVASIVE PRENATAL TESTING
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Timely detection of fetal aneuploidy is an important aspect of clinical practice. At present, analytical techniques involving high-throughput sequencing are on the
rise. Noninvasive prenatal testing (NIPT) ensures reliable results as early as week 9-11 into pregnancy. This article describes a clinical case of NIPT application and
further verification of its results. Using next-generation sequencing, the microarray analysis of cell-free DNA in the amniotic fluid and the cytogenetic analysis of fetal
chromosomes, a high risk of chromosomal rearrangements was detected in the short arms of chromosomes 4 and 12. This prediction was verified by molecular

karyotyping conducted in both parents. The mother was found to be a balanced carrier of translocations between chromosomes 4 and 12. This case demonstrates
the advantages of a whole-genome approach to NIPT over targeted-based.
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AETEKLMA XPOMOCOMHbIX MEPECTPOEK B KOPOTKOM MJEYE 4-U U 12-1 XPOMOCOM
KAK NMPUMEP NMOJIHOrEHOMHOIO NOAXOAA NP1 NPOBEAEHN HEMHBA3SMBHOIO AHK-CKPUHUHIA

A. tO. TonbLos B2 W, C. Mykocen, T. O. Kodetkosa, E. LLy6uHa, M. B. KyaHevuosa, O. K. Ctyrnko, W. KO. Bapkos, . B. Pe6pvikos, [. HO. Tpodhrmos
HauvoHanbHbIM MeQULMHCKMIN UCCNEoBaTeNbCKUM LIEHTP akyLepcTBa, MHeKonorm 1 nepuHatonorun uvenn B. V1. Kynakosa, Mockea, Poccust

CBOEBpPEMEHHOE OBHAPY>KeHWE aHeynIonani NNofa O4eHb BXKHO B KIIMHUYECKON NMpakTuke. B HacToslee BpeMs UAET akTUBHOE PasBUTVE aHANUTUHECKIX
METOLOB C MPVIMEHEHNEM BbICOKOMPOV3BOANTENBHOMO CEKBEHMPOBaHNS. bnarogapsa HemHeasnBHOMY npeHatansHoMy [OHK-ckpuHuHry (HAMC) poctoBepHble
pesynsTaTbl MOXHO MonyyaTb Ha cpoke 9-11 Hepenb. OnucaH KnuHWYeckuin ciydar npumeHeHus HUMC n pganbHenwen sepuddmnkaumm nony4eHHbIX
pegynsratoB. C MOMOLLBIO METOAOB BbICOKOMPOU3BOAUTENBHOMO CEKBEHMPOBAHIIS, MUKPOMATPUHHOIO aHaim3a aMHUOTUHECKON YXUAKOCTU U LIMTOFEHETUHECKOrO
KapvIoTUNPOBaHWS Y Nilofia OBHaPY>KEH BbICOKMIA PUCK XPOMOCOMHbIX MEPECTPOEK B KOPOTKOM Miieye 4-i 1 12-i4 XxpoMOCOM. PesynstaThl 6bin NOATBEPKAEHBI
C MOMOLLBIO MOMIEKYISIPHOMO KapmroTUNpoBaHKst. [poBepka poauTenein No3sosmia BeIBUTL Y MaTepy cHanaHCUMPOBaHHbIE XPOMOCOMHbIE NMEPECTPOVKM B 4-1 1
12-11 xpomocomax. [daHHblA cnyyan AEMOHCTPUPYET NPENMYLLECTBa NOIHOMEHOMHOMO NMoaxofa Nepes, TapreTHbIM Npw nposedeHun HAMC.
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Chromosomal aneuploidy (CA) is a common cause of perinatal
death and abnormal fetal development. CA is diagnosed in one
in 3 pregnancies ended in missed or spontaneous abortions.
The incidence rate of CA in newborn infants is 1 : 300. The
most common aneuploidies are trisomies 21, 18 and 13 [1]
and sex chromosome aneuploidy. Maternal age is one of the
risk factors for CA.

For timely detection of fetal CA, Russia has adopted 1st
trimester screening that combines an ultrasound scan and
blood biochemistry tests [2]. It has limited specificity and
sensitivity because biochemical parameters of the blood
are determined by a number of factors that also include the
hormonal status of the mother apart from the chromosomal
status of the fetus. Women at high risk for aneuploidy are
recommended to undergo additional, more accurate tests.
CA is confirmed in about 13 to 15% of these women. The
tests are invasive (amniocentesis, cordocentesis, chorionic
villus sampling) and can cause pregnancy loss in 0.5-2% of
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patients; therefore, they are contraindicated for women at high
risk for pregnancy loss. Noninvasive prenatal testing (NIPT) is
an alternative to invasive procedures in cases when gestational
age does not exceed 18-19 weeks [3]. NIPT does not have
contraindications for high-risk women and can be performed
as early as 9-10 weeks into pregnancy. Noninvasive prenatal
tests vary in the number of chromosomes they target, which
is usually limited to chromosomes 13, 18 and 21 [4,5]. Even
in whole-genome-based NIPT, other chromosomes are rarely
analyzed (Prenetix, Panorama). There is a test that only looks
for trisomy 21 (Down syndrome); it is also referred to as NIPT.

Case study

Below, we describe a case of a 30-year-old pregnant female
patient P. The patient already had a 3-year-old daughter
diagnosed with disseminated intravascular coagulation and
high-pressure hydrocephalus. The patient's BMI was 17.6 kg/m?.
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The patient was pregnant for the third time; the pregnancy
was spontaneous. An ultrasound scan performed as part of
combined first trimester screening was not suggestive of
chromosomal abnormalities or congenital defects. NFT was
1.8 mm; the nasal bone could be visualized. B-HCG = 0.508 MolM;
PAPP-A = 0.314 MoM.

The following risks were identified based on the results of
first trimester screening:

trisomy 21 — 1 : 10 084 (baseline risk 1 : 585);

trisomy 18 — 1 : 1073 (baseline risk 1 : 1396);

trisomy 13 — 1 : 1372 (baseline risk 1 : 4389).

A blood sample for NIPT was collected at 13 weeks 4
days gestational age. Whole-genome sequencing of the cell-
free DNA library was carried out using lon S5XL (ThermoFisher
Scientific; USA); the yielded data were analyzed following a
protocol proposed in [6]. The obtained reads were mapped
onto the reference genome; CG content was bias-corrected,
and uniquely mapped reads were counted. The risk for CA was

A
0.3 1

Chromosome 4

0.2 4

0.1 4

o
°
° 4 °

o

e v, Seie € eu0 oo 8

0 S &:’ °-°:‘§,,§%°°° ,‘{.{}%&u o W00 ey o 2 %%
3 ® £ 3 & geqd® 0 00

" .,ooa;q,o"oon o g Piwe %o R

0o

-0.1 4

-0.2 4

-0.3 1

estimated using the original software developed by the authors
of this work [7].

Based on the results of our analysis, the following
conclusions were drawn. The prepared whole-genome library
was covered by 7.5 milion reads; the sex of the fetus was
determined as male. Y chromosome sequences made 16%
of the total cell-free DNA. No aneuploidy was detected for
chromosomes 13, 18 and 21. However, the analysis revealed a
high risk of a p16-p14 deletion on the short arm of chromosome
with an estimated size of 35 Mb (Fig. 1A) and a high risk of a
p13.3-p12.1 duplication (25 Mb in size) on the short arm of
chromosome 12 (Fig. 1B). The obtained data had to be further
verified using invasive techniques [8, 9].

To verify NIPT results [10], a microarray analysis of the
amniotic fluid was performed using CytoScan Optima Array
microchips (Affimetrics; USA). Sampling was done at 16 weeks
into pregnancy.

Results are presented in Fig. 2 and 3.
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Fig. 1. A visual representation of distribution of reads along the chromosome. The Y axis shows deviations in the read count from the reference values for the normal
genotype. A. Distribution of reads for chromosome 4. B. Distribution of reads for chromosome 12
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Fig. 3. Results of the analysis of the amniotic fluid collected from patient P. showing a duplication on the short arm of chromosome 12
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Specimen type: peripheral blood
Staining type: G-banding

CLINICAL CASE | NONINVASIVE PRENATAL SCREENING

Karyotype: 46,XX,t(4;12)(p15.1;p11.2)

Conclusion: Balanced female carrier of a reciprocal translocation between chromosomes
4 and 12 with breakpoints at 4p15.1 and 12p11.2
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Fig. 4. Patient P.’s karyotype

The embryonic karyotype is described below:

arrlhg19] 4p16.3(68,345-35,195,686)x1 — a 35 million
b.p.-long partial deletion of the short arm of chromosome 4
causing the Wolf-Hirschhorn syndrome (OMIM# 194190);

arrlhg19] 12p13.33p11.22(173,786-28,183,286)x3 — a 28
million b.p.-long duplication on the short arm of chromosome
12 causing the Pallister—Killian syndrome (OMIM# 601803) also
known as tetrasomy 12p.

The patient was recommended to terminate pregnancy.
Pregnancy was terminated at 18 weeks.

DISCUSSION

The analysis revealed detrimental chromosomal rearrangements
in the fetus. Therefore, it was recommended that both parents
undergo karyotyping. The mother was found to carry a
balanced translocation involving chromosomes 4 and 12, the
underlying cause of the abnormalities in the fetus (Fig. 4).

We were able to detect such rare chromosomal aberrations
only due to the use of whole-genome sequencing during NIPT.
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HenHBaavBHble AbIxaTenbHble TECTbl C MPUMEHEHNEM N30TOMHO-MEYEHbIX COEAMHEHWA MPEACTaBNAIOT COOOM HOBbIN BbICOKOTOYHBIN 1 6€30MacHbIn METOq,
PYHKLMOHATBHOMO MCCNEn0BaHUs NMEYeH 1 BUNMapHON cucTems. Lienbto paboTbl Bbl1o MPOBECTY BUONOMUHECKIE UCTIbITAHIS OCTPOW 11 CYOXPOHNHECKON TOKCUHHOCTH
"8C-MeHeHbIX IMHOMEBOV 1 JIMHONEHOBOW KVICIIOT, CUHTE3MPOBAHHBIX MO OPUMMHAITBHOM METOMMKE 1 MpeaHasHa4YeHHbIX AN MPOBEAEHVSt AMAarHOCTUHECKUX AbIXaTeNbHbIX
TecTOB. PN OAHOKPATHOM BHYTRKENYAOHHOM BBEAEHWN 3yHaeMbIX CO8AVHEHNIA TabopaTopHbIM MbllLam nHu BALB/C 1 kpbicam Wistar B 03ax, npesbILLatoLLmX
anarHocTnyeckme B 500-2500 pas, 0bpasiibl COeAVHEHUI HE BbI3blBa/M CMEPTHOCTUN SKCMEPUMEHTANTbHbIX XXMBOTHBIX. 1oV MPOBEAEHN CYOXPOHNHYECKOrO
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Breath tests are safe and effective tools that provide diagnostic
information about the internal organs of the human body. The
stable *C [1] and minimally radioactive '“C [2] breath tests
were introduced into clinical practice in the late 20" century.
Since then, they have become the gold standard in detecting
Helicobacter pylori infection [3]. Urease abundantly produced
by H. pylori breaks down the urea taken in by the patient into
18C0, or '*CO, and ammonia. These products of urea hydrolysis
are absorbed into the bloodstream and then excreted by the
lungs [4]. The exhaled isotope-labeled CO, can be measured
using mass spectrometry or a Geiger-Mueller counter [5]. In the
absence of H. pylori infection, the reaction described above
does not occur, and the concentrations of the exhaled '*CO,, or
“C0, do not fall outside the reference range.

Non-invasive breath tests are highly accurate, cheap, easy,
and safe for both the doctor and the patient. They provide
valuable information about a number of parameters needed to
choose a treatment strategy [6].

So far, carbon isotopes have been employed as tracers in
a variety of breath tests for assessing insulin resistance (those
are based on "*C-glucose [7], "*C-metacetin [8], *C-galactose
and "*C-aminopyrine [9] ) and in the diagnosis of chronic liver
diseases, including hepatitis B and C, cirrhosis, toxic hepatitis,
alcoholic hepatitis, etc. '*C-octanoic acid is used to measure the
rate of gastric emptying [10], and ('*C3-glyceryl) tri-octanoate
helps in detecting exocrine pancreatic insufficiency [4].

We believe that extensive efforts taken to increase production
output of carbon isotopes and create cost-effective equipment
for measuring the isotopic composition of the exhaled breath
will expedite introduction of such tests into clinical routine.

Linoleic and linolenic acids are the main active components
used in breath tests designed to assess liver and biliary tract
function. They are fatty acids with a carbon chain consisting
of 18 carbon atoms. The acids are unsaturated: linoleic acid
has two carbon-carbon bonds, whereas linolenic acid has
three [11].

Tetrasodium pyrophosphate widely used in the production
of radiopharmaceutical agents both in Russia and abroad
serves as an excipient. In Russia, it was approved for medical
applications by Order 507 of the Ministry of Healthcare dated
April 14, 1985 (Certificate 85/507/13) and is now marketed
as Pyrphotech *"Tc [12]. Pyrphotech has demonstrated
good performance in bone scintigraphy, imaging of acute
myocardial infarction, imaging of the choroid, angiocardiography,
etc. [12, 13].

Patent 2630691 registered in Russia describes the original
Method of synthesis of "*C and 'C linoleic and linolenic acids
[14]; these fatty acids labeled with carbon isotopes are intended
for use in breath tests that assess liver and biliary tract function.
It is essential that therapeutic and diagnostic agents undergo a
safety trial prior to being introduced into clinical practice. The
aim of this work was to study acute and subchronic toxicity of
8C-labeled linoleic and linolenic acids.

METHODS

The acute toxicity test of linoleic and linolenic acids labeled with
8C at position 1 was conducted in strict compliance with the
Guidelines on the study of general toxicity of pharmacological
agents [15]. The test was carried out in 95 male and female
BALB/C mice weighing 18 to 20 g and 45 male and female
Wistar rats weighing 180 to 210 g.

The tested 'C-labeled acids were synthesized as
described in the Method of synthesis of *C and '*C linoleic
and linolenic acids (Patent 2630691) [14]. The structure and

purity of the intermediate and end products were assessed
with nuclear magnetic resonance spectroscopy using an AM
300 spectrometer operating at 300 MHz (Bruker; Germany)
and a DRX-500 spectrometer operating at 500 MHz (Bruker;
Germany). Mass spectra were acquired using a direct-
infusion Finnigan MAT Model Incos 50, 70 eV (Finnigan MAT;
UK) and a high-resolution mass spectrometer MicrOTOFII
(BrukerDaltonics; Germany) (ESI).

The animals selected for the study were kept in T3
cages. Animal housing met the Sanitary and Epidemiological
Requirements for Laboratory Animal Facilities. The animals
had unlimited access to tap water supplied via 500 ml glass
bottles with stainless steel stoppers. The animals had a fixed
meal schedule and were fed with pellets containing a balanced
composition of amino acids, minerals and vitamins. Throughout
the experiment, their physical activity, body weight, appetite,
hair condition, and behavior were closely monitored.

For the acute toxicity test, the samples of the tested
compounds were dissolved in olive oil and the freshly prepared
solutions were administered to the animals by gavage. The rats
received a single dose of 100 to 500 mg; the mice, a single
dose of 10 to 50 mg. The follow-up period was 3 days. The
lethal dose (LD,,) was determined for both BALB/c mice and
Wistar rats using the Deichmann-LeBlanc method [15].

The subacute toxicity test of the synthesized isotope-labeled
acids was conducted in 180 Wistar rats weighing 110-135 g.
The test was performed in strict compliance with the Guidelines
on the study of general toxicity of pharmacological agents [15].
The freshly prepared solutions of the tested compounds were
fed to the animals by gavage at doses specified above every
day for 2 weeks. The animals were distributed into several
groups consisting of 15 males and 15 females each. Group 1
was the control group. The controls received olive oil that did
not contain any of the tested acids. Group 2 received 5 mg/kg
8C-labeled linoleic acid, which is 5 times higher than the clinical
dose in humans. Group 3 received 25 mg/kg '*C-labeled
linoleic acid, which is 25 times higher than the human clinical
dose. Group 4 received 5 mg/kg "*C-labeled linolenic acid; this
dose exceeds the human clinical dose 5-fold. Group 5 received
25 mg/kg *C-labeled linolenic acid, which exceeds the human
clinical dose 5-fold.

In rats, blood samples (2.0-2.5 ml) were collected from the
tail vein before the subchronic toxicity test, one week after the
first administration of the tested compounds and 2 weeks after
the first administration. Blood count was aided by a Picoscale
PS-4M automated analyzer (Medicor-Elektromedika; Hungary).

Concentration of blood glucose, total protein, creatinine,
cholesterol, total bilirubin, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, and lactate
dehydrogenase were determined using a discrete FP 901
analyzer (Labsystems; Finland).

The rats were sacrificed on day 14 of the subchronic toxicity
experiment. Necropsy was performed straight away in order
to avoid self-digestion of tissue by intracellular enzymes. A
detailed report was prepared for each necropsy.

Specimens of organs and tissues were fixed in 10% neutral
buffered formalin, then dehydrated, cleared, and embedded
in paraffin wax. Serial sections were prepared using a sliding
MS-1 microtome (Ambimed; Russia). Upon deparaffinization,
the sections were stained with hematoxylin-eosin, mounted
in Canada balsam and covered with a coverslip. The obtained
slides were examined under a Leica CM E microscope (Leica
Microsystems; German) and photographed using a Micromed
DCM-510 SCOPE eyepiece camera (Nabludatelnye pribory;
Russia) at x40, x100, x200, and x400 magnification. Images
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were processed in the Future Win Joe software (Future Optics;
Chine) supplied with the eyepiece camera. Necropsy data were
compared between the rats who had received *C-labeled
linoleic and linolenic acids and the controls.

The null hypothesis was tested using the nonparametric
Mann-Whitney U and Fisher exact tests in Statistica 8.0 for
Windows (Dell; USA). Means, the median, maximum and
minimum values and interquartile ranges were calculated [16].
For qualitative variables, the sampling fraction was calculated
and expressed as percentage, as well as the sampling error.

RESULTS

Study of acute single-dose toxicity of '*C-labeled
linoleic and linoleic acids

No signs of intoxication or gastric irritation were noticed in the
animals following single administration of the tested compounds at
the highest dose of 2.632 mg/kg for mice and 2.564 mg/kg for
rats. No death cases were observed in both rats and mice. We
found no differences in sensitivity to the compounds between
the animals of different sex and species.

Thus, intragastric administration of '*C-labeled linoleic and
8C-labeled linolenic acids to small animal species at doses
2,500 times higher than the clinical dose in humans did not
cause intoxication or animal death during the entire follow-up
period (3 days). The manufacturer of *C-labeled linoleic acid
(Science Lab; USA) specifies that its LD, is 3.2 g/kg. This value
was obtained after administering a significantly higher dose of
the tested fatty acid to experimental animals. Therefore, we

ORIGINAL RESEARCH | DIAGNOSTICS

conclude that our acute toxicity test revealed no difference in
toxicity between the acid synthesized by us and its commercially
available analogue.

Study of subchronic toxicity of *C-labeled linoleic and
linolenic acids in rats

Two-week daily administration of 5 and 25 mg/kg '*C-labeled
linoleic and linolenic acids did not cause any significant changes
in the animals’ behavior and appearance, as compared to the
controls. The animals were active, their hair was smooth and
appetite was good.

Body weight dynamics monitored in all experimental and
control groups throughout the experiment are presented in
Tables 1 and 2.

On the whole, no significant differences were observed
between the experimental and control groups except for the
male group that was receiving 5 and 25 mg/kg '*C-linolenic
acid for 2 weeks. Those male rats were gaining more weight
than the controls, which suggests a stimulatory effect of the
tested compound on animal growth. No detrimental effect of
the acid was observed on the growth and general health of the
laboratory animals.

Results of blood tests in the experimental and control
groups are shown in Table 3.

Slight yet significant differences (> 0.95 confidence level)
in hemoglobin concentrations were revealed in the male rats
who were receiving 5 mg/kg ®C-linolenic acid. In the group of
female rats who receiving the same dose of *C-linolenic acid,
the differences were significant for white blood cell and platelet

Table 1. Body weight dynamics of male rats that received '*C-labeled linoleic and linolenic acids by intragastric gavage for 2 weeks

Before the experiment Controls, g Experimental group, g p
Linoleic acid, 5 mg/kg 113.3 115.7 > 0.05
Linoleic acid, 25 mg/kg 113.3 114.0 > 0.05
Day 14 of the experiment

Linoleic acid, 5 mg/kg 132.1 135.3 > 0.05
Linoleic acid, 25 mg/kg 132.1 133.6 >0.05
Before the experiment

Linolenic acid, 5 mg/kg 116.4 114.2 > 0.05
Linolenic acid, 25 mg/kg 116.4 117.5 > 0.05
Day 14 of the experiment

Linolenic acid, 5 mg/kg 130.6 136.3 > 0.001
Linolenic acid, 25 mg/kg 130.6 138.2 < 0.001

Table 2. Body weight dynamics of female rats that received '*C-labeled linoleic and linolenic acids by intragastric gavage for 2 weeks

Before the experiment Controls, g Experimental group, g p
Linoleic acid, 5 mg/kg 111.9 112.2 > 0.05
Linoleic acid, 25 mg/kg 111.9 112.9 > 0.05
Day 14 of the experiment

Linoleic acid, 5 mg/kg 129.3 132.1 > 0.05
Linoleic acid, 25 mg/kg 129.3 131.5 >0.05
Before the experiment

Linolenic acid, 5 mg/kg 113.8 115.4 > 0.05
Linolenic acid, 25 mg/kg 113.8 114.6 > 0.05
Day 14 of the experiment

Linolenic acid, 5 mg/kg 127.2 134.1 >0.05
Linolenic acid, 25 mg/kg 127.2 130.3 > 0.05
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counts. However, on day 14 of the experiment, the differences
faded, which may suggest they were accidental.

By contrast, the end of week 1 revealed no significant
differences between the groups that were receiving higher
(25 mg/kg) doses of "*C-labeled linolenic acid. However, a
significant decline in white blood cell count (> 0.999 confidence
level) was noticed in the female rats on day 14, as well as a
slight decline in platelet count in both males and females

Table 3. Blood count in rats that received '*C-linoleic acid for 2 weeks

(> 0.95 confidence level). In spite of the differences between
the groups, the absolute values of the measured parameters
fell within the normal reference range, suggesting safety of the
tested doses.

Total protein levels in the blood serum are given in Table 4.

The female rats who were receiving 5 mg/kg of the tested
compound had higher total protein concentrations than the
controls by the end of week 1 and week 2. A similar situation

5 mg/kg 25 mg/kg
Red blood cells
Males Females Males Females
Week 1 p>0.05 p>0.05 Week 1 p>0.05 p <0.05
Week 2 p>0.05 p>0.05 BTopas Hepens p>0.05 p <0.05
White blood cells
Week 1 p>0.05 p <0.05 Week 1 p>0.05 p>0.05
Week 2 p>0.05 p>0.05 Week 2 p>0.05 p=0.001
Platelets
Week 1 p>0.05 p < 0.05 Week 1 p>0.05 p>0.05
Week 2 p>0.05 p>0.05 Week 2 p < 0.05 p < 0.05
Hemoglobin
Week 1 p < 0.05 p>0.05 Week 1 p>0.05 p>0.05
Week 2 p>0.05 p>0.05 Week 2 p>0.05 p>0.05
Table 4. Total protein concentrations (g/L) in the blood serum of rats that received *C-linoleic acid for 2 weeks
5 mg/kg 25 mg/kg
Males Females Males Females
Week 1 p>0.05 p < 0.05 Week 1 p>0.05 p < 0.05
Week 2 p < 0.05 p < 0.05 Week 2 p < 0.05 p>0.05
Table 5. Enzymic activity and total bilirubin levels in the blood serum of male rats that received '*C-linoleic acid for 2 weeks
5 mg/kg 25 mg/kg
Alkaline phosphatase
Males Females Males Females
Week 1 p>0.05 p < 0.05 Week 1 p<0.01 p<0.01
Week 2 p < 0.05 p < 0.05 Week 2 p < 0.001 p<0.01
Alanine aminotransferase, un/L
Week 1 p>0.05 p < 0.05 Week 1 p < 0.001 p < 0.001
Week 2 p < 0.05 p < 0.05 Week 2 p>0.05 p>0.05
Aspartate aminotransferase, un/L
Week 1 p>0.05 p>0.05 Week 1 p < 0.05 p>0.05
Week 2 p < 0.001 p <0.01 Week 2 p>0.05 p>0.05
Lactate dehydrogenase, un/L
Week 1 p>0.05 p < 0.001 Week 1 p < 0.001 p < 0.001
Week 2 p < 0.001 p < 0.001 Week 2 p < 0.001 p < 0.001
Total bilirubin, uM
Week 1 p < 0.001 p<0.01 Week 1 p < 0.001 p < 0.001
Week 2 p>0.05 p < 0.001 Week 2 p < 0.001 p < 0.001
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was observed in the male rats on day 14 of the experiment. As
compared to the controls, total protein levels were also higher
in the female rats a week after the onset of the experiment and
in the male animals on day 14. This suggests that the studied
compound stimulates protein synthesis, which cannot be
regarded as a sign of its toxic effect.

Hepatotoxicity of candidate drugs is traditionally inferred
from elevated aspartate and alanine aminotransferases, alkaline
phosphatase, lactate dehydrogenase, and total bilirubin in the
blood serum (Table 5).

In week one, we witnessed a slight decline in hepatic
enzymes in the animals who were receiving 5 mg/kg "*C-linoleic
acid. During week 2, this decline became significant in all
the subjects. A drop in alkaline phosphatase was the most
pronounced for 25 mg/kg doses. By contrast, the levels of
aminotransferases had gone back to normal by the end of
week 2.

Administered at 5 and 25 mg/kg, '*C-linoleic acid caused a
significant decline in total bilirubin measured in the blood serum
during weeks 1 and 2 of the experiment (except for the group
of male rats during week 2). This observation suggests that the
tested compound is not toxic to the liver and possibly has a
hepatoprotective effect.

DISCUSSION

It is hard to assess the feasibility of breath tests in small
laboratory animals because collection of exhaled air samples
is a technically demanding procedure. Therefore, we plan
to conduct the efficacy and safety trials of C-linoleic and
8C-linolenic acids in human patients once the acids successfully
pass extensive toxicity studies. A similar strategy was adopted
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METHODS FOR DNA QUANTIFICATION YIELD SIMILAR RELATIVE BUT DIFFERENT ABSOLUTE VALUES
Balanovsky OP'235 Kagazezheva ZhA'?, Olkova MV?
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DNA quantification is a routine yet important procedure that determines the efficacy of long-term sample storage and further manipulations with the sample.
There are a few well-established methods for measuring DNA concentrations. However, it still not fully clear how concordant their results are. The aim of this
work was to measure DNA concentrations in a set of samples using different quantification methods and to compare the obtained values. In 2 independent
experiments, a total of 100 genomic DNA samples were analyzed using 3 different DNA quantification methods, including spectrophotometry (NanoDrop),
fluorometry (Qubit) and real-time PCR (Quantifiler). The obtained relative concentrations demonstrated an excellent correlation (the correlation coefficients were
as high as 0.98 to 0.99). However, the absolute concentrations showed a considerable variation and even a twofold difference. Spectrophotometry yielded the
highest concentrations, whereas fluorometry yielded the lowest. The real-time PCR results were intermediate. The differences were more pronounced for the
samples with low DNA concentrations. We recommend that such differences should be accounted for when estimating DNA concentrations using an arsenal of
different quantification methods.
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METOAbl UBMEPEHUA KOHLUEHTPALUN OHK: COBMNAOEHVUE OTHOCUTEJIbHbLIX
BEJTMYNH U PASNTN4NA ABCONKOTHbIX

O. IN. BanaHoscknn22 = XK, A. Karasexxesa'?, M. B. Onbkosa?
" HCTUTYT 06LLen reHeTukm umenn H. V1. BaBunosa, Mockea, Poccust

2 MeayKo-reHeTU4eCcKmin Hay4HbI LieHTP, Mocksa, Poccus

3 briobaHk CesepHoit EBpasnn, Mockea, Poccusi

3mepeHne koHueHTpaumn [HK aBnseTca 6a30BbIM METOAOM, OT HAAEKHOCTU KOTOPOrO 3aBUCHUT S(PEKTUBHOCTb AASIBHENLLIENO XPaHEHNs 1 UCMONb30BaHNS
06pasLoB. CyLLEeCTBYET HECKONBKO LUMPOKO PacipOCTPaHEHHbIX 1 XOPOLLO 3apeKOMEHAO0BaBLUNX ceba cnocoboB namepeHnst KoHueHTpaummn OHK, onHako
CTeneHb WX COrNacoBaHHOCTV APYyr C APYroM M3yyeHa HefoCcTaToqHO. Llenbto paboTbl 6610 M3MEPUTL KOHLEHTPALMM OOHMX U Tex xe 06pasLioB pasHbiMu
MeTOAaMM 1 MPOBECTN CPABHUTENBHbIA aHaN3 MOMyHEHHbIX Pe3ynsTaToB. B ABYX HE3ABMCUMBIX SKCMEPUMEHTaX, CyMMapHO BKOHMBLLX 100 06pasLioB reHOMHOW
[OHK, cpasHnBanu Tpu Metopa onpeaeneHns koHueHTpauum OHK: cnektpodotometpudeckuin (Nanodrop), dnyopumeTpudeckun (Qubit) n MLP B peansHom
BpemeHy (Quantifiler). BeisiBneHo, 4To 3Ha4eHWst KoHUeHTpaummn JHK, nonyyeHHble pasHbiMi MeToLaMu, XOPOLLO KOPPENMPYIOT APYr C APYroM (KO3MDMULIMEHTbI
koppensaumn coctasnstoT 0,98-0,99). OgHako NPy Takon OTIMHHOM KOPPENALMN OTHOCUTENbHBIX BEMMHYNH KOHLIEHTPALMX abCONOTHbIE BENMNYMHDI, NONYYEeHHbIE
pasHbIMI METOLAMM, BAPbMPYIOT 3HAYUTENBHO, BMIOTh A0 ABYKPATHbIX pasnnyuni. CnekTpooTOMETPUHECKNI METOA, AAET HANboee BbICOKME KOHLEHTPAaLMN,
MLP B peanbHOM BpeMeHr — NPOMEXYTOUHbIE, a hTyOpPUMETPUHECKIMA — Havnbonee H13Kue. Pagnnyns B pesyntatax 60nee BblpaxkeHb! A5 06pasLoB C HU3KOM
KOHLeHTpaLwen. Mbl pekoMeHayem yinTbiBaTb Halnyme STUX CUCTEMATUHECKUX Pa3NHMA MEXAY Pe3ynsTaTamy n3mepeHns KoHLeHTpaumm JHK, nonyydeHHsiMm
pasHbIMI MeETOLAMM.

Kntouesble cnosa: koHLeHTpaumsa JHK, metoge! namepenis, MLIP B peansHOM BpemeHw, CnekTpohoTOMETPUHECKUA METOL, (hyOpUMETPUHECKUIN METOL,
DuHaHCUpOBaHMe: NCCNEA0BaHNE BbIMO/IHEHO B pamMKax [0CyAapCTBEHHOrO 3aaaHns Ans MeanKO-reHETUHECKOro Hay4HOro LeHTpa (IKcrnepumMeHT 1) 1 npu
nopaepxke rpaHta PH® 17-14-01345 (akcnepuMeHT 2).

NHdopmauus o Bknape astopos: O. . BanaHoBCKWiA — an3ariH UCCNefoBaHuns, aHanmna AaHHbIX, HanncaHne TekcTta ctatbu; XK. A. KarasexxeBa — npoBefeHne
aKCnepuUMeHTasbHbIX paboT; M. B. OnbkoBa — NpoBefeHre aKCneprMeHTanbHbIX paboT, nogbop nuTeparypbl.

CobniopgeHne aTMYeCcKnxX CTaHAapTOB: NCCef0BaHVE BbINOMHEHO Ha 06pasLiax, Mony4YeHHbIX B XOAE NONYNALUMOHHO-FEHETUHECKIX 06CNefoBaHWA reHooHaa v
0006peHO STNHECKUM KOMUTETOM MEAVKO-reHETNHECKOro Hay4HOrO LieHTpa (MpoTokon Ne 3/1 oT 5 ceHTA6psa 2018 r.). Bee y4acTHVKM ccneqoBaHns noanvicani
[06POBOSBLHOE MH(POPMUPOBaHHOE COrache Ha yqacTue B UCCNenoBaHni 1 nybamkaumio AaHHbIX.

><1 Ans koppecnoHpgeHunn: Oner MNasnosuny BanaHoBckuin
yn. Iy6kuHa, a. 3, . Mockea, 119991; balanovsky@inbox.ru
Cratbsi nonyyeHa: 21.06.2019 Ctatbs npuHsATa K nevatu: 27.06.2019 Ony6nmnkosaHa oHnaiiH: 30.06.2019

DOI: 10.24075/vrgmu.2019.043

DNA quantification is a routine procedure performed by many  reagent kits and instrumentation. Still, it is not uncommon
laboratories. It is an important part of sample preparation for  that different methods yield different estimates. The available
long-term storage, biobanking or NGS. There are a few well- literature [1-6] warns against the limitations and specific
established methods for measuring DNA concentrations that  characteristics of DNA quantification methods that the end
have been conveniently translated into commercially available  user may not be fully aware of. Genomic DNA and DNA

BULLETIN OF RSMU | 3, 2019 | VESTNIKRGMU.RU (25



OPUTMHAJIbHOE MCCJIEJOBAHNE | TEHETUKA

library concentrations are measured prior to whole-genome
sequencing, as part of a sample reception procedure or while
monitoring the quality of stored DNA samples. In our lab, we
work with extensive sample collections from the Biobank of
North Eurasia [7], among other projects; therefore, it is critical
for us to find an optimal method for DNA quantification,
understand the nuances of its application and compare it to
other existing measurement methods. It is highly likely that
other laboratories may face a similar task. The aim of this work
was to measure DNA concentrations in a series of samples
using different quantification methods and compare the
obtained values by assessing the repeatability of each method,
determining the concordance of the results and identifying the
trends of differences between the obtained values.

METHODS

In 2017-2018 we conducted a series of experiments in which we
measured DNA concentrations in a set of samples using different
quantification methods. The following DNA quantification
methods were compared: a) NanoDrop spectrophotometry,
which can determine both DNA concentration and DNA quality
from the absorbance of a sample at a certain wavelength; b)
fluorescence-based measurements using fluorescent dyes
(Qubit); c) real-time PCR (Human DNA Quantifiler).

All the experiments gave the same picture, so in this article
we will talk about the most elaborately planned experiments
(1 and 2) in which the number of controlled variables was the
highest. In both experiments, we used DNA samples from the
Biobank of North Eurasia obtained through phenol-chloroform
extraction.

In experiment #1, 49 DNA samples were analyzed. Prior to
the experiment, DNA concentrations were estimated using a
Qubit fluorometer and Qubit reagent kits. Highly concentrated
samples were diluted down to < 50 ng/pl because the Human
Quantifiler kit guarantees accurate measurements only at
concentrations below 55 ng/ul, given that standard dilution
series are prepared in strict accordance with the manufacturer’s
guidelines. In those 49 samples, DNA concentrations were
measured in 3 ways: spectrophotometrically in 3 replicates per
sample using a NanoDrop spectrophotometer; fluorescently in
3 replicates per sample using Qubit instrumentation and reagent
kits; using real-time PCR and a Human DNA Quantifiler kit. Due
to high costs of the reagents, real-time PCR was conducted
in 2 replicates for half of the samples. Because the correlation
between the replicates was 0.99, DNA concentrations in the
rest of the samples were measured only once per sample.

For spectrophotometry, we used NanoDrop 2000
(Thermo Fisher Scientific; USA) in strict compliance with the
manufacturer’s protocol. DNA samples were aspirated into an
automatic Research Plus pipette (Eppendorf; Germany) that
allows adjusting the dispensed volume between 1 and 10 pl.
DNA concentrations were measured in 2 pl samples at 20 °C.

Fluorescence measurements were done using a Qubit 4
fluorometer (Thermo Fisher Scientific; USA), compatible 0.5 ml
thin-walled assay tubes by the same manufacturer and Qubit™
dsDNA BR Assay Kits (Thermo Fisher Scientific; USA) in strict
accordance with the manufacturer’s protocol [7]. Samples were
aspirated into an 0.1-2.5 pl automatic Research Plus pipette
(Eppendorf; Germany). DNA concentrations were measured in
2 pl samples at 20 °C.

Real-time PCR was performed using a 7500 Real-Time PCR
System for Human Identification (Applied Biosystems; USA) and
a Quantifiler™ Human DNA Quantification Kit (Thermo Fisher
Scientific; USA) in strict compliance with the manufacturer’s

protocol. Samples were aspirated into an automated 0.1-2.5 pl
Research Plus pipette (Eppendorf; Germany). Two pl of each
sample were amplified.

In experiment #2, 51 DNA samples were analyzed.
Methods, reagent kits and instrumentation applied to measure
DNA concentrations were the same as in experiment 1.
Fluorescence measurements were done in 2 replicates. Other
measurements were performed in one replicate per sample.
Prior to the experiment, DNA concentrations were estimated
using a Qubit fluorometer and Qubit reagent kits. The range
of DNA concentrations measured in experiment 2 was shifted
upward to 20-90 ng/ul.

Experiments 1 and 2 were conducted by different
researchers at different time points. Initial data processing
and graph construction were done in MS Excel; correlation
coefficients were computed in Statistica 7.

RESULTS

Results of experiments 1 and 2 are shown in Tables 1 and 2,
respectively. Because the experiments were of the same type,
their results are presented together in the Figure and Tables 3
and 4. First, a more detailed experiment 1 is described and
then its results are compared to the results of experiment 2.

We started analyzing the data collected in experiment 1
by calculating the repeatability of the results obtained with one
and the same DNA quantification method in a few replicates
per sample. The repeatability turned out to be extremely high:
the correlation coefficient varied between 0.99 and 1.00,
which at the very least suggests the absence of a pipetting
error. Therefore, for each sample, mean concentrations of all
replicates were used for further analysis.

Since real-time PCR-based DNA quantification (below
referred to as Quantifiler) is considered to be the most accurate,
we used it as a reference method. Values obtained with other
methods were compared to those yielded by Quantifiler. We
would like to emphasize that a different choice of a reference
method would have led us to the same conclusions. In Figure
1A, DNA concentrations obtained with real-time PCR are
plotted on the X-axis. DNA concentrations obtained using
all three analyzed methods are plotted on the Y-axis. The
Quantifiler curve can only take a form of a 45 degree line (the
black line in the picture). It serves as a baseline. The 2 other
curves look more interesting.

The NanoDrop curve (Fig. 1A; the orange one) was constructed
from the values that on the whole were concordant with
Quantifiler estimates. Still, they were a bit higher, with stochastic
fluctuations (“beats”). The NanoDrop spectrophotometer
returned higher DNA concentrations than the Quantifiler kit
for the samples containing 20 ng/ul DNA. For lower DNA
concentrations, both methods generated very similar results.

In the Figure, the orange NanoDrop curve lies above the
black Quantifiler line, and the blue Qubit curve is below the
latter. For all our samples, Qubit generated lower concentration
values, as compared to Quantifiler. Unlike the NanoDrop curve,
the Qubit curve looks smoother, suggesting better stability of
measurements. The first impression of the Qubit curve is that the
distance between its every point and every corresponding point
of the Quantifiler line is fixed. However, the blue dotted trendline
demonstrates that the Qubit curve is not only characterized by
lower DNA concentrations but also has a different slope.

The next step was quantitative analysis. Table 3 (specifically,
the values above the diagonal) shows correlations between the
results obtained with 3 tested DNA quantification methods.
The correlation coefficients were very high (at least 0.98),
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Table 1. Results of DNA quantification in individual samples (Experiment 1)
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SamplelD Quantifiler1 Quantifiler2 Qubit1 Qubit2 Qubit3 Nanodrop1 Nanodrop2 Nanodrop3
21 10.7 10.3 6.1 5.9 5.6 11.6 13.1 12.0
22 18.3 17.6 12.2 11.2 11.4 23.7 25.0 241
23 36.6 33.2 24.4 241 24.0 51.6 51.2 49.8
24 442 47.8 34.0 36.2 31.9 73.7 75.2 73.2
25 64.3 58.4 47.2 45.0 49.6 101.1 104.4 102.8
31 10.2 9.8 5.5 5.4 5.6 8.6 7.9 8.0
32 18.1 18.3 1.2 11.0 10.9 15.7 16.4 171
33 37.0 35.7 23.6 245 23.4 38.6 37.6 39.5
34 447 47.4 329 30.1 31.4 51.5 54.4 51.7
35 59.2 54.4 421 43.3 42.6 67.8 70.7 69.4
41 10.3 9.7 5.6 6.1 52 8.2 7.7 7.5
42 14.8 15.5 11.6 11.0 10.9 16.3 16.9 16.2
43 28.7 27.3 22.3 23.0 22.7 35.8 35.8 36.8
44 401 39.8 32.8 32.3 33.5 53.2 51.5 53.4
45 59.0 55.3 45.3 45.7 46.0 70.7 71.9 71.7
51 10.1 10.5 5.9 5.7 5.5 10.0 9.3 9.3
52 20.1 20.2 11.8 11.6 1.5 19.9 19.2 19.5
53 34.2 35.8 23.2 22.0 23.4 38.4 39.4 36.3
54 47.7 44.6 31.9 33.7 34.0 59.5 57.8 58.1
71 9.0 8.8 5.3 5.4 5.1 8.1 8.1 8.4
72 15.5 15.4 9.7 10.3 10.3 17.2 17.5 17.7
73 28.2 30.6 18.5 19.5 19.1 36.3 36.1 36.3
74 42.3 44.6 34.2 27.7 30.3 54.3 52.7 54.1
75 53.0 58.1 40.6 46.3 41.9 75.2 721 72.6
81 10.8 5.8 5.7 5.8 9.1 9.0 9.0
82 23.1 11.8 11.6 11.8 20.4 19.3 19.5
83 32.7 32.4 21.9 21.7 21.2 36.5 37.5 36.8
84 48.3 32.0 33.6 33.9 59.7 58.0 58.3
85 63.6 45.6 46.9 47.0 774 80.5 80.5
91 10.9 5.7 5.8 5.8 10.2 9.8 9.8
92 19.4 11.7 11.9 10.9 22.4 23.3 23.5
93 33.9 22.2 22.9 23.0 46.2 47.0 46.0
94 51.5 36.0 35.5 36.0 70.3 70.9 69.6
95 62.2 40.3 45.3 46.6 92.3 90.2 91.5
101 10.1 5.6 5.9 5.7 10.7 10.5 11.6
102 224 12.5 12.3 12.2 23.8 24.6 21.9
103 39.0 22.0 23.3 22.8 50.3 50.7 50.0
104 51.9 32.2 34.0 34.1 70.4 70.6 68.0
105 63.0 44.7 46.4 46.4 95.0 92.0 95.5
111 8.3 4.5 4.7 4.7 7.0 7.5 7.7
112 17.4 10.1 10.3 10.0 14.9 14.9 16.3
113 30.2 18.0 19.6 20.2 31.5 33.0 29.8
114 43.6 28.8 28.3 30.0 45.6 44.6 46.2
115 56.9 39.3 41.8 40.5 62.8 63.3 61.4
121 9.8 5.3 5.1 4.8 10.3 9.9 10.4
122 20.5 10.4 10.9 11.2 21.0 21.8 21.9
123 36.2 223 22.6 23.5 43.9 43.7 42.4
124 49.4 32.6 32.3 32.0 63.0 64.2 63.9
125 56.4 41.9 41.5 42.8 84.0 82.8 81.9
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Table 2. Results of DNA quantification in individual samples (Experiment 2)

SamplelD Nanodrop Qubit1 Qubit2 Quantifiler
1 67.5 45.4 50.2 56.0
2 71.9 51.2 52 56.2
3 99.1 78 65.1 78.5
4 59.2 47.5 49 48.4
8 97.1 69.7 76.2 83.7
10 76.4 67.2 65.9 68.1
11 58 46.7 43.3 46.6
12 88.7 66.8 63.7 731
13 59.8 42.2 40.8 48.9
14 92.4 62.1 66.1 79.8
15 78.6 50.4 51.8 62.7
16 74.3 50.7 51.4 60.5
17 725 29.6 48.4 43.6
18 47.5 34.6 35.5 39.0
19 84.5 59.1 59.8 63.7

20 98.5 71.2 77 83.5
21 69.9 56.4 61.3 68.5
26 66.2 45.2 33.8 62.3
27 100.1 54.9 77.9 81.3
28 97 741 75 79.5
29 95.6 62.8 68.1 72.4
32 58.5 39.2 40.6 415
33 71.3 47.4 44.3 61.1
34 82.6 43 64.1 75.3
35 101.7 69.2 741 86.5
37 101.6 73.3 74 84.5
44 101.7 49.8 48.3 70.2
46 99.2 86 63.6 93.9
48 101.7 70.7 78.5 80.1
49 50.9 36.5 37.5 41.2
51 50.8 27.4 29.8 34.8
52 48.1 38.7 42.2 50.3
53 52.6 31.9 46.1 54.4
54 27.2 18.3 15.9 23.1
55 52.5 34.6 36.8 36.7
56 55.8 32.7 34.7 72.3
57 50.2 31.2 35.8 50.1
58 62.7 58.2 50.9 28.5
59 36.3 23.2 26.7 25.7
60 18.5 1.4 11.9 31.9
61 34.8 222 25.9 271
62 73.3 28.2 55.9 66.6
63 112.5 50 90.2 92.2
65 541 21.7 36 423
72 63.3 429 50.6 53.4
73 66.9 40.1 36.5 50.0
74 68.9 40.2 47.4 50.4
75 411 254 24.7 29.1
76 75 43.3 51.4 63.8
77 71.7 51.1 50.4 61.2
79 99.7 64.8 64.9 74.9
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Fig. 1. DNA concentrations in individual samples measured using different methods. A: Experiment 1. B Experiment 2. The X-axis: concentrations yielded by
Quantifiler. The Y-axis: concentrations yielded by Quantifiler (the black line), Qubit (the blue line) and NanoDrop (the red line).

demonstrating excellent correlation between the values
produced by different measurement methods. However,
this was not the case with the mean values (Table 4). Most
importantly, mean Qubit values were significantly (1.5 times)
lower than mean Quantifler values, whereas mean DNA
concentrations measured with NanoDrop were by 25% higher
than those measured with Quantifiler. Moreover, the variability
of the obtained values depended on a DNA concentration in
the studied sample. When the total sample was split into two
subsets of equal sample size and different concentrations,
the ratio of mean Qubit/Quantifiler values reached 61% for
the samples with lower DNA concentrations and 71% for the
samples with higher concentrations (Table 4; differences were
considered significant at p = 0.01; the Mann-Whitney U test was
applied). So, in order to study the relationship between DNA
concentrations and differences in the values obtained using
different quantification methods, we arranged the total sample
into 5 subsets in the ascending order of concentrations and

calculated the ratio of Qubit to Quantifiler concentrations (Table 4).
Although the size of the subgroups was small (10 samples per
subset), we managed to identify a distinct trend: the ratio of
Qubit to Quantifiler concentrations increased monotonously
from 55% (twofold differences at low concentrations) to 75% (a
25% difference at high concentrations).

The results described above pertain to experiment 1. In
experiment 2, the graph (Fig. 1B) demonstrates the same
trend for individual samples: in comparison with real-time
PCR-derived concentrations (Quantifiler), NanoDrop values
(the red curve) are higher and Qubit values (the blue curve) are
lower. Statistical noise (the chaotic character of the curves)
was more pronounced in experiment 2, which we attributed
to the operator effect. Similar to experiment 1, the results
yielded by the studied DNA quantification methods were well-
correlated. However, they were affected by the operator effect:
although the correlation coefficients were high (0.88-0.93) in
experiment 2 (Table 3; the values under the diagonal), they

Table 3. Correlation coefficients for DNA concentrations yielded by different quantification methods. Above diagonal: experiment 1. Below diagonal: experiment 2

Quantifiler Qubit Nanodrop

Quantifiler 1 0.99 0.98

Qubit 0.93 1 0.98

Nanodrop 0.91 0.88 1
Table 4. Mean DNA concentrations yielded by different quantification methods
Quantifiler Qubit Nanodrop Qubit/Quantifiler Nanodrop/Quantifiler

All samples 33.1 22.7 41.3 0.68 1.25
lower conc (n = 24) 17.0 10.4 18.0 0.61 1.05
higher conc (n = 25) 48.6 34.5 63.8 0.71 1.31
Experiment 1 conc_rangel (n=10) 9.9 5.5 9.3 0.55 0.94
conc_range2 (n = 10) 19.0 11.2 19.7 0.59 1.04
conc_range3 (n=10) 33.6 22.2 40.8 0.66 1.22
conc_range4 (n=10) 46.6 32.6 59.9 0.70 1.29
conc_range5 (n = 10) 59.2 44.2 80.8 0.75 1.36
Experiment 2 All samples 59.0 49.2 71.4 0.83 1.21
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were still lower than in experiment 1. Just like in experiment 1,
the analysis of mean values revealed that Qubit estimates
were by 20% lower than those measured with Quantifiler,
whereas NanoDrop estimates were by 20% higher than those
generated by Quantifiler. In experiment 2, we could not identify
the relationship between the ratio of DNA concentrations
measured with different quantification methods and the DNA
concentration in the studied sample. We attributed this to a
higher rate of experimental error in experiment 2: due to the
operator effect, this relationship could not be observed in a
studied sample size.

DISCUSSION

The sets of samples analyzed in our experiments were different.
The experiments were conducted at different time points by
differently experienced researchers. But the observed trends
were similar: relative concentration values yielded by different
quantification methods were well-correlated whereas absolute
DNA concentrations differed significantly. Besides, the
lower was the concentration, the more pronounced was the
difference. This means that each of the tested quantification
methods reliably measures relative concentrations, which can
be further used as a reference for other samples measured
using the same method. However, a problem arises when
we measure DNA concentrations with different quantification
methods within one study. Conversion would be a solution
here (figures from two rightmost columns in Table 4 could be
used as conversion coefficients), but such calculations are
complicated because the conversion coefficient depends on
concentrations.

Research works cited above report that different DNA
quantification methods can produce concordant [1] or different
[3, 4] results. We used a large sample set (a total of 100
samples in both experiments), whereas the majority of similar
studies are carried out using only 3 to 6 samples. This allowed
us to run a statistical analysis on the obtained concentration
values and identify the relationship between the measured
concentration and the variability of the results depending on
the method applied.

Given that each of the tested methods has its own nuances,
it was hard to predict the results of the experiments. On the
one hand, estimates based on real-time PCR (Quantifiler) can
be lower than those yielded by the Qubit fluorometer because
real-time PCR measures the effective DNA concentration (i.e.,
long intact DNA fragments that can be amplified), whereas
Qubit analyzes all the fragments. On the other hand, PCR-
derived values can be higher than those measured with Qubit
instrumentation and dyes because real-time PCR amplifies both
double- and single-stranded DNA from each analyzed sample,
whereas Qubit assays are selective for double-stranded DNA
only. Concentrations returned by the spectrophotometer were
higher than those calculated from real-time PCR. This can be
explained by the presence of phenol or protein admixtures
in the sample. Phenol makes a more significant contribution
because its absorbance peak occurs at 270 nm and overlaps
with the absorbance peak of DNA at 260 nm wavelength.
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ELECTROENCEPHALOGRAM-BASED EMOTION RECOGNITION USING
A CONVOLUTIONAL NEURAL NETWORK
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The existing emotion recognition techniques based on the analysis of the tone of voice or facial expressions do not possess sufficient specificity and accuracy.
These parameters can be significantly improved by employing physiological signals that escape the filters of human consciousness. The aim of this work was
to carry out an EEG-based binary classification of emotional valence using a convolutional neural network and to compare its performance to that of a random
forest algorithm. A healthy 30-year old male was recruited for the experiment. The experiment included 10 two-hour-long sessions of watching videos that the
participant had selected according to his personal preferences. During the sessions, an electroencephalogram was recorded. Then, the signal was cleared of
artifacts, segmented and fed to the model. Using a neural network, we were able to achieve a F1 score of 87%, which is significantly higher than the F1 score
for a random forest model (67 %). The results of our experiment suggest that convolutional neural networks in general and the proposed architecture in particular
hold great promise for emotion recognition based on electrophysiological signals. Further refinement of the proposed approach may involve optimization of
the network architecture to include more classes of emotions and improvement of the network’s generalization capacity when working with a large number of
participants.
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ONPEQENEHUE SMOLUMOHANIbHOIO COCTOAHUA CBEPTOYHOW HEMPOHHOW CETbIO
MO AAHHbBIM 3NMEKTPO3HLIE®ANIOMPA®UN

B. b. CasuHoB, C. A. botmaH, B. B. CanyHos, B. A. lMeTpos, W. I. Camyces, H. H. LLywapnHa =
BanTuiicknii henepanbHbin yHBEPCUTET UMeHN Vimmarymna KaHTa, KanmHuHrpag, Poccus

CyLLECTBYIOLLIME METOLb! ONPEAENEHNS AMOLIMOHANBHOO COCTOSIHIS, OCHOBaHHbIE HA PErMCTPaLMM TOHANIbHOCTY rofloca U MUMIKI, He 06NafatoT [OCTaTOHHOM
TOYHOCTBIO 11 CNELWNHHOCTBIO. STV NoKasaTeny MOXKHO NOBbICUTL C MOMOLLbIO aHanv3a 61MoCUrHaoB, KOTOpble HE MPOXOANAT HYepes co3HaTeNbHbIE UBTPbI,
L9 4ero HeobxoaMMo coafaHre 3MEKTMBHOIO anropuTMa ornpeneneHns SMOLMOHaIBHOrO COCTOSIHUS Ha OCHOBaHWM aHanvaa 3M1eKTPOMU3MONorMHeCcKIX
curHanoB. Llenbto paboTbl Gbio MPOBECTY BUHAPHYIO KAaCcCUUKaLMIO BANEHTHOCTY 3MOLMOHASIBHOMO COCTOSIHIS MO AaHHbIM 3neKTpodHLUedanorpadum ¢
11CMONb30BaHNEM CBEPTOHHOI HEMPOHHOW CETU 1 CpaBHWTb 9thEKTVBHOCTL ee paboTbl C 3hEKTUBHOCTLIO METOAA Clly4aiiHOro fieca. B kadecTse NofonbITHOro
Obln BbIOpaH 300p0BbIA 30-NeTHUI My>X4Ha. B TeudeHne 10 ceccuin no 2 4 kaxpas ¢ NOAOMbITHOO MPOM3BOAUIM 3an1Ch ANEKTPO3HLEedanorpaMmmMbl BO
BpeMsi MPOCMOTpa MM crieumansHo cchopMMpoBaHHOro Habopa BUAeoMMIbMOB. onyYeHHbIA curHan unsTpoBanv, CerMeHTMPOBaNM 1 UCMOb30BaN A5
0by4eHnst knaccugukaTopos. MNpy MCMONb30BaHMN CETW YAANOCh AOCTUHb 3HadeHust F1-mepbl, paBHOro 87%, YTO MpeBbiaeT nokasatesb, MomyYeHHbIN
MPU UCMONb30BaHUM METOAA CJly4aiiHOro feca C BXOOHbIMM [aHHbIMU B BUAE BEKTOpa NpudHakoB (67%). LOCTUrHyTble pe3ysnbTaTbl CBUAETENbCTBYHOT O
BbICOKOW MEPCMNEKTUBHOCTY MPUMEHEHSI HEMPOHHbIX CETel CBEPTOYHOrO TUMa B OOLLEM, ¥ MPELNoXKEHHON apXUTEKTYPbI, B YACTHOCTW, N5 pelleHns 3agad
Mo Pacro3HaBaHMio AMOLMOHANBHOMO COCTOSIHUS MO AaHHLIM 3MEKTPOMU3NONOIMHECKYX CrrHanoB. HdanbHeluve paboTbl Mo pasBUTUIO Noaxoda MoryT ObiTb
HanpaseHbl Ha ONTUMM3ALIMIO apXUTEKTYPbI CETU A1 PACLLMPEHUS YCa UOSHTUMULIMPYEMbIX KITACCOB, a TakKe NOBbILLEHNS 0600LLarOLLEN CrIOCOBHOCTH CeTH
npu paboTe ¢ 6OMBLUMM KONMMHECTBOM UCTIbITYEMbIX.

KntoueBble cnoBa: MalHHOE 06yHeHIIe, UCKYCCTBEHHBIE HEPOHHBIE CETU, BNEKTPOSHLIEdAaNorpamMma, SMOLVIOHaLHOE COCTOSIHIE, BASIEHTHOCTb, My60Koe
06y4eHrie, CBepTOHHbIE CETU

NHdopmauus o Bknape aBtopos: B. b. CasuHos, C. A. BotmaH, B. B. CanyHos 1 B. A. MeTpoB — c60p 1 06paboTka matepuana, HanmcaHue TekcTa ctaTbu;
M. I. CamyceB — HanvcaHve, pefakTpoBaHme TekcTa ctatbu; H. H. LLlylapyHa — pykoOBOACTBO ¥ pefakTMpoBaHue CTaTbu.
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Emotions play a crucial role in our daily lives, affecting our
perception, decision-making and social interactions. Emotions
can have an outward manifestation, showing in the tone of
voice or a facial expression, as well as evoke physiological
changes invisible to the naked eye. Although self-assessment
studies do yield useful information, there are certain issues with

the reliability and validity of the obtained data [1]. Because both
voice and facial expression can be mimicked, they can hardly
serve as reliable indicators of a person’s emotional state [2].
In contrast, the analysis of physiological signals fosters our
understanding of basic emotional responses and the underlying
biological mechanisms [3].
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The following biosignals are commonly used to analyze
a person’s emotional state: galvanic skin response (GSR),
electromyogram (EMG), heart rate (HR), respiratory rate (RR),
and electroencephalogram (EEG). Of them, EEG is the most
interesting; it reflects the activity of the cerebral cortex that
shapes a number of emotional responses. Although EEG has
low spatial resolution, its temporal resolution is quite high,
meaning that changes to the phase and frequency of the
signal can be conveniently measured following exposure to an
external emotional stimulus. Besides, electoencephalography
is advantageously noninvasive, fast and inexpensive, in
comparison with other techniques for the acquisition of
biological data.

As a rule, the EEG-based research into emotion recognition
involves classification of a relatively small number of discrete
states evoked by a specific stimulus. Usually, a raw EEG signal
is passed through a filter first, and then features are extracted
from it; classification is performed using a machine learning
algorithm. The efficacy of this approach is largely determined
by how features, which are the mathematically calculated signal
attributes, are constructed and selected. Normally, feature
construction accounts for the experimental and theoretical data
on brain biology and the processes that an emotional stimulus
induces in the brain.

The selected features are used to form feature vectors for
machine learning models, such as random forests, multilayer
perceptrons, support vector machines, k-nearest neighbors,
etc. [4-6]. Classification accuracy of the listed models varies
depending on the quality of input data, task criteria and the
choice of a learning algorithm. In the case of an EEG signal,
classification accuracy can be as high as 77% [7], whereas for
multimodal signals it increases up to 83% [8]. The outcome is
largely determined by the choice of a model and its parameters,
signal features, and the techniques used to reduce data
dimensionality.

Convolutional neural networks and deep learning are an
alternative to the aforementioned algorithms for EEG-based
emotion recognition. Neural networks are successfully used to
process electrophysiological signals [9]. At present, the analysis
of EEG signals by convolutional networks is employed to solve
a variety of medical tasks and aid brain-computer interactions,
including seizure prediction [10], detection of P300 waves [11],
and recognition of emotions [12, 13] using DEAP datasets
[14]. Such wide range of tasks proves that convolutional neural
networks are a versatile and robust tool. Deep learning allows
the optimal features to be automatically generated during the
training process and, therefore, cancels the need for manual
feature selection. Still, some authors use externally computed
features [15] and Fourier and wavelet transforms [16, 17] as
input data for a neural network.

The aim of this work was to carry out an EEG-based binary
classification of emotional valence by creating and training a
convolutional neural network and to compare its performance
to that of a random forest algorithm with explicitly formed
feature vectors.

METHODS

One of the authors of this work, a healthy male aged 30 years
without a history of psychiatric disorders, volunteered to be
an experimental subject. He underwent multiple sessions that
involved exposure to different stimuli and lasted a few weeks.
The design of our experiment was an adaptation of a well-known
method [18]. It is common to recruit more than one participant
and conduct a single session with each of the subjects. In our
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case, although the data were collected from one subject, the
total data amount was quite substantial because the sessions
were repeated multiple times. People differ in their emotional
response to the same stimulus, and this diversity complicates
the identification of physiological patterns that correspond to
certain emotional states. When only one participant is engaged
in a series of experiments, the interpretability of data improves
significantly because the perception style remains unchanged.

The initial set of videos used to elicit a positive or negative
emotional state was compiled based on the personal
preferences of the study participant. The participant was
familiar with the selected videos, therefore his emotional state
during the sessions was largely determined by his inner psychic
life, memories, etc. and not by the external stimulus as such.
Later, the set was expanded to include additional videos that
were categorized as emotionally positive or negative based on
their resemblance to the original films. Data acquisition took 2
weeks. Ten two-hour long sessions were conducted. During a
session that also included breaks, the participant watched six
15-min long videos (two from each category). Each video was
played only once. A positive video was always followed by a
negative.

EEG signals were recorded using a previously developed
neurodevice [19]. Ag/AgCl electrodes with a conductive gel
were attached to a special cap for EEG at positions F3, F4,
C3, C4, P3, P4, O1, 02 (the 10-20 system), as required by the
monopolar recording technique. The electrode at position Fpz
was used as a ground and reference. The sampling rate was
250 Hz. Second-order Butterworth filters were applied to cut
off 1 and 50 Hz frequencies; additionally, a notch filter was used
to remove a 50 Hz noise.

Once filtered, the data were standardized per channel and
segmented into the sliding windows of 2 s with a 0.2 s overlap.
Then, the resulting dataset was fed to the neural network.
A filtered nonstandardized segmented signal was used to
calculate features. The selected features included those
recommended in the literature [20]: high-order crossings up to
the 6-th order, band power for delta, theta, alpha, beta and
gamma frequency ranges and power asymmetry ratio.

All models were trained as follows: the EEG data obtained
during each of the sessions were assigned to one of the two
classes depending on what type of stimulus was used to evoke
the signal. The assignment was binary: positive stimuli were
assigned to class 1, whereas negative, to class 2. The network
was trained using a minibatch stochastic gradient descent
method (the learning rate optimization algorithm Adam [21], the
minibatch size of 64, the learning rate of 0.001, 30 epochs)
and categorical cross-entropy as a loss function. Thus, the
input tensor had 3 dimensions [64, 8, 500], where 64 was the
minibatch size, 8 was the number of EEG channels, 500 was
the length of an EEG segment with an overlap of 50 time points.

All stages of the experiment, including signal recording
and processing, as well as model training, involved the use of
Python and scikit-learn and Keras libraries.

RESULTS

We have created a neural network with the following architecture:
2 convolutional layers of 64 kernels each, a batch normalization
layer, an ELU (exponential linear unit) layer, an average pooling
layer (window size 4, stride 1), 2 convolutional layers of
64 kernels each, a batch normalization layer, a RelLU (rectifier
linear unit) layer, a max-pooling layer (window size 2, stride 1),
2 convolutional layers of 128 kernels each, a batch normalization
layer, a RelLU layer, a max-pooling layer (window size 2, stride 1),
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Fig. Confusion matrices for the random forest algorithm (left panel) and the convolutional neural network (right panel)
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a fully connected layer consisting of 256 neurons with a RelLU
activation function. The following parameters were used in
all convolutional layers: size 3, stride 1, padding 0. Softmax
(normalized exponential function) was used as an activation
function for the output layer.

The use of a neural network allowed us to achieve a F1
score of 87% on a validation sample, which is significantly higher
than an F1 score for a random forest model (67%). Confusion
matrices (see the Figure) demonstrate that the random forest
model successfully identifies positive states, outperforming
the neural network slightly, but has low specificity to negative
states. By contrast, the performance of the deep learning
model in identifying and differentiating between the two studied
states is equally accurate.

When testing the performance of our convolutional neural
network using a dataset cleared of noise (electrooculography,
EOG), we did not observe any significant changes to
classification accuracy. The analysis of neural network
activations demonstrated that EOG artifacts did not significantly
skew classification results.

DISCUSSION

Today, neural networks are gradually replacing the well-
established approaches to the analysis of electrophysiological
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COMPLEX DECUBITUS ULCER THERAPY IN A PATIENT IN CHRONIC CRITICAL CONDITION:
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76.72% of patients admitted to the ICU of the Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology (FRCC ICMR) in a chronic critical
condition (CCC) associated with various types of damage to the brain were diagnosed with decubitus ulcers (DU), or bedsores, of 3rd and/or 4th stage. 33.41% of
them were planned to undergo invasive rehabilitation procedures (neurosurgical intervention) that cannot be done while the patient has DU. This report describes
a complex technique used to treat a 4th-stage sacrum DU in a CCC patient that needed ventriculoperitoneal shunting. We have covered contraindications to the
exclusively surgical DU closing and the successful and rapid healing of the 4th-stage sacrum DU after application of the treatment technique.
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CNYYAN NPUMEHEHUA KOMIMJIEKCHOIO CNOCOBA JIEYEHWUSA OEKYBUTAIbHOWN A3BbI
Y NAUMEHTA B XPOHUYECKOM KPUTUHECKOM COCTOSAHNI
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2 Poccuinckumin yHMBepcuTeT apykbbl Hapoaos, Mockea, Poccus

3 POCCUINCKMI HaUMOHaUbHBIN UCCNenoBaTENbCKMIA MedVLMHCKIIA yHBepeuTeT UMmeHn H. . Muporosa, Mocksa, Poccust
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[ kpecTua 4- ctagun y nauverHTa B XKC, KoTopoMmy TpeboBanoch BbINOHEHWE BEHTPYIKYNO-NEPUTOHeaIbHOrO LWYHTPOBaHWs. OnmncaHbl MpoTYBONOKa3aHMs
K UCKIMIOYUTENBHO XMPYPrMYECKOMY Cnocoby 3akpbitus A 1 pesynsTtaTsl 6bICTPOrO 1 YCRELHOro 3axkmBieHns A kpecTua 4-1 cTagum nyTem UCNonb30BaHNS
KOMIMIEKCHOro crnocoba NeveHys.
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Pressure ulcers, or bedsores, or decubitus ulcers (DU) are
ulcerative-necrotic damage to the skin that develops in
weakened bedridden patients with impaired microcirculation.
Constant pressure, shear and friction forces [1] are the main
causes of DU.

Pain, anti-DU procedures and extended stay in the hospital
worsen the quality of life of DU patients. Pressure ulcers pave
the way to chronic infection; larger bedsores can cause plasma
loss with traumatic discharge and generally contribute to the
premature death of patients. Therefore, any intervention aimed
at DU prevention and/or treatment once such have appeared
aids to reduce the cost of treatment and improve the patient's
quality of life [2].

The data describing the frequency of DU occurrence
in Russian medical organizations is scarce [1]; in European
hospitals, the prevalence ranges from 8.3 to 23%, and in
Canadian medical institutions the figure goes up to 26% [3].

According to the British researchers, 15 to 20% of patients
in hospitals and other types of medical facilities develop
bedsores. In the US, 17% of all hospitalized patients run the
risk of developing pressure ulcers or already have them [1].

ICU of the Federal Research and Clinical Center of Intensive
Care Medicine and Rehabilitology (FRCC ICMR) receives
patients in chronic critical conditions (CCC) resulting from
various damage to the brain. 76.2% of them have 3rd- and/or
4th-stage DU, localization of which varies. There are certain
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peculiarities to the pathological processes (and their treatment) in
such patients. A critical condition is an extreme stage of any
pathology that calls for external support, full or partial, of vital
body functions due to disruption of their autoregulation [4]. CCC
is peculiar to ICU patients that survived the acute phase of their
disease but remain dependent on intensive care procedures for
a long period of time, neither dying nor recovering [5].

Having searched national and foreign databases, we
failed to find any data on the frequency of DU development
in CCC patients with brain injuries. Various authors report
DU healing time of 1 year and longer in patients with other
pathologies, following a conservative therapy combining drugs
and physiological procedures [6-8]; this healing time is long
enough to hinder proper care and rehabilitation of paralyzed
patients [6-8]. Outside of surgery, the common approach to
treating bedsores is to apply therapeutic dressings to them,
like a biologically active dressing for treatment of hard-to-heal
wounds [9]. Another solution is to freeze the sores with an
applicator cooled down with liquid nitrogen to the temperature
of =180 °C [10]. There was also developed a separate treatment
technique for patients with spinal cord injuries: soft tissues on
the opposite sides of the bedsore are pierced with 2 spokes
running at the depth of 0.5-0.8 mm, their ends fixed and
gradually brought together [11].

This report describes a complex surgery-free DU therapy
technique, its application to a 4th-stage DU in a CCC brain
injury patient and the resulting fast healing of the DU.

Case description

Patient D., 23 years old, was admitted to FRCC ICMR for
rehabilitation.

Diagnosis: sequelae of concomitant car accident injuries
(closed chest injury and contused right lung, closed fracture
and displacement of the left clavicle's middle third, closed
fracture and displacement of L4-L5 (right), closed fracture of
pubic and sciatic bones, comminuted fracture of body and
wing of the left iliac bone and right lateral sacrum masses (with
displacement), open comminuted fracture and displacement of
the left femur's upper third, closed fracture and displacement
of the right femur's middle third, 3rd-degree trauma shock).
Bleeding from acute gastric and duodenal ulcers (finished),
complicated by posthypoxic encephalopathy. Post-sepsis
(catheter-associated) condition. 3rd-degree DU on the right
lateral malleolus, 3rd-degree DU on the left calcaneal region,
4th-degree DU on the sacrum.

Anamnesis: the patient underwent a series of reconstructive
surgeries on his musculoskeletal system (11 months) before
being admitted to FRCC ICMR. Postsurgery complications —
massive bleeding from acute gastric and duodenal ulcers,
which led to the development of posthypoxic encephalopathy
and consciousness reduction to the level of coma. Further
on, the patient stabilized in CCC, vegetative state. In the
background, DU developed on various areas of the patient's
body within the first month of hospitalization. There were two
plastic surgery attempts on the sacrum DU (autologous tissue),
one of them made abroad, but both, through purulent-necrotic
complications, led to aggravation of the wound.

At admission, the patient's condition was regarded as
severe, level of his consciousness vegetative. He was breathing
through a tracheostomy cannula, feed through a gastrostoma,
urinated through a catheter. We have registered a deep stage of
tetraparesis with increased muscle tone (spastic type), flexion
contractures of elbow, wrist, knee and ankle joints, severe
protein-energy deficiency. The patient's nutritional status was as
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follows: height — 180 cm, weight — 51 kg, BMI — 15.74 kg/sgq m,
mid-arm circumference (MC) — 17.5 cm (norm — 29 cm),
triceps skin fold thickness (TSFT) — 6 mm (norm — 10.5 mm),
mid-arm muscle circumference (MMC) — 15.6 cm (norm —
23-25.5 c¢cm). His Nutric score was 2 points, which is low. The
results of the Laboratory studies were as follows: transferrin —
52 mg/dL (norm — 200 mg/dL), cholinesterase — 0.81 U/,
albumin — 18 g/I.

Additional examination during the first week yielded
indications for the planned ventriculoperitoneal shunt (VPS) —
severe hydrocephalus with periventricular edema.

Description of the sacrum DU: area — 114 sq cm (planimetry
data); complete skin necrosis and extensive damage to the
underlying tissue; well-defined fibrous cicatrizing edges; 3 cm
deep pocket along the lower edge; at the bottom of the ulcer —
fragments of bone tissue, loose yellow substance covering
the area of about 79% of the wound surface; the wound is
wet, with yellow exudate evenly distributed over it. The tissue
around the DU was pale gray, there was an ulcerated edema
with pseudinoma up to 2 cm around the wound; the granulation
tissue was dull, it was found at the bottom, covered about 17%
of the total DU surface; there were no signs of epithelialization.
The Bates—Jensen assessment tool score was 51 points.

This kind of DU prevented the planned VPS and thus
needed to be healed as quickly as possible. The patient's
medical history and somatic status ruled out radical surgery.

[t was decided to apply the patented DU treatment
technique [12]. The ulcer was mechanically cleaned daily even
if the necrosis area was less than 1 sg cm, followed by laser
therapy: 904 nm, four 18 W LEDs, pulse frequency — 2-5000 Hz,
maximum average power — 4+ 13.5 mW, load — 3.5 J/sq cm,
1.12 minutes at each point (Combi 400 V system, GymnaUniphy;
Belgium—-Germany). We have selected six exposure points along
the wound's edge and three points along the wound's vertical
diameter. After the procedures the wound was covered with
an Atrauman dressing. The nutritionist controlled the patient's
nutrition (quality and quantity) and adjusted it depending on
the anthropometric parameters and laboratory test results. To
assess the DU healing dynamics, we used the S.Y.R. scale, a
derivative of Bates—Jensen assessment tool. The scale's Y axis
is for Bates—Jensen points (increment — 5 points), its X axis
is for time (increment — 7 days). The points were put on the
graph once every 7 days (Fig. 1).

Seven days of therapy vyielded positive results and
dynamics: the DU area shrunk to 86 sq cm, the wound's edges
grew clearer, the pocket closed, the necrotic tissue patches
turned white-gray, viscous, their area decreased to 37% of the
total DU area. The exudate became serous and hemorrhagic.
Scar tissue formed along the wound's edges; there appeared
the signs of epithelialization. The edema around the DU grew
smaller, ulceration healed (Fig. 2). Bates-Jensen score —
40 points. It was decided to not change the dressing material
composition since the signs of active infection in the DU
persisted.

Fourteen days of therapy decreased the DU to 39 sq cm,
and the necrotic tissue's area shrunk to no more than 13% of the
wound's area. The amount of exudate decreased significantly,
down to complete absence of free-flowing exudate. Bates—Jensen
score — 36 points. Given the significantly reduced exudation
and infection arrest, it was decided to apply Branolind dressing
to the wound after procedures.

After 28 days of therapy, the DU area was 23 sq cm,
its bottom lined with granulations, edge undergoing active
epithelialization. The wound was wet and without free-flowing
exudate and edema; the tissue around the wound was pale
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pink. Dense scar tissue lined its edge (Fig. 3). Bates—Jensen
score — 26 points.

After 35 days of therapy, the DU area was 8 sqg cm, its
bottom lined with massive granulations, edge undergoing
active epithelialization (67% of the total DU area). Bates—Jensen
score — 23 points.

The DU was completely cicatrized on the 46th day of
therapy (Fig. 4). Bates-Jensen score — 13 points (healed).
The patient's nutritional status: weight — 55 kg, BMI —
16.98 kg/sqg m, MC — 18.5 cm, TSFT — 6 mm, MMC —
16.6 cm. Nutric score — 3 points (low); transferrin — 173 mg/dl,
cholinesterase — 2.66 U/, aloumin — 32 g/I.

The patient received the VPS, with no purulent-septic
complications expected immediately after surgery and later.
The rehabilitation program was completed with pool activities
and extra therapeutic exercises through reduction of the
spastic component.

Case discussion

The characteristics of the patient's DU implied that the only
treatment option available was surgery. However, his physical
condition and medical history suggested that such an
operation would likely bring wound complications and delay
healing.

Compared to conservative treatment, radical surgery is a
fast remedy, but the likelihood of postoperative complications
in such a case directly depends on the somatic condition of
the patient at the time of surgery. In our experience, DU closing
surgery in a brain-injury CCC patient is almost never a success,

Bates-Jensen assessment tool score
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Fig. 1. S.Y.R graphic model

since such patient's somatic condition is significantly different
from the "ideal" needed for planned operations. We believe
that the risk of postoperative complications in such patients is
extremely high when closing the DU surgically. Many of such
patients are incapable of restoring self-movement capabilities
to a sufficient level within a relatively short period of time, which
means that time and quality of DU contact with surfaces are
defined solely by standard anti-decubital measures. Therefore,
we consider it inappropriate and unsafe to close DU in such
patients solely by surgical methods.

Reducing the bedsore healing time is crucial for the overall
rehabilitation of many brain-injury CCC patients. The patented
complex DU therapy method [9] allowed healing the DU within a
short period of time and, consequently, performing the planned
neurosurgical intervention.

In CCC patients, it is necessary to accurately measure the
scale of the surgery against the patient's indicators and to take
into account all the circumstances, i.e. not only the possibility
to prepare the wound for surgery but also the consequent
rehabilitation forecasts, short and long-term.

CONCLUSIONS

The improvement of conservative treatment and its combination
with modern surgical and physical therapies allow significant
reduction of DU healing time in brain-injury CCC patients while
excluding the risks associated with single-step surgery. The
patented method is an effective option of DU treatment in
brain-injury CCC patients when there are contraindications to
its single-step surgical closure.

Fig. 2. Sacrum decubitus ulcer, 7th day of treatment

—

Fig. 3. Sacrum decubitus ulcer, 28th day of treatment

Fig. 4. Sacrum decubitus ulcer, 46th day of treatment
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PROBLEMS OF MEDICAL REHABILITATION IN PATIENTS AFTER A TRANSIENT ISCHEMIC ATTACK
Kostenko EV &, Eneeva MA, Kravchenko VG
Moscow Centre for Research and Practice in Medical Rehabilitation, Restorative and Sports Medicine, Moscow, Russia

The efficacy of rehabilitation in post-TIA patients still remains a clinical challenge, considering the combined burden of the primary disease and comorbidities.
The aim of this study was to provide a rationale for introducing psychological counseling into post-TIA rehabilitation programs after studying the presentations
of cognitive and emotional impairments developed after this cerebrovascular event. We analyzed in- and outpatient medical records of 351 participants (the
mean age was 58.6 + 2.2 years) who had experienced a TIA. Data was collected from forms 0.25/y and 003/y, medical/social questionnaires and also included
MMSE and HADS scores. We found that Cl and MD ranked second after cardiovascular diseases among the comorbidities in post-TIA patients (186.8 cases per
100 patients). We conclude that rehabilitation of post-TIA patients should involve a multidisciplinary team of experts including a psychotherapist or a clinical
psychologist who will provide psychological counselling.

Keywords: transient ischemic attack, neuropsychological disorders, cognitive impairment, mood disorders, medical rehabilitation
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AKTYAJIbHbIE BOMPOCbI OPFTAHU3ALIMU MEOVULVMHCKOW PEABUNTUTALIUM NALMEHTOB,
NMEPEHECLUNX TPAH3UTOPHYO ULLIEEMUYECKYHO ATAKY

E. B. KocTeHko =, M. A. SHeeBa, B. I. KpaByeHko

MOCKOBCKMIN Hay4HO-MPaKTUHECKUI LLEHTP MEANLIHCKON peabunnTaLyin, BOCCTaHOBUTENBHOM 1 CMOPTUBHOM MeavmUmMHbI, Mocksa, Poccus

[oBbILEHVE 3PPEKTUBHOCTY PEAOUANTALMOHHBIX MEPOMPUATAN Y NMALMEHTOB, NEPEHECLLIMX TPAH3UTOPHYIO ULLEMMYECKYIO aTaky (TA), ¢ y4eToM 0cobeHHOCTeN
OCHOBHOIO M1 BEAYLLMX COMYTCTBYIOLLYMX 3a60eBaHmin 0OCTaeTca akTyalbHoW 3agadeit. Liensbto nccnenoBaHmnst 6610 Ha OCHOBaHMN U3Y4eHnst 0COBEHHOCTEN
KOTHUTMBHbIX 1 SMOLWIOHANBHbBIX HApYLLEHNI 06OCHOBATE 3HAYEHME MCUXOKOPPEKLIN B KOMMIEKCE PEAOUANTALMOHHBIX MEPOMPUATUIA Y NaLMEHTOB, NEPEHeCLINX
TWA. Bbina nsydeHa 1 npoaHanuanpoBaHa 3abonesaemocTb y 351 naumerTa, neperectuero TUA. CpenHuin BO3pacT 06cneoBaHHbIX NaLMeHTOB COCTaBU
58,6 + 2,2 ropa. [nsa c6opa nHhopmMauymimn NpoBOAWIN BbIKOMMPOBKY AaHHbLIX U3 MEONLMHCKNX KapT ambynaTopHbix 60/bHbIX (opma 0,25/y) 1 MeaUMHCKIX
KapT CTaumoHapHbIx 60bHbIX ((popma 003/y), B TOM YmMcie faHHbIX Onpoca NaumeHToB Mo AHKETE MEAVKO-COLWIAITBHON XapaKTePUCTUKW MaLMEHTOB, YYUTbIBAN
Tarke AanHble Wwkan MMSE, HADS. BbisBneHo, 4To BTOPOe MEeCTO MO YPOBHIO 3a00/1eBaeMOCTI Yy NaumneHToB, nepeHectunx TVIA, nocne 3abonesaHnin cepagyHo-
COCYAMCTON CUCTEMbI 3aHMMAtOT MCUXNYECKME PaCCTPONCTBA, PaCcnpPOCTPaHEHHOCTb KOTOPbIX cocTasmna 186,8 cnydas Ha 100 nauveHToB. BaxkHoe mMecTo
B MporpaMmax MeAMKO-COLManbHON peabuanTaummn nauveHToB, nepeHectumx TUA, omkHa 3aHMMaTb KOPPEKLMS MCUXMHECKUX PacCTPONCTB C y4acTuem
rcuxoTepaneBTa, MeaULMHCKOrO NCUXomnora B COCTaBe My/sTUAMCLMNANHAPHOM Gpuragpl.

KntoueBble cnosa: TpaH3UTOPHasA MilleMnyeckasa ataka, Hel?lponcmxonormqecme paCCTpOI;ICTBa, KOrHUTVBHbIE HapylleHWsA, SMOoUoHallbHble paCCTpOI;ICTBa,
MeanLrHCKasa peaévmvrrau,vm

UHdopmaums o Bknage aBTopoB: E. B. KOCTEHKO — KOHUENUust 1 An3aiiH UCCNeoBaHuisi, aHanva v MHTePrpeTaumsi AaHHbIX, BHECEHME MPUHLMMATBHBIX
M3MEHEHII B TEKCT cTaTb; M. A. OHeeBa — ay3aliH UCCNENoBaHUs, aHaNM3 1 MHTePrpeTaLms AaHHbIX, MOAroTOBKa TekcTa cTaTtby; B. I KpaByeHko — aHanma
1 UHTEPMpeTaLyst aHHbIX, MOArOTOBKA TEKCTa CTaTby.
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A transient ischemic attack (TIA) is a type of an acute
cerebrovascular syndrome that is not accompanied by
persistent neurological symptoms characteristic of a focal brain
injury. Because TIA symptoms rapidly resolve on their own,
patients often ignore them as insignificant and do not seek
immediate medical help; for the same reason, doctors may not
recognize the short-lived symptoms as TIA [1].

TIA can be a harbinger of a much more devastating acute
vascular event; therefore, its clinical importance and prognostic
value should not be underestimated. Post-TIA patients are at a
higher risk of myocardial infarction (Ml), stroke or death within
5 years after TIA [1-4]. But apart from being a marker of an
upcoming cardio or cerebrovascular episode, TIA is also linked

to the development of such nonfatal conditions as cognitive
impairment (Cl) and mood disorders by a few Russian and
international researchers [5, 6].

Studies of cognitive function in hypertensive post-TIA
patients reveal that such patients suffer from Cl; they also
demonstrate an association between Cl and changes to brain
morphology induced by elevated blood pressure. Interestingly,
Cl does not have any clinically or functionally significant
impact on the patients before TIA occurs [5]. Among post-TIA
patients, Cl is more common in men than women [6]. Research
into structural and morphological changes to brain matter in
patients with TIA and ClI has found signs of cerebral atrophy
localized to the thalamus, hypothalamus and the dentate gyrus
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[6-7]. The researchers suggest that cognitive and emotional
impairments in this cohort are a result of brain matter atrophy.

Cl is diagnosed in over 40% of post-TIA patients [4].
Researchers are particularly interested in studying the severity
and clinical presentations of cognitive and mood disorders,
their prognostic value and effect on a patient’s daily life.

Microstructural tissue damage induced by TIA causes
cortical and subcortical structures to disconnect. Although
motor function is spared, the disconnection promotes
development of neuropsychological disorders that have no
lesser impact on the patient than post-stroke motor disorders.
Exploration of and interaction with the outside world rely on
intact cognitive function; in post-TIA patients, its deficit is
exacerbated by emotional lability [7].

In order to improve the outcome of rehabilitation programs
and to reduce the risk of recurrence in post-TIA patients, the
following parameters should be factored into: the patterns of
neurological and mental disorders that accompany TIA, possible
comorbidities, patients’ social and hygienic characteristics. This
will help physicians to tailor rehabilitation to the individual patient.

The aim of this study was to provide a rationale for
introducing psychological counseling into rehabilitation
programs for post-TIA patients after studying the presentations
of cognitive and emotional impairments in such patients.

METHODS

The study of cognitive and emotional impairments in 351
patients was based on the analysis of out- and inpatient
medical records (Forms 0.25/y and 003/y) and medical/social
questionnaires. For female participants, the mean age was
59.6 + 2.3 years; for male participants, 57.6 + 2.2 years. The
mean age of the entire cohort was 58.6 + 2.2 years.

Cl and its severity were inferred from the patients’ medical
records that included Mini Mental State Examination (MMSE)
scores [8]. The severity of mood disorders was evaluated
based on the Hospital Anxiety and Depression scale (HADS)
[9], which is used in the setting of a GP practice.

Of all female patients, 46.7% were retired but working. Most
patients had a college (47.0%; n = 165) or university (35.3%;
n = 124) degree. The majority of the patients were not satisfied
with their current job (62.1%; n = 218). One in 5 patients was
either widowed or unmarried (19.9%; n = 70); this subgroup
was dominated by women. We discovered that 79.7%
(n = 280) of the patients lived with their families; 5.6% (n = 20)
had relatives but lived separately; 14.7% (n = 51) did not have
a family. Permanent disabilities were observed in 73 patients
(20.8%); of them 58 (79.4%) had a 3rd degree disability, and
only 15 (20.6%) had a 2nd degree disability.

Information selected from the medical records was entered
into special case sheets and processed in Excel (Microsoft;

OPUTMHAJIbHOE NCCJIEOOBAHVE | PEABUJTNTALINA

USA) and Statistica 8.0 (StatSoft Inc; USA). The results were
presented as the mean + the mean error (M + m) and the median
(Me) for normally distributed variables (the Kolmogorov-Smirnov
test). Qualitative characteristics were presented as absolute
and relative frequencies (%). The significance of differences
was assessed using Student’s t-test and the nonparametric
x2-test. Spearman’s rank correlation coefficient was used to
measure a correlation between two variables. Differences were
considered significant at p < 0.05.

RESULTS

Detected comorbidities were categorized according to the
International Statistical Classification of Diseases and Related
Health Problems (ICD-10). In terms of prevalence, circulatory
system diseases ranked first (32.6%), mental disorders ranked
second (31.5%) and endocrine disorders ranked third (15.5%).
These 3 groups amounted to 79.6% of all pathologies detected in
our post-TIA patients. Table 1 summarizes distribution of various
circulatory system diseases among the study participants.

We have found that 312 (89%) patients suffered from
comorbid conditions of the circulatory system varying in their
severity. Two or more comorbid circulatory system diseases
were observed in 130 (37.0%) post-TIA patients.

In terms of prevalence, mental disorders ranked second
after circulatory system diseases in post-TIA patients (186.8
cases per 100 patients; Table 2).

Fig. 1 shows how mental disorders were distributed in the
studied cohort of patients.

Organic anxiety disorder was diagnosed in 72.9% of
351 patients. Cl occurred in 31.1% of the patients and was
represented by moderate Cl (19.9%), mild dementia (7.7%),
and moderate dementia (3.4%). Depression was observed
in 17.7% of the participants; of them 12.5% had subclinical
depression, 3.4% had a mild depressive episode, and 1.7%
suffered from moderate depression.

About 1 in every 2 patients (45.7%) was afflicted with a
combination of Cl and depression or cooccurring depression
and anxiety. Cl was most common in patients aged over 60
years, with no significant differences in prevalence between
males and females. Mood disorders were more frequent in
women aged 50-59, whereas depression was more common
in men over 70.

Mood disorders were characterized by low mood, sadness,
tension, worrying thoughts, and anxiety. The following symptoms
were noticed in the majority of patients: low intellectual
productivity, lack of goals, decreased motivation to come back
to work and resume social contacts, difficulty concentrating,
inertia, and reluctance to take part in rehabilitation programs.

The analysis revealed a strong positive correlation between
Cl and recurrence of an acute cerebrovascular event (TIA,

Table 1. The frequency of circulatory system diseases diagnosed in post-TIA patients

Condition Number of cases
Abs. %
Cerebrovascular diseases 312 89.0
Hypertensive heart disease 241 68.7
Atherosclerosis 185 73.7
Ischemic heart disease 141 56.2
Atherosclerotic heart disease 82 58.2
Old myocardial infarction 37 26.2
Other forms of chronic ischaemic heart disease 22 15.6
Occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction 20 14.2
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ischemic or hemorrhagic stroke) (r = 0.724; p < 0.05), as
well as between depression and recurrence of an acute
cerebrovascular event (TIA, ischemic or hemorrhagic stroke)
(r=0.736; p < 0.05).

Neuropsychological — disorders and cardiovascular
conditions cooccurred in 213 (60.7%) patients. Hypertension
was observed in 161 (75.6%) patients (Tables 3-5). A direct,
strong and reliable correlation was established between the
severity of Cl and hypertension (r = 0.95; p < 0.05), as well
as between the severity of mood disorders and hypertension
(r=0.95; p <0.05).

Neuropsychological disorders cooccurred with coronary
artery disease (CAD) in 101 (47.4%) patients; Ml was observed
in 21 cases (20.8% patients with CAD; Table 6). We analyzed
a correlation between cognitive/mood disorders and CAD in
the presence or absence of MI. The analysis revealed a strong
positive correlation between the presence of CAD and Cl
(r=10.87; p < 0.05); in the patients with MI, the correlation was
similar (- = 0.97; p < 0.05). The analysis also yielded a positive
and reliable correlation between CAD and MD (r = 0.93;
p < 0.05). The correlation between depression and CAD with
Ml was stronger than between depression and CAD without MI.

DISCUSSION

A few authors report the presence of vascular Cl varying
in severity in 70-80% of patients with acute and chronic
cerebrovascular conditions [10, 11]. Minor strokes are often

Table 2. Prevalence of mental disorders in post-TIA patients

the cause of CI; therefore, every patient who has experienced
a TIA or a stroke should have their cognitive function evaluated
[12]. Neuropsychological disorders that often have subclinical
manifestations can cause emotional distress, behavioral
or adjustment disorders in patients with cerebrovascular
conditions [12]. Cl signals the unfavorable course of a primary
cerebrovascular disorder and is an indicator of low cerebral
reserve, which increases the risk of a recurrent vascular event
in patients with CI [11].

The data on Cl and MD presented in both Russian and
international literature covers mainly post-stroke patients; that
said, the studied cohorts might have also included patients
with TIA. So far, there have been no large-scale studies of
neuropsychological conditions in post-TIA patients. The data
described in the literature was collected from small cohorts of
patients (less than 100) [13, 14].

In post-TIA patients, MD can affect the course of the
illness, trigger another stroke or impede rehabilitation [15]. In
the cited work, emotional disturbances were assessed using
the HADS scale. It was hypothesized that the central focus of
post-TIA rehabilitation should be on psychological counseling.
Some authors believe that post-TIA patients develop anxiety
and depression due to vascular damage and a profound
psychological response to the event; therefore, a well-
structured multidisciplinary multifactorial program that includes
control over vascular risk factors as part of risk mitigation will
help to bring down HADS scores and reduce the prevalence
of depression a year after the vascular event [16]. Another

Condition Abs. %

Cognitive impairement: 109 31.1
MCD 70 19.9

Mixed cortical and subcortical vascular dementia, mild form 27 7.7

Mixed cortical and subcortical vascular dementia, moderate form 12 3.4
Organic anxiety disorder 256 72.9
Organic mood disorder: 62 17.7
Subclinical depression 44 12.5

Mild depression 12 3.4

Moderate depression 6 1.7
Organic emotionally labile disorder 58 16.5
Total: 656 186.8

Note: MCD — mild cognitive disorder

52.80 %

Fig. 1. Distribution of mental disorders in post-TIA patients

[ Depression
M Cl
[l Organic anxiety disorder

Organic emotionally labile disorder
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Table 3. Prevalence of neuropsychological (cognitive and mood) disorders in post-TIA patients with hypertensive heart disease

Cognitive impairment Number of cases (abs.) Number of cases with comorbid hypertensive heart disease
MCD 70 58
Mild dementia 27 22
Moderate dementia 12 12
MD:
Subclinical depression 44 38
Mild depression 12 8
Moderate depression 6
Note: MD — mood disorders
Table 4. Severity of hypertensive heart disease in post-TIA patients with Cl
HHD Stage 1 Stage 2 Stage 3 Total
Cl Abs. % Abs. % Abs. % Abs.
MCD 38 54.3 12 171 8 11.4 58
Mild dementia 5 18.5 10 37 7 26 22
Moderate dementia 1 8.3 2 16.7 9 75 12
Total: 44 24 24 92
Table 5. Severity of hypertensive heart disease in post-TIA patients with mood disorders
HHD Stage 1 Stage 2 Stage 3 Total
cl Abs. % Abs. % Abs. % Abs.
Subclinical MD 30 68.4 1.4 3 6.8 38
Mild depression 3 25 4 33.3 1 8.3 8
Moderate depression 0 0 1 16.7 66.7 5
Total: 33 9 8 51

Table 6. Prevalence of Cl, MD and CAD in post-TIA patients

Cognitive impairment Number of Number of cases of comorbid Cl and CAD | Number of cases of comorbid Cl and CAD with Ml
cases (abs.) (abs. / %) (abs. / %)
MCD 70 18 25.7 5 741
Mild dementia 27 8 29.6 3 111
Moderate dementia 12 4 33.3 2 16.7
MD:
Subclinical depression 44 32 72.7 8 18.2
Mild depression 12 6 50 5 41.7
Moderate depression 6 4 66.7 2 33.3
study investigated patients’ psychosocial response to TIA. The ~ CONCLUSION

authors were able to identify 6 major reaction patterns, including
worrying thoughts about the future/changes in lifestyle, lack of
trust, frustration, anxiety, sense of loss, sadness, confusion.
Knowledge of such personal reactions to TIA can help to
tailor rehabilitation to the needs of an individual patients and
transform their usual coping strategies in order to achieve
better rehabilitation outcomes [17].

Some authors indicate that Cl can occur in patients who
have already experienced a TIA or a minor stroke [5, 18, 19].
Within 9 months following TIA, one-third of patients develop Cl
interfering with their lifestyle [20].

To sum up, MD and ClI in post-TIA patients can be used
to tailor rehabilitation programs to the needs of an individual
patient.

BECTHVK PrMY | 3, 2019 | VESTNIKRGMU.RU

Cl and MD rank second after cardiovascular diseases among
the comorbidities in post-TIA patients (186.8 cases per 100
patients). Mental disorders cooccur with circulatory system
diseases in 60.7% of post-TIA patients. We have established
direct, strong and reliable correlations between the severity of
Cl and the presence of hypertensive heart disease (r = 0.95;
p < 0.05), between the severity of mood disorders and hypertensive
heart disease (r = 0.95; p < 0.05) and its stage. A combination of
neuropsychological disorders and CAD was observed in 47.4%
of post-TIA patients. Therefore, rehabilitation for such patients
should be well-structured, multidisciplinary and account for
multiple factors, including possible comorbidities among which
neuropsychological disorders play a significant role.
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DYNAMICS OF SECRETORY IGA IN PATIENTS WITH GENERALIZED CHRONIC PERIODONTITIS
Sashkina Tl, Runova GS, Abdullaeva Al, Bozhedomov AYu &, Saldusova IV, Zaychenko OV, Faskhutdinov DK, Sokolova Sl
Pirogov Russian National Research Medial University, Moscow, Russia

Generalized chronic periodontitis (GCP) is a widespread disease. It has a serious negative impact on the quality of a patient’s life, posing a challenge to dentists
all over the world. At present, standard therapy regimens for GCP adopted in the Russian Federation do not account for the mucosal barrier state, which is
determined by a number of various factors, including the levels of secretory immunoglobulin A (slgA). In our study, we attempted to assess the functional state of
the mucosal barrier in patients with GCP and to provide a rationale for using immunotherapy aimed at restoring the effective barrier function of the oral mucosa.
SIgA concentrations, which served as an indicator of the mucosal barrier state, were measured with ELISA. We found that patients with GCP had significantly lower
slgA concentrations in the oral fluid in comparison with healthy individuals. Although therapeutic procedures did help to increase sIgA levels, they still were much
lower after therapy than in healthy volunteers (54.6 + 30.5 pg/ml vs 151.2 + 105.2 pg/ml). Increased permeability of the mucosal barrier caused sIgA to leak into
the peripheral blood serum, where its concentration grew from 0.21 + 0.28 pg/ml to 0.35 + 0.47 pg/ml during the treatment course, suggesting damage to the
mucosal integrity. This fact needs to be accounted for when treating patients with GCP.
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ONHAMUKA CEKPETOPHOIO IGA Y BOJIbHbIX XPOHUYECKWM MEHEPAJTIN3OBAHHbLIM
MAPOLOOHTUTOM CPELOHEN TAXKECTU

T. N. Cawkuha, . C. PyHoBa, A. V. Aboynnaesa, A. tO. Boxenomos &, . B. Cangycosa, O. B. 3ainyerko, . K. ®acxytanHos, C. 1. Cokonosa
Poceuincknii HaumoHanbHbIN NCCNE[OBATENLCKNA MEANLMHCKUI YHUBEpcuTeT nMenn H. W. Mnporosa, Mockea, Poccuns

XPOHNHECKIIA FeHepan3oBaHHbIi NapOAOHTUT (XITT) LLMPOKO pPaciPOCTPaHeH BO BCEM MUPE. Y BOMBHbBIX CHXKAETCS Ka4ECTBO XKIM3HM, MOSTOMY SleHeHme AaHHOro
3a00n1eBaHVst ABNAETCA aKTyaslbHOM NpobnemMon ctomatonormn. B HacToswmin momeHT Tepanmio XIT1 B Poccuiickon ®egepaunm NpoBOAAT MO CTaHOAPTY,
He y4/TbiBaOLLIEMY BaXKHENLLYIO COCTaBMSIOLLYIO MapofoHTa — MyKO3HbIA 6apbep. Ero cocTosiHve 3aBUCUT OT MHOMMX (DakTopoB, B TOM YMCNE YPOBHS
CEeKPETOPHOro MMMyHornobynmHa A (s-IgA). Lienbto nccnenoBanust b0 OLEHUTL COCTOSIHME MyKO3HOro Hapbepa Ansi 060CHOBaHMS NMPUMEHEHVS METOLOB
Tepanuu, NMo3BONSIOLLYX BOCCTAHOBWTL ero atheKTVBHOCTb. B KadecTBe MHCTPyMeHTa [N OLEeHKN 3hEKTUBHOCTY CAM3NCTOro 6apbepa Mbl UCMONL30BaNM
YPOBEHb S-IgA, KOTOPbIA Onpefensinm MeToaoM UMMYHOEPMEHTHOrO aHanmaa. Mbl nmokasanu, Y4TOo B POTOBOW >XUAKOCTW Y 6ombHbIX XIT1 ypoBeHb s-IgA
3HaAYMTENBHO CHVDKEH MO CPaBHEHWIO CO 300POBbIMU. [poBefeHHas CTaHfapTHas Tepanus NMOBbILAET ero YPOBEHb, HO OH OCTaETCs JOCTOBEPHO HUKE, Yem
y 300poBbix (54,6 + 30,5 Mkr/mn; 151,2 £ 105,2 MKI/MT COOTBETCTBEHHO). YBENMHEHNE MPOHNLIGEMOCTIN CAINSNCTOrO Hapbepa NPUBOANT K NMOABNEHMIO S-IgA
B CbIBOPOTKE NMepuepny4eckoin KpoBw, NpUYeM ero KOHLIEHTpaUs Bo3pacTaeT rnocne nposeaeHHon Tepanun ¢ 0,21 + 0,28 mkr/mn go 0,35 + 0,47 MKr/mn,
YTO CBUAETENLCTBYET O 3HAYUTENBHBIX HAPYLLEHMSX LIeNOCTHOCTU MykKO3HOrO 6apbepa y 60mbHbIX XITT 1 0 HEOOXOAVMOCTMN YYMTbIBaTE 3TV HapYLLEHUS Npu
NpoBefeHNN TePaneBTUHECKNX MEPOMPUATUIA.

Knio4yeBble cnoBa: XpPOHNHYECKMIA reHepann30BaHHbIi MAPOAOHTUT, MyKO3HbI 6apbep, s-IgA

WHdopmauus o Bknage aBtopoB: T. 1. CawkuHa 1 I C. PyHoBa — nnaHvpoBaHWe nccnegoBaHns, obpaboTka MosydeHHbIX AaHHbIX, pefakTupoBaHue
pykorcy; A. . AboynnaeBa — cbop [daHHbIX, HanucaHue YepHoBuka pykonvcy; A. KO. BoxxenomoB — 06paboTka MosydeHHbIX [aHHbIX, CTaTUCTUYecKas
obpaboTka AaHHbIX, pefakTupoBaHmne pykonucy; V. B. Cangycosa, O. B. 3ainyerko, [. K. ®acxytamHos v C. /. CokonoBa — 06paboTka NonyHeHHbIX AaHHbIX,
penakTMpoBaHme PyKOMMCH.

CobniofieHne 3TUHECKUX CTaHAAPTOB: CCNefoBaHne O0f0bpeHo STUHECKUM KOMUTETOM MOCKOBCKOMO rocyfapCTBEHHOO MeLUKO-CTOMATONOrMY4ECKOro
yHMBepcuTeTa (MpoTokon Ne 23 oT 26 Mast 2011 1), Bce naumeHTbl nognucany Lo6pOBObHOE MHPOPMUPOBAHHOE COrfacue Ha yd4acTue B UCCNenoBaHN U
nybnmMKaumio pesynsTaTos.
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A healthy oral mucosal barrier is critical for protecting
periodontal tissue against inflammation. Its functional state is
determined by a variety of specific and nonspecific humoral
and cellular factors including those that promote continuous
renewal of the epithelial surface. Periodontitis is characterized
by the loss of integrity and abnormal blood flow in periodontal
tissue. The tissue gets infiltrated by immune cells and
pathogenic bacteria, which eventually causes damage to
the mucosal barrier, affects its protective properties and
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promotes inflammation. Secretory immunoglobulin A (sIgA) is
one of the crucial components of the mucosal barrier. This
immunoglobulin is synthesized in lymphoid tissue associated
with salivary glands and lymphocytes underlying the epithelium
in the lamina propria. There are a few factors that interfere with
tissue healing and can be observed in patients with periodontal
pathology: hypoxia, immune imbalance, abnormal neutrophil
activity, elevated proinflammatory cytokines, and aberrant
slgA levels. The barrier function of the oral mucosa can be
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assessed by measuring sIgA concentrations. Such tests are
particularly relevant in dentistry and other medical fields that
involve the study of oral mucous membranes. According
to recent publications, local immunity is compromised in
patients with congenital or acquired susceptibility to chronic
periodontitis. This refers to slgA levels in the first place.
Therefore, adding immunotherapy to the treatment regimens
would be beneficial for such patients [1-7]. The aim of the
present work was to assess the dynamics of sIgA levels
as an indicator of the mucosal barrier state in patients with
generalized chronic periodontitis (GCP) and to provide a
rationale for using immunotherapy aimed at restoring the
effective barrier function of the oral mucosa.

METHODS

The study was conducted at the facilities of the Department of
Clinical Pathophysiology of Pirogov Russian National Research
Medical University. We examined 178 patients with GCP and
identified those suffering from a moderate form of the disease.
The age of the selected patients was 37 to 52 years. Severity
of periodontitis was graded according to the criteria of Russian
Dental Association (RDA, 2012). SIgA was measured in the
samples of oral fluid collected from 25 participants. Oral fluid
samples collected from healthy volunteers aged 25 to 49 years
were used as a control.

The following inclusion criteria were applied: voluntary
consent to participate, no decompensated conditions, no
severe occlusal diseases, arch integrity (except for single dental
crowns), and no removable dentures.

The study excluded patients with other types of pathological
inflammation of the oral cavity, systemic inflammatory or
autoimmune disorders, severe decompensated chronic
conditions, those undergoing exposure to occupational hazards,
suffering from decompensated occupational diseases, severe
metabolic disorders (diabetes mellitus, obesity, gout, etc.),
acute inflammation (acute respiratory infection, pneumonia,
bronchitis, etc.), menopausal disorders, smoking, alcohol/
drug abuse, as well as pregnant patients and those unwilling to
comply with the study rules.

The study group received standard therapy against
moderate GCP recommended by RDA: the oral cavity was
rinsed with chlorhexidine, miramistin or triclosan; full mouth
debridement was performed (plaques and calculus were
removed) and metronidazole was applied locally. On average,
the course of treatment lasted 10 to 14 days.

SIgA concentrations were measured in the samples of oral
fluid and peripheral blood serum before and after the treatment
using ELISA. For the analysis, we used monoclonal antibodies
specific to the secretory immunoglobulin component (Seramun
Diagnostica GmbH; Germany). Saliva samples were either
fasting or collected no sooner than one hour after meals.

s-IgA in the oral fluid (ug/ml)

The obtained data was analyzed using Student’s t-test for
normal distribution. Normality of data distribution was assessed
with the Shapiro-Wilk test: if the yielded value was over 0.05,
distribution was considered normal. Sample variance was
calculated before and after the treatment. If the obtained values
were equal, means (M) and the standard deviation (o) were
computed and compared to the reference values, considering
that differences were significant at p < 0.05. The results were
presented as M =+ o.

Statistical analysis was performed in Statistica v10.0
(StatSoft; USA).

RESULTS

Secretory immunoglobulin A is produced by plasma cells
arising from the differentiation of B lymphocytes associated
with major and minor salivary glands or present in the lamina
propria of the oral mucosa. The immunoglobulin is released into
the cavities lined with mucosa and is not expected to be found
in the peripheral blood. So, we hypothesized that damage to
the oral mucosa would result in the “leakage” of sIgA into the
blood serum.

We found that slgA was present in the serum and oral fluid
of patients with GCP. SIgA concentrations in the oral fluid were
significantly lower in the diseased individuals than in the healthy
volunteers both before and after the treatment. Before the
treatment, slgA levels in the blood serum of the patients were
0.21 + 0.28 pg/ml, exceeding the values demonstrated by the
healthy participants (0.11 + 0.06 pg/ml).

Before the treatment, sIgA concentrations measured in the
oral fluid of the patients were 36.5 + 28.6 pug/ml, whereas after
the treatment the figures changed to 54.6 + 30.5 pg/ml, which
was significantly lower (p < 0.05) than in the healthy volunteers
(1561.2 £ 105.2 pg/ml). SIgA was present in the serum of
patients with GCP both before and after the treatment. Upon
completing the treatment course, SIgA concentrations were
found to have increased from 0.21 + 0.28 to 0.35 + 0.47 pg/
ml. This is not typical, but considering that sIgA levels in the oral
fluid and in the serum had risen by 52% and 50%, respectively,
by the end of the treatment course, we can assume that the
mucosal barrier did not recover and its permeability remained
high. Therefore, the rise in sIgA concentrations both in the oral
fluid and blood serum was almost identical (Fig. 1 and 2).

DISCUSSION

By the end of the treatment course, slgA had increased by 51%
relative to its initial concentrations, but the increase amounted
to only 35% of the reference values, which is apparently
not enough to ensure effective protection, regeneration
and stability of periodontal tissue in the presence of other
factors promoting susceptibility to periodontitis. Under such

36.5 +28.4 54.6 + 30.5™

. Before treatment

. After treatment

Fig. 1. SIgA concentrations in the oral fluid of patients with GCP before and after the standard treatment (** p < 0.05)

s-IgA in the blood serum (ug/ml)

B Before treatment

0.21 +0.28 0.35 + 0.47

[l After treatment

Fig. 2. SIgA concentrations in the blood serum of patients with GCP before and after the standard treatment
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Fig. 3. Comparison of SIgA concentrations in the oral fluid of patients with GCP after the standard treatment and in healthy volunteers (** p < 0.05)
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Fig. 4. Comparison of SIgA concentrations in the blood serum of patients with GCP after the standard treatment and in healthy volunteers (** p < 0.05)

conditions, microorganisms thrive, continuing to colonize the
periodontium of the patients with compromised innate and
acquired (lysozyme, interferons, lactoferrin, etc.) immunities
(Fig. 3) [8].

Our hypothesis about damage to the mucosal barrier
in patients with GCP is supported by the results of sIgA
measurements in the blood serum of such patients. After the
treatment, sIgA was elevated. Increased slgA in the oral fluid
can be explained by the fact that standard therapies rely on
the use of antimicrobial drugs and professional dental cleaning,
which reduces bacterial burden in periodontal tissue. As the
bacterial population shrinks, slgA concentrations grow since
slgA is utilized by the organism less intensively; however, its
synthesis does not increase (Fig. 4).

In addition, our study demonstrates that conventional
therapy causes only temporary improvement in the periodontal
tissue state, ensuing from the use of antimicrobial agents
and professional dental cleaning procedures. Recovery of
the mucosal barrier does not occur because its permeability
remains abnormally high even after the treatment. We observed
an increase in slgA levels both in the oral fluid and blood serum
of the patients who underwent the full treatment course.
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HYPOGRAVITY AS A RISK FACTOR FOR INCREASED INTRAOCULAR PRESSURE
Valyakh MA'™ Kats DV', Glazko NG?, Baranov MV?

' Pirogov Russian National Research Medical University, Moscow, Russia
2 Filatov City Clinical Hospital Ne 15, Moscow, Russia
3 Research Institute for Space Medicine, Moscow, Russia

Space medicine has long studied the impact of reduced gravity on the human body. Increasing complaints of insufficient visual acuity during and after space
flights have been recently drawing a lot of attention to the effects of hypogravity on astronauts’ vision. Abnormally high intraocular pressure (IOP) is one of the
most clinically important changes occurring during space missions. It is a serious condition that often causes irreversible damage to the optic nerve and blindness.
The aim of this study was to explore the effect of reduced gravity on IOP. The study recruited 48 young healthy men with the mean age of 22 years, who formed
2 equally sized groups. In the experimental group, hypogravity was simulated by placing the subjects into the orthostatic position for 21 days. IOP was measured at 4
time points using a Maklakov tonometer. Z-approximation of the Wilcoxon T test was applied. The average increase in IOP in the experimental group was 3.42 + 0.03 mmHg
(p < 0.01). The changes were, however, transient, and IOP levels went back to normal right after the exposure to hypogravity conditions was terminated.

Keywords: orthostatic body position, hypogravity, space flight, intraocular pressure
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rMMMNorrPABUTALNA KAK ®AKTOP PUCKA MOBbILLEHNA YPOBHA BHYTPUTTIASHOIO OABJIEHUA
M. A. Banax'®= [1. B. Kau', H. I". Tnasko?, M. B. BapaHos®

T Poccuiickunii HaLMOHaNbHbIA MCCReoBaTeNbCKUi MeaNLUMHCKIIA yHUBepcuTeT umenn H. V1. Muporosa, Mockea, Poccus
2 Topopackas knuHndeckast 6onbHuLa Ne 15 nmenn O. M. dunatosa, Mocksa, Poccus
3 Hay4Ho-vccnenoBaTenbCKuin UHCTUTYT KOCMUYECKOM MeavumHbl, Mocksa, Poccus

KocMnyeckas MefyiLviHa AaBHO 3aHMMAETCst MCCenoBaHNeM BO3LEVICTBYMS YCMOBUIA USMEHEHHON rpaBUTaLyn Ha OpraHnaM Yenoseka. 3a nocnegHee Bpemsi Bce
6onblUe BHYMaHWS CCneaoBaTenn yaenstoT N3MEHEHNAM CO CTOPOHbI opraHa 3peHns. B nepByto ovepeab, 9TO CBA3aHO C YBEMHEHMEM »Kanob KOCMOHABTOB
Ha HEeLOCTATOYHYIO OCTPOTY 3PEHUSI BO BPEMS 1 MOCNE OKOHYaHUS KOCMUYECKUX NoneToB. Cpean Hanbonee BaXKHbIX M3MEHEHWIA Yy HIX Oblo 0OHAPYXEHO
MoBbILLEHVE BHYTPWMMa3Horo dasnenns (BM) — Hanbonee onacHas MaTtonorusl, Hepeako NPYBOASALLAS K HEOOPATVMON CiernoTe 3a CHET MOPaXKeHS 3pUTENBHOMO
HepBa. Llenbto nccnenoBaHns Gbio BbISCHUTL BAUSHUE M3MEHEHHOW rpaBuTaummn Ha odTanbMOTOHYC. [ns aToro 48 300pOBbIX MYyXUVH, CPeAHUA BO3pacT
KOTOPbIX He MpeBbiwan 22 roaa, 6binn pasfeneHbl Ha ABe paBHble MO YMCIEHHOCTM MPYMMbl: FPYMMy KOHTPONMS 1 rpynry, B KOTOPOW MOAENMPOBai yCnoByist
rMnorpasmTaLMm NyTeMm MOMELLEHVS UCMbITYeMbIX B OPTOCTATUHECKOE MONOXKEHME Ha Bpemst BCEro akcrnepvmenTa (21 cytku). amepenve Bl nposogwnmm B
YeTbIPEX KOHTPOSbHBIX TOYKaX aKCMeprMeHTa C MOMOLLbIO TOHOMeTpa Maknakosa. Bbina ncnonb3oBaHa Z-annpokcumauust T-kputepuns YunkokcoHa. CpeaHee
yBenuyeHve BILl B rpynne MomenmpoBaHust runorpasutaumm coctasuno 3,42 + 0,08 MM pT. CT. (o < 0,01). CTOUT OTMETUTB, YTO JaHHbIE M3MEHEHWSI HOCUIN
TPaH3UTOPHbIA XapakTep 1 MOCe OKOHYaHWS BO3AENCTBUS YCIOBUN M3MEHEHHOW rpaBmUTaLyn NoKasaTenm BEPHYIMCh K UCXOOHbIM 3HAYEHNSM.

KniouyeBble cnosa: OpTOCTaTM4ECKOE MNOXKEHVEe Tena, rmrnorpasUTauys, KOCMUHYECKIIA MONET, BHYTPWIMa3Hoe AgasrieHne
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The impact of extraterrestrial gravity on the human body during
space missions has long been the subject of scientific research.
But it was not until recently that researchers started to look into
its effects on the vision of astronauts. There have been reports
of elevated intraocular pressure (IOP) following exposure to
hypogravity, or a decreased gravitational field. This type of

gravity has been discovered on the Moon and is believed to be
present on other planets of the Solar System [1-5].

The earliest evidence of elevated IOP during a space
flight was obtained using a manual applanation tonometer: it
showed a 20-25% increase in IOP within the first hour after
takeoff [6].
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Other researchers reported elevated IOP in more than half
of astronauts during an orbital flight; the measurements were
taken with a Tono-pen tonometer [7].

The following study was inspired by the reports of our
foreign colleagues about changes to the eye structure and
vision during space flights, the growing number of space
missions, and the fact that elevated IOP can cause irreversible
damage to the optic nerve head, eventually leading to visual
impairment or blindness. The aim of the study was to explore
how hypogravity affects intraocular pressure. It should be noted
that our overseas colleagues also point to other changes that
occur to the eye in space; however, none of such changes are
as pronounced as an increase in intraocular pressure.

METHODS

The study was conducted in July 2016 at the facilities of the
Department of Ophthalmology (Nesterov Faculty of General
Medicine, Pirogov Russian National Research Medical
University), Filatov State Clinical Hospital No. 15 and Research
Institute for Space Medicine

The study recruited 48 male participants (96 eyes) aged
18-35 years who were in good physical shape, had no
refractive errors (i.e. were emmetropic) or had mild or moderate
myopia (up to -6 diopters). Individuals with acute eye
conditions, corneal dystrophy, severe myopia (-6 diopters or
more), previous corneal surgery, other pathologies, as well as
females or males of different age were excluded from the study.
The participants were divided into 2 equally sized groups using
sealed envelopes (open-label controlled randomization).

Statistical analysis was carried out in Statistica 8.0 (StatSoft
Inc.; USA). Variables that had normal distribution are presented
below as M + m, where M is the mean, m is the standard error.
For pairwise comparison of two independent samples, the
Mann-Whitney U test was applied. For repeated intragroup
comparison, the Wilcoxon T test was used. Significance
threshold was < 0.05.

In group 1, hypogravity was simulated at daytime by placing
the participants into an orthostatic position so that an angle
between the upper part of the body and the horizontal axis
was +9.6°; at night the participants took a horizontal position.
The experiment lasted for 21 days. To minimize exposure to
any external stimuli, the rooms where the subjects were staying
were sound-proof; the windows were locked tight. Only medical
staff were allowed into the rooms; visits from family and friends
were forbidden. Group 1 could use their phones or computers
or read books according to the schedule. Medical tests and
personal hygiene procedures could be performed with the
participants lying horizontally. Meals could also be taken in bed

Group 2 was the control group. No limitations were
imposed on the body position in group 2 at daytime. At night
(from 11 pm to 8 am) the participants lay in bed in the horizontal
position. Medical tests were the same as in group 1 and were
scheduled on the same days. Group 2 were allowed to take
walks on the premises and receive visits from their family and

Table 1. Characteristics of the groups
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friends. Their rooms were not sound-proof, the windows could
be opened any time (Table 1).

For measurements and examinations, 4 basic time points
were defined: 1) the time point of initial measurements, which
was 1 day before the actual start of the experiment (i.e. before
the participants were placed under simulated hypogravity
conditions); 2) day 11 of the experiment; 3) day 21 of the
experiment; 4) day 1 after the experiment was over (i.e. after
the participants were allowed to leave the premises).

IOP was measured in the morning, because it is when it
reaches its maximum, on the days specified above.

Besides, all study participants underwent ophthalmoscopy
on the days specified above, as well as computerized perimetry
before and after the experiment in order to detect possible
damage to the optic nerve.

IOP measurements

IOP was measured with an applanation Maklakov tonometer
(Krasnogvardeets; Russia) that had a 10 g plunger weight.
The obtained data were converted into mmHg (P, using
the Nesterov-Egorov conversion ruler. Normal I0P (P,) is
10-22 mmHg when measured with a Maklakov tonometer with a
10 g plunger weight.

Direct ophthalmoscopy

Direct ophthalmoscopy of the ocular fundus was performed
using a BXa ophthalmoscope (certificate No. 2005/1022;
NEITZ; Japan). During the experiment, no eyedrops were used,
so the pupils were left undilated for the procedure However,
mydriasis was induced to take measurements before the
experiment and 1 day after it was over.

Computerized perimetry

Visual fields were measured by static perimetry using a
Humphrey Field Analyzer Il 750i (certificate No. 2008/02964;
Zeiss; Germany). The analysis of the obtained data accounted
for the number of false-positive and false-negative responses
and the loss of fixation.

RESULTS

We observed a statistically significant increase in IOP (3.33 +
0.08 mmHg) in all members of group 1 (the hypogravity model)
onday 11. On day 21, IOP continued to grow (the increase was
3.42 + 0.08 mmHg) relative to its value before the experiment.
Still, it should be noted that on day 1 after the experiment was
completed, IOP dropped to the level comparable to its values
before the experiment (Table 2).

Direct ophthalmoscopy revealed no abnormalities in any of
the participants in the course of the experiment. The optic disc
head was pale pink, excavation was physiological (0.3-0.4).
The vascular bundle was localized to the center. The trajectory

Parameter
Groups Number of . .
patients/eyes Spatial body position Mean age, years
Group 1: hypoaravit The orthostatic position with a +9.6° body tilt at day time
p1: hypog Y 24/48 alternated with the horizontal position at night (days 1 through 21.75 + 3.83
model .
21 of observation)
. No limitations on the body position
Group 2: control 24/48 (days 1 through 21 of observation) 21.21 +2.54
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Table 2. Intraocular pressure in the experimental group

Parameter
Time points
Mean IOP + standard error, mmHg
Initial 15,75 £ 0,72
19,08 + 0,64
Day 11
A initial — day 11 of the experiment 333;:0%108
19.17 £ 0.69
Day 21
A initial — day 21 of the experiment 3;12;_6%103
15.67 + 0.62
Day 1 after the experiment was completed
A initial — day 1 after the experiment 0,('703 g (())51
Table 3. Intraocular pressure in the control group
Parameter
Time points
Mean IOP + standard error, mmHg
Initial 15.75 £ 0.72
15.79 £ 0.73
Day 11
A initial — day 11 of the experiment 034)%%;”
15.71 £ 0.71
Day 21
A initial — day 21 of the experiment 0,24)1(—)(());)1
15.77 £ 0.71
Day 1 after the experiment was completed
A initial — day 1 after the experiment Ogi%%g

and caliber of blood vessels was unchanged. No abnormalities
were observed in the macular zone. No peripheral ruptures or
dystrophy were noticed.

Computerized perimetry revealed no absolute scotomas or
significant enlargement of the blind spot in group 1.

In the control group, IOP was stable throughout the
experiment and upon its completion. Its values fell within the
normal reference range in all members of group 2 (Table 3).
Similar to group 1, no pathologies were detected during direct
ophthalmoscopy and computerized perimetry.

Statistical analysis of IOP changes assisted by the Mann-
Whitney U test for two independent samples showed that
Uemp_ was 0 in both groups whereas U_, was 834 (p < 0.01),
suggesting statistical significance and reliability of the obtained
results.

DISCUSSION

Hypogravity causes elevated intraocular pressure. We
discovered a reliable and statistically significant increase in IOP
that rose by an average of 3.42 + 0.03 mmHg. However, this
effect was transient because a day after the experiment was
over, |IOP was restored to normal values.
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A BIONIC EYE: PERFORMANCE OF THE ARGUS Il RETINAL PROSTHESIS IN LOW-VISION AND SOCIAL
REHABILITATION OF PATIENTS WITH END-STAGE RETINITIS PIGMENTOSA
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The death of outer retinal layers occurring in retinitis pigmentosa causes severe visual impairment and often leads to total blindness. Inner retinal layers are spared,
though, which provides a possibility of inducing visual perception by direct electrical stimulation of intact retinal cells. This article presents clinical outcomes of
two patients who were the first in Russia to have received the Argus Il Retinal Prosthesis System. Both implantations were successful. No complications were
reported throughout the entire follow-up period. Upon completing 3 rehabilitation sessions, the patients were able to navigate indoors and outdoors, locate small
high-contrast objects, discern contours of large objects and people’s silhouettes.
Keywords: bionic eye, artificial vision, retinal prosthesis, implant, Argus I, retinitis pigmentosa, retinal abiotrophy
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BMOHUYECKUN MA3: BO3MOXXHOCTU 3MUPETUHAJIbHOMN NMPOTE3HON CUCTEMbI ARGUS I
B SPUTEJIbHON N COLVANTIBHOW PEABUTUTALIMU CNENBIX MALUVUEHTOB C TEPMUHAJIbHOW
CTAOMEN NMUTMEHTHOIO PETUHUTA

X. M. Taxungn', , H. X. Taxumgr?, P. A. Manosar?, M. B. MusHmua' =

T Poccuiickuii HaumoHabHbIA MCCnenoBaTeNbCK MeAULMHCKMIA yHUBepceuTeT nmenn H. V1. Muporosa, Mockea, Poccus
2 Hay4HO-KAMHWYeCKUiA LieHTp oTopuHonapuHronoru PMBA, Mockea, Poccust

MpY NUFMEHTHOM PETUHWUTE NPOUCXOAUT rMbenb Hapy>KHbIX CIOEB CETHaTKW, COMPOBOXAAIOLLASCS 3HAYUTENBHBIMY HAPYLUEHUSIMA 3pUTENBHBIX DYHKLWI
BM/OTb [0 cnenoTbl. COXPaHHOCTb BHYTPEHHMX CI0EB CETHATKM MPU OaHHOM NaTonorin rnos3sosvna paspadoTars crieuyianbHbie YCTPOMCTBA, UCMOMb3yoLLme
MPSIMYIO 3IEKTPUHECKYIO CTUMYNISILMIO N5 MONYYEeHVst 3pUTENbHOTO BOCTpUTUA. B paboTe npeacTaBneHs! pesdysisTaTsl BriepBble MPoBEAeHHbIX B POCCUIMCKOi
Defepaumn AByx orepauuii No UMMNIaHTaLMy aNMPeTYHaNBHOM NPoTe3HoM crucTembl Argus Il. O6e onepawyn NPOLLM YCMELWHO, OCAOKHEHVIS OTCYTCTBOBaM Ha
MPOTSHKEHNN BCEro neproaa HabmoaeHVs. Mocne NPOXOXKAEHUS TPEX KYPCOB peabuimtaLmy nauveHTbl Npruobpenn HaBbIkv NepemMeLLieHst BHYTPY NOMELLEHUS
1 Ha OTKPBITBIX MPOCTPAHCTBAX, CNOCOGHbI OMPEAENsTh NIOKANM3ALMIO BbICOKOKOHTPACTHBIX MESKUX MPEAMETOB, KOHTYPbI 60MbLUMX NPEAMETOB, CUIY3TbI SIOAEN.

KntoyeBble cnoBa: G1IOHNHECKII a3, CKYCCTBEHHOE 3pEeHIe, SNMPEeTUHANbHDIA NPOTe3, UMnnaHTat, Argus Il, MMrMEHTHbIA PETUHT, aBUOTPOMUS CETHATKM
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Retinitis pigmentosa is a group of inherited disorders
characterized by progressive degeneration of the retinal
pigment epithelium and photoreceptors. Patients with retinitis
pigmentosa gradually lose their side and night vision, suffer
from decreased visual acuity and can eventually develop total
blindness [1]. However, inner retinal layers (bipolar neurons,
ganglion cells and the optic nerve layer) are not affected by the
pathology [2, 3]. This provides a possibility of inducing visual
perception in such patients by direct electrical stimulation of
spared retinal cells using an implantable device [4, 5]. To date,
about 10 such projects have been launched worldwide.

The Argus Il Retinal Prosthesis System is the most in-
demand retinal implant. So far, over 350 Argus devices have
been implanted. Argus Il has been approved for commercial
use by the European Union. It has also received approval
from the American Food and Drug Association (FDA) as a
humanitarian use device [6, 7]. Argus Il consists of externally
worn equipment (a pair of glasses with an integrated video
camera and a video processing unit) and an implantable unit (a
scleral band, an electronics case, a receiving coil and an array of
60 electrodes, which is affixed to the retina). The video camera
captures the scene; the obtained video signals are transformed
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by the processing unit and transmitted to the implant, which
electrically stimulates intact retinal cells. The emitted pulses
are perceived by the patient as patterns of light [8]. Ideally,
one electrode will activate only its neighboring cells and induce
visual perception in the form of circular spots of light, which is
important for perceiving the shape of objects [9].

This study aimed to assess the use of the Argus Il Retinal
Prosthesis System in low-vision and social rehabilitation of blind
patients with end-stage retinitis pigmentosa.

METHODS

The study was carried out at the facilities of the Scientific
Research Center for Ophthalmology of Pirogov Russian
National Medical Research University and the Scientific Clinical
Center of Otorhinolaryngology. Two patients were selected
from a list of 20 candidates with retinitis pigmentosa. Those
2 individuals were the first Russian patients to receive the Argus |l
Retinal Prosthesis System (Second Sight Inc.; USA). One
patient underwent surgery on June 30, 2017; the other, on
December 4, 2017.

The following implantation eligibility criteria were applied:
end-stage retinitis pigmentosa; bare light perception; a previous
history of useful form vision; age over 25 years. Contraindications
for implantation included corneal opacity in the optical zone;
optic nerve diseases; choroidal neovascularization; the axial
eye length < 20.5 mm and > 26 mm.

Case 1

Patient U., aged 58, was diagnosed with end-stage retinitis
pigmentosa of both eyes and referred to our Clinical Research
Center. His visual acuity was (1/e) pr. |. incertae for both eyes.
Based on electroretinography findings, the right eye (OD) was
selected as a better candidate for implantation.

Before surgery, visual acuity in OD was (1/) pr. |. incertae
and intraocular pressure was 16 mmHg. Biomicroscopy
revealed no abnormalities in the anterior segment. Opacities
were starting to form in the central zone of the lens. In the ocular
fundus, the optic disc was pale, waxy, with sharp margins;
blood vessels were attenuated. The anatomy of the macula
was intact but a depigmented ring-shaped area was observed
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on the periphery. The macular reflex was absent. Perivascular
bone spicule pigment deposits were noticed in the periphery;
the retina was atrophied (Fig. 1A).

Retinal atrophy was confirmed by a crossline optical
coherence tomography (OCT) scan performed with Spectralis
OCT (Heidelberg Engineering, Inc.; Germany). The atrophy
was the most pronounced in the outer layers. Measured by
electroretinography, the perceptual threshold (PT) was 800 pA
and the flicker fusion rate was 60 Hz.

Surgery was performed according to the protocol
recommended by the manufacturer of the retinal prosthesis.
It lasted 5 hours and consisted of the following stages: the
natural lens was removed and an artificial intraocular lens was
implanted; the scleral band with the electronics case was
passed under the recti muscles, encircling the globe, and
secured in place; subtotal vitrectomy was performed followed
by the implantation of the intraocular segment of the prosthesis;
the electrode array was secured to the retina in the macular
zone with a retinal tack; the scleral wound and the conjunctiva
were then closed.

Case 2

Female patient Z., aged 56, was diagnosed with end-stage
retinitis pigmentosa of both eyes. Her visual acuity was (1/e)
pr. I. incertae in both eyes. The OCT scan of the retina revealed
that the patient was able to fix the gaze with her right eye.
Therefore, the worse-seeing left eye was selected for surgery
as recommended by the manufacturer of Argus II.

Before surgery, the patient’s visual acuity was (1/e) pr. .
incertae in both eyes and intraocular pressure was 16 mmHg.
Biomicroscopy revealed no abnormalities in the anterior
segment. Opacities were starting to form in the central zone of
the lens. In the ocular fundus, the optic disc was pale, waxy, with
sharp margins; blood vessels were attenuated. The anatomy of
the macula was intact; a depigmented ring-shaped area was
observed on the periphery. The macular reflex was absent.
Perivascular bone spicule pigment deposits were noticed in the
periphery; the retina was atrophied (Fig. 2A). A crossline OCT
scan revealed retinal atrophy that was very pronounced in outer
retinal layers. Measured by electroretinography, the perceptual
threshold (PT) was 500 pA and the flicker fusion rate was 75 Hz.

Fig. 2. OCT scans of patient Z.’s left eye before (A) and after (B) implantation of Argus Il show the correct position of the implant secured to the retina
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Surgery, which lasted 4 hours, was performed according to
the protocol described above.

RESULTS

The patients received 3 post-operative rehabilitation sessions
each. During the sessions, they were trained to use the device
both indoors and outdoors. Their visual function was assessed
by 3 tests that were conducted in a darkened room using
software and a touch screen monitor supplied by Second Sight
(Fig. 3). In the Grating Visual Acuity test, black and white lines
varying in width appeared on the screen. The lines were moving
in different directions. The patient had to identify the direction
of each line. In the Motion of Direction test, a white line was
moving across the black screen in different directions. The task
was to identify the direction of movement. In the third test called
the Square Localization test differently sized white squares
appeared in different parts of the black screen; the patient was
asked to locate the square on the screen.

Patient 1 had no complications during or after implantation
in the follow-up period. The medication therapy he received
conformed to the guidelines provided by the implant’'s
manufacturer. Two weeks after surgery, primary wound healing
was observed; the wound showed no discharge or signs of
inflammation. The scleral band and the electronics case were
securely held in place. Ocular mobility was normal. The scleral
and conjunctival wounds did not leak. Intraocular pressure
measured by an Icare® PRO tonometer (iCare PRO; Finland) was
17-18 mmHg. The cornea was transparent. The deep anterior
chamber was filled with transparent fluid. The intraocular lens
was well-centered. The electrode array was also held in place,
fitting snugly against the retina (Fig. 1B).

The implant was activated 2 weeks after surgery as
planned. Diagnostic testing revealed that all 60 electrodes
conducted electric current. OCT showed that the array was
fitted snugly against the retina. Impedance was measured for
each electrode. Perceptual thresholds were determined from
instrumentation readings and the patient’s feedback. Because
their values fell within the acceptable range, all 60 electrodes
could be used to induce visual perception (Fig. 4A).

Once the implant was activated for custom fitting, the
patient reported seeing flashes of light (phosphenes) of different
shapes and shades. The first training session was conducted
a month after surgery. During the session, the patient was
taught basic skills needed to use the system. Two months after
surgery, during the second session, the patient was trained
to navigate indoors. He learnt to locate small high-contrast
objects, identify contours of large objects, human silhouettes,
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etc. (Fig. 5A). The third session was held in month 6 following
the surgical procedure. The patient’s visual function assessed
by a number of tests continued to improve. Now he was able
to navigate both indoors and outdoors. Tests showed that the
patient performed better with the Argus 2 system on (Fig. 6).

Patient 2 also had no complications during or after
implantation in the follow-up period. The medication therapy
she received conformed to the guidelines provided by the
implant’s manufacturer. Two weeks after surgery, primary
wound healing was observed; the wound showed no discharge
or signs of inflammation. The scleral band and the electronics
case were securely held in place. Ocular mobility was normal.
The scleral and conjunctival wounds did not leak. Intraocular
pressure measured by an Icare® PRO tonometer (iCare PRO;
Finland) was 16-17 mmHg. The cornea was transparent. The
deep anterior chamber was filled with transparent fluid. The
intraocular lens was well-centered. The electrode array was
also held in place, fitting snugly against the retina (Fig. 2B).

The implant was activated 2 weeks after surgery as planned.
Diagnostic testing revealed that all 60 electrodes conducted
electric current. OCT showed that the array was fitted snugly
against the retina. Impedance was measured for each electrode.
Perceptual thresholds were determined from instrumentation
readings and the patient’s feedback. Three electrodes failed to
induce visual perception at acceptable perceptual thresholds,
so only the remaining 57 electrodes were used to stimulate
spared retinal cells (Fig. 4B). Once the implant was activated,
the patient reported seeing flashes of light of different shades
and shapes. The patient was also immediately able to discern
people’s silhouettes (Fig. 5B).

In the first training session, the patient learnt basic skills
needed to use the device. The second session took place
in month 6 after surgery. The patient was taught to navigate
indoors, locate small high-contrast objects, contours of large
objects, people’s silhouettes, etc. Tests showed that she
performed better with the Argus 2 system on (Fig. 7).

Fig. 3. Patient U. is taking a Grating Visual Acuity test
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Fig. 4. Stimulation charts of the implants showing perceptual thresholds for each of 60 electrodes in patient U. (A) and patient Z. (B)
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Fig. 5. Patient U. identifies a mirror before him and recognizes his own reflection (A). Patient Z. can correctly tell the number of people standing in front of her during

the custom fitting session (B)
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Fig. 6. Results of visual assessment computer tests done by patient U. with Argus Il off and on: the Grating Visual Acuity Test (A); the Direction of Motion test (B); the

Square Localization test (C)

After completing the basic rehabilitation course, both
patients felt they did not require assistance at home: they
were able to locate eating utensils and household appliances,
could go from one room to another, etc. They could use
public transport, take walks outdoors, go shopping,
etc on their own. For safety reasons, the patients were
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accompanied by family or friends when taking new or long
routes. At present, patient U. performs in his own magic
show together with his dog all over Russia (Fig. 8A). Patient Z.
has taken part in a Moscow fashion show (Fig. 8B). Both
patients attend conferences on the problems of vision
rehabilitation.
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Fig. 7. Results of visual assessment computer tests done by patient Z. with Argus Il off and on: the Grating Visual Acuity Test (A); the Direction of Motion test (B);
the Square Localization test (C)

Fig. 8. Patient U. is giving a magic show in Chelyabinsk (A); patient Z. on a catwalk during a fashion show in Moscow (B)

DISCUSSION of the implant; 96% of patients performed better in the

Square Localization test with Argus Il on; 57% of patients
A 5-year multicenter clinical efficacy and safety trial of performed better in the Direction of Motion test with Argus I
Argus Il in patients with retinitis pigmentosa has yielded the on; 23% of patients had measurable grating visual acuity
following results: visual perception was induced in 100%  with the implant on; post-operatively, the average number of
of patient implanted with Argus Il right upon activation functional electrodes in those patients was 43 [10, 11]. Our
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patients performed better in each of the 3 tests with Argus
Il on, which places them in the group of individuals with the
best clinical outcomes. No complications were observed
in both patients during surgery and post operatively; all
60 electrodes were functional after implantation. Visual
perception was successfully induced in both patients
by activating 60 and 57 electrodes, respectively. In the
second patient, 3 electrodes were turned off because
they failed to induce visual perception at an acceptable
perceptual threshold. Given that only 23% of all patients
with an implanted Argus Il prosthesis had measurable
grating visual acuity over 2.9 LogMAR (Vis = 0.001) and
that in patient U. grating visual acuity was 2.2 LogMAR
(Vis = 0.006) (Fig. 6A), we believe in the case of our patient, the
clinical outcome was one of the best possible [8, 12].
Significant positive changes in the patients’ social life
were driven by their desire to see again, which encourage
them to work hard on a daily basis to improve their Argus Il
skills. Socially, patients have benefited greatly from increasing
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attention to this unique technology that allows blind people to
restore some vision.

CONCLUSIONS

The Argus Il Retinal Prosthesis System is a robust tool that
facilitates social and low-vision rehabilitation of blind patients with
end-stage retinitis pigmentosa. Both patients are very satisfied
with the results they have achieved. They are able to navigate
indoors and outdoors without assistance and report that their
quality of life has significantly improved. Success of Argus |l
demonstrates that 1) an interaction between a retinal implant and
the natural retina can be effective in transmitting the collected
video data into the visual cortex; 2) these data can be perceived
by the cortex as visual in response to electrical stimulation of
retinal neurons; 3) these visual data can be successfully used
by patients with end-stage retinitis pigmentosa helping them to
become less dependent on other people in their daily life, improve
their social adaptation and ultimately enjoy a better quality of life.

strategies to restore vision: Fundamentals and systems. Prog
Retin Eye Res. 2016 Jul; 53: 21-47.

8. daCruzL, Domn JD, Humayun MS, Dagnelie G, Handa J, Barale P-O,
et al. Five-Year Safety and Performance Results from the Argus |l
Retinal Prosthesis System Clinical Trial. Ophthalmology. 2016 Oct;
123 (10): 2248-54.

9. Chader GJ, Weiland J, Humayun MS. Artificial vision: needs,
functioning, and testing of a retinal electronic prosthesis. Prog
Brain Res. 2009; (175): 317-32.

10. Tran BK, Wolfensberger TJ. Retina-Implant Interaction after 16
Months Follow-up in a Patient with an Argus Il Prosthesis. Klin
Monbl Augenheilkd. 2017 Apr; 234 (4): 538-40.

11. de Balthasar C, Patel S, Roy A, et al. Factors a ec ng perceptual
thresholds in epirenal prostheses. Invest Ophthalmol Vis Sci.
2008; 49 (6): 2303-14.

12. Besch D, Sachs H, Szurman P, et al. Extraocular surgery for
implantation of an active subretinal visual prosthesis with external
connections: feasibility and outcome in seven patients. Br J
Ophthalmol. 2008; (92): 1361-8.

strategies to restore vision: Fundamentals and systems. Prog
Retin Eye Res. 2016 Jul; 53: 21-47.

8. daCruzL, Domn JD, Humayun MS, Dagnelie G, Handa J, Barale P-O,
et al. Five-Year Safety and Performance Results from the Argus |l
Retinal Prosthesis System Clinical Trial. Ophthalmology. 2016 Oct;
123 (10): 2248-54.

9. Chader GJ, Weiland J, Humayun MS. Artificial vision: needs,
functioning, and testing of a retinal electronic prosthesis. Prog
Brain Res. 2009; (175): 317-32.

10. Tran BK, Wolfensberger TJ. Retina-Implant Interaction after 16
Months Follow-up in a Patient with an Argus Il Prosthesis. Klin
Monbl Augenheilkd. 2017 Apr; 234 (4): 538-40.

11. de Balthasar C, Patel S, Roy A, et al. Factors a ec ng perceptual
thresholds in epirenal prostheses. Invest Ophthalmol Vis Sci.
2008; 49 (6): 2303-14.

12. Besch D, Sachs H, Szurman P, et al. Extraocular surgery for
implantation of an active subretinal visual prosthesis with external
connections: feasibility and outcome in seven patients. Br J
Ophthalmol. 2008; (92): 1361-8.




