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NtobbIx BUAOB Tabaka. Takas KOHLeNLUUA nNpegnonaraeT npejocTaB/ieHne NoTpeb/stowmM Tabak simLaM, KOTOpble He MOFyT UK He Xe/latoT NpeKpa-
TUTb TabakoKypeHue unu notTpebaeHne 4pyrux BUA0B Tabaka (HIOXaTeNbHbIi, JKeBaTe/IbHbIN), MeHee BpegHyHo TabauHyo NPOAYKLMIO C MOAUGULIM-
poBaHHbIM puckoM (TMNMP) ans ganbHeiwero ynotpebaenns. CkenTuumsm B oTHoweHun CBOT orpoMeH 1 CBA3aH C HEraTUBHbBIM OMbITOM TabauHbIX
KOMMaHWI MO BbINYCKY CUrapeT C HU3KMUM COAepiaHneM TabayHbIX CMO/I/HUKOTMHA, KOTOPbIE AO/IKHbI bl UMETb CyllecTBEHHO 60/1ee HU3KUe pu-
CKW ANA 30pOBbA YeM 06bl4Hble curapeTbl. [lapagokcanbHO, HO MIMEHHO TaKoM OMbIT MOCAYXKUA TPAMM/IMHOM K POCTY YMcna TabayHbiX U34e/ni, Ko-
TOpble NoTeHUManbHO obaaatoT ceoricTBamMu TIIMP. Bosiee Toro, HekoTOpble Y/ieHbl aHTUTabauyHoM Koaanumm, BkAovas BO3, paccMaTpuBatoT nepe-
X0/, TabakoKypwuablymkoB Ha TIIMP kak cTpaTteruio ¢ 6onbwmnM noteHymanoM. OgHako, EBponerickas rpynna crneLuanmcToB cHATaeT, YTo cTpaTerus
CBOT He paboTaeT 1 NpuvBeAET K NPUBbIKaHMIO K TabaKy elé 0HOro NoKoeHUA MONOABIX NL,. B 3TOI cTaTbe Mbl MOABEPT/I KPUTUYECKOMY aHaN3y
MCTOPUIO MPOLLOFO U HacToALero TabayHblx U3genunii, MLl U NPOTUBOPEYNs BOKPYT HUX. Mbl MOCTapaiMcb MaKCMMaibHO 06 bEKTUBHO OLeHUTb
coBpeMeHHyto KoHuenuuio CBOT, obnagatolyto BLICOKMM NOTEHLMAA0M K peasibHOMY COKPaLLeHMIO YMC/1a CMepTet, CBA3aHHbIX C TabaKoKypeHueM.
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Abstract

The concept of tobacco harm reduction (THR) is a speculative and controversial topic in the context of the international battle against the use of all
types of tobacco. This concept involves providing tobacco users who are unable or unwilling to quit smoking or using other types of tobacco (snuff,
chewing), with modified risk tobacco product (MRTP) for continued use. Skepticism about THR is huge and is associated with the negative experience
of tobacco companies to produce cigarettes with a low content of tobacco tar/nicotine, which should have had significantly lower health risks than
conventional cigarettes. Paradoxically, such an experience served as a springboard to an increase in the number of tobacco products that potentially
have the properties of MRTP. Moreover, some members of the anti-smoking coalition, including WHO, consider the transition of tobacco smokers
to MRTP as a strategy with great potential. However, the European Group of Experts believes that the MRTP strategy does not work and will lead to
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another generation of young people getting used to tobacco. In this article, we have critically analyzed the history of the past and present of tobacco

products, myths and contradictions around them. We have tried to evaluate the modern concept of S THR as objectively as possible, which has a high

potential for a real reduction in the number of deaths associated with smoking.
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Introduction

Today, there are about 1.3 billion tobacco smokers on
our planet; six million of them die annually from smok-
ing cigarettes and other combustible tobacco substances.
Just in the USA, such a “tobacco landscape” causes
480,000 deaths a year, results in 16 million cases of
tobacco-related diseases, and reduces the life expectancy
of smokers by ten years [1, 2]. Moreover, the analysis of
the current “tobacco scenario” revealed that the high
costs (disease burden) due to tobacco-related deaths and
diseases can be significantly reduced by implementing
measures to stop widespread tobacco smoking [3]. There
are effective tobacco control strategies, such as raising
prices of cigarettes and tobacco products in general,
anti-smoking awareness campaigns in media, smoking
bans in public places and at work, and providing afford-
able evidence-based medical methods of quitting smok-
ing. Such measures have contributed to a significant and
consistent reduction in cigarette smoking. Nevertheless,
the role and significance of such programs in “reducing
the harm from tobacco and burned tobacco products” is
still the subject of numerous discussions [4].

It is worth reminding that the “tobacco harm reduc-
tion” (THR) concept provides for “minimizing harm,
overall mortality and morbidity among tobacco smokers
without completely quitting tobacco and nicotine use”
[5]. This means that THR recognizes tobacco smoking
cessation/abstinence as a “required and achievable out-
come’, leaving a “window of opportunity” for alternative
harm reduction for patients who would never be able to
quit tobacco smoking. Moreover, THR has no advan-
tages or precedence over complete cessation/abstinence
from tobacco use. In fact, the THR concept is aimed
at respecting certain human rights when patients with
tobacco dependence are provided with modified risk
tobacco products (MRTP) [5, 6]. THR is rather a mea-
sure of social justice that potentially eliminates medical

and social inequalities between healthy and tobacco-
dependent individuals. For example, tobacco depen-
dence among people “below the poverty level” or with a
low level of education is many times higher than among
the general population [7]. This social group (poverty)
smokes more often, has high tobacco dependence, and
more often makes an attempt to quit smoking with an
extremely low chance of success. This social group has a
higher risk of developing lung cancer compared to indi-
viduals with high income and education. A similar sce-
nario is observed among tobacco smokers with mental
illnesses and type 2 diabetes mellitus (DM2) [8].
Considering the high prevalence of tobacco smok-
ing and the practical difficulties in achieving complete
tobacco cessation, access to MRTP for tobacco-depen-
dent patients may be an alternative strategy to reduce
the risks of health deterioration. However, the role of
THR in tobacco control is poorly understood, contro-
versial and disputable. In this analytical review, we tried
to analyze the history of the past and present of tobacco
products, present-day THR concepts, myths and con-
tradictions around them, as well as the most promising
approaches to implementing this concept for tobacco-
dependent patients with a high potential for actual
reduction of the number of smoking-related deaths.

1. Evolution of Risk Modified
Tobacco Products

Much skepticism about the THR concept is fueled
by negative experiences with low tar/nicotine cigarettes.
In 1964, after the publication of an official medical report
about the link between tobacco smoking and a number
of fatal diseases, for the first time, serious concerns arose
among different social groups (rich and poor) regarding
health risks [9]. At the same time, cigarette manufactur-
ers demonstrated a genuine interest in “safe cigarettes”
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Moreover, an academic paper was published on the tox-
icity of cigarettes and the relationship between tar/nic-
otine levels and the number of cigarettes smoked with
the development of malignant tumors/lung cancer [10].
These studies revealed that the health risk for a smoker
will be significantly reduced if there is less tar and nico-
tine in cigarettes. Subsequently, the US Federal Chamber
of Commerce approved testing of tar/nicotine levels in
cigarettes using “smoking machines” with “standardized
smoking parameters”. Later, many tobacco companies
started producing and extensively selling cigarettes with
low tar and nicotine. It is hard to believe that health con-
scious tobacco smokers were advised to switch to “spe-
cial cigarettes” rather than quit smoking! [11]. The tag
lines of that time were: “SMOKE IT PROPERLY: JUST
LIGHT CIGARETTES!”; smokers were portrayed as
athletic, cheerful people in nice scenery with excellent
health. Also, “SPECIAL CIGARETTES” were designated
as “light’, “ultralight”, “soft”, “zero” [12].

With the accumulation of scientific knowledge about
tobacco-related health risks, the myth that cigarettes with
low tar/nicotine content can reduce the risks of cancer
and death among tobacco smokers compared to “con-
ventional” cigarettes has been finally dispelled. It was
found that the reduction of tar/nicotine, as measured
by “smoking machines”, was achieved only by the design
of cigarettes, not by an actual reduction in tar/nicotine
in the tobacco filler. For example, additional ventilation
of the cigarette filter and adding special smoke vents
are now the primary methods of reducing the “tobacco
load” [13]. However, these “ventilated filters” have
changed the behavior of smokers by developing a new
“compensatory smoking technique” In fact, it made it
possible to achieve high levels of “tobacco exposure”
by increasing the puff time, blocking ventilation open-
ings at the moment of inhalation and puffing, and also
by increasing the number of cigarettes smoked per day
[14]. As a result, the expected reduction in health risks to
smokers did not correlate with that calculated by “smok-
ing machines” [15]. It is possible that it was the “venti-
lated filters” of cigarettes that contributed to the increase
in cases of peripheral lung cancer (adenocarcinoma)
due to deep inhalation of toxic chemicals by the smoker
and/or increased mutagenicity of tobacco smoke due to
the specific features of the combustion of cigarettes with
a ventilated filter [16].

A huge scandal erupted in 2006 when the US Depart-
ment of Justice prosecuted a number of tobacco com-
panies for racketeering and fraud. In her final opinion,
Judge Gladys Kessler said that the tobacco companies
were deliberately deceiving the public. The court found
that, for decades, tobacco companies had been produc-
ing cigarettes with low tar/nicotine content, knowing
that “light”, “ultralight”, “soft”, and “zero” brought no

health benefits to smokers compared to standard ciga-
rettes. Nevertheless, they made smokers believe that
these very cigarettes were a way of reducing the adverse
health effects of smoking. Therefore, they could be
an alternative to complete cessation/abstinence from
tobacco smoking [17]. Later, the US Federal Chamber
of Commerce (2008) completely removed tar/nicotine
labeling on cigarette packs that could mislead smok-
ers. Finally, in 2010, the Food and Drug Administration
(FDA), in accordance with the Family Smoking Pre-
vention and Tobacco Control Act (FSPTCA), banned
the use of low-risk smoker labels on cigarette packs or
in advertisements, including “light”, “ultralight”, “mild”,
“zero”. Nevertheless, tobacco companies still use colors
(e.g., silver, gold) to denote the particular delicacy of
products, as well as the terms “thin” or “soft” that support
the misconceptions about their low harm to the health of
smokers [18].

In the context of THR, the publication by Prof.
Michael Russell (UK) is of interest. It calls for reducing
tar content in cigarettes but maintaining a moderate nic-
otine level. According to Michael Russell, “People smoke
for nicotine and die from the tar. Moreover, as long as
there is a sufficient amount of nicotine in the “cigarette
puft”, smokers will be able to easily tolerate the reduc-
tion to zero of any other harmful components” [19]. In a
series of experiments, this approach relieved tobacco
addicts from cigarettes and contributed to the cessation
of tobacco smoking [20]. This “simple idea” was picked
up in the 1990s by a number of tobacco companies target-
ing tobacco smokers with high health concerns through
the provision of specialty products with potential harm
reduction. These include: “premium taste” cigarettes
with a “reduced level of carcinogens” and high level of
nicotine; cigarettes with a “reduced level of nicotine”
and zero nicotine cigarettes for “nicotine freedom”; and
a variety of non-combustible tobacco systems. It is obvi-
ous that such tobacco products do not in any way reduce
harm to the health of tobacco-dependent patients [16].

There is an interesting report published in Sweden
(1994) on the reduction of harm to people who use snus.
SNUS is a special type of unburned tobacco product in
the form of a small bag with shredded and moist tobacco
to be placed between the upper lip and gum for a long
time (30-60 min). Nicotine from tobacco is absorbed/
enters the body through the oral cavity. Harm reduction
has been associated with low tobacco-specific nitrosa-
mines (TSNA) and other toxic/harmful substances in
snus [21]. The study demonstrated that among Swedish
men who use snus, there is a sharp decrease in cigarette
smoking and a decrease in the incidence of lung cancer
and myocardial infarction. Also, the rate of return to cig-
arette smoking among snus users is significantly lower
than among those who quit smoking [22]. Compared
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to EU other countries, Sweden, which banned “tobacco
burning”, currently has the lowest incidence of tobacco-
related diseases. However, the European Commission
for Tobacco Control is seriously concerned that over-
all tobacco use remains high in Sweden and that SNUS
cannot be considered a “safe tobacco product” [23].
The “Swedish experience” led cigarette manufacturers
in the United States to start selling SNUS products (for
example, Camel Snus’, Marlboro Snus’) as a substitute
for cigarettes in places where smoking is prohibited or
as a means of quitting smoking. For example, an adver-
tisement for “Camel Snus™ included the following head-
ings: “Freeze Fire”, “Deceive the Old Flame”, “New York
City Smokers: Rise Above Prohibitions!” or “Friends
Bar” [24].

2. Reducing Tobacco Harm:
Risks, Benefits, Acceptability

In accordance with US law (FSPTCA, 2009), the main
regulatory authority for standard cigarettes, smokeless
tobacco, and alternative tobacco products is the FDA,
which is the main regulator of THR in the world today.
It should be noted that the emergence of new tobacco
products with different levels of risk of harm to the health
of tobacco smokers is more likely due to the desire of
tobacco companies to remain on the market than their
actual desire to improve the THR concept [3]. For exam-
ple, the widespread adoption of “electronic cigarettes”
created a break between those who perceived the tech-
nology as having the potential to replace traditional
cigarettes and those who recognized it as even more
harmful than cigarettes. Also, in 2013-2014, there was
a public debate over an evidence-based plan for tobacco
control that maximizes the benefits and minimizes harm
to public health. Despite the consensus reached regard-
ing the risks of various nicotine delivery systems to
human health, the main question remained unanswered.
The question was represented like this: “Should we save
the millions of lives of tobacco dependent patients (who
cannot stop using tobacco) or those who do not want to
stop using tobacco by switching to modified risk tobacco
products (MRTP), or fighting to prevent a new genera-
tion of nicotine addiction through an absolute ban on
the use tobacco in any form?” (Fig. 1) [25].

Medical experts who favor absolute and total pro-
hibition of using tobacco in any form express serious
fears and concerns that MRTP and electronic cigarettes
(e-cigarettes) can drive up the use of harmful substances
by young people. According to the “gateway theory”, this
may discourage tobacco-dependent patients from trying
to quit tobacco use. Their concerns were not unfounded.
Studies carried out over the years revealed extremely con-
tradictory data regarding the effectiveness of electronic

nicotine delivery systems (ENDS) as a means of com-
pletely quitting smoking [6, 14]. However, the FDA has
approved a global nicotine and tobacco regulatory plan
to switch tobacco-dependent patients to MRTP as an
additional strategy to improve public health [26].

However, the position of the FDA (2019), as the regu-
lator of THR, on the one hand, provides for the abolition
of restrictions regarding ENDS with cartridges without
menthol/tobacco and discrimination against flavored
cartridges. On the other hand, it requires focusing on
preventing young people from accessing such products
and their promotion among young people. The ban
does not apply to ENDS that contain no fruit flavors, if
there is no promotion of their use among young people.
This allows adult tobacco-addicted patients who wish
to quit smoking to use flavored e-cigarettes more effi-
ciently. According to the US Secretary of Health and
Human Services, Alex Azar, “Priority should be given
to preventing young people from accessing ENDS with
the right balance of using e-cigarettes by adults in order
to quit smoking. All rules should be followed to ensure
that ENDS do not lead to the development of “nicotine
dependence” in our youth” [28].

At the same time, a group of experts from the Euro-
pean Respiratory Society (ERS) argue that the use of
ENDS (electronic cigarettes) increases the number of
patients with severe lung diseases by 1,600 cases/year,
with 34 cases of being fatal. The Tobacco Control Com-
mittee of the ERS Consumer Protection Council pub-
lished a paper that included seven of the main argu-
ments of the ERS about the failure of the THR concept
as a public tobacco control measure [29]. Let’s consider
them in more detail.

CHWXXEHUE BPEJA OT TABAKA
TOBACCO HARM REDUCTION

nspenuam

Reduce morbidity
and mortality
among smokers
unwilling or
unable to quit

Prevent addicting
a whole new
generatlon to

tobacco products

Figure 1. Schematic representation of the main dilemma
of the tobacco harm reduction concept (THR). The
explanation is in the text. (Adapted from: Hatsukami DK
et al. Prev Med. 2020 Nov; 140: 106099)
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Argument 1. THR strategy is based on the erroneous
assertion that tobacco smokers are unable or unwilling
to quit tobacco use. On the contrary, most of them do
not want to be addicted to nicotine and want to stop
smoking. Present-day tobacco smokers smoke fewer cig-
arettes, are more motivated to quit smoking, and are less
tobacco-dependent than in the past. Moreover, there is
safe and effective medical treatment for tobacco depen-
dence [30].

Argument 2. THR strategy is based on poorly docu-
mented evidence that ENDS are highly effective in smok-
ing cessation. It has been proven that 80% of people who
quit smoking by switching to electronic cigarettes remain
addicted to nicotine. Also, long-term use of ENDS (more
than three months) reduces the patients’ chance of
abstaining from nicotine. Studies of smokeless tobacco
as a cessation agent are controversial and revealed no
convincing effects [31].

Argument 3. THR strategy is based on the erroneous
assumption that tobacco smokers will completely stop
smoking conventional cigarettes and switch to MRTP.
It has been proven that 80% of patients who switch to
electronic cigarettes continue to smoke conventional
cigarettes. In addition, there are no reliable data on a
significant reduction in their smoking of conventional
cigarettes. Moreover, “double tobacco use” is becoming
more common among tobacco-dependent patients who
switch to smokeless tobacco, which causes double harm
to the health of such patients [22].

Argument 4. THR strategy is based on poorly docu-
mented evidence of low harm and safety of ENDS. There
is currently no proof of the safety of ENDS. On the con-
trary, a series of independent studies revealed their
potential harm. For example, e-cigarette aerosols can
cause acute endothelial vascular dysfunction and reac-
tive oxidative stress. Short-term inhalations through
ENDS systems causes airway obstruction and disrupt
normal pulmonary homeostasis. Vape (cloud, vapor)
of electronic cigarettes causes coughing and wheez-
ing and can trigger suffocation and a bronchial asthma
attack [32].

Argument 5. Even if ENDS at first glance seem less
harmful than conventional cigarettes, they have an abso-
lutely negative effect on public health. When assess-
ing the pros and cons of the widespread use of ENDS,
it is important to correctly consider their impact on all
groups of the population, not only on a small group of
tobacco smokers. Overall, considering this issue from
the perspective of public health, ENDS potentially lead
the new generation (youth), previously involved in
tobacco smoking, to nicotine use, especially children and
adolescents who like electronic cigarettes with candy or
fruit flavors. Research has shown that there is a signifi-
cant increase in the risk of early smoking and the chances

of returning to traditional cigarettes among e-cigarette
users. In this context, smokeless tobacco use significantly
increases the possibility of switching to traditional ciga-
rettes [33].

Argument 6. Tobacco smokers consider ENDS a
viable medical alternative to tobacco quitting, which
is wrong. This is why they abandon professional
approaches and proven pharmacological treatments,
which increases the number of failed cessation attempts
and compromises the effectiveness of tobacco depen-
dence therapy [34].

Argument 7. THR strategy is based on the erroneous
claim that the “tobacco epidemic” cannot be controlled.
On the contrary, the greatest success of modern-day
public health is a significant reduction in the number
of tobacco smokers due to tobacco bans. Countries with
active control and bans on tobacco use have seen a sig-
nificant and rapid decline in the prevalence of tobacco
smokers and tobacco use in general [1, 35].

What is the conclusion

made by the group of experts
of the European Respiratory
Society?

First, the THR concept is based on good intention
(design) and poorly documented facts and assump-
tions. Human lungs are designed to breathe “clean air”,
not “reduced levels of toxins and carcinogens’, and
the human body should not be addicted to drugs, nico-
tine, tobacco. That is why more than 40 European coun-
tries have banned all ENDS [29].

Second, the ERS cannot recommend any modi-
fied product that is harmful to human health or lungs.
This is why the ERS strongly supports the World Health
Organization Framework Convention on Tobacco Con-
trol (FCTC), a treaty accepted by the World Health
Organization (WHO) in response to the globalization
of the tobacco epidemic, which regulates all types of
tobacco products [29].

Third, at present, the ERS does not consider the THR
concept as an alternative to the strategy of complete
cessation of tobacco use, even for tobacco-dependent
patients, as the main doctrine of improving public
health [29].

3. Reducing Tobacco Harm:
Current Perspective

Despite the differences in FDA and ERS approaches
to tobacco harm reduction (THR), the THR concept
has a right to life as a measure of social justice for nico-
tine and tobacco addicted patients (who cannot quit
smoking) who experience the greatest medical and
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social inequality. Switching them to modern high-tech
products with a reduced nicotine and tar content, and
tobacco combustion products opens a real “window
of opportunity” in preserving their life span [36]. For
example, switching tobacco smokers with more than
ten years of experience to cigarettes with low and
extremely low nicotine content halved the number
of cigarettes smoked, reduced “tobacco dependence’,
exposure to toxic/carcinogenic substances, and dou-
bled the number of attempts to quitting smoking [37].
However, a reduced nicotine level in cigarettes did
not correlate with changes in mood, depression, and
the frequency of alcohol and cannabinoid use in these
patients. Moreover, the strategy of drastically reduc-
ing nicotine in cigarettes versus stepwise reduction
(nicotine replacement therapy) inevitably leads to an
increase in the number of people looking for it in other
sources. These consequences and the low efficacy of
low-nicotine products in encouraging tobacco-depen-
dent patients to quit smoking deprives them of any
prospects in the THR concept [38].

It should be noted that there are other innovative
products that have passed the premarket tobacco prod-
uct application (PMTA) and FDA-approved innovative
products that can be used without burning tobacco
(“unburned tobacco”): General Snus (Swedish Match)
and IQOS (Phillip Morris International, PMI). Ran-
domized clinical trials (RCTs) revealed that General
Snus had lower levels of tobacco-specific nitrosamines
(TSNAs) and other toxic substances compared to
other brands of smokeless tobacco products. However,
the very concept of SNUS/smokeless tobacco has not
gained acceptance among smokers [3, 22, 25, 39].

Another product in the category of “unburned
tobacco” is the tobacco heating system (THS) designed
to evaporate nicotine from a special “tobacco stick”
[40]. Its important difference from conventional ciga-
rettes is that there is no combustion of tobacco and
tobacco smoke, which means that the following gaseous
components are not produced: carbon monoxide and
carbon dioxide, hydrogen cyanide, ammonium, iso-
prene, acetaldehyde, acrolein, nitrobenzene, acetone,
hydrogen sulfide, hydrocyanic acid and other hazard-
ous substances. This reduces the aerosol cloud of all
substances that are hazardous to the patient’s health by
90-95%. For comparison: aerosol cloud during tobacco
burning contains solid particles and tar, 50% glycerin
and water, has more than 4,000 different chemical com-
pounds, including more than 40 dangerous carcino-
genic substances and at least 12 substances that cause
cancer [41].

There are important RCTs that have been carried
out to investigate the “toxicity” of THS aerosol to smok-
ers. It has been proven that the aerosol produced by

the THS system is ten times less dangerous than ciga-
rette smoke in terms of triggering the mechanisms of
atherosclerosis, premature cellular aging, endothelial
dysfunction that play a major role in the development
of cardiovascular diseases (Fig. 2) [42].

The practical interest of the applicability of THS sys-
tems in tobacco-dependent patients has been studied in
large-scale RCTs conducted among patients from differ-
ent countries, different ethnic groups and cultural tradi-
tions. For example, there was an interesting six-month
multicenter RCT, further extended to 12 months, in
healthy adult smokers with two parallel groups: 1) indi-
viduals who had switched to THS systems; 2) individu-
als who had completely stopped smoking. The poten-
tial of THS systems to influence eight key pathogenetic
mechanisms of disease formation (inflammation, oxi-
dative stress, lipid metabolism, blood clotting, endo-
thelial function, pulmonary function, genotoxicity)
was studied in comparison with patients who had
completely stopped smoking. A total of 2,556 tobacco
smokers were screened and 1,795 tobacco smokers
were enrolled; 984 of them were randomized into three
groups (traditional cigarettes n = 496; THS n = 488; quit
smoking n = 811). A representative group and exten-
sion of the study to 12 months allowed to study clini-
cally important long-term results of the THS system
(Fig. 3) [43, 44]. The primary points of observation were
the markers of disease development: 1) lipid metabo-
lism — HDL-C (high density lipoproteins); 2) blood
clotting — 11-DTX-B2 (11-dehydrothromboxane B2);
3) endothelial function — sICAM-1 (soluble intercel-
lular adhesion molecule-1); 4) acute effects — COHD
(carboxyhemoglobin); 5) inflammation — WBC (leu-
kocytes); 6) oxidative stress — 8-epi-PGF2 (8-epi-
prostaglandin F2 alpha); 7) pulmonary function —
FEV1%pred (forced expiratory volume in 1 second from
the due values); 8) genotoxicity — Total NNAL (total
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol).

Secondary observation points were the com-
ponents of tobacco aerosol: 1) carbon monox-
ide (CO) in exhaled air; 2) monohydroxy butenyl
mercapturic acid (MHBMA); 3) 3-hydroxypropyl
mercapturic acid (3-HPMA); 4) total N-nitroso-
nornicotine (Total NNN); 5) 2-cyanoethyl mercap-
turic acid (CEMA); 6) 3-hydroxybenzo(a)pyrene
(3-OH-B[a]P); 7) 3-hydroxy-1-methylpropyl-mercap-
turic acid (3-HMPMA); total 1-hydroxypyrene (Total
1-OHP). To describe the effects of nicotine, in addi-
tion to plasma levels of nicotine and cotinine, nicotine
equivalents (NEQ) were determined as the molar sum
of free nicotine, nicotine glucuronide, free cotinine,
cotinine glucuronide and free trans-30-hydroxycotinine
and trans-30-hydroxycotinine-glucuronide in urine
(expressed as concentration adjusted for creatinine).




Apxusb BHyTpeHHE MeAnumHbL ® No 6 o 2021

AEKIIUU

3R4F

Biological Impact
Factor =100%

12.4% 9%

15.8%

Cardiovascular
Inflammatory
Processes Network

Apoptosis

l Cell Proliferation

l Cell Stress

l Autophagy

THS 2.2

Biological Impact
Factor =1%

. Necroptosis . Tissue Repair and

Angiogenesis

l DNA Damage . Senescence

Figure 2. Graphical representation of the study of the aerosol THS for toxicity in comparison with the smoke of a
conventional cigarette (3R4F). The explanation is in the text. (Adapted from: Poussin C et al. Toxicology. 2016 Jan 2;

339: 73-86)
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Figure 3. Graphical representation of the design of a 12-month RCT. The explanation is in the text. (Adapted from: Ansari

SM et al. JMIR Res Protoc. 2018 Aug 24;7(8):e11294).

Results of this study demonstrated that all values of
the endpoints of the main observation group (THS group)
improved similarly to the values of the smoking cessation
group. Moreover, five out of eight markers of inflamma-
tion development had statistically significant (p < 0.05)
positive changes in comparison with the group of continu-
ing smoking (traditional cigarette group) and were similar
to those in the smoking cessation group (Table 1) [44].

All components of the “tobacco aerosol” were sig-
nificantly reduced in the THS group compared to ciga-
rette smokers, while there was no difference between
the groups in nicotine exposure (NEQ) (Fig. 4) [44].

This study convincingly demonstrates the positive
effects of the strategy of switching tobacco-dependent
patients to THS systems. First, it demonstrated a statis-
tically significant improvement in five of the eight major
markers of inflammation development to the level
observed only during smoking cessation. At the same
time, these patients retained the level/dose of nicotine
and subjective effects similar to those in the group of
active tobacco smokers. This can be an important argu-
ment that THS systems can be a feasible alternative
for tobacco-dependent patients. It is important that
the positive biological effects in patients of the THS
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group lead to a significantly lower health risk than
continuing smoking. Using THS systems in tobacco-
dependent patients in accordance with the THR con-
cept is highly speculative. However, it is very promis-
ing with further improvement of “unburned tobacco”
technology [45].

Another large-scale study by PN. Lee et al. (2018)
assessed the health effects of modified risk tobacco prod-
ucts (MRTP) on the health of the Japanese population by
creating simulation models over a 20-year period start-
ing from 1990. It was found that the overall decrease in
the number of deaths from lung cancer, coronary heart
disease, stroke, chronic obstructive pulmonary disease
due to tobacco smoking among men/ women for 20 years
amounted to 269,916 cases; with the complete cessa-
tion of tobacco smoking at the baseline. The decrease
in the number of deaths ranged from 167,041 to
232,519 cases, if at baseline patients switched to MRTP

Table 1. Dynamics of markers of inflammation development

systems (switching level is equivalent to 70-90% of com-
plete cessation of smoking) [46].

In a meta-analysis, A. Ratajczak et al. (2020) included
15 RCTs from Cochrane, PubMed and Embase on
acceptability, awareness, and patient switch to IQOS
MRTP. Results varied greatly due to smoking status:
among young smokers, there was a high interest in
the “heating tobacco” system. On the other hand, there
was a similar interest in THS systems among nonsmok-
ers, indicating the emergence of new tobacco users.
Overall susceptibility/readiness to use IQOS was higher
(25.1%) than among traditional cigarettes (19.3%) and
lower than among e-cigarette users (29.1%). The authors
concluded that THS systems could potentially be catego-
rized as modified risk tobacco products considering their
impact on chronic diseases traditionally associated with
tobacco smoking. However, further large-scale studies
are required to verify this potential [47].

Endpoint Effect 96.875% CI P value
HDL-C (mg/dL) 3.09 [1.10; 5.09] <0.001
WBC count (GI/L) -0.420 [-0.717; -0.123] 0.001
SICAM-1 (%) 2.86% [-0.426; 6.04] 0.030
11-DTX-B2 (%) 4.74 % [-7.50; 15.6] 0.193
8-epi-PGF2a (%) 6.80% [-0.216; 13.3] 0.018
COHDb (%) 32.2% [24.5; 39.0] <0.001
FEV1 %pred (post-bronchodil.) 1.28% [0.145; 2.42] 0.008
Total NNAL (%) 43.5% [33.7; 51.9] <0.001

Note: Adapted from: Liidicke F et al. Cancer Epidemiol Biomarkers Prev. 2019 Nov; 28(11): 1934-1943
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Figure 4. Dynamics of reduction of toxic components of “tobacco aerosol” in the group of THS users (light gray) compared to
the group of tobacco smokers (dark gray). The explanation is in the text. (Adapted from: Liidicke F et al. Cancer Epidemiol

Biomarkers Prev. 2019 Nov;28(11):1934-1943).
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4. Conclusion

Currently, there is considerable experience in
the production and consumption of tobacco products
with low tar/nicotine content, as well as knowledge and
tools for the regulation of modified risk tobacco products
(MRTP) for tobacco smokers with tobacco dependence
or with no interest in quitting nicotine use [18]. There
remains a fundamental disagreement over the benefits
and risks of tobacco cessation/ abstinence and MRTP
use for adult tobacco addicts. Obviously, the quickest
way to reduce mortality and tobacco-related diseases
is to “devalue” traditional cigarettes and other “burned
tobacco” products by reducing their nicotine con-
tent to the minimum level of addiction [3]. Obviously,
unburned tobacco products should also be tightly regu-
lated in terms of toxicity, attractiveness, marketing and
promotion in order to minimize their consumption by
young people. On the other hand, adult tobacco-depen-
dent patients should have a real opportunity to switch to
MRTP [6, 17].

Today, the implementation of new pharmacologi-
cal innovations in nicotine replacement therapy (NRT)
provides real access to effective and well-known tools
for the cessation of tobacco use [23]. It is NRT that has
good potential to: 1) quickly eliminate “burned tobacco”
from the market; 2) eliminate concerns about “unburned
tobacco” products; 3) reduce the “double use” of tobacco
products; 4) minimize the consumption of “burned
tobacco” products among young people; 5) ensure
the public that unburned tobacco products are MRTP
products; 6) provide tobacco smokers and consumers of
other forms of tobacco products with effective agents for
nicotine addiction [25].

It is important that the “tobacco harm reduction”
(THR) concept provides for “minimizing harm, over-
all mortality and morbidity among tobacco smok-
ers without completely quitting tobacco and nicotine
use” [5]. In fact, THR recognizes giving up/abstaining
from tobacco as a required and achievable result, leav-
ing a “window of opportunity” for tobacco-dependent
(nicotine-dependent) patients to receive real help in
maintaining their health while maintaining social jus-
tice measures, potentially eliminating medical and
social inequalities between healthy and tobacco depen-
dent individuals. Disputes and contradictions between
the “Anglo-Saxon” and “European” views on the pos-
sibility of implementing THR can only be resolved
through a global dialog [25]. In this context, unburned
tobacco (THS) systems can be an acceptable alternative
for tobacco-dependent patients. Of course, using THS
systems in tobacco-dependent patients in accordance
with the THR concept is highly speculative. However, it
is promising with the further improvement of “unburned
tobacco” technology [45-47].
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BalKnpckuit rocysapcTBeHHbIN MeAMLMHCKUI YHUBepcuTeT M3 PO, Yoa, Poccus

N3 NCTOPUN N3YUEHWUA
MHOEKUIMOHHBIX BOAE3HEN

L.M. Farkhutdinova
Bashkir State Medical University, Ufa, Russia

From the History of the Infection Study

Pestome

CraTbA OTpaaeT pa3BuUTHe NPeACTaB/ieHNii 06 MHGEKLIMM, HauMHaA C aHTMYHOTO Neproja A0 CEroAHALHUX AHel. B V B. TunnokpaTom 6bina npeaoxe-
Ha MMa3MaTMyecKan TeopuA, COr/IaCHO KOTOpoi 3a6oneBaHMA 06yCc10B/IeHbl BpeAHbIMY McnapeHuaMU. [laHHas napajurMa octaBanach rocnoACTBytoLelt
B TeyeHue 2,5 TbicAYeNIeTUIA. XOTA CyLecTBOBaHNEe MUKPOOPraHM3MOB M3BeCTHO ¢ 1676 r., Korga BriepBble X onvcan AHTOHM BaH JIeBeHryK, 40/roe Bpems
obHapy»eHve MUKpo6oB B 61ocybcTpaTax 60/1bHOro YeloBeKa CYMTa/I0Ch AB/IGHMEM BTOPUYHDIM MO OTHOLLIEHMIO K 3a60/1eBaHUI0. TeOpeTUYeCKo 0CHOBOW
TaKUX NpejcTaB/ieHnin bbina nea o caMo3apoXeHum, JOMVHUPOBaBLLAsA co BpeMeH ApucToTens. CMeHa MMa3MaTUYeCKOR TeOpUM Ha UHGEKLIMOHHYO
napaaurMmy npowsowna 6narogapa ¢yHAaaMeHTabHbIM OTKpbITMAM Jlyn MacTepa, AoKa3aBLUero 61M0N0rMYecKyto NPUPOAY 6POXKEHUA N UHPEKLIMOHHBIV
reHe3 60/1e3Hel WeNKOBUYHbIX YepBeii. [lepeuncieHHble OTKPLITUA NOCTaBUAM TOYKY B ANCKYCCMM O CaMO3apOX/AeHUM, CTan Hay4HbIM 060CHOBaHMeM
acenTVKM 1 aHTUCENTVKM 1 HaLLe/IN Ha NMOUCK BO36yAuTe et 3apasHbix 3a60/1eBaHWI YeI0BeKa, YTO MPUBE/IO K BCM/IECKY OTKPLITUM B MUKPOGUOAOr .
Bbinv BbigeneHbl Bo36yauTenn Bo3spatHoro Tuda (1868), npokass (1873), cubupckoii asebl (1876), Ty6epkynesa (1882), xonepsi (1883), andrepun (1884),
yyMbl (1894) n ap. B pesysibTaTe UHPEKUMOHHAA TEOPUS OKOHYATE/IbHO 3aBOeBana MUp. BaHbIM JOCTMKeHMEM KoHua XIX B. CTano BbiAeneHe HOBO-
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Abstract

The article reflects the development of ideas about infection, from the ancient period to the present day. In the V century Hippocrates proposed
a miasmatic theory, according to which diseases are caused by harmful fumes. This paradigm remained dominant for 2.5 millennia. Although the
existence of microorganisms has been known since 1676, when they were first described by Anthony van Leeuwenhoek, for a long time the detection
of microbes in the biosubstrates of a sick person was considered as a secondary phenomenon in relation to the disease. The theoretical basis for such
ideas was the concept of spontaneous generation, which has dominated since the time of Aristotle. The change from the miasmatic theory to the
infectious paradigm was due to the fundamental discoveries of Louis Pasteur, who proved the biological nature of fermentation and the infectious
genesis of silkworm diseases. The listed discoveries put an end to the discussion about spontaneous generation, became the scientific justification
for asepsis and antiseptics and aimed at searching for pathogens of infectious human diseases, which led to a surge in discoveries in microbiology.
The causative agents of fever (1868), leprosy (1873), anthrax (1876), tuberculosis (1882), cholera (1883), diphtheria (1884), plague (1894), etc. were
discovered. As a result, the infectious theory finally conquered the world. An important achievement of the late 19th century was the allocation of
a new type of infectious agents — viruses, which make up the most numerous form of life. With the recognition of the infectious theory at the end
of the 19th century an active search for antimicrobial agents began. In 1943, the mass production of the first antibiotic, penicillin, was launched, the
discovery of which is called one of the most outstanding achievements in the history of mankind. The use of antimicrobial drugs, along with mass
vaccination, led to a significant decrease in the share of infectious diseases in the structure of mortality.
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Human history in essence is the history of ideas.
H.G. Wells

The concept of infectious diseases dates back to
antiquity. The ancient Greek philosopher Democritus
(460-390 BC) believed that diseases were caused by tiny
invisible organisms. His compatriot, the philosopher
Thucydides (460-400 BC), shared this idea and called the
pathogens “contagium' animatum” (from the Greek —
live contagion), whence the concept of contagiousness, or
infectiousness, comes from.

The father of medicine, Hippocrates (460-370 BC), also
associated wound inflammation with pollution. Therefore,
he used only boiled water during dressing and insisted
that the doctor’s hands and the surgical site be clean and
the dressings prepared from new material. With that, Hip-
pocrates laid the foundations for asepsis. However, Euro-
pean medicine only recognized its necessity 2,500 years
later. He introduced the term epidemic. However, he
believed that diseases were caused by harmful fumes —
miasms (from the Greek — filth) emanating from rotting
products in the soil and water. The irony is that, in contrast
to the principles of asepsis, the miasmatic theory became
widespread and remained dominant until the end of the
19th century.

The promotion of hygiene for health purposes by Hip-
pocrates played an important role in the emergence of
central water supply in the ancient world, the development
of which peaked in the Ancient Rome. Aqueducts supply-
ing water to public baths, toilets, fountains, private houses,
gardens, farms, etc., were built throughout the Roman
Empire. There was also a sewage system. Daily visits to
the bathhouse were a custom in the Ancient Rome. One
of the greatest achievements of the philosophical thought
of Ancient Rome is the treatise of the philosopher Titus
Lucretius Carus (appr. 99 BC. — appr. 55 AD) On the
Nature of Things, in which he suggested that infectious
diseases were caused by various “seeds” [1, 2].

In the Middle Ages, culture, science and hygiene were
not as advanced as in antiquity. With the fall of the Roman
Empire, aqueducts were destroyed, and personal hygiene,
which was considered sinful in early Christianity, which
placed more emphasis on the soul, declined as well. For

! lat. contagio — to touch

example, Saint Benedict (480-547) recommended that
young and healthy people wash as little as possible. This
contributed to the spread of infectious diseases, among
which the plague posed a particular threat. The plague epi-
demic that broke out in the middle of the 6th century lasted
for more than two centuries and claimed about 25 mil-
lion lives. In the middle of the 14th century, Europe was
engulfed in an even larger epidemic of the plague, which
killed between 30 and 50 million people. The main reason
was the critical unsanitary conditions: not only rats, but
parasite insects living on humans, were common; in the
cities, garbage was thrown out from the windows directly
into ditches dug along houses. And everything was then
carried into the river, which served as a source of water for
drinking and cooking.

In the 6th century, smallpox gripped Europe and, with
the beginning of the Crusades?, grew into an epidemic that
lasted several centuries. By the 16th century, the disease was
so widespread that a person without smallpox marks was a
rarity; the mortality rate was about 30%. From the 11th cen-
tury, leprosy became an infectious scourge in Europe.
In 1084, the first leprosarium opened in England, and by
the 13th century, their number in European countries had
reached about 20 thousand. It should be noted that the iso-
lation of patients proved effective, and in 200 years, in the
15th century, the number of patients began to decrease.

Flu epidemics began in the 12th century: the first influ-
enza pandemic, which claimed many lives, was recorded
as early as 1580. The spread of the disease was facilitated
by the idea of its non-infectiousness, which is eloquently
evidenced by the former name of this pathology — influ-
enza (from Italian Influenza — influence), that is, cased by
the influence of the stars [3].

Unlike Europe, in the Middle East, where Islam was
widespread, in the Middle Ages, the achievements of antiq-
uity were the foundation for the further development of
science. All the major scientific manuscripts of ancient
civilizations were translated into Arabic, and scientific and
educational centers were established to study them. In 754,
the world's first state pharmacy was established in Baghdad,
which is associated with the achievements of Eastern scien-
tists in chemistry and pharmaceuticals. In the middle of the
9th century (859), the world’s first University, Al-Karaouin,

2 Crusades — XI-XV centuries
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was founded in the Moroccan city of Fez. In 873, the first
state hospital in history opened in Egypt. Later, numerous
state-funded hospitals with scientific libraries and educa-
tional institutions were established in the Arab Caliph-
ate. In 1005, the Society of the Enlightened was set up in
Cairo and became the prototype of future academies. Its
members discussed the problems of epidemics, sanitary
improvement, diagnosis and treatment of diseases.

The improvement of the paper manufacturing by the
Arabs in the 8th century’ made books more affordable.
By the end of the first millennium, libraries numbering
hundreds of thousands and even millions of volumes
operated in Cordoba, Damascus, Baghdad, Cairo, Samar-
kand, Bukhara, while the Pope library in Avignon and
the Sorbonne book collection numbered only about two
thousand editions. Oriental medicine played a leading
role until the 15th century, especially in the field of infec-
tious diseases and hygiene. The world’s primary sources of
medical knowledge were the works of Ar-Razi (865-925)
and Ibn-Sina (980-1037). Ar-Razi was the first to attempt
to explain the cause of infectious diseases and the suppu-
ration of wounds. While looking for a site to build a hos-
pital in Baghdad, he hung chunks of meat around the city
and chose the place where the rotting began later. He was
the first to use cotton wool instead of lint* (rags split into
threads), which significantly reduced the risk of wound
infection. He was the first to carry out smallpox variola-
tion — the inoculation of a mild form of human smallpox
to protect against the serious illness.

In The Canon of Medicine, Ibn-Sina forbade to examine
a wound with unwashed hands. He recommended closing
the wound as quickly as possible with strips of clean mate-
rial and using wine-soaked dressings. He emphasized that,
among surgical instruments, “the best one is a clean hand.”

Many cities in the Arab Caliphate had running water
and sewerage systems. The Arabs were first to use paper
packaging when selling foodstuffs, which was of great
relevance for hygiene. Hygiene was also maintained due
to religious beliefs. For example, one of the hadiths says:
“Cleanliness is half of faith”

Arabic translators of literature from Arabic into Latin —
the scientific language of medieval Western Europe — pre-
served, improved and returned to Europe the most impor-
tant achievements of antiquity and the early Middle Ages
[4, 5].

Italy was the cradle of the European Renaissance,
where Europe’s first university was established in 1088 and
the Academy in 1459. The most prominent figure of the

The Arabs began to use old fabrics to produce paper and implemented the
mechanized grinding process — with millstones in paper mills (in China,
where paper was invented in the 2nd century, it was made from fibers of
oak, mulberry, flax, and the paper pulp was pounded in a mortar)

The lint was made from old fabrics with the participation of many
people and represented a source of infection.

Renaissance is considered to be Leonardo da Vinci (1452-
1519) — an artist, scientist and inventor, whose work is
associated with progress in almost all fields of science of
that period, including medicine. In 1485, after the plague
epidemic in Milan, which claimed about 50 thousand lives,
da Vinci developed a city project where he planned to
eliminate unsanitary conditions and minimize the spread
of diseases. Instead of narrow medieval streets, da Vinci’s
new city had wide roads, squares and avenues; water was
supplied to houses via a hydraulic system; an improved
sewerage and drainage system and garbage disposal were
proposed. At that time, the Duke of Milan rejected the
project, but several centuries later, da Vinci’s ideas were
used in many cities around the world.

An important contribution of the Italian medical
school of this period was the work of Girolamo Fracastoro
(1478-1553) On contagion, on contagious diseases and
treatment. Fracastoro first coined the term infection and
suggested that epidemics are caused by tiny particles that
are transferred from the patient through direct and indi-
rect contact. To prevent the spread of the disease, he pro-
posed the isolation of the patient, as well as careful treat-
ment and cleaning of the room. Fracastoro was the first to
point out that the main source of the spread of phthisis is
a sick person who secretes phlegm, which contaminates
the air, linen, utensils, etc. However, he considered the dis-
ease-causing particles not as living organisms but as some
kind of chemical substance.

An important step towards understanding the living
nature of pathogenic particles was the discovery made in the
next 17th century. In 1676, the Dutch naturalist Anthony
van Leeuwenhoek (1632-1723), while examining a drop of
water through a microscope, first described microorgan-
isms and sent the results of his observations to the Royal
Society of London. Until then, nothing was known about
the existence of the microworld, and Leeuwenhoek’s dis-
covery aroused the distrust of scientists. An academic com-
mission was sent to Leeuwenhoek, which confirmed the
results of his research. However, the role of the discovered
microorganisms remained unknown. Therefore, they were
not given much importance, and the detection of microbes
in the blood and other biological substrates of a sick person
was considered a phenomenon secondary to the disease.

The theoretical basis for such ideas was the concept
of spontaneous generation, which had dominated since
the time of Aristotle (384-322 BC). In this regard, the
debate over the spontaneous generation of microorgan-
isms became a remarkable scientific event of the 18th cen-
tury. English naturalist John Needham (1713-1781), an
advocate of the theory of spontaneous generation, boiled
lamb gravy, poured it into a bottle and plugged it with
a cork. A few days later, he examined the gravy under a
microscope and found a large number of microbes. The
Italian naturalist Lazzaro Spallanzani (1729-1799), on the
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contrary, considered the idea of spontaneous generation
absurd and showed that the broth, which was boiled for
an hour and remained in a sealed vessel, did not contain
microbes. Therefore, the microbes either came from the
air or had persisted due to insufficient heat treatment.
Spallanzani’s conclusion that microorganisms are able to
withstand boiling for several minutes, was another impor-
tant idea [6]. Despite their persuasiveness, Spallanzani’s
scientific achievements were not accepted by his contem-
poraries, with rare exceptions.

Such an exception, for example, was the renowned
Russian doctor, one of the founders of Russian epide-
miology, Daniil Samoilovich Samoilovich (1744-1805).
He devoted his whole life to the fight against the plague
and achieved great successes for that time. He was the first
to use a microscope to search for the causative agent of
the plague. He developed a system for disinfecting this
disease, laid the foundation for vaccination. Samoilov-
ich’s works were highly appreciated abroad, where he was
elected a member of 13 academies. It should be noted that
the St. Petersburg Academy remained indifferent to the
scientific achievements of their compatriot.

The medicine of the 19th century still remained in the
“fog” of the miasmatic theory. The high mortality rate in
industrial areas compared to rural areas was considered
a confirmation of the role of the “miasms” of wastewater,
slaughterhouse waste, etc. In the structure of mortality of
that period, 70% was due to infectious diseases, of which
cholera, smallpox, tuberculosis, diphtheria and measles
were the most common.

In 1817, a wave of continuous® cholera pandemics
began, which was second only to the plague in the number
of victims. In the 19th century, it claimed more lives than
any other disease. The most deadly pandemic was in the
1850s. In Russia alone, the number of victims exceeded
one million. When in 1854, a cholera epidemic gripped
the very center of London, the English physician John
Snow (1813-1858) proved that the source of the conta-
gious disease was drinking water, taken by water supplying
companies from a section of the Thames polluted by the
city sewage system. In the same year, the Italian anatomist
Filippo Pacini (1812-1883), after examining the intestines
of people who died of cholera, discovered the causative
agent of the disease — the cholera vibrio. However, this dis-
covery did not receive due recognition, and general accep-
tance of the infectious nature of the disease took decades.

By the early 19th century, more than 1.5 million people
died of smallpox in Europe every year. An important step
in solving this problem was made in the 1800s with wide-
spread vaccination — inoculation of cowpox, character-
ized by a mild course, which was declared compulsory for
the entire population in Bavaria and England. In other

> In total, seven pandemics stand out, six of which were in the 19th century.

countries, including Russia®, where no such law was
passed, mortality from smallpox remained high.

Tuberculosis was considered the most common disease
since the time of Hippocrates. And in the 19th century, it
acquired a particularly high prevalence and claimed the
lives of about one-quarter of the adult population of Europe,
where it became the cause of death of one in ten people
in cities. One of the reasons for such a difficult situation
was the misconceptions about the non-infectiousness of
the disease, although as early as 1540, Fracastoro, as men-
tioned earlier, pointed to the contagious nature of phthisis’.
In 1720, the British physician Benjamin Martin discovered
microbes in the sputum of patients and published a book
where he proved the infectious nature of tuberculosis. But
Martin’s theory was not recognized due to the influence of
Leeuwenhoek, who did not consider microbes pathogenic.
In 1865, French naval physician Jean Antoine Vilmain
(1827-1892) witnessed a tuberculosis epidemic on a ship
as a result of one person contracting the disease. He caused
the spread of the disease to guinea pigs by soaking the bed-
ding with the sputum of the patients. However, the French
Academy of Sciences once again rejected the conclusion
that the disease was contagious.

Diphtheria and measles were frequent causes of infant
mortality. Major diphtheria epidemics were reported in all
countries, with a fatality rate of 50%. Epidemics of measles,
the disease with the highest contagiousness (90%), recurred
every 2-3 years, with mortality reaching 10% [7, 8].

Alongside infectious diseases, septic complications
were another common cause of death in the 19th cen-
tury. In 1847, Semmelweis analyzed mortality from sepsis
among women in labor and proved that it was associated
with insufficient treatment of hands before medical and
diagnostic manipulations. Semmelweis introduced the rule
of washing hands with bleach before examining women in
labor, which brought mortality down ten-fold. However,
Semmelweiss colleagues scoffed at him, and the direc-
tor of the clinic regarded his data as slanderous. Despite
all of Semmelweis’ efforts to promote his results, they did
not receive wide recognition. In July 1865, Semmelweis’
colleagues fraudulently hospitalized him in a psychiatric
clinic, where he soon died. Sepsis continued to claim up
to 30% of the lives of women in labor in clinics in Europe.

In surgery, postoperative purulent complications were
also the main problem, contributing up to 60% to mor-
tality. In 1865, in support of the hypothesis of the infec-
tious nature of wound infections, prominent Russian
physician Nikolai Ivanovich Pirogov (1810-1881) wrote:
“Purulent infection spreads not so much through the air,
which becomes clearly harmful only when the wounded

¢ In the RSFSR, the Decree On Compulsory Vaccination was adopted on
April 10, 1919.
7 In 1839, the disease became known as tuberculosis.
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are crowded in an enclosed space, but through the objects
surrounding the wounded: linen, mattresses, dressings,
walls, floors and even sanitary personnel” He was one of
the first to successfully apply various aseptic and antisep-
tic methods. However, these innovations received strong
opposition from the medical community, which could not
be overcome at that time.

One of the founders of Russian gynecology, Professor
Vladimir Fedorovich Snegirev (1847-1917), recalling the
ovariotomy he had observed in 1870, wrote: “.. the sur-
geons gathered around the operating table in uniforms
and coats inserted their hands into the abdominal cavity in
order to express their opinion afterwards. Everyone tried
to help — took up a sponge and wiped off the blood in the
wound.” In the pre-antiseptic period, the suture material
usually hung on the button of the uniform of a paramedic
who helped during the operation, or on the window latch
of the operating room, from where it was taken, moist-
ened with saliva before being inserted into the eye of the
needle, and handed over to the surgeon [1].

As for the methods of treatment, the most common
remained laxatives and emetics, as well as bloodletting,
since it was considered necessary to cleanse the body of
harmful miasms. It was not uncommon for patients to
die of repeated bloodletting. Medicine was in dire need
of reform — scientific methods of treatment based on a
firmly proven scientific theory [9-11].

The shift from the miasmatic theory to the infectious
paradigm occurred in the late 19th century due to the
fundamental discoveries of the outstanding French sci-
entist — Louis Pasteur (1822-1895). In 1857, he proved
the biological nature of fermentation, explaining this pro-
cess by the vital activity of microorganisms — yeast fungi.
In 1864, Pasteur showed that wine diseases are caused by
bacteria, and each disease has a specific pathogen. A year
later, in 1865, he established the infectious nature of silk-
worm diseases and developed hygienic rules for their pre-
vention. The above-listed discoveries put an end to the
discussion about spontaneous generation. It became the
scientific justification of asepsis and antiseptics, and aimed
at finding pathogens of infectious diseases in humans,
which, according to Pasteur’s theory, can be found in vari-
ous biological substrates of a patient.

Having solved the problem of silkworm diseases, Pas-
teur turned to the problem of anthrax, which he considered
infectious too. Anthrax has been known since the ancient
times and, along with cholera and plague, is among par-
ticularly dangerous infections since it causes mass deaths
of farm animals and infection in humans. In 1849-1850,
several researchers described the anthrax pathogen, which
became the first known pathogenic microorganism. Fur-
ther, it was concluded that the outbreaks of the disease
occurred on the same pastures. In 1876, the German sci-
entist Robert Koch (1843-1910) isolated a pure culture

of anthrax and explained the mechanisms of infection
associated with the ability of bacteria to produce spores
resistant to external factors. Pasteur proved that the spread
of the pathogen in places of cattle burials is due to earth-
worms. He confirmed this conclusion by infecting guinea
pigs with a preparation of the intestinal contents of earth-
worms collected from the burial sites of sick animals.

In May 1881, Pasteur used a vaccine made from weak-
ened anthrax microorganisms in a public experiment. Its
success had a tremendous public response and played a
crucial role in the acceptance of the microbial theory. This
date is considered the beginning of the era of vaccination.

An important milestone in infectology was the discov-
ery of the causative agent of tuberculosis by Koch in 1882.
He found tuberculous mycobacteria in a patient’s sputum,
isolated a pure culture and caused the development of the
disease in experimental animals®. The scientist’s lecture
The Etiology of Tuberculosis, which took place on March 24,
1882, is considered a historical event. Koch was awarded
the Nobel Prize (1905) in Physiology or Medicine “for his
investigations and discoveries in relation to tuberculosis.”
On the initiative of the World Health Organization, World
Tuberculosis Day is celebrated annually on March 24.

For several decades, whether bovine tuberculosis
is infectious to humans remained debatable. Koch first
stated that the causative agents of tuberculosis in ani-
mals and humans were identical. However, from 1891 he
argued against the possibility of human infection with
bovine tuberculosis. In this case, Koch’s influence played
a negative role — the introduction of milk pasteurization
in Germany was hindered for many years, which caused
high morbidity. Meanwhile, in France, state monitoring of
animal tuberculosis was introduced as early as 1872.

Koch’s name is also associated with the creation of
tuberculin (an extract of tuberculous bacilli), which he
proposed as a preventive and therapeutic drug in 1900.
However, the use of tuberculin did not prove effective and
was accompanied by cases of the disease, including deaths’.
Tuberculin subsequently found application in the diagno-
sis of tuberculosis with cutaneous (Pirke test!®, 1907), and
then intracutaneous injection (Mantoux test'!, 1910).

In 1884, during an expedition to India, where another
cholera epidemic broke out, Koch isolated the causative
agent of the disease from the corpses of sick people.
It should be noted that Pacini is considered the discoverer
of this infection, but his research results were not accepted

Koch’s postulates (Koch-Pasteur’s postulates, Koch-Henle’s postulates)
are the necessary evidence of the pathogenicity of any microorganism:
the microorganism must be isolated from a diseased organism and
grown in pure culture, on which, if infected, the disease is observed.

® In 1921 French researchers Albert Calmette (1863-1933) and Camille Guerin
(1872-1961) created the first human vaccine based on an attenuated live
bovine tubercle bacillus — BCG (BCG — Bacille Calmette-Guerin)
Clemens Peter von Pirke (1874-1929) — an Austrian pediatrician
Charles Mantoux (1877-1947) — a French physician
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in the middle of the 19th century. Koch’s fame and the
accumulated discoveries, which changed public opinion
in favor of the microbial theory, facilitated the recognition
of the infectious origins of cholera.

An active search for pathogens of various diseases,
which began under the influence of Pasteur’s ideas, led to
a surge in discoveries in microbiology. Besides the listed
pathogenic microorganisms, pathogens of relapsing fever
(1868), leprosy (1873), diphtheria (1884), plague (1894),
etc., were isolated.

It should be emphasized that the adoption of the infec-
tious theory required overcoming the massive resistance
of the scientific community, especially the medical com-
munity. One of the main complaints of doctors against
Pasteur was his lack of medical education. For example,
in 1880, one of the oldest members of the French Acad-
emy, orthopedic surgeon Jules Guerin, who categorically
did not recognize the microbial origin of diseases, after
Pasteur’s presentation on chicken cholera at a meeting of
the Academy of Sciences, tried to insult him, and then
challenged him to a duel. The President of the Academy
acted as a mediator and, with great difficulty, dissuaded
both sides from the fight.

One of the first supporters of the microbial theory was
Joseph Lister (1827-1912), who showed the effectiveness
of carbolic acid as an antiseptic in surgical procedures in
1867. By the end of the 19th century, views on the need for
asepsis and antiseptics had gained widespread acceptance,
and surgery had become safer. Thanks to these advances
and successes in microbiology, the infectious theory
finally conquered the world [12].

In Russia, in 1895, the Bacteriological Institute opened
at Moscow University'? it was set up by one of the founders
of the study of bacteriology in Russia — Georgy Norber-
tovich Gabrichevsky (1860-1909). Under Gabrichevsky’s
leadership, it produced antidiphtheric, antitetanic, anti-
streptococcic sera and vaccines.

The discovery of pathogenic microorganisms and the
study of the mechanisms of their transmission resulted
in the understanding of the significance of public and
personal hygiene for health and was a powerful stimulus
for its development. For the first time, the achievements
of hygiene were widely implemented in England — the
introduction of plumbing, water purification, waste canal
sewerage, etc., improved public health and reduced mor-
tality from infections.

In Russia, the first hygienic laboratory opened in 1883.
The Hygiene Institute of Imperial Moscow University was
founded in 1890, and the first sanitary station in Moscow
was founded in 1891. In 1898, the first stage of the Moscow
sewerage system was commissioned.

12 Moscow Research Institute of Epidemiology and Microbiology named
after G.N. Gabrichevsky.

An important achievement of the late 19th century was
the isolation of a new type of infectious agent — viruses.
The history of their discovery is associated with the study
of the problem of rabies in Pasteur’s laboratory. The rabies
causative agent could not be detected by microscopy,
and Pasteur suggested that this was due to its ultra-small
size. In 1884, a student and colleague of Pasteur, Charles
Edouard Chamberlain (1851-1908), invented a filtering
device known as the Chamberlain-Pasteur filter, which
retained bacteria in its pores. Using this filter in 1892, the
Russian researcher Dmitry losifovich Ivanovsky (1864-
1920) studied a tobacco disease, which caused significant
losses to farmers. He showed that an extract of plants
infected with tobacco mosaic retains its infectious prop-
erties after filtration. In 1898, the Dutch microbiologist
Martin Beijerink (1851-1931) conducted similar experi-
ments and concluded that the infectious properties of the
diseased plant extract were due to the presence of a new
form of an infectious agent called a virus®. The first report
on viral pathology in animals — foot and mouth disease —
appeared in the same year. Its causative agent was also fil-
tered through a bacterial filter. However, it was believed
that the virus was a kind of liquid substance, not a particle.

The early 20th century was marked by the birth ofa new
scientific branch — immunology, which studies the mech-
anisms of protection of a living organism from pathogenic
factors, including infectious ones. The cellular theory of
immunity was proposed in the late 1880s by a Russian
scientist — Ilia Ilich Mechnikov (1845-1916). The history
of this discovery is also associated with the name of Pas-
teur. In 1887, Mechnikov left Russia, and in 1888 Pasteur
invited him to his newly created institute, where he was
provided with a laboratory. The scientist worked there for
the rest of his life. And those were the most fruitful years in
his work'. In the 1890s, the German scientist Paul Ehrlich
(1854-1915) proposed the humoral theory of immunity.
The debate over which of these theories was correct raged
for about two decades until it became clear that both the
cellular and humoral links played a role in protecting the
body. In 1908, Mechnikov and Ehrlich received the Nobel
Prize for their work in the field of immunology.

In 1918-1920, the largest flu pandemic in the history
of mankind broke out, killing between 25 and 100 million
people — about 2% of the world’s population. The pan-
demic was fueled by World War I and the associated over-
crowding of people in military camps and refugee camps,
malnutrition, and unsanitary conditions. At that time,
influenza was considered a bacterial infection because in
1892, during the influenza pandemic of 1889-1890, Hae-
mophilus influenzae was isolated in the blood of patients
and was mistaken for the cause of the disease. The viral

'3 In Latin, virus means poison
4 In 1904, he was elected Vice-Director of the Pasteur Institute
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nature of influenza was established in the 1930s, when the
virus was isolated by crystallization and its corpuscular
structure was proved.

In the same years, the nature of another viral disease —
tick-borne encephalitis, which was initially considered one
of the forms of influenza, was clarified. Russian scientist
Lev Alexandrovich Zilber (1894-1966) played a decisive
role in this discovery. In 1937, Zilber led an expedition to
the Far East to study an unknown disease complicated by
severe damage to the nervous system. He found that a tick
was the carrier of the virus and isolated the virus. Later,
under the leadership of Evgeny Nikanorovich Pavlovsky
(1884-1965), a vaccine was developed. In 1941, these dis-
coveries were awarded the Stalin Prize'. As for Zilber, he
was among the millions of victims of Stalin’s repressions.
In 1937, immediately upon returning to Moscow, he was
arrested and accused of trying to infect Moscow with
encephalitis and narrowly escaped being shot'.

The invention of the electron microscope, which found
widespread application in scientific research, occurred
in the 1960s and made it possible to obtain images of
viruses. In the second half of the 20th century, more than
2000 types of viruses were discovered, including hepati-
tis B virus (1963), coronavirus (1965), human immuno-
deficiency virus (1983), etc. Today, viruses are the most
numerous biological form'; their number is 10%.

In 1982, new infectious agents — prions (from the Eng-
lish protein), were isolated; they consisted essentially of one
protein and were much smaller than viruses. Prions are the
causative agents of such rare neurodegenerative brain dis-
eases as Creutzfeldt-Jakob disease, Gerstmann-Straussler-
Scheinker syndrome, kuru, fatal familial insomnia [13].

With the recognition of the infectious theory in the
late 19th century, an active search for antimicrobial agents
began. The first drug of this group was synthesized in 1907
by Paul Ehrlich; it is salvarsan, an arsenic-containing agent
effective against the causative agent of syphilis.

Pasteur was the first to establish that some microor-
ganisms could die under the effect of others, using the
example of anthrax. In 1915, the English bacteriologist
Frederick Twort (1877-1950) described a disease of staph-
ylococci: its pathogen was filtered through a bacterial filter
and could infect other colonies, that is, it met the criteria
for a virus. In 1917, the French-Canadian microbiologist
Felix D’Hérelle (1873-1949) discovered a filterable infec-
tious agent that killed dysentery bacteria. He suggested the
term bacteriophage — devouring bacteria, put forward the

'* Prize winners: E.N. Pavlovsky, A.A. Smorodintsev, E.N. Levkovich,
P.A. Petrishcheva, M.P. Chumakov, V.D. Soloviev, A.K. Shubladze.
During the Stalinist regime, the scientist was arrested three times — in
1930 on charges of infecting the population of Azerbaijan with plague,
in 1937 for the same reason, and in 1940 after refusing to develop
bacteriological weapons.

'7 The number of bacteria is 10** — 10°%.

idea of using bacteriophages to treat bacterial pathology,
and made the first successful attempts at phage therapy.
In the 1920s and 1930s, treatment with bacteriophages was
widely used, but their production turned out expensive and
technologically difficult in comparison with sulfonamides
and antibiotics that emerged soon. Phage therapy remains
important as an additional and alternative antimicrobial
method, in some cases more effective than antibiotics.

In 1934, the German bacteriologist Gerhardt Domagk
(1895-1964) discovered the antimicrobial effect of pron-
tosil, or red streptocide, a dye used in consumer goods
manufacturing. A year later, scientists at the Pasteur Insti-
tute found that its antimicrobial activity was due to the sul-
fonamide molecule. As a result, the first sulfonamide drug,
white streptocide, was manufactured, followed by many
other antibacterial drugs in this group, which marked
a revolution in the treatment of infections. In 1939,
Domagk was awarded the Nobel Prize for his discovery.

In 1928, the British microbiologist Alexander Flem-
ing (1881-1955) discovered that the growth of a Staphy-
lococcus colony was interrupted in the presence of Peni-
cillium molds and concluded that the mold produced
a bactericidal substance, which he named penicillin. Ten
years later, in 1938, Fleming’s compatriots Howard Florey
(1898-1968) and Ernst Chain (1906-1979) were able to
isolate the pure form of penicillin. Mass production of
this drug began in 1943 due to its high demand in World
War II. For the discovery of the first antibiotic, which is
considered one of the most outstanding achievements in
human history, Fleming, Flory and Chain were awarded
the Nobel Prize in 1945.

In the USSR, penicillin was first obtained in 1942 by
Zinaida Vissarionovna Ermoleva (1998-1974), which
saved hundreds of thousands of lives of Soviet soldiers.
The personal courage of the inventor of penicillin is worth
mentioning. She wrote to Stalin, pleading the innocence
of Zilber's, and made a lot of effort to free him, despite
that in those years, such actions could have raised omi-
nous suspicions.

One of the most brilliant achievements of 20th-century
medicine was the solution to the problem of poliomyelitis,
the prevalence of which in the 1950s had reached national
disaster proportions in many countries. The anti-polio-
myelitis vaccine was developed in 1955 by the American
researcher Albert Bruce Seybin (1906-1993), and mass vac-
cination was first implemented in the USSR in 1957 under
the leadership of Mikhail Petrovich Chumakov (1909-1993)
and Anatolii Aleksandrovich Smorodintsev (1901-1986).
As a result, the Soviet Union became the first country in the
world where poliomyelitis was eradicated as a mass disease.

'8 L.A. Zilber was the first husband of Z.V. Ermoleva, and despite that they
were divorced at the time of his arrest, Zinaida Vissarionovna made a lot
of efforts to save him. Zilber was released in 1944.
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The use of antimicrobial drugs, along with mass vac-
cination, drastically changed the structure of mortality in
the second half of the 20th century, when the proportion
of infectious diseases decreased to 30%. Today, developed
countries, it is as low as about 7% [14-17].

The novel coronavirus pandemic broke out in 2019. The
main strategy in the fight against Covid-19 was quaran-
tine measures, personal protection, mass testing, as well as
vaccination to achieve herd immunity. The active study of
novel coronavirus and the collaboration of scientists from
different countries in the fight against the global threat gives
hope that this problem could be solved in the near future.

Today’s medicine has a wide selection of antimicrobial
drugs for the treatment of infectious pathology, and the
arsenal continues to grow. The development of vaccines as
the most effective means of preventing the mass spread of
infection continues. As the history of medicine shows, even
during deadly epidemics, there were people inexplicably
unaffected by the disease, that is, their immunity was able to
cope with the disease. The renowned philosopher Democri-
tus lived for 104 years despite the fact that the average life
expectancy at that time was 27 years. He considered con-
tentment and peace of mind as the main guarantee of his
physical and mental health. Today, it is known that the key
factor for the effective functioning of the immune system is
the state of the nervous system, the destabilization of which
disrupts complex mechanisms of anti-infectious immune
defense. Therefore, herd immunity depends not only on
vaccination, but also on the moral environment in society,
the benevolence and peacefulness of which contribute to
the preservation of the health of the nation.
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Epigenetic Mechanisms
of Cardioprotection:
Focus is on Activation of Sirtuins

Peslome

OKWUCAUTENbHBINM CTPECC ABNAETCA O6LWMM MPU3HAKOM CTApeHWs 1 CEPAEYHO-COCYANCTbIX 3abonesanunii (CC3), BKOUas aTepocKIepos, CepaeUHyto
HeJ0CTaTOYHOCTb, FUNEPTOHMIO, CaxapHbIi AnabeT u Apyrue 3aboneBaHVsa COCYAMCTON cuCTeMbl. B 3Tol cBA3K, B MOC/eAHNe roapbl UccieoBaTen
NPOABASAIOT MOBbILEHHBIA UHTEPEC K cupTyuHam (SIRT) — aganTepam cTpecca v aNUreHeTUYeckM GepMeHTaM, yHacTBYIOWMM B KNETOUHbIX MeXa-
HU3Max KOHTPOIS BO3PACTHbIX NaToN0ruiA, paka u CC3. Cpeau CUPTYMHOB, KOTOPbIX y MieKonuTarowwmx ceMb (SIRT1-SIRT7), KapauonpoTeKTOPHbIMM,
NPOTMBOBOCNA/NINTE/IbHBIMU, aTEPONPOTEKTOPHLIMM U @aHTMBO3PACTHbIMU CBOMCTBaMM B Hanbonblueit cteneHn obnagatoT SIRT1T n SIRT6. B gaHHOM
0630pe Mbl Npe/CTaB/fseM BCECTOPOHHUI aHa/IM3 NOCAeAHUX COBbITUIA B 061aCTU KNETOYHBIX M MONEKYNAPHbIX CUrHANbHbIX MyTel, KOHTPOIMPYeMbIX
ABYMSA NOCTTPAHCAALMOHHbIMU MogndukaTtopamn — SIRT1T u SIRT6, KoTopble foKa3anu CBOIO LLeHHOCTb B Ka4eCTBe MHCTPYMEHTOB A/1f 0ciabneHuns
BOCMasieHNA U OKUCINTENbHOTO CTPecca Ha YPOBHe Cep/ieqHO-COCYy/AUCTOM cucTeMsl. bonee ranybokoe noHMMaHue 3nMreHeTUYECKMX MeXaHW3MOB,
Yepes KOTOPble OKa3blBaloT CBOE KapguonpoTekTopHoe Aeicteue SIRT1 1 SIRT6, 6yaeT UMeTb LWIMPOKME NOCAEACTBUA U YCKOPUT pa3paboTKy cesek-
TUBHbIX U 3G PEKTUBHBIX PapMaKOSIOrMYeCKMX NpenapaToB A/1f MOAYNALUM CUPTYMHOB C LieNbio NPOPUAaKTUKK 1 nedveHnsa CC3.

Knro4deBbie cnoBa: SIRTI, SIRT6, okucaumensHsiii cmpecc, sH0omenuansHas dUCPHyHKYUS, cmapeHue cocydos, cepdeyHo-cocyducmsie 3a60e-

BaHuA

KoH$pAMKT nHTepecos
ABTOPpbI 3asB/IAIIOT, YTO faHHan paboTa, eé TeMa, NpeMeT 1 CoAepKaHne He 3aTParnBaloT KOHKYPUPYIOLMX MHTEpPecoB

NcTouHnkn puHaHcupoBaHus

ABTOpbI 3aABAAIOT 06 OTCYTCTBUM GUHAHCMPOBAHWA NMPY NPOBeAEHUN UCCAe/0BaHMNA
Cratba nonyyexa 13.05.2021r.

MpuHaTa k ny6amkaummn 09.09.2021r.

Ansa LUTUPOBAHUA: Aiitbaes KA., Mypkamunos N.T., Mypkamunosa X.A. n ap. SNMUTEHETUYECKME MEXAHM3MbI KAPANOMPOTEKLMN:
B ®OKYCE — AKTVIBALIMA CUPTYMNHOB. ApxuBb BHYTpeHHei MeguumHbl. 2021; 11(6): 424-432. DOI: 10.20514/2226-6704-2021-11-6-424-432

*KonTakTsr: Mnxom Topobekosid Mypkamuios, e-mail: murkamilov.i@mail.ru
*Contacts: Ilkhom T. Murkamilov, e-mail: murkamilov.i@mail.ru
ORCID ID: https://orcid.org/0000-0001-8513-9279




Apxusb BHyTpeHHE MeAnumHbL ® No 6 o 2021 OB3OPHBIE CTATbMU

Abstract

Oxidative stress is a common sign of aging and cardiovascular disease (CVD), including atherosclerosis, heart failure, hypertension, diabetes mellitus
and other diseases of the vascular system. In this regard, in recent years, researchers have shown increased interest in sirtuins (SIRTs) — stress
adapters and epigenetic enzymes involved in cellular mechanisms for controlling age-related pathologies, cancer and CVD. Among sirtuins, of which
there are seven in mammals (SIRT1-SIRT7), SIRT1 and SIRT6 possess the most cardioprotective, anti-inflammatory, atheroprotective and anti-aging
properties. In this review, we present a comprehensive analysis of the latest developments in the field of cellular and molecular signaling pathways
controlled by two post-translational modifiers — SIRT1 and SIRT6, which have proven their worth as tools to reduce inflammation and oxidative
stress at the level of the cardiovascular system. A deeper understanding of the epigenetic mechanisms through which SIRT1 and SIRT6 exert their
cardioprotective effect will have widespread implications and will accelerate the development of selective and effective pharmacological agents for
modulating sirtuins for the prevention and treatment of CVD.

Key words: SIRT1, SIRT6, oxidative stress, endothelial dysfunction, vascular aging, cardiovascular disease
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BCA — ATP-binding cassette subfamily A, ABCG — ANP-binding cassette subfamily G, Akt — protein kinase B, AMPK — AMP-activated protein kinase,
Ang II — angionensin II, ApoE — apolipoprotein E, AP-1 — activator protein 1, ATIR — angiotensin II type I receptor, Bcl-2 — B cell lymphoma 2,
Bcl xL — B cell lymphoma-extra-large, CVD — cardiovascular diseases, CAT — catalase, CCR7 — C-C chemokine receptor 7, COL1A2 — collagen type 1,
EC — endothelial cells, eNOS — endothelial nitric oxide synthase, ECP — endothelial cell precursors, EPCs — endothelial progenitor cells, ERR — estrogen-
related receptors, ERK — extracellular signal-regulated kinase, FOXO — forkhead box O, I/R — ischemia-reperfusion, ICAM-1 — intercellular adhesion
molecule-1, IGF — insulin-like growth factor, JNK — c¢-Jun N-terminal kinase, LKB1 — liver kinase B1, Lox-1 — lectin-like oxLDL receptor 1, LXR — liver
X-receptor, MCP-1 — monocyte chemoattractant protein 1, MMP-9 — matrix metalloproteinase-9, MnSOD — manganese superoxide dismutase, NAD —
nicotinamide adenine dinucleotide, NADPH — nicotinamide adenine dinucleotide phosphate, NAMPT — nicotinamide phosphoribosyltransferase,
NBS-1— Nijmegen breakage syndrome- 1, NFkB — nuclear factor-kappa B, NKG2D — natural-killer group 2 member D, NO — nitric oxide, NRF1 — nuclear
respiratory factorl, ox-LDL — oxidized low density lipoproteins, PARP1 — poly-(ADP-ribose) polymerase 1, PGC-1a — proliferator-activated receptor
g coactivator-1a, PI3K — phosphoinositide 3-kinases, PIP3 — phosphatidylinositol-3,4,5-triphosphate, PCSK9 — proprotein convertase subtilisin/kexin
type 9, PDK1 — 3-phosphoinositide-dependent kinase 1, PPAR-a — peroxisome proliferator-activated receptor coactivator-a, ROS — reactive oxygen
species, SERCA2a — sarcoplasmic calcium ATPase, SIRT — sirtuin, SOD — superoxide dismutase, SREBP — sterol regulatory element-binding proteins,
STAT3 — signal transducer and activator of transcription 3, TG — triglycerides, TIMP3 — tissue inhibitor of metalloproteinase, TNFSF4 — tumor necrosis
factor superfamily member 4, VCAM-1 — vascular cell adhesion molecule-1

Introduction Accumulated data have shown that sirtuins play an

Sirtuins (SIRT), nicotinamide adenine dinucleo-
tide (NAD+)-dependent deacetylating enzymes, first
found in yeast, are class IIT histone deacetylases. They
all have a highly conserved NAD+ dependent catalytic
core domain of 250-270 amino acid residues. Mammals
have seven sirtuins (SIRT1-SIRT7). SIRT1 is localized in
the nucleus and translocated to the cytosol under special
conditions. It has been proven that SIRT6 is localized not
only in the nucleus, but also in the cytosol. SIRT2 is pri-
marily found in the cytosol, SIRT3, SIRT4 and SIRT5 in
mitochondria, and SIRT7 is nuclear and nucleolar.
Besides performing the well-known deacetylase function,
sirtuins also function as mono-ADP-ribosyltransferase,
lipoamidase (SIRT4), hydrolase (SIRT6), demalonylase,
decrotonylase (SIRT3) and desuccinylase (SIRT5).

Sirtuins regulate important molecular pathways in
eubacteria, archaea, and eukaryotes, and have a positive
effect on life expectancy. They are involved in a vari-
ety of metabolic and homeostatic processes, including
gluconeogenesis, fatty acid oxidation, oxidative phos-
phorylation, urea cycle, and endothelial homeostasis.

important role in cell adaptation to nutritional stress and
are not only important sensors of energy status, but also
counteract cellular metabolic stress by acting as stress
adapters [1]. They play a central role in the development
of age-related metabolic disorders, as well as stress resis-
tance [2]. In addition to histone modifications, sirtuins
directly modulate non-histone substrates, including
DNA repair enzymes and other repair factors. The role
of sirtuins in maintaining vascular homeostasis and in
the development of cardiovascular diseases (CVD) is
interesting. In endothelial cells (ECs), SIRT1 regulates
cellular physiology in a unique way by controlling endo-
thelial homeostasis and the functional state of blood
vessels by modulating the activity of endothelial nitric
oxide synthase (eNOS), p53, angiotensin II receptor
(Ang II) of type 1 (ATIR, Ang II type 1 receptor) and
transcription factor forkhead box O (FOXO) 1. SIRT2 is
involved in vascular remodeling due to arterial hyper-
tension [3], while SIRT3 controls systemic levels of oxi-
dative stress and increases the survival rate of ECs in
response to hypoxia [4]. SIRT4 and SIRT7 exacerbate
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cardiac hypertrophy and negatively affect the prolifera-
tion and migration of ECs and vascular smooth muscle
cells (VSMCs) [5]. The cardioprotective role of SIRT6 in
the development of atherosclerotic plaque was recently
established [6].

In this review, we discuss new views on cellular and
molecular signals regulated by SIRT1 during the onset
and development of CVD, as well as by SIRT6 during
the formation of atherosclerotic plaques. In particu-
lar, we highlight their role in protection from patho-
logical processes mediated by oxidative stress, includ-
ing ischemia-reperfusion (I/R) heart damage, arterial
wall remodeling, inflammation, vascular aging, and
atherosclerosis.

Protective Role of SIRT1
and SIRTG6 in Cases of
Atherosclerosis

Aging processes are closely associated with athero-
sclerosis, which is the most common cause of death in
elderly people, diabetes mellitus, dyslipidemia, metabolic
syndrome, and hypertension. Atherosclerosis is triggered
by SIRT1 deficiency in endothelial cells, smooth muscle
cells, and monocytes/macrophages, which activates such
processes as oxidative stress, inflammation, develop-
ment of foam cells and impaired autophagy in the vascu-
lar wall. In turn, excessive autophagy triggered by high
level of inflammation or oxidative stress contributes to
decreased collagen synthesis, thinning of the fibrous cap
and plaque destabilization, restenosis, and the develop-
ment of acute coronary syndrome. In recent years, a link
was also demonstrated between SIRT6 and the vulner-
ability of atherosclerotic plaque [6, 7].

Studies have shown that SIRT1 has an atheropro-
tective effect by increasing the nitric oxide (NO) level,
degradation of serine-threonine kinase LKBI1 (liver
kinase B1), blocking NF-kB (nuclear factor-kappa B) —
mediated inflammatory process, reducing the intensity
of oxidative stress and control of autophagy [8]. In apo-
lipoprotein E knockout (ApoE —/-) mice, endothelium-
dependent vasorelaxation is usually reduced. However,
if these mice are crossed with SIRT1-transgenic (SIRT1-
Tg) mice, the endothelium-dependent vasorelaxation
in their offspring, i.e. in SIRT1-Tg/ApoE (-/-) mice, is
significantly improved and is accompanied by increased
aortic eNOS [9]. Overexpression of endothelial SIRT1 in
these mice, along with activation of eNOS expression,
also prevents the expression of endothelial adhesion
molecules and inhibits the development of aortic plaques
in response to a high-fat diet [10].

Along with these data, SIRT1 involvement in prevent-
ing the progression of atherosclerotic lesions is evidenced
by increased aortic eNOS activity and SIRT1 expression

in hypercholesterolemic mice after oral administra-
tion of low doses of red wine as a source of resveratrol,
a SIRT1 activator [11]. SIRT1 levels and activity were
also significantly reduced in the lungs of ApoE —/— mice
prone to atherosclerosis, which caused lung endothelium
dysfunction due to increased acetylation and inactivation
of eNOS [12]. Moreover, SIRT1 counteracted neointima
development by suppressing the activity of the transcrip-
tion factor AP-1 (activator protein 1) and decreasing
the expression of cyclin D1 and MMP-9 (matrix metal-
loproteinase 9) [13].

At the level of smooth muscle cells, SIRT1 protects
DNA from damage and inhibits atherosclerosis, in part,
by activating NBS-1 (Nijmegen breakage syndrome-1)
repair protein. It is notable that ApoE —/— mice express-
ing inactive truncated SIRT1 (Dex4) in smooth muscle
cells demonstrate progressive atherosclerosis and signs
of plaque vulnerability (relatively thin fibrous cap and
media degeneration). In patients with type 2 DM,
atherosclerotic plaques are usually characterized by
increased MMP9 activity and decreased expression of
TIMP3, tissue inhibitor of metalloproteinase 3. These
changes in atherosclerotic plaques have been shown to
be associated with significantly reduced SIRT1 levels
[14]. In particular, overexpression of SIRT1 in smooth
muscle cells increased the activity of gene promoter
TIMP3, whereas inhibition of SIRT1 activity decreased
TIMP3 expression. It is worth noting that SIRT1 in
smooth muscle cells supports collagen synthesis and
prevents the process of destabilization and destruc-
tion of plaque by promoting nuclear displacement and
proteasomal degradation of the activity of the X-box
transcription factor (RFX5, regulatory factor X5), thus
weakening its binding to the promoter of the collagen
I gene (COL1A2) [14]. In response to atheroprotective
pulsatile shear stress, co-regulation of AMPK (adenos-
ine monophosphate-activated protein kinase) and SIRT1
by CaMKKb (Ca2+ / calmodulin-dependent protein
kinase b) promotes the development of an atheroprotec-
tive phenotype. In the proposed cell mechanism, AMPK
and SIRT1 act in coordination in the cytoplasm in order
to activate eNOS, thereby stimulating NO-mediated
anti-inflammatory effects through the suppression of
MCP-1 (monocyte chemoattractant protein-1), adhe-
sive molecules VCAM-1 (vascular cell adhesion mol-
ecule-1), ICAM-1 (intercellular adhesion molecule-1)
and E-selectin. Furthermore, AMPK and SIRTI in
the nucleus activate PGCla (peroxisome proliferator-
activated receptor gamma, coactivator 1 alpha), result-
ing in an increase in the level of antioxidant enzymes
superoxide dismutase (SOD) and catalase (CAT) [15].
AMPK/NADPH (nicotinamide adenine dinucleotide
phosphate)-oxidase / Akt (serine/threonine protein
kinase B) / eNOS signaling pathway is also modulated
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by quercetin, an antioxidant that activates SIRT1 and
suppresses endothelial oxidative damage caused by
oxidized low density lipoproteins (ox-LDL) [16]. Res-
veratrol, similarly to quercetin, reduces endothelial
vascular inflammation and ox-LDL-induced damage by
increasing the activity of AMPK/SIRT1 or cAMP-PRKA
(serine/threonine protein kinase)-AMPK-SIRT1 signal-
ing pathway [17]. In particular, ox-LDL inhibit autoph-
agic flow due to a mechanism that includes ox-LDL-
induced SIRT1-dependent lysosomal dysfunction [18].

The atheroprotective effect of SIRT1 is also mediated
through the subtle modulation of the aging of endothe-
lial cell precursors (ECP) and migration of adventitial
fibroblasts [19]. In particular, in ECP, NAMPT (nico-
tinamide phosphoribosyltransferase), a rate-limiting
enzyme in the NAD + biosynthetic pathway, diminishes
ox-LDL-induced aging by increasing SIRT1 expression
through the channel PI3K (phosphoinositide 3-kinases) /
Akt / ERK (extracellular signal-regulated kinases) [19].
In peripheral blood mononuclear cells of individuals
with metabolic syndrome, high glucose and palmitate-
dependent damage to SIRT1 is associated with decreased
NAMPT expression, subsequent depletion of cellular
NAD+, and increased generation of reactive oxygen spe-
cies (ROS).

The key event in atherogenesis is the infiltration of
macrophages of monocytic origin into subendothelial
space. The uptake of ox-LDL via lectin-like Lox-1 recep-
tors determines the accumulation of cholesterol in mac-
rophages and the subsequent development of foam cells.
SIRT1 +/+ ApoE —/— mice demonstrated reduced rates
of foam cell development and ox-LDL uptake that were
accompanied by decreased Lox-1 receptor expression via
NF-kB signaling pathway [20]. Accordingly, increased
SIRT1 expression and decreased Lox-1 expression were
also observed in ox-LDL-stimulated endothelial cells of
the human umbilical vein that were exposed to gink-
golide B (biologically active terpene lactone found in
Ginkgo biloba) — a platelet activating factor inhibitor
with anti-inflammatory properties [21]. It is interest-
ing that Lox-1 regulation of thrombus formation in vivo
depended on the degree of ox-LDL activation. In partic-
ular, at low levels of ox-LDL, Lox-1 activated the SIRT1
protective pathway, whereas at higher levels of ox-LDL,
it switched to the thrombogenic ERK1 / 2-dependent
pathway [22].

SIRT1 controls the development of foam cells by
deacetylation and activation of liver X-receptor (LXR),
which, in turn, triggers the activity of member 1 of ATP-
binding cassette subfamily A (ABCA1) and member 1 of
ATP-binding cassette subfamily G (ABCGL1), as well as
C-C chemokine receptor 7 (CCR7), thereby contributing
to the reverse transport of cholesterol and slowing down
the development of foam cells [23].

SIRT6 inhibits triglyceride (TG) synthesis and fat
metabolism, contributes to the f-oxidation of fatty acids,
and maintains low LDL cholesterol levels through deacet-
ylation of histone H3 at the lysine 9 (H3K9) position in
the promoter of several genes involved in these meta-
bolic processes [24]. Under nutritional stress, SIRT6 is
positively modulated by SIRT1 through the development
of SIRT1 / FOXO3a / nuclear respiratory factor 1 (NRF1)
complex at the SIRT6 promoter, which, in turn, nega-
tively regulates TG synthesis, lipogenesis, and glycolysis
[24]. Accordingly, SIRT6-mediated histone deacetylation
suppresses the transcription of proprotein convertase
subtilisin / kexin type 9 (PCSK9) and transcriptional
regulators SREBP (sterol regulatory element-binding
proteins) 1 and 2. In particular, SIRT6 and FOXO3 can
coordinate the regulation of cholesterol homeostasis
through FOXO3-mediated recruitment of SIRT6 to
the gene promoter SREBPI/2 where it deacetylates his-
tone H3 in lysine positions 9 (H3K9) and 56 (H3K56)
and promotes the repressive state of chromatin [25].
Also, SIRT6 regulates cholesterol metabolism through
suppression of lipogenic cholesterol transcription factors
SREBP1 and SREBP2 and their target genes, inhibition
of SREBP1/SREBP2 cleavage into their active forms, and
activation of AMPK enzyme that phosphorylates and
inhibits SREBP1 [26].

Recent ex vivo and in vivo studies demonstrated
the direct involvement of SIRT6 in the development of
atherosclerotic plaques in patients with diabetes and
animal models of atherosclerosis [6]. In the carotid ath-
erosclerotic plaques of patients with type 2 diabetes,
SIRT6 expression was reduced compared to plaques in
nondiabetic patients [6]. Also, decreased expression of
SIRT6 protein in these atherosclerotic plaques was asso-
ciated with decreased interstitial collagen content and
increased levels of oxidative stress, pro-inflammatory
cytokine NF-kB and MMP-9 [6]. All of these molecu-
lar events that characterize the phenotype of athero-
sclerotic carotid plaques in patients with asymptomatic
type 2 diabetes are positively modulated by therapy with
glucagon-like peptide-1 receptor agonists, a new class
of antihyperglycemic agents with pleiotropic effects on
arterial wall function.

Therefore, the short term in vitro effect of high glu-
cose on EPCs (endothelial progenitor cells) and ECs
induced suppression of SIRT6 and increased NF-kB
[6]. In vivo studies of animal models of atherosclerosis
confirmed the role of SIRT6 as a negative regulatory
factor in the development of endothelial dysfunction
and atherosclerosis. The expression of the SIRT6 gene
and protein was suppressed in atherosclerotic plaques
of ApoE —/— mice on a high cholesterol diet. In par-
ticular, SIRT6 knockdown ApoE —/- mice demon-
strated impaired endothelium-dependent vasodilation,
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increased size and increased vulnerability of plaques as
evidenced by increased necrotic region of the nucleus,
accumulation of macrophages, and decreased collagen
amount.

In addition, SIRT6 heterozygous (SIRT6 +/—) mice
demonstrated increased expression of natural killer
(NKG2D) group 2 member D ligand on macrophages
and ECs, which promoted activation of killer cells and
increased levels of inflammatory cytokines. Finally,
another key piece of evidence for the atheroprotec-
tive role of SIRT6 is the observation that SIRT6 +/— /
ApoE —/- mice on a high-fat diet demonstrated signifi-
cantly accelerated progression of atherosclerotic lesion
along with increased expression of pro-inflammatory
cytokine VCAM-1.

Analysis of potential targeting genes of
SIRT6 revealed that SIRT6 binds to the promoter of
the proatherogenic gene of tumor necrosis factor super-
family member 4 (TNFSF4) where it deacetylates histone
H3 at the lysine 9 (H3K9) position, leading to SIRT6-
dependent suppression of TNESF4 transcription in
ECs. However, we still have to figure out whether over-
expression of SIRT6 and/or its modulation by specific
activators can suppress vascular inflammation and slow
down the development of atherosclerotic plaques. It was
found just recently that SIRT6 protected against athero-
sclerosis by reducing the development of foam cells via
the autophagy-dependent pathway [27]. Under ox-LDL
conditions, SIRT6 reduces the development of foam
cells of macrophages through the induction of autoph-
agy and cholesterol efflux. In particular, overexpression
of SIRT6 in foam cells increased ABCA1 and ABCG1
levels, activated cholesterol efflux, and reduced miR-33
levels. Moreover, transfection of miR-33 into cells with
SIRT6 overexpression reduced the development of foam
cells and resulted in reverse induction of the flow of
autophagy.

SIRT1 and SIRTG6
in Cardiac Diseases

SIRT1 and SIRT6 have different roles in maintain-
ing cardiac function, especially in terms of protecting it
from oxidative and ischemia-reperfusion (I/R) damage,
as well as hypertrophic stimuli. SIRT1, which is the most
important part in the pathogenesis of heart failure and
regulation of cardiac electrical activity, was proposed as
a tool for predicting the incidence of new myocardial
infarctions.

In cardiac tissue, SIRT1 negatively regulates pro-
apoptotic proteins Bax (BCL-2-associated X protein)
and positively regulates the expression of anti-apop-
totic protein of large B-cell lymphoma (Bcl-xL, B-cell
lymphoma-xL) through FOXO activation. It is worth

noting that SIRT1 has a protective effect via specific
control of the acetylation and transcriptional activity
of p53 in cardiomyocytes. In a chronic model of type 1
diabetes, decreased cardiac SIRT1 level is associated
with decreased cardiac Ca-ATPhase levels of the sarco-
plasmic reticulum (SERCA2a, cardiac sarcoplasmic cal-
cium ATPase) [28]. More recently, Prola et al. reported
that SIRT1 protects cardiomyocytes from endoplasmic
reticulum (ER) stress through physical interaction and
deacetylation of the eukaryotic protein translation initia-
tion factor 2a (eIF2a) at lysine positions 141 (K141) and
143 (K143) [29]. In contrast, inhibition of SIRT1 induces
nuclear fragmentation and cleavage of caspase-3, while
SIRT1-deficient mice demonstrate abnormal heart
development and prenatal mortality [30]. SIRT® is valu-
able in cases of heart failure and control of cardiac fibro-
sis, a pathological condition that is critical in the devel-
opment of heart failure [31]. SIRT6 negatively regulates
the differentiation of cardiac fibroblasts into myofibro-
blasts; its depletion increases the proliferation of cardiac
fibroblasts and the accumulation of extracellular matrix,
and also stimulates genes associated with adhesion and
fibrosis via the NF-kB signaling pathway [31].

Oxidative and Ischemia-
Reperfusion (I/R) Damage

SIRT1 responds differently to various cardiac stresses.
The expression of this protein increases during pressure
overload, nutritional deficiencies, exercise and acute
ischemic preconditioning and decreases with underly-
ing I/R damage. SIRT1 protects cardiomyocytes from
oxidative stress-mediated damage through the activation
of CAT and MnSOD by deacetylation and activation of
PGC-1a and FOXO [32].

SIRT1 expression in cardiac tissue decreases after
I/R, while SIRT1 overexpression improves function
recovery after I/R damage through increased MnSOD,
thioredoxin-1 (Trx1), and Bcl-xL, as well as decreased
activity of the proapoptotic protein Bax [32]. SIRT1 acti-
vation by resveratrol diminishes I/R damage to the heart
by increasing ERK phosphorylation and decreasing
p38 and JNK (c-Jun N-terminal kinase) expression.
Also, exogenous administration of nicotinamide mono-
nucleotide protects the heart from I/R damage by mim-
icking the cardioprotective effect of ischemic precon-
ditioning and NAMPT overexpression, i.e. through a
SIRT1-dependent mechanism. In contrast, autophagic
flow in cardiac myocytes is impaired by a decrease in
NAMPT, probably in conjunction with SIRT1 signaling
pathway.

However, the effect of SIRT1 against oxidative stress in
the heart depends on its concentration. In fact, at baseline,
high cardiac expression of SIRT1 in mice, on the contrary,
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induces oxidative stress through dysregulation of mito-
chondrial function. Hearts of male Wistar-Kyoto rats
subjected to I/R were characterized by increased apop-
tosis of cardiomyocytes, cleavage of caspase 3, transient
increase in SIRT1 level, increased expression of FOXO1
and binding to the SIRT1 promoter region, suppression
of SIRT6 expression and AMPK-dependent reduction
of NAD+ amount, reflecting a complex molecular net-
work to protect the heart during I/R [33]. Moreover, in
diabetic mice, resveratrol-enhanced autophagic flux pre-
vented oxidative stress damage to the myocardium via
the SIRT1/FOXO1/Rab7 pathway [34].

The protection provided by SIRT6 against cardiac I/R
involves activation of FOXO3 in an AMPK-dependent
manner, followed by the development of a complex with
FOXO3 in the nucleus. Like SIRT1, the SIRT6-FOXO3
complex enhances the transcription of FOXO-depen-
dent antioxidant genes (MnSOD and CAT) to coun-
teract damage due to I/R [35]. Also, overexpression of
SIRT6 protects cardiomyocytes from hypoxic stress
by activating AMPK, increasing Bcl2 level, suppress-
ing NFkB activity, and decreasing cell levels of ROS
(reactive oxygen species) [36]. SIRT6 directly binds to
PARP1 (poly-[ADP-ribose] polymerase 1) and increases
its poly-ADP-ribosylase activity, thereby stimulating
the restoration of double-strand break under oxidative
stress [37]. Since excessive PARP1 activation can deplete
NAD+ levels in cardiomyocytes, it is important to limit
the excessive activation of SIRT6 in the heart to optimize
its cardioprotective effects.

Finally, SIRT6 also protects against hypoxia/reoxy-
genation-induced damage by reducing hypoxia-induced
apoptosis and mitochondrial defects through suppres-
sion and translocation of the p65 subunit of NF-BkB [38].

Cardiac Hypertrophy

Both SIRT1 and SIRT6 protect the heart from hyper-
trophy, although SIRT1 also demonstrates opposite
effects depending on the interaction with other factors
and stress severity [39]. Pressure overload in the heart
causes cardiac hypertrophy and failure through an
increase in PPAR-a (peroxisome proliferator-activated
receptor coactivator-a) -SIRT1 complex and suppression
of estrogen-related receptors (ERRs) of the transcrip-
tional pathway [39]. Also, SIRT1-dependent activation
of ACT exacerbates cardiac hypertrophy. In particu-
lar, SIRT1-mediated deacetylation as a plextrin homol-
ogy (PH) domain of Akt and its upstream kinase PDK1
(3-phosphoinositide-dependent kinase 1) facilitates their
interaction with phosphatidylinositol-3,4,5-trisphos-
phate (PIP3) in the plasma membrane where PDK1 phos-
phorylates and activates Akt, causing cardiac hypertro-
phy. SIRT1-deficient hearts demonstrated decreased Akt

activation and less development of cardiac hypertrophy
in response to exercise and Ang II stimulation.

In neonatal rat cardiomyocytes, inhibition of SIRT6-
dependent NF-kB suppresses cardiomyocyte hypertro-
phy, and overexpression of wild-type SIRT6 diminishes
Ang II-induced cardiac hypertrophy [40]. Interestingly,
the overexpression of nicotinamide mononucleotide
adenylyl transferase 2 (Nmnat2) prevented the develop-
ment of Ang II-induced cardiac hypertrophy. Among
all sirtuins, elevated mRNA levels in response to Ang
II stimulation were observed for SIRT6 and SIRTI,
with the predominant role of SIRT6 [40]. Therefore, a
new PARPI inhibitor, AG-690/11026014, a compound
that can prevent Ang II-induced cardiomyocyte hyper-
trophy, reverses the depletion of cellular NAD+ and
SIRT6 deacetylase activity. It is noteworthy that under
normal conditions SIRT6 blocks the expression of genes
associated with IGF (insulin-like growth factor) signal-
ing, which is responsible for heart failure by deacety-
lation of H3 at Lys-9 (H3K9) and suppression of c-Jun
activity. In contrast, the reduction of SIRT6 expression
in the heart in cases of pathological stress leading to
the development of cardiac hypertrophy, fibrosis, and
heart failure was associated with increased H3K9 acety-
lation on the IGF signaling gene promoters and c-Jun-
mediated transcriptional activation.

The attenuation of Akt signaling through SIRT6-
dependent activation of FOXO3 also contributes to
the pro-autophagic effect of SIRT6 in suppressing iso-
proterenol-induced cardiac hypertrophy. More recently,
the protective role of SIRT6 with underlying cardiomyo-
cyte hypertrophy was confirmed by the observation that
the suppression of the signal transporter and transcrip-
tion activator 3 (STAT3), critical for the development
of cardiac hypertrophy and heart failure, was involved
in signaling, which mediated the protective effect of
SIRT6 [41].

SIRT1 and SIRTOG
Modulators in Preclinical
and Clinical Conditions

Today, intensive studies are focused on modulating
SIRT1 and SIRT6 using pharmacological and natural
food compounds, as well as miRs [42]. SIRT1 activa-
tion by resveratrol derivatives such as BTM-0512 dem-
onstrated a beneficial effect on high glucose-induced
dysfunction of ECs [43]. According to these results,
eight-week male C57BL/6 mice treated with resveratrol
demonstrated less significant development of insulin
resistance and endoplasmic reticulum stress induced by
a high-calorie diet through increased SIRT1 expression
and reversal of adipokine expression in both subcuta-
neous and visceral adipose tissues. Another compound,
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icariin, an important active ingredient in Herba Epime-
dii (horny goat weed), also acts as a SIRT6 activator and
NF-inhibitorkB and demonstrated its potential efficacy
in the treatment of CVD [44].

As was widely reported [42], the following clinical
trials are currently underway or have been completed
(http://clinicaltrials.gov): safety, efficacy, pharmacody-
namics, and pharmacokinetics of natural and synthetic
compounds that can modulate SIRT1 and SIRT6 in sev-
eral diseases, including cardiovascular, inflammatory,
metabolic syndrome, insulin resistance, type 2 diabe-
tes and obesity. In this regard, clinical evaluations of
the pharmacological activators of SIRT1 (SRT1720,
SRT3025, SRT2104 and SRT501) have resulted in
the prevention of metabolic diseases, decreased ath-
erosclerotic plaque formation, improved lipid profile
in cigarette smokers, and improved glucose tolerance
in patients with type 2 diabetes [45]. Also, the results
of a double-blind, placebo-controlled study in patients
with carotid atherosclerosis revealed that treatment
with metformin reduced the state of proinflamma-
tion in peripheral blood mononuclear cells through
the induction of SIRT1, p65, as well as the blockade of
NF-kB [46].

However, the problem of controlling SIRT1 and
SIRT6 activity by specific compounds in order to achieve
protection against CVD remains unresolved. And there
is still a long way to go before sirtuin modulators can
be used for therapeutic purposes. This is because clini-
cal evaluations of SIRT6 are still limited, and clinical
results on the effectiveness of SIRT1 modulators are
contradictory. Nevertheless, studies on sirtuin modula-
tion by pharmacological compounds remain significant
today and are being carried out quite intensively. A sul-
fonylurea compound (G004) was recently synthesized.
It had a positive impact on hyperglycemia and ath-
erosclerosis due to its effect on the SIRT1/eNOS axis.
A new PARPI inhibitor (poly[ADP-ribose] polymerase
1) AG-690/11026014 demonstrated protective effects on
Ang II-induced cardiac muscle remodeling by restoring
SIRT1 activity in cardiac tissue [47].

Among natural that
SIRT1 and SIRTS6, ergothioneine has been shown to pre-
vent high glucose-induced endothelial aging by modulat-
ing SIRT1/p66shc (one of the isoforms of SHC1 protein)
and SIRT6/NF-kB [48]. Finally, the recently identified
SIRT6 inhibitor, compound 1 (2,4-dioxo-N-(4- (pyr-
idin-3-yloxy)phenyl)-1,2,3,4-tetrahydroquinazoline-
6-sulfonamide), tested in a mouse model of type 2 dia-
betes reduced levels of insulin, triglycerides, and plasma
cholesterol, and improved glycemic control by increas-

nutrients can modulate

ing the expression of GLUT (glucose transporter) 1 and
GLUT4 in muscles and increased the activity of the gly-
colytic pathway [49].

Conclusions and
Future Focus Areas

Studying the role of SIRT1 and SIRT6 signaling path-
ways in protection against CVD became relevant over
the past couple of years. The beneficial effects of these
compounds on inflammation, vascular aging, control of
glucose homeostasis, atherosclerosis, and cardiac dis-
eases are now intensively analyzed, and new targets are
constantly being discovered within the complex struc-
tures [50]. In this regard, summarizing the achievements
in the study of the role of SIRT1 and SIRT6 signals in
protection against CVD, we can conclude that they are
associated with the establishment of:

o dependence of SIRT1 and SIRT6 activity on
the cellular redox state. This fact indicates that
antioxidant compounds have a strong potential to
protect against CVD, which compounds have an
effect on the SIRT1/FOXO axis, SIRT1/NF-kB axis,
SIRT1/p66Shc axis and SIRT6/NFkB axis;
antiatherogenic role of SIRT6 in vivo, which
makes this sirtuin a potentially new target in

the prevention of atherosclerosis;
o effectiveness of SIRT1 synthetic activators with
good tolerance and bioavailability in individuals
who overcome the limit of low bioavailability of
resveratrol;
overlapping of regulatory mechanisms including

transcription factors and miRs such as NF-kB and
miR-34a, which indicates a regulatory interaction
between these sirtuins.

Overall, regarding the mechanisms controlled by
these sirtuins, recently obtained data linking SIRT6 with
the development of atherosclerotic plaques and their
vulnerability by NF-kB/NKG2D (natural-killer group 2
member D) indicate that the control of inflammatory
pathways in CVD is very important, especially for SIRT1
and SIRT6. At the same time, equally important are cell
mechanisms that influence intracellular glutathione
levels under conditions of oxidative stress, which appears
to be critical for controlling both SIRT1 and SIRTé6.

Although these sirtuins control the mechanisms
responsible for genome longevity and stability, and
this fact makes them attractive in terms of their roles
in the context of age-related diseases, the interactions
between SIRT1 and SIRT6 signals clearly demonstrate
the need to understand the set of their molecular targets
in order to achieve highly specific and selective modu-
lation at cardiovascular level. As demonstrated in this
review, the discussion of both SIRT1 and SIRT6 signal-
ing pathways in the protection against CVD, as well as
the presence of common molecular targets, suggests that
these sirtuins can act synergistically.

The complete discovery of the whole set of SIRT1 and
SIRT6 signaling pathways, including their possible
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associations with the cell mechanisms of vascular aging
and CVD, remains a key challenge in this area, along with
a deeper understanding of the redox regulation of these
sirtuins. In this regard, the prospects for future research
will be associated with the expected mapping of the epig-
enome in human diseases, which will allow the identifi-
cation of epigenetic targets specific to a particular disease
or disease stage. As for today, using dietary antioxidant
compounds, as well as a healthy lifestyle with moder-
ate exercise and calorie restriction, can be important for
controlling the conditions of cellular oxidative stress that
cause vascular aging and cardiovascular disease.
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Abstract

The article presents modern views on the problem of falls in the elderly. There is a global trend of changing the demographic situation — the
permanent increase in the proportion of elderly and senile people in the general population, the issues of geriatrics as one of the medical specialties
are becoming the most relevant. Among the problems that geriatricians and all specialists involved in the treatment of elderly patients have to solve,
one of the most serious is the problem of falls. The article provides a medical review of the assessment of the frequency of falls depending on gender,
age, diseases and external factors. The main risk factors for falls and their prevention measures are discussed in detail. Special attention is given to the
fear of falls as a significant risk factor. The methods of validation the risk factor with the use of unified questionnaires — “The scale of assessment of
the fear of falls” and “the Falls efficacy scale” are presented. The purpose of this article is to attract the attention of practitioners to the problem of

falls and the fear of falls as one of the significant risk factors, methods of its identification and prevention.
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The delivery of medical care and social support to
elderly people is one of the most critical challenges for
humanity.

The proportion of elderly and senile people among
the world’s population is steadily increasing. This is
primarily due to the success of medicine, as well as the
development of social and psychological services aimed
at supporting the elderly. According to the World Health
Organization (WHO), by 2050, the elderly population
will constitute 22%, which corresponds to more than
2 billion people [1-3]. The fastest growing population
group is expected to be 80+: they are expected to make
up 25% of the world’s elderly population by 2050 [4].
More than 30 million elderly and senile people currently
live in Russia. Every year, their number increases by
about one million [5]. According to the average forecast
by the Federal State Statistics Service, the proportion of
citizens above the working age will increase from 25.5%
in 2018 to 27.4% in 2025 and will amount to 40.2 million
people.

The importance of the problem of population aging
for humanity as a whole, both from an economic and
ethical viewpoint, facilitated the emergence and develop-
ment of gerontology as a science and geriatrics as a field
of medicine in the 20th century.

Unlike young and middle-aged people, for the elderly,
the concept of “health” is not synonymous with the com-
plete absence of diseases [6]. Health for an elderly person

is, first of all, maintaining a satisfactory quality of life
and independence from others. A combination of sev-
eral factors plays an important role in maintaining the
quality of life and good functional activity of the elderly.
Above all, it is the adequate treatment of existing diseases
and prevention of their progression and the develop-
ment of complications. However, solutions to everyday
and social problems and measures to preserve cognitive
functions and ease depression play an equally important
role. These problems can be solved only through the joint
efforts of medical and social workers, together with the
families of elderly people.

Assessing the possible consequences of disease, both
for an individual patient and for society as a whole,
WHO proposed the term “Global Burden of Disease”.
This concept includes years of life lost due to disability
or premature death. DAIY (Disability And life-Year lost)
is an important component of assessing the health of
the population [6, 7]. The list of diseases and conditions
that make up the main burden of disease differs among
people of different ages. For people over 60 years of age,
the main reasons for lost years of life due to disability are
sensory disorders, pain in the spine, chronic obstructive
pulmonary disease, depression and falls [6].

Falls are one of the most serious problems for elderly
people. Today, the Russian Federation is actively imple-
menting the federal project Older Generation. This proj-
ect pays much attention to the implementation of a set of
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measures to prevent falls and fractures as per the guide-
lines approved in 2019 [1].

Falling is an incident when a person suddenly finds
himself/herself on the ground or another low surface,
except for cases resulting from a blow, loss of conscious-
ness, sudden paralysis or an epileptic seizure [8-10].

In young people, falls often occur due to external fac-
tors (ice, foreign objects under the feet, etc.) or in per-
sons with severe diseases — neurological, cardiovascular,
etc. In elderly people, falls are more often due to age-
related functional disorders [11].

According to different authors, one-third of patients
aged 65 years and older and half of patients older than
80 years have had a fall incident at least once in their
life [3, 10, 12]. Fifteen percent of people aged 65+ had
multiple falls [16]. Falls are the most common domestic
accident in elderly people. Falls are especially frequent in
people living in social institutions — about 40% of them
fall at least twice a year . According to a study involving
92 patients, whose average age was 74.9 years + 7.8 years,
a history of falls was observed in 21.1% of men and 37.0%
of women [11].

Falls in the elderly are closely associated with frailty
syndrome. Senile asthenia (AS) is a key geriatric syn-
drome characterized by an age-associated decrease in
the physiological reserve and functions of many body
systems. This leads to increased vulnerability of the
elderly person to the effects of endo- and exogenous fac-
tors, with a high risk of adverse health outcomes, loss of
autonomy and death [13, 14].

Falls may result from such manifestations of senile
asthenia as decreased muscle strength, visual impair-
ment and impaired balance. On the other hand, repeated
falls can trigger progression of SA. The senile asthenia
syndrome can be considered a predictor of possible
falls [13, 15]. This is because due to the consequences of
injuries sustained during a fall, pain syndrome, as well
as the fear of falling again, patients significantly reduce
their physical activity [11]. Specifically, adequate physi-
cal activity is one of the key factors in the prevention of
SA progression. In turn, the fear of falls and a decrease
in functional activity, and, consequently, a complete or
partial loss of independence from the people around
them, leads to depression, which is another factor in the
progression of SA. This creates a vicious circle — senile
asthenia increases the risk of falls, repeated falls lead to
increased manifestations of SA.

In a study of 3510 patients aged 60 and over (mean
age 71 years £ 0.1 years) with three or more chronic
diseases, falls in the anamnesis were registered in 645
(18.4%) patients. Senile asthenia was found in 54% of
patients with falls, which is twice higher than in the
group of patients without falls (26%). Also, such geriat-
ric syndromes as weight loss (22 and 9%, respectively;

p < 0.001); urinary incontinence (22% and 13%, respec-
tively; p < 0.001); low mood (76 and 38%, respectively; p
< 0.001); memory problems (74% and 42%, respectively;
p <0.001); difficulties in movement (31 and 27%, respec-
tively; p = 0.038) were observed in the patients with falls
much more often than in the main group, and the statis-
tical significance of this difference is high [15].

The most serious consequence of falls is injury.
Twenty to thirty percent of cases of falls result in injury
[12, 16, 17]. In the elderly, injuries can be serious. At an
older age, bone tissue restoration is slower, which results
in longer immobilization, which is dangerous due to the
development of complications associated with impaired
blood circulation and the development or progression
of depression. Also, in older people, pain syndrome
is often more pronounced and prolonged, which also
limits mobility and aggravates depression. The need to
take more pain relievers and sleeping pills also adversely
affects many body functions. One of the most serious
injuries in elderly patients is the fracture of the proximal
femur. In most cases, it is caused by a fall. Every year,
there are 646,000 fatal falls in the world [18].

In cases where a fall does not end with an injury, it
can also cause significant harm to health due to psycho-
logical consequences: feelings of fear and depression
[16, 19]. Even after uncomplicated falls, the mobility
of elderly patients is significantly reduced and mortal-
ity increases: in 50% of cases, after falls, patients lost the
ability to move independently; in people over 85 years of
age, 20% of deaths are associated with a previous fall [8].

The incidence of falls varies by gender and age. The
likelihood of falls increases with age, which is due to
the progression of senile asthenia and the development
of sarcopenia. The age 65 to 74 is associated with a 31%
risk of falling, which rises to 37% in the 80+ age group
[18]. Women fall more often than men, but this differ-
ence is most evident in the older age group [2, 8]. More
frequent falls in women could be related to their more
intense everyday activity. Furthermore, gait significantly
changes in elderly people. The foot is less lifted from the
surface, which increases the risk of tripping over small
objects and uneven floors or soil.

According to a study involving 628 patients aged
65+ (mean age 76.9 years * 15.5 years), 56.5% of people
had falls during the year. The highest incidence of falls
(61.36%) was in the age group 85+ (p < 0.001). As risk
factors for falls, decreased movement speed and balanc-
ing ability were statistically significantly more frequent
in women than men (p < 0.001) [2].

There are differences in gait between elderly men and
women. Women tend to waddle with legs close together,
while men -usually have a flexor posture and gait with
small steps with legs wide apart [20, 21]. These differ-
ences may also explain the greater risk of falls in women.
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Women are at significantly higher risk of fractures from
falls than men. This is associated not only with a higher
incidence of falls, but also with more pronounced mani-
festations of osteoporosis.

The risk of falls depends on where the elderly person
is: at home, in a nursing home or hospital. In hospitals,
the risk of falls more than doubles [8]. This is because, in
hospitals and social institutions, the high probability of
falls is associated with an unusual environment — furni-
ture, floor structure, etc. Besides, the patients who have
to stay away from home have a higher level of depression.
One should also take into account such an important fact
that patients who need hospitalization or constant care
in a boarding house are people with more severe somatic
pathology or cognitive impairments.

Elderly lonely people are a special category of patients
most vulnerable to falls. Often, they have to perform
everyday activities that are excessive due to their somatic
or cognitive state. Lonely people often cannot seek the
necessary help on time after a fall or injury, which can
lead to serious complications due to hypothermia, circu-
latory disorders, etc.

External and internal falls are distinguished depend-
ing on the place and conditions of occurrence. External
falls include falls outside the home (on the street, in a
store, clinic, etc.) and are more often associated with
environmental factors (slippery road, uncomfortable
steps). Such falls are typical for younger people who are
independent of outside help. Internal falls occur in the
house where the elderly person lives. Most often, they
occur in persons over 80 years of age with senile asthe-
nia syndrome [22]. The causes of internal falls can be
divided into two categories: associated with the patient
himself/herself and with his/her environment. The main
reasons associated with the patient’s health are muscle
weakness, decreased vision, and dizziness. External fac-
tors are determined by poor arrangement of the apart-
ment — slippery or rough floors, poor lighting, blocked
walkways, wires on the floor, etc.

The analysis of the site of falls in 355 patients aged
65+ identified the difference in various age groups. In the
65-74 age group, falls occurred outdoors more often (in
66.25% of cases); at 75-84 years — falls indoors and out-
doors occurred with a frequency of 34.88 and 48.84%,
respectively. Over the age of 85, people were more likely
to fall at home. [2].

Fall risk factors divided into unmodifiable (unman-
aged), modifiable (managed) and partially modifiable.

Non-modifiable risk factors
o Age
o Female
« History of falls
 Multimorbidity

 Cognitive impairment

o Recent discharge from an inpatient hospital (no
more than 1 month ago) due to a decrease in
muscle strength and body asthenization during
hospitalization [22].

Partially modifiable risk factors
o Depression
o Chronic pain syndrome
o Age-related musculoskeletal diseases
o Visual impairment
o Polypharmacy

Modifiable risk factors
o Low or high body mass index (BMI), eating
disorders
o Lack of physical activity
 Smoking, alcohol abuse
o Movement and gait disorder of various origins
o Sarcopenia
o Fear of falls
« Low vitamin D levels
o Environmental factors

A common consequence of repeated falls is the fear
of falling again, which leads to the development or inten-
sification of depression. Even in the absence of trauma,
loss of self-confidence, social isolation, and disorienta-
tion can develop.

Identification of risk factors and their severity is a key
factor in the development of patient management tactics
in order to prevent falls and their consequences.

In a study that surveyed 71 elderly patients with recur-
rent falls, only 21 (29.6%) patients were interviewed by
a doctor about the causes and circumstances of the fall,
and risk factors were corrected in only 14.1% of cases [8].

Methods of assessing
the risks of falling;,
fear of falls

When assessing the risk of falls, data on the history
and physical examination should be taken into account,
and special tests and questionnaires should be used to
determine the functional, cognitive and psychological
characteristics of the patient’s body.

The medical history should include concomitant
diseases and the degree of their control, administered
drugs, their amount, etc. In the structure of multimor-
bidity, which increases the risk of falls, the most signifi-
cant are cardiovascular diseases (carotid sinus syndrome,
atrial fibrillation, heart failure, orthostatic hypoten-
sion), chronic obstructive pulmonary diseases, and joint
pathology [1, 8, 9].
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In a study involving 155 people with a history of falls
and arterial hypertension (AH), in 148 (95.5%) people,
the most common risk factors for falls were previous
falls (83.7%), visual (75%) and balance (63.5%) disor-
ders, osteoarthritis (63.5%). Patients with BP below the
target values had the lowest walking speed (0.48 m/s
0.28 m/s) compared with patients with controlled AH
(0.83 m/s + 0.34 m/s) and with BP above the target values
(1.11 m/s £ 0.63 m/s), p < 0.05. In patients with BP below
the target, the incidence of falls was 2.96, BP within the
range of target values — 2.56, and high BP — 2.81 per
year. Therefore, both inadequate BP control and exces-
sive BP reduction are risk factors for falls. Slow walking,
most pronounced in patients with low blood pressure,
contributes to the high probability [23].

When more than four drugs were used at the same
time, the risk of falling increased 1.3 times compared
with patients receiving less than four drugs [10, 11].
The drugs that most significantly increase the risk of
falls include nitrovasodilators, diuretics, antiarrhyth-
mics, tricyclic antidepressants, antipsychotics, non-
steroidal anti-inflammatory drugs, and non-narcotic
analgesics [22].

Also, a very important anamnestic factor is a previ-
ous fall. A fall in the previous 6-12 months is an inde-
pendent factor that at least doubles the risk of falls [24].

During history-taking, the patient should be asked
about the presence of possible external factors that may
increase the risk of falls: poor arrangement of the apart-
ment, wearing uncomfortable or slippery shoes, use of
unsuitable walking aids, wrong spectacles, etc.

The level of the patient’s physical activity should be
determined while speaking with the patient. Lack of
physical activity is a significant factor that increases the
risk of falls due to the aggravation of muscle atrophy
as a result of insufficient exercise. It has been shown
that a decrease in daily physical activity due to ill-
ness for 14 days is associated with an increased risk of
falls [8].

During a physical examination, the height and
weight of the patient should be determined, and the
BMI should be calculated. Determination of BMI helps
identify a group of people with malnutrition or obesity.
A low BMI, indicative of malnutrition, is associated
with an increased risk of falls due to severe sarcopenia
[22]. Patients with varying degrees of obesity also have
an increased risk of falls, which is associated with low
physical activity [2].

When examining a patient, besides measuring blood
pressure, an orthostatic test should also be conducted.
Detected orthostatic hypotension is also a risk factor for
falls.

All patients aged 60 years and above who seek medi-
cal help should be screened for senile asthenia using

the Age Is Not a Hindrance questionnaire and fall risk
assessment using the Fall Risk Self-Assessment Ques-
tionnaire [25]. The “stand up and walk” test identifies
gait and balance disorders and allows to estimate the
strength of the patient’s legs.

In the presence of pain syndrome of any origin, it is
important to assess the degree of pain intensity using
a visual analogue scale (VAS). The intensity of pain is
considered high if it is > 40 mm according to the VAS.
In older age groups, chronic pain is associated with
depression. The more pronounced the pain syndrome,
especially when walking, the more pronounced the
symptoms of depression are. Difficulty in sleeping asso-
ciated with pain or depression can be a common con-
tributing factor to falls. The geriatric depression scale
and the health assessment scale are used to determine
the emotional state [13].

In patients with intellectual and amnestic disorders,
the validated Mini Mental State Examination (MMSE),
the Montreal Cognitive Assessment Scale, should be
used as reliable primary screening tools for cognitive
impairment, including dementia.

In patients over 60 years of age with a risk of falls, a
ten-year risk of osteoporotic fractures should be assessed
using the FRAX scale (Fracture Risk Assessment Tool)
and a decision should be made on the methods of pre-
vention and treatment of osteoporosis [8].

Fear of falls is one of the important factors determin-
ing the quality of life in elderly patients and their func-
tionality. Usually, doctors do not pay attention to this
issue in their practical work. However, identifying the
fear of falls and preventive work with the patient can
improve the functional activity and reduce the risk of
falls. Fear of falling is a psychological condition. Up to
70% of those who did not have it shortly before the fall,
and up to 40% of those who did not fall, reported having
a fear of falling. Up to 50% of people with a fear of fall-
ing limit or completely stop social and physical activity.
There is a close relationship between fear and impaired
postural responses [9]. About two-thirds of people
experienced fear after falling, and about half subse-
quently tried to avoid vigorous activity due to the fear
of falling [22].

To assess the fear of falls, a short scale for assessing
the fear of falling is used (tab. 1). This scale assesses how
much the patient is concerned about the possibility of
falling while performing daily activities [1].

The falls efficacy scale (FES) evaluates the degree
of fear that the patient experiences when perform-
ing everyday household activities. The patient must be
assessed on a ten-point scale for the confidence of not
falling when performing various activities. The scale
lists the daily activities that a person needs to indepen-
dently live in a social environment [26].
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Table 1. A short scale for assessing the fear of falling

Not at all concerned about

A little concerned about

Very concerned about the |Definitely concerned about

Action the possibility of falling the possibility of falling possibility of falling the possibility of falling

Dressing or undressing 1 2 3 4
Taking a shower or bath 1 2 3 4
Getting up from the chair 1 2 3 4
Climbing the stairs 1 2 3 4
Going up or down the slope 1 2 3 4
Attending an event outside the

home (for example, meeting 1 ’ 3 4

with friends, relatives, religious
services, theater, etc.).

Note: Interpretation of the results: 7-8 points — low fear of falling, 9-13 points-moderate fear of falling, 14-28 points-high fear of falling

Table 2. The Falls Efficacy Scale

Action

Meaning:
1 =absolutely sure
10 =not at all sure

Taking a shower or bath

Reach for bedside tables or closets

Moving around the house

Prepare food, without having to carry heavy or hot objects

Go to bed and get up from it

Answering a doorbell or phone call

Sit on a chair and get up from it

Dressing or undressing

Take care of yourself (for example, wash your face)

Sit down on the toilet and get up from it

Total score:

Note: The presence of fear of falling is determined when the number of points > 70

The patient must answer the question: How confident
are you that you can do the following without falling?
Confidence in performing the listed actions should be
assessed on a scale from 1 to 10, where 1 means com-
plete confidence, and 10 — complete lack of confidence
(tab. 2).

Subsequently, the authors [27] suggested a modified
scale, where they added six questions to the existing ten.
These additional questions reflected more complex activ-
ities outside the home — the social life of older people:
walking on slippery surfaces, visiting a friend/relative,
visiting crowded places, walking on rough surfaces,
walking up or down a hill, attending a social event.
Concern for these activities was assessed using a four-
point scale. This scale (FES I) measures anxiety when
performing more challenging activities (including social
activity) than the original Falls Efficacy Scale. The study,
which aimed to modify the Falls Efficacy Scale, included
705 people aged 65 to 95 years (mean age 74.7 years).

The FES-I scale was highly reliable (Cronbach’s o = 0.96).
Compared to FES, the modified scale showed a greater
capacity to differentiate fear of falling between groups,
depending on gender, age, profession, past falls, and risk
factors.

Fall prevention measures

Fall prevention measures can be divided into general
and differentiated [28].

General Fall Prevention Measures

 Educational materials for patients on the prevention
of falls — the main objective of education is to affect
the modifiable risk factors using the educational
program. Only the active participation of patients
allows to effectively improve their quality of life,
prevent the progression of diseases and contribute
to the prolongation of active longevity;
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o Physical activity at least 150 minutes per week.
Physical exercises for balance training (health
walking, running, playing sports, gymnastics);
muscle strength (lifting weights, exercising on
exercise machines, swimming, cycling); restorative
exercises;

« vision correction;

o hearing correction;

e cognitive training;

o a diet with a sufficient protein content should be
68 g/day for men and 61 g/day for women at the
age of 60+ [22];

o elimination of environmental safety hazards;

o choosing shoes, using hip protectors, ankle
orthoses, walking sticks, walkers and other devices;

o revision of the list of prescribed drugs and
their adjustment, especially when it comes to
psychotropic drugs;

o adjustment of daily intake of vitamin D and
prevention of its deficiency. It has been proven
that the incidence of falls decreased by 34% when
taking 800 IU of vitamin D every day [22].

The choice differentiated individual measures to
prevent falls depends on the existing risk factors: car-
diovascular diseases (CVD), diabetes mellitus (DM),
malnutrition, anemia, dizziness, cognitive impairment,
depression, chronic pain, urinary incontinence, sleep
disturbances, foot problems. Non-drug and drug treat-
ment of these diseases and conditions is carried out.

Fall prevention is one of the major challenges facing
doctors and society as a whole. Falls in a particular
person are usually caused by a combination of medi-
cal and social factors. Therefore, a multi-level system of
prevention should be developed, including social, psy-
chological and medical aspects, with the participation
of doctors of different specialties, social workers, rela-
tives and the patient himself/herself. Identification and
maximum possible elimination of the causes of falls and
psychological work with the patient will help reduce the
feeling of fear, which itself is a serious risk factor.
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Pesiome

Bonee 7% B obLwei nonyaaLmMm CTpasaeT XPOHUYECKOWN CepAEYHON HeA0CTAaTOUHOCTbIO. M3BECTHO, 4TO 65 % AnL, CTpajatowmx XpOHNYECKON cepaey-
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Abstract

More than 7 % in the general population suffers from chronic heart failure. It is known that 65 % of people with chronic heart failure are over 60 years old,
and the average age of patients is 70 years. Patients with CHF are characterized by a change in nutritive status. Often, patients suffer from malinutrition in
the outcome of the disease. However, given the prevalence of obesity and this role in the pathogenesis of diseases leading to chronic heart failure, there are
patients with increased body weight. Given the sarcopenia characteristic of elderly patients, it is possible to form a phenotype of CHF with sarcopenic obesity.
Sarcopenic obesity is characterized by normal or increased fat mass and miopenia. Sarcopenic obesity provokes hypodiagnosis of disorders of nutritive
status, and also, taking into account the hormonal activity of the fat mass, contributes to the progression of chronic heart failure. All this leads to a loss
of functional activity of patients, a decrease in their quality of life and requires the development of an individual management plan for such a patient.

Key words: chronic heart failure, sarcopenia, sarcopenic obesity
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Healthy longevity is a current healthcare trend. This
is due to the demographic situation — the growing pro-
portion of the elderly population and improvements in
the quality of medical care. The Action Strategy for the
Benefit of Elderly People in the Russian Federation until
2025 determines the importance of the functional activ-
ity of elderly people. It is known that health indicators
deteriorate with age, and comorbidity increases [1]. Due
to the high prevalence of cardiovascular diseases, the
number of patients with chronic heart failure (CHF) is
growing year after year. CHF is an outcome of cardio-
vascular diseases and affects the quality of life and life
expectancy.

Today, knowledge about non-drug and drug meth-
ods of treating CHF is being actively systematized. The
two active areas of therapy are symptomatic treatment
and treatment aimed at the prognosis of the disease. It is
important to understand that most patients with CHF
are old, which means that geriatric syndromes should
be taken into account when planning management
approaches [2, 3].

Nutritional status is of particular concern in the man-
agement of elderly patients. It has been proven that the
pathogenetic changes characteristic of CHF cause hyper-
activation of the neuroendocrine and humoral systems,
the development of hypermetabolism, and impaired
nutrient absorption. The result is protein-energy malnu-
trition [4].

Underweight is known to be a predictor of life expec-
tancy. Cachexia is an extreme degree of malnutrition,
accompanied by a decrease in fat and muscle mass, and
is an independent predictor of decreased survival in
patients with chronic heart failure [5, 6].

However, among patients with CHE there are
both underweight and overweight patients. Whereas

protein-energy malnutrition is often an outcome of
CHE some researchers distinguish the obesity-depen-
dent phenotype of heart failure, taking into account the
prevalence of obesity worldwide and its definition as a
risk factor for cardiovascular diseases (CVD) [6]. High
body mass index (BMI) is a proven risk factor for new-
onset heart failure (HF), regardless of systolic dysfunc-
tion. The presence of obesity in a patient complicates the
diagnosis of HE, which is associated with similar clinical
symptoms — dyspnea, low exercise tolerance, as well as
the difficulties in instrumental diagnosis. This phenotype
is more typical for individuals with CHF with preserved
ejection fraction (HFpEF) [6, 7].

The specific features of the obesity phenotype in
HFpEF are the correlation of obesity with arterial stiff-
ness in women (but not in men), and the reversibility of
left ventricular hypertrophy in response to weight loss,
depending on the duration of morbid obesity [6]. Obesity
is associated with a fourfold increase in the prevalence of
obstructive sleep apnea syndrome, which, through vari-
ous-mechanisms (sympathetic activation and increased
left ventricle afterload; hypoxic pulmonary vasoconstric-
tion and decreased left ventricle preload, oxidative stress
and stimulation of inflammation, hypoxia), is involved in
the heart failure pathogenesis [6].

Subcutaneous and visceral adipose tissue produces
neurohumoral factors that cause insulin resistance, arte-
rial hypertension, dyslipidemia, oxidative stress, and
systemic inflammation. Numerous metabolic disorders
affect the structure of the heart and its function [8].

As a result of a metabolic shift, lipotoxic damage to
the myocardium and other organs and tissues (liver, pan-
creatic P-cells, heart) may develop [9]. The correlation
between obesity and structural and functional changes
in the heart, including left ventricular hypertrophy,
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contractile dysfunction, cardiomyocyte (CMC) apopto-
sis, has been demonstrated.

Several meta-analyzes show the presence of a
J-shaped BMI-mortality association [10-12]. The mini-
mum mortality rate is typical for persons with a BMI in
the range of 20.0 up to 25 kg/m? and every extra five
units of the indicator are associated with an increase in
the relative risk (RR) overall and cardiovascular death
by an average of one-third [13]. However, the literature
describes the so-called obesity paradox: people with
chronic diseases who have a higher BMI are character-
ized by better survival and a lower incidence of fatal
events. For the first time, such a pattern was identified
in persons with CHE. The I-PRESERVED study assessed
the relationship between BMI and preserved ejection
fraction, adverse outcomes in 4019 heart failure patients
with preserved ejection fraction. The risk of all-cause
mortality and hospitalization was significantly higher
in patients with BMI > 35 kg/m?and patients with BMI
< 23.5 kg/m? compared with patients whose body mass
index ranged from 23.5-26.4 kg/m? 26.5-30.9 kg/m?
and 31-34.9 kg/m?* Similar results were obtained in the
CHARM study (7599 patients with heart failure) in a
cohort of patients with heart failure with preserved ejec-
tion fraction [7, 13].

The functional activity of an elderly person, which
means his/her physical independence, is determined
by the state of his/her muscular system. Sarcopenia is
one of the geriatric symptoms affecting the quality of
life of patients. Sarcopenia is defined as a progressive
skeletal muscle disease that increases the risk of adverse
physical outcomes such as falls, fractures, impaired
physical function, disability and mortality [14]. Sar-
copenia is characterized by myopenia, dynapenia, and
muscle dysfunction. Sarcopenia is often considered a
condition associated with malnutrition or the risk of
malnutrition [15].

Sarcopenia is associated with other abnormalities
in body composition — low bone mass (osteosarcope-
nia), high fatty mass (sarcopenic obesity), or their com-
bination (osteoarthritides obesity). The pathogenesis
and clinical role of sarcopenia have been well studied,
whereas sarcopenic obesity was relatively recently stud-
ied [15, 16].

The pathogenetic basis of sarcopenic obesity is sys-
temic inflammation, oxidative stress, mitochondrial
dysfunction, endocrine disorders and physical inactiv-
ity. Endocrine disorders include aberrant insulin-like
growth factor/growth hormone levels, abnormal thy-
roid hormone levels, insulin resistance. These hormonal
abnormalities alter skeletal muscle metabolism, leading
to anabolic deficits with a consequent decline in func-
tional capacity. Chronic inflammation in obesity can lead
to myopenia and is partially regulated by adiponectin,

leptin, and insulin [7]. Also, chronic inflammation is a
factor contributing to the development of iron deficiency
[17]. Hypoxia accompanying anemia may be one of the
reasons for decreased exercise tolerance in patients with
HFpEF. Reduced exercise tolerance is both a leading
HFpEF symptom and a contributing factor to fat gain
and muscle loss. Therefore, the likelihood of sarcopenic
obesity increases in patients with HFpEF [17].

Aging is the most significant risk factor for cardiovas-
cular disease, with CHF with preserved ejection fraction
dominating among the elderly [18]. Therefore, elderly
patients with CHF-pEF are at risk of sarcopenic obesity.

Due to the lack of uniform criteria for sarcopenic
obesity, its prevalence in the older age group, accord-
ing to different studies, varies from 4 to 84% in men and
from 4 to 94% in women. Sarcopenic obesity is associ-
ated with deterioration in physical status to a greater
extent than obesity alone or sarcopenia alone. Alongside
limitations in everyday life, patients with sarcopenic
obesity are characterized by a high level of disability and
mortality [14, 19-23].

According to the literature, sarcopenic obesity is
associated with a high risk of cardiovascular diseases,
congestive heart failure, metabolic syndrome, arte-
rial hypertension and dyslipidemia, and death from all
causes [21, 23, 25, 26].

Sarcopenic obesity with low muscle mass may cause
higher mortality in people with normal BMI, and, con-
versely, a higher lean mass is associated with lower mor-
tality in patients with chronic CVD [27-30].

The high incidence of sarcopenic obesity in CHF was
confirmed by the prospective multicenter study SICA-HF
(Studies Investigating Co-morbidities Aggravating Heart
Failure), which included more than 1,500 patients with
chronic heart failure. The main objective of the study
was to investigate diseases concomitant to heart failure,
especially in relation to obesity, cachexia and type 2 dia-
betes mellitus. The progressive decline in muscle mass,
strength and function accompanying aging, were associ-
ated with senile asthenia syndrome and HF progression
[6, 31]. Importantly, this study demonstrates the lowest
life quality score in sarcopenic obesity patients and a
positive correlation between appendicular muscle mass,
muscle strength, and life quality.

Reciprocal effects of sarcopenia and obesity are
shown in Figure 1 [22].

The concept of obesity phenotypes proposed by
Carbone S et al. (2015), which takes into account body
composition (manifestation of adipose and lean tissue),
physical activity and cardiorespiratory load level, sug-
gests the impact of the combination of these factors on
the state of the cardiovascular system, the development
and progression of CVD, the risk of cardiovascular com-
plications and death [32].
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increased production of proinflammatory
cytokines, dysregulation of leptin and

adiponectin secretion, reduced muscle

reduced physical activity

sensitivity to insulin

increasing fat mass

Figure 1. The mutual impact of sarcopenia and obesity

Therefore, there are different metabolic pathways for
sarcopenia depending on changes in adipose mass with
aging and chronic disease. This leads to two different
paradigms of sarcopenia, i.e., cachexia and sarcopenic
obesity. [32].

Sarcopenic obesity, which can be considered a com-
plication of sarcopenia, limits mobility, resulting in
dependence on physical assistance, disability and other
adverse outcomes [20]. These facts must be taken into
account in diagnosis and when planning the tactics of
managing patients with CHF. In particular, it is possi-
ble to carry out dynamometry in an outpatient setting,
as well as a short battery of tests of physical function-
ing [22]. These studies do not require material and time
costs. However, they allow the assessment of the state of
the muscular system. Comparison of anthropometry and
assessment of muscular strength, mass and function will
allow the doctor to develop an individual approach to
the management of the patient.
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Peslome

Llesib: cOMoCTaBUTb JaHHble KOMMbOTepHOI ToMorpadum (KT) ¢ McxoaamMu, KAMHUYECKUMU U 1a6OpaTOPHBIMU JaHHbBIMU NaLUEHTOB C KOPOHABUPYC-
HoW MHpeKumelt. MaTepurasibl U MeTOAbI: PETPOCMEKTUBHbIN aHanu3 pesynbtaToB 962 KT nccnefo0BaHNin OpraHoOB rpy/AHON KAETKM, KANHUYECKNX
1 nabopaTopHbIX AaHHbIX Bcex 354 nauuneHTOB, NpoxoAMBLLKX fedeHne oT COVID-19 Bo ®IAY «JledebHO-peabuanTaLMOHHbIN LeHTp» MuH3apaBa
Poccum ¢ anpens no utoHb 2020r. PesyabTaTbl: HyBCTBUTEILHOCTbL U cneumdnyHocTb KT npu BepumKaumum gnarHosa c NOMOLLbIO NOMMepasHoi
uenHoi peakumu (MLUP) coctasunm: 98,0 % u 5,7 % cooTeeTcTBeHHO; Ans MNLP npu Bepudmkaumm ¢ nomolwubio KT: 54,6 % 1 70,7 % COOTBETCTBEHHO.
Y nauueHTOB C NONIOXMTE/IbHBIMW U OTpULATeIbHbIMK pe3yabTaTamm MNLP TaxecTb nopaxeHua nerkmux n sepoatHoctb COVID-19 no cucteme CO-
RADS cTaTUCTUYECKM 3HAYMMO He oTamYanuck (p=0.05). KyMyasTUBHaA BbKMBAEMOCTb MALMEHTOB 6Bbl1a Nyylue NPy MeHblueM 06'beMe NOopaXeHHs
NerKmx (CTaTUCTMYecKas 3HaYMMOCTb AOCTUranack Ha nuke 3abonesanusa (p=0.05), HO He B MOMeHT rocnutanmsauuu (p=0.05)). Y ymepimx (n=15)
1 BbDKMBLIMX (N=339) NaLMeHTOB rpasauus NoOpaXxeHNs Nerkmx no gaHHbiM KT usMeHsnacs cootsetcreeHHo ¢ 2 (1,5-3) o 4 (4-4), p=0,00Tuc2 (1-2)
40 2 (1-2), p <0,001. MeHbLMit 06EM MOPAKEHNA SIEFOYHOM TKAHU U NyYLas KyMyIATUBHAA BbDKMBAEMOCTb HabNI04aNACh Y HEHLUMH, NaLMEHTOB
MAnagwe MeaunaHbl Bospacta (59 ner), ¢ cymmoit 6annos NEWS <3, 6e3 dubpunnaumm npegcepamin. CaxapHslii AMabeT 1 OXMpPeHWe, He BAUSASA Ha Bbl-
MBaAEMOCTb, 6bIIM acCOLMMPOBaHbI C 60/1bLIEN TAXKECTLIO NOpaXeHns nerkux. [ipyrue conytcreytoumne 3abonesaHna He 6bin CBA3aHbI C TAXKECTbIO
ropaXkeHMA Nero4Hon TkaHu. Hannume XpoHMYeCcKon o6CTPYKTUBHOM 601e3HN NerKumX, neMmnyeckor 601e3Hn cepaLia U XpOHUYECKON cepAeyHomn
HeA0CTaTOYHOCTU CTAaTUCTUHECKM 3HAYMMO YXYALIANo NporHos. 3akatoveHue: KT cyllecTBeHHO yay4llaeT TOYHOCTb AnarHoctukn COVID-19 B yc-
/IOBUAX HEOCTaTOYHOMN YYBCTBUTENbHOCTU MONEKYNAPHO-6M0I0rMYeCKMX TECTOB U OLLeHKY NMPOrHo3a NaLneHToB.
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Ansa LUTUPOBAHUA: Menexos A.B., Caindynamn M.A,, Metposudes B.C. n gp. CONMOCTABJIEHNE AAHHbIX KOMIMbIKOTEPHOW TOMOTPAD®UN
CUCXOAAMU, KTMHUNYECKMMWN N TABOPATOPHbBIMW XAPAKTEPUCTUKAMU MALMEHTOB C COVID-19. ApxnBb BHyTpeHHel MeanumHbl. 2021;
11(6): 447-456. DOI: 10.20514/2226-6704-2021-11-6-447-456

Abstract

Aim: to assess the results of chest computer tomography (CT) of patients with novel coronavirus infection in correspondence with their outcomes,
clinicaland laboratory data. Methods: retrospective analysis of 962 chest CT scans, outcomes, clinical and laboratory data of all 354 COVID-19 patients
hospitalized from April to June 2020. Results: Sensitivity and specificity of CT with polimerase chain reaction (PCR) as a reference were: 98.0 % and
5.7 % respectively; for PCR with CT as a reference: 54.6 % and 70.7 % respectively. Patients with positive and negative PCR tests had no significant
differences in mean CT score and CO-RADS score. Cumulative survival was better in patients with lower CT score (significant only for maximal, not
baseline scores). CT score changed during hospitalization in survived patients clinically insignificant (from 2 (1-2) to 2 (1-2), p=0.001), and increased
in dead (from 2 (1,5-3) to 4 (4-4), p <0.001). Lower CT score and better survival was in females, patient younger than 59 years, with NEWS score <3,
without atrial fibrillation. Diabetes mellitus and obesity was associated with higher CT score, but not with survival. Chronic obstructive pulmonary
disease, coronary heart disease and chronic heart failure was associated with lower survival, but not CT score. Conclusion: chest CT significantly

increases diagnostic accuracy and assessment of the prognosis in COVID-19 patients.

Key words: COVID-19, coronavirus pneumonia, computer tomography, polymerase chain reaction, sensitivity, specificity, NEWS, prognosis, comorbidities
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Introduction

As COVID-19 cases surge, given the insufficient sen-
sitivity of routine X-ray examination, molecular biologi-
cal tests, and in the absence of highly sensitive serologi-
cal methods, the multispiral computed tomography (CT)
of thoracic organs (TO) has become the most informa-
tive diagnostic method.

Due to the specific features of TO lesions in corona-
virus disease, a CT scan is required if COVID-19 is sus-
pected, both for the initial assessment of the lesion and
further monitoring of changes [1]. As there is no correla-
tion of auscultatory signs of pneumonia with the volume
of the lung lesion and due to the frequent false-negative
primary polymerase chain reaction (PCR) results, CT
became a first-line method for diagnosing COVID-19
and assessing disease severity.

Definite patterns of TO lesions (bilateral changes,
ground glass symptom, peripheral localization of
lesions, localization in the lower lobes of lungs, involve-
ment of more than three pulmonary fields) detected on
CT made it possible to differentiate the manifestations

of COVID-19 from other pneumonias and TO dis-
eases [2].

For determining the probability of coronavirus dis-
ease based on typical patterns of changes detected by TO
CT, the COVID-19 Reporting and Data System (CO-
RADS) is used. It estimates the probability of coronavi-
rus disease according to a 5-point scale, where 1 is a very
low probability, and 5 is a very high probability of coro-
navirus pneumonia [3].

Russian studies of various aspects of CT in COVID-
19 were mainly focused on X-ray patterns of coronavirus
lung damage and their description [4-6]. The association
of CT results with outcomes [7], clinical and laboratory
[8], as well as autopsy [9] data has been studied in only
a handful of studies.

It should be noted that there is a significant variability
in the design of the studies performed, the heterogeneity
of the enrolled patients in terms of the severity of clini-
cal and radiological symptoms, the time of disease onset
and the frequency of verification of coronavirus etiology
(Tables 1, 2).
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Table 1. Distribution of CT score in patients with COVID-19 included in various Russian studies

CTo, CT1, CT2, CT3, CT4, Positive PCR
Study 0% <25% 25-50% 50-75% 75-100% n (%)
n (%) n (%) n (%) n (%) n (%) ’
During the admission 13 (4,0) 111 (32,1) 150 (43,4) 60 (17,3) 11 (3,2)
Own data 246 (69,5)
At the peak of the disease 7 (2,0) 85 (24,4) 119 (34,2) 100 (28,7) 37 (10,6)
3enbrep II.M. u coasr. [4] 142 (75,9) 37 (19,8) 7 (3,7) 1(0,6)
Verwoxanus [I.B. u coasr. [5] 164 (25,7) 261 (41) 164 (25,7) 48 (7,6)
IMerpuxos C.C. u coasT. [6] 7 (11,7) 36 (60) 12 (20) 5(8,3) 60 (100)
Moposos C.II. 1 coasr. [7] 5075 (39) 4004 (30,8) 2852 (21,9) 986 (7,6) 86 (0,7)
Boitos C.A. u coasr. [8] 29 (7,2) 66 (16,5) 127 (31,7) 139 (34,7) 40 (10,0) 258 (64,2)
TMapums B.B. u coasr. [9] 23 (12,17) 61 (32,27) 78 (41,26) 27 (14,3) 31 (49,2)
Kapmasanoscknit I.I. u coaBr. [10] 34 (3,5) 180 (18,9) 341 (35,9) 261 (27,4) 136 (14,3)
Kop6 T.A. u coasr. [11] 48 (74) 13 (20) 5(6) 65 (100)

Table 2. The sensitivity and specificity of PCR, chest CT and X-ray for the diagnosis of COVID-19

Day of the Sensitivity, % Specificity, % Diagnostic accuracy, %
disease at the
Study n moment of CT verified | PCRverified | CT verified | CT verified | CT verified | CT verified
investigation by PCR by CT by PCR by PCR by PCR by PCR
Own data 354 8 (5-11) 98,0 54,6 5,7 70,7 70,7 98 %
Kop6 T.A. n coasr. [11] 140 76,2 92
AiTetal [12] 1014 97 65,3 25 83,3 68 96,5
Long Cetal [13] 36 3 97,2 83,3
Bai HX et al [14] 424 4,9 67-97 7-100 53-97
Fang Y etal [15] 51 3 98 71
Ie\/t[;rla[}irérlladizadeh A 54 78.6 023
He]JLetal [17] 82 77 79 96 100
Duarte ML et al [18] 1204 95,3 81,4 43,8 100 63,3 92,3
Herpe G et al [19] 4824 90 87 91 99 90 97
Caruso D et al [20] 158 97 56 72
Wong HYF et al [21] 64 69 91

PenrreHorpadus

The purpose of our study was to compare TO CT
results in patients with coronavirus disease with their
clinical and laboratory test results.

Materials and Methods

We performed a retrospective analysis of medi-
cal records and computed tomograms of a continuous
sample of all 354 patients hospitalized in the Treatment
and Rehabilitation Center of the Russian Ministry of
Health (TRC) from April to June 2020 with suspected or
confirmed COVID-19.

The outcome was known for all patients, as well as
the sum of NEWS scale points on admission, the results
of SARS-CoV-2 RNA by PCR, and comorbidities; body
mass index (BMI) was calculated retrospectively.

To assess the severity of patients at admission,
the National Early Warning Score (NEWS) developed in
2012 in the UK was used; it was well validated not only
in patients with acute infectious and non-infectious dis-
eases but also in patients with COVID-19 [22].

To assess changes of pulmonary parenchyma in
patients, we used temporary guidelines for the preven-
tion, diagnosis and treatment of COVID-19 of the Min-
istry of Health of Russia, version 5 as of 04/08/2020, ver-
sion 6 as of 04/28/2020, and version 7 as of 06/03/2020.
The volume of lung tissue lesions was described by five
grades: CT0 — no changes, CT1 — lesion < 25% of paren-
chyma, CT2 — 25-50%, CT3 — 50-75%, CT4 — > 75%.
For the analysis, we used the data on lesion volume
obtained at the time of hospitalization, at the latest CT
scan before discharge, and the maximum volume of
lesion recorded during the observation period (“disease
peak”). To assess the specificity of the detected changes,
the CO-RADS classification was used [3].

Sensitivity, specificity and diagnostic accuracy of
methods were calculated using standard formulas (sen-
sitivity = (number of true positive + false positive tests) /
number of true positive tests; specificity = (number of
true negative + false negative tests) / number of true
negative tests; diagnostic accuracy = (number of true
positive + true negative tests) / total number of tests).
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Since the diagnosis of COVID-19 was established based
on a combination of clinical, CT and molecular biology
criteria, CT and PCR were mutually verified using each
method in turn as the “gold standard”.

Statistical processing of the data obtained was car-
ried out using SPSS Statistics and Jamovi software. Data
are presented as medians and interquartile ranges. Non-
parametric statistical methods were used: for the anal-
ysis of qualitative features, the x2 (p,?) criterion was
used; for comparing two independent values, the Mann-
Whitney method (pMW) was used; for dependent values,
Wilcoxon’s method (p,, ) was used. Cumulative sur-
vival rate was assessed by the Kaplan-Meier method
with the assessment of the log-rank test and Gehan’s test

(plog-rank’ pGehan) .

Results

Fifty-six percent of the 354 enrolled patients were
female (n =200). The patients were aged 59 (49-70) years,
BMI — 28.7 (24.9-32.2) kg/m?, the duration of COVID-
19 at the time of admission was 8 (6-11) days, the sum of
points on the NEWS scale at the time of admission was 2
(1-4) points, the duration of hospitalization was 16 (14—
20) days. During inpatient treatment, 15 patients died
(4.2%). The incidence of comorbidities was as follows:
arterial hypertension 42.9% (n = 152), cancer — 13.0%
(n = 46), diabetes mellitus (DM) — 12.4% (n = 44), isch-
emic heart disease (IHD) — 7.9% (n = 28), atrial fibril-
lation (AF) — 5.4% (n = 19), dementia — 4.5% (n = 16),
history of stroke — 3.7% (n = 13), chronic obstructive
pulmonary disease (COPD) — 2.0% (n = 7), chronic
heart failure (CHF) — 2.0% (n = 7).

A total of 962 TO CT examinations conducted for
354 patients were analyzed; 867 (90.1%) of them were
performed at the Treatment and Rehabilitation Center
(TRC), and 95 (9.9%) at other hospitals prior to hospital-
ization at the TRC. Median and interquartile range of CT
scan frequency per patient was 3 (2-3). Twenty-five (7%)
patients underwent only one examination.

The first CT scan was performed for patients on day 8
(5-11) of disease, from 1 to 53 days.

On admission, 13 (3.6%) patients demonstrated no
signs of pneumonia on CT; the appearance of inflamma-
tory foci in lungs was registered during follow-up in two
of them (0.5%).

Five (1.4%) patients had no CT signs of COVID-19;
the diagnosis was made based on the detection of SARS-
CoV-2 RNA by PCR; they were hospitalized for social
and epidemiological reasons. One hundred (28.2%)
patients had negative PCR results, and the diagnosis was
made based on clinical and epidemiological data and CT
signs. Another 2 (0.5%) patients were hospitalized with
the consequences of past coronavirus disease. In 6 (1.7%)

individuals, the diagnosis of COVID-19 was excluded
(Fig. 1).

Therefore, sensitivity, specificity and diagnostic accu-
racy of CT in verifying the diagnosis using PCR were as
follows: 98.0, 5.7 and 70.7%, respectively; for PCR with
CT verification: 54.6, 70.7 and 98% respectively.

The frequency of different estimates of the COVID-
19 probability according to the CO-RADS classification
based on the data of the first CT scan in patients with at
least one positive PCR result for SARS-CoV-2 RNA and
in patients who had no positive test from the series dem-
onstrated no statistically significant differences (5 (4-5)
and 5 (4-5) respectively, p, . = 0.4).

Medians and the distribution of lesion severity grades
at the first CT scan and at the disease peak in patients
with positive and negative PCR results demonstrated no
statistically significant differences.

There were interesting changes of the distribution
of the severity of pulmonary lesion assessed by CT in
the observed patients as the disease progresses. Fig.
2 shows a tendency towards an increase in lesion volume
from day 1 to day 10 of the disease. Starting from the third
week of the disease, lesion volume slightly decreases.
The number of studies conducted during the more dis-
tant period from disease onset was very small; this
fact caused a wide range of volume and characteristics
of lung tissue damage and did not allow to unambigu-
ously evaluate the changes of the process. The duration
of persistence of radiological changes and its associa-
tion with the quality and longevity of patients who con-
tracted COVID-19 is still to be determined during long-
term observational studies. However, the correlation of
changes on CT with disease duration was similar to other
studies [1, 24, 25].

There were 13 (9-17) days between the first and
the last examination. During this time, the grade of
lesion severity statistically changed but with no clinically
significant changes (2 (1-2) and 2 (1-2), p,,,. = 0.019).

51% 8 2% 2;1%
CT(+),PCR(-)  TIKT (+), NUP (-) =
CT(+),PCR(-)  WKT (+), NUP H
(+) H  100; 28%
CTHLPCRE) @KT (+), NUP (+) =
COVID-19
B COoVID-19
excluded ACKITIOYEH 241; 68%
O Mocnepctsna
COVID-19
COVID-19
consequences

Figure 1. The presence and absence of CT features of coro-
navirus pneumonia in patients with positive and negative
PCR tests
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Figure 2. The proportion of patients with different CT scores by the day of disease (CT 0-4, the axis of values is on the left).
The markers indicate the mean CT score on a certain day of disease (the axis of values is on the right)

Cumulative survival rate was better in patients with
less lesion on CT and vice versa (Fig. 3). However, this
relationship was statistically significant only for the max-
imum values of lesion volume recorded during hospi-
talization, but not for the results of the first CT studies
(Progrank 30d Py, = 0.2); this fact somewhat reduces
the value of CT for assessing the in-hospital prognosis.

In surviving (n = 339) and deceased (n = 15) patients,
the differences in lesion grades at the first CT scan
(2 (1-2) and 2 (1.5-3.0), respectively, p, . = 0.25) and its
distributions were not statistically significant (p,,= 0.2).
At the latest CT scan, lesion grades did not change sig-
nificantly in the surviving patients, and were higher in
deceased patients (2 (1-2) and 4 (4-4), respectively,
Py < 0.001), as was the proportion of more extensive

CT score at the peak of the
disease

1.00 4

changes (Fig. 4). The maximum severity of lesion regis-
tered on CT was significantly higher in deceased patients
(4 (3-4) and 2 (1-3), p,,,, < 0.001).

The cumulative survival rate of patients with NEWS
score > 3 was statistically significantly worse than that of
patients with lower scores (Fig. 5A).

In patients above the median age in comparison with
younger patients at the time of admission, the grada-
tion of the severity of pulmonary parenchyma lesions
revealed no significant differences (2 (1-2) and 2 (1-2),
Py = 0.056). However, at the peak of the disease, it was
statistically significantly higher (2 (2-3) and 2 (1-3),
Pyyw = 0.003). The expected survival rate of younger
patients was statistically significantly better than that of
elderly patients (Fig. 5b).

Figure 3. Kaplan-Meier
cumulative survival curves
of patients with different
CT scores at the peak of the
disease. The colored areas

Plog-rank < 0,001
Pgehan < 0,001

Cumulative survival
(]
by

represent the 95 % confidence
interval

Days of disease

an 5
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As shown in Fig. 6, more severe patients with NEWS
score of 4-10 had a larger lung lesion volume more often
than less severe patients with a score of 0-3, both at admis-
sion to the hospital (grade 2 (2-3) and 2 (1-2), respec-
tively, p,,, < 0.001) and at the peak of disease (3 (2-3)
and 2 (1-3), respectively, p,,,, < 0.001). At the same time,
60% of clinically stable and asymptomatic patients at
the time of hospitalization had lesion volume over 25%;
some of them reached CT4 grade.

The cumulative survival rate of women was statis-
tically significantly better than that of men (Fig. 5B);
grades of lung tissue damage were as follows: 2 (1-2)
and 2 (1-3), R, = 0.3 during the first examination and
2 (1-3) and 2 (2-3), p,,,, = 0.004 at the peak of disease.
The differences in the distribution of lung lesion severity
in men and women are shown in Fig. 7.

Among patients with BMI more than the median
value, the percentage of those with more severe lung
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tissue lesions at the time of admission was statisti-
cally significantly higher than patients with a lower
BMI (Fig. 8); lesion grades differed statistically, but not
clinically significantly (2 (1-2) and 2 (1-2) respectively,
Pyw = 0.021). Lesion severity at the peak of disease in
these subgroups demonstrated no statistically signifi-
cant differences (p,, = 0.75), as well as the survival rate
(Prog rank 30 P, = 0-9)-

The presence of DM also did not statistically signifi-
cantly affect survival (plogfrank and p, = 0.1). However,
the percentage of patients with a large volume of lung
tissue lesion was statistically significantly higher among
patients with DM than without it (Fig. 9). Lesion severity
grade at the time of admission was 2 (2-3) and 2 (1-2),
Py = 0.003; at the peak of disease — 2 (2-3) and 2 (1-3),
Py = 0.037, respectively.

The cumulative survival rate of patients with AF
was worse than that of patients without AF (Fig. 5T).
In patients with AF, grades of lung lesion severity at
the time of admission statistically insignificantly differed
from that in patients with sinus rhythm (2 (1.5-3.0) and
2(1-2), p,,, = 0.076), as well as its distribution. The grade
of maximum lesion severity registered during hospital-
ization was higher in patients with AF (3 (2.0-3.5) and
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Figure 6. CT scores at admission in patients with NEWS
scores 0-3 and 4-10
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Figure 7. Gender differences in the distribution of CT
scores at admission

2 (1-3), respectively, p,,,, = 0.01). The distribution of
lesion severity gradation at the peak of disease in patients
with and without AF also demonstrated statistically sig-
nificant differences (Fig. 10).

Both during hospitalization and at the peak of dis-
ease, there were no statistically significant differences
in the grade of lesions and their distribution when
the patients were divided according to the presence
or absence of COPD (p,,, = 0.08 and 0.07, p,, = 0.054

100% 5 8
90%
CT score
80%

70%
Doolm2 @3 m4
60% 64
50% &
40%
s p,2=0,013
64
20%
48
10%
0% 11 2

BMI<28.7, n=177 BMI>28.7, n=178

Figure 8. CT scores at admission in patients with BMI
greater or less than the median
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Figure 9. CT scores at admission in patients with and
without diabetes mellitus
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Figure 10. CT scores at the peak of the disease in patients
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and 0.1, respectively), arterial hypertension (p,, =
0.4 and 0.3, p,, = 0.2 and 0.5, respectively), ischemic
heart disease (p,,, = 0.9 and 0.2, p,, = 0.5 and 0.8,
respectively), CHF (p,,,, = 0.6 and 0.9, p,, = 0.9 and 0.9,
respectively), stroke (p,,,, =0.2and 0.3, p,, = 0.3 and 0.5,
respectively), dementia (p, ,, = 0.3 and 0.7, p,, = 0.9 and
0.9, respectively), cancer (pMW = 0.7 and 0.7, p,, = 0.35
and 0.5, respectively), median duration of COVID-19 at
the time of admission (p,,,, = 0.2 and 0.2, p,, = 0.1 and
0.5, respectively). At the same time, several listed comor-
bidities (COPD, IHD and CHF) significantly worsened
the prognosis of patients (Fig. 5 I, E, K).

Discussion

The distribution of the patients we observed accord-
ing to the severity of lung tissue damage detected by CT is
presented in Table 1 in comparison with the data of other
Russian studies of patients with COVID-19. Noticeable
differences can be explained by the different principles of
enrolling patients into studies (for example, depending
on PCR results, the presence of symptoms, outpatient or
inpatient care) or by different disease stages at the time
of the study.

Since our study is a retrospective analysis of a con-
tinuous sample from actual clinical practice, we did not
select patients based on the basis of stage, verification of
disease etiology, severity of symptoms, or the volume of
lung tissue lesions based on CT results.

Despite that the number of patients with PCR-veri-
fied coronavirus etiology in our sample was higher than
in other observations [8, 9], the sensitivity of this test
was low (Table 2). This, in particular, can be explained by
the longer, compared to other works, disease duration at
the time of the beginning of the diagnosis, as well as by
possible errors during sampling for PCR. In our study,
coronavirus disease was diagnosed based on clinical and
radiological data with no verification by PCR in almost a
third of the cases. This explains the observed low speci-
ficity of CT calculated using PCR as a “gold standard”.

In a recent meta-analysis, the averaged values of
sensitivity and specificity of CT in various studies were
91 and 31%, and PCR — 84 and 100%, respectively. This
emphasizes the need for the combined use of these diag-
nostic methods [25].

The above reasons did not allow us to demonstrate in
our sample a statistically significant relationship between
PCR results and COVID-19 probability assessment
according to the CO-RADS system. However, studies
with different designs demonstrated the high diagnostic
accuracy of this system [26, 27].

Our data confirm the results of studies that revealed
the independent prognostic significance of CT symp-
toms typical for coronavirus pneumonia [28] and their
severity [8, 29, 30].

In our study, the relationship between the volume
of lung tissue lesion and in-hospital mortality was sta-
tistically significant only for CT studies performed at
the peak of disease, but not for examinations at earlier
stages. This complies well with the data of other studies

that compared the probability of unfavorable outcomes
with the volume of lung tissue lesion at different times
from the onset of COVID-19 symptoms [31, 32].

At the same time, the integral clinical indicator of
the patient’s severity, the sum of points according to
the NEWS scale, assessed at the time of admission was
statistically significantly associated with the severity
of lung lesion as measured by CT performed both at
the time of admission and at the peak of disease. Similar
correlations were demonstrated by other authors [33].

We observed an improvement in clinical and labora-
tory parameters in most patients, which allowed them
to be discharged to continue treatment on an outpatient
basis. The severity of changes detected by CT at the time
of discharge may have remained significant but their
quality notably changed: despite that the consolidation
in most cases was “resorbed”, areas of “ground glass”
persisted, particularly in subpleural regions. Subpleu-
ral bands of high density were also evident, including
among patients who underwent such changes in lung
tissue as consolidation and “cobblestone appearance”
These changes may represent the initial stages of pul-
monary fibrosis; its development was noted in the cases
of pneumonia caused by COVID-19 [23, 24]. Therefore,
long-term changes on CT do not always reflect the sever-
ity of COVID-19 and have to be interpreted in the con-
text of clinical findings.

Male gender is an independent unfavorable prog-
nostic factor in COVID-19, and is also associated with
a greater severity of lung tissue lesion according to CT
results[34]; this fact is also confirmed by our data. How-
ever, one study showed that a less favorable prognosis
in men is not accompanied by more severe lung lesion
according to CT results [35].

Negative effects of age, overweight and comorbid-
ity on prognosis are well known [8, 36]. In our sample,
we were able to trace the relationship between in-hos-
pital mortality and the presence of IHD, AF, CHE, and
COPD. However, these diseases were not associated
with the severity of lung tissue lesion according to CT
results. Diabetes mellitus, overweight and obesity did
not affect survival but were associated with a greater lung
lesion volume. No such patterns were found in a smaller
sample [37].

Conclusion

In actual clinical practice, the sensitivity and specific-
ity of CT with diagnosis verification using PCR were as
follows: 98.0 and 5.7%, respectively; for PCR with verifi-
cation using CT: 54.6 and 70.7%, respectively. In patients
with positive and negative PCR results, the severity of
lung lesion and the probability of COVID-19 according
to the CO-RADS system demonstrated no statistically
significant differences.

Survival rate was better in patients with a smaller
volume of lung lesion. However, the relationship between
the grade of lung tissue lesion and prognosis was only
revealed for CT studies performed at the peak of disease,
not at the time of hospitalization.
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Smaller volume of lung tissue lesion and better
cumulative survival rate were observed in women,
patients below the median age (58.9 years), with NEWS
score < 3, with no atrial fibrillation. Diabetes mellitus,
overweight and obesity did not affect survival but were
associated with greater severity of lung lesion. No rela-
tionship between other comorbidities and the volume of
lung tissue lesion was found.
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Abstract

Left ventricular hypertrophy, atrial fibrillation and chronic heart failure are often in the practice of a cardiologist. The etiology of these conditions
is very important because the correct early treatment. We are presenting a case of a late diagnosis of amyloidosis in a 53-year-old man. Despite
the complex therapy, the course of the disease was complicated by the development of bilateral pneumonia, sepsis, disseminated intravascular
coagulation and the patient died. Autopsy confirmed the diagnosis of systemic AL-amyloidosis (type Kappa) with massive damage to the heart,
kidneys, lungs, liver, spleen, adrenal glands, thyroid gland, pancreas, gastrointestinal tract, subcutaneous fatty tissue and arterial vessels of the
bone marrow. Thus, screening for amyloidosis is necessary in idiopathic LV thickening, atrial fibrillation, and heart failure for timely intravital
diagnosis and therapy.

Key words: cardiac amyloidosis, amyloid cardiomyopathy, chronic heart failure with preserved ejection fraction, atrial fibrillation, left ventricular
hypertrophy, chronic kidney disease, proteinuria, nephrotic syndrome, cardiorenal syndrome
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Introduction

AL amyloidosis is the most aggressive form of sys-
temic amyloidosis, which affects the heart in 60% of
patients and kidneys in 74% of patients [1]. The median
survival of patients with cardiac diseases, if untreated,
is no more than one year, and after the onset of heart
failure symptoms — nine months [2, 3]. The first signs
of AL amyloidosis may be atrial fibrillation (AF) and
heart failure, which are the reason for seeking the car-
diologist’s advice. It is important for practitioners to be
vigilant and prescribe the necessary examinations for
patients with myocardial hypertrophy, AF and heart fail-
ure of unknown etiology for the early diagnosis of amy-
loidosis and timely prescription of therapy to improve
the prognosis of the disease. The presented clinical case
demonstrates the debut of systemic amyloidosis with the
development of AF and heart failure in a middle-aged
patient.

Clinical case description

Male, 53 years old, without history of cardiovascular,
thyroid and other diagnosed disease, or toxic exposure,
presented with dyspnea on exertion. A month later, the
electrocardiogram (ECG) recorded AF, tachysystole, low
QRS complexes voltage in the precordial leads, signs of
right ventricular hypertrophy with qR-type QRS com-
plex, the absence of an adequate R-wave elevation in V3-
V6 (Fig. 1).

The outpatient echocardiography (EchoCG) showed a
12 mm thickening of the walls of the left ventricle (LV)
myocardium, 43 mm dilatation of the left atrium, with pre-
served LV ejection fraction — 59% based on the Simpson
method. Attempts to restore sinus rhythm with amioda-
rone and electrical cardioversion had short-term results.
However, AF recurrence occurred in 12 hours. Radiofre-
quency ablation was planned but postponed after finding
thrombosis in the left atrial appendage by means of trans-
esophageal echocardiography. The recommended drugs
(vitamin K antagonist (warfarin 3.75-5 mg per day with
INR monitoring), then rivaroxaban 20 mg/day; metopro-
lol succinate 25 mg/day, then bisoprolol 5 mg/day; perin-
dopril 2.5 mg/day; torasemide 10 mg/day; spironolactone
25 mg/day) were taken regularly.

Five months after the onset of the disease, mul-
tislice computed tomography of the chest with con-
trast enhancement showed hyperuricemia 768 pmol/l,
increased serum creatinine 155 umol/l, a decrease in the
calculated glomerular filtration rate (eGFR, CKD-EPI)
43.4 ml/min/1.73 m? (initial values of creatinine and
eGFR are unknown, examined by a nephrologist, con-
trast-induced kidney damage is assumed, nephroprotec-
tive therapy is recommended).

Eight months after the onset of dyspnea for a week,
there were syncopes with tongue biting, loss of bowel
control, an episode of gross hematuria developed, which
led to hospitalization to the V.M. Buianov State Clinical
Hospital on October 24, 2018.
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On admission, the condition was severe; the patient
presented with the pallor of the skin, edema of the lower
extremities, weakened breathing in the lower parts of
both lungs, no wheezing, respiratory rate 23 per minute,
blood saturation (SpO,) 98%, irregular heart rate 90 beats
per minute, blood pressure (BP) 116/68 mm Hg. Labo-
ratory tests showed a decrease in hemoglobin to 104 g/l,
hypoproteinemia — 55 g/I, hypoalbuminemia — 26 g/l,
proteinuria — 10 g/l in a single portion of urine, increase
in creatinine to 686 pmol/l, urea to 40.5 mmol/l, decrease
in eGFR to 7.2 ml/min/1.73 m? aspartate aminotransfer-
ase — 58 IU/1 (5-34), alanine aminotransferase — 45 IU/1
(0-32), total creatine phosphokinase — 90 IU/I (21-215),
MV fraction of creatine phosphokinase — 12 IU/1 (0-25),
total lactate dehydrogenase — 471 IU/1 (225-450), gamma
glutamyl transpeptidase — 1295 IU/I (9-39), alkaline
phosphatase — 1598 IU/l (64-306), alpha-amylase —
392 TU/1 (0-220), total bilirubin — 42.4 pmol/l (1.7-
20.5), direct bilirubin — 35 umol/1 (0.86-5.00), troponin
I — 0.120 pg/l (0.0-0.1, in real-time — an increase to
1.020 pg/l), antithrombin IIT — 67.8% of N (80.0-120.0),
D-dimer — 324 ng/ml (64-550), N-terminal precursor of
brain natriuretic peptide > 35 000 ng/1 (Table 1).

Abdominal ultrasound showed a moderate increase
in the size of both kidneys (left: 132 x 69 x 60 mm,
volume 272 cm? right: 137 x 61 x 59 mm, volume
261 cm?®), hepatomegaly (left lobe oblique caudal size —
126 mm, thickness — 99 mm, right lobe oblique vertical
dimension — 210 mm, thickness — 143 mm), spleno-
megaly (150 x 73 mm), a small amount of fluid in the
abdominal cavity. Computed tomography of the brain
showed no abnormality. EchoCG showed a thickening of
the LV myocardium walls up to 22 mm with normal LV
end-diastolic size (38 mm) and LV end-diastolic volume
(60 ml), restrictive type of diastolic dysfunction with
preserved LV ejection fraction (55%), left atrial size —
43 mm, left atrial volume — 98 ml end-diastolic right
ventricular size — 42 mm, up to 7 mm pericardial sepa-
ration (Table 2, Fig. 2).

Multislice computed tomography revealed bilateral
hydrothorax, hydropericardium, signs of pulmonary
congestion, ascites, enlargement of the liver, spleen and
aortocaval lymph nodes up to 12 mm (Fig. 3).

Signs of hypertrophic cardiomyopathy in combina-
tion with nephrotic syndrome (proteinuria up to 10 g/I,
daily proteinuria not assessed, hypoproteinemia 55 g/I,
hypoalbuminemia 26 g/l, hypooncotic edema, hyper-
lipidemia) and decreased renal function allowed to sus-
pect systemic amyloidosis in the patient. The hereditary
(mutant) variant of transthyretin (ATTR) amyloidosis
was excluded by direct sequencing of the entire coding
sequence and regions of exon-intron junctions of the
transthyretin gene, in which pathogenic and probably
pathogenic variants of the nucleotide sequence were not

detected in this gene. Immunochemical assay of 24-hour
urine revealed an increase in the excretion of light chains
of immunoglobulins — kappa up to 63.9 mg/l (norm <
7.31 mg/l), lambda up to 10 mg/l (norm < 4.03 mg/l).
Bone marrow biopsy showed low plasma cell count (8%),
which allowed to exclude multiple myeloma (Table 3).

Isolated amyloid deposits were found during aspira-
tion biopsy of subcutaneous fat with Congo red stain-
ing and examination in polarized light (Fig. 4). Similar
deposits were found in the walls of arterioles, the muscle
lamina of the mucous membrane in the lamina propria
of the colon mucosa, and the walls of the arterial vessels
of the bone marrow trephine biopsy. When examined in
polarized light, the birefringence with an apple-green
and yellowish glow was demonstrated. Pachler’s test with
potassium permanganate excluded the AA-type amyloid.

After six sessions of veno-venous hemodiafiltration
(VVHDEF), a decrease in the level of serum creatinine
to 169 pmol/l and urea to 6.2 mmol/l was observed.
The course of the disease was complicated by bilateral
pneumonia, sepsis (with an increase in procalcitonin up
to 200 ng/ml, C-reactive protein up to 101 mg/l), dis-
seminated intravascular coagulation syndrome (with a
decrease in antithrombin III to 12.3% of N, an increase
in D-dimer up to 21 400 ng/ml, a decrease in blood
hemoglobin levels to 60 g/l, platelets up to 54 x 10°/1).
Transfusion of erythrocyte mass, fresh frozen plasma
and antithrombin III was performed.

On the 26th day of hospitalization, with ultrasound
Doppler in duplex mode of the veins of lower extremi-
ties, occlusive thrombosis of the sural veins of the left
lower extremity was visualized.

Despite the antibiotic, infusion therapy, diuretic, anti-
arrhythmic, gastroprotective, and hepatoprotective ther-
apy, the patient died on the 27th day of hospitalization.

Based on clinical, laboratory and other diagnostic
test data, a clinical diagnosis was:

Principal diagnosis: Systemic AL amyloidosis with
involvement of the heart (grade III amyloid cardiomy-
opathy), liver, spleen, gastrointestinal tract, kidney, sub-
cutaneous fat.

Complications: Persistent AF of unknown duration.
CHA2DS2-Vasc 2 points/ HAS-BLED 3 points. Chronic
heart failure IIB stage, III FC. Nephrotic syndrome.
Chronic kidney disease stage 5 (glomerular filtration rate
according to the CKD-EPI formula 12 ml/min/1.73 m?),
A4. Nosocomial bilateral polysegmental pneumonia.
Respiratory failure degree 2. Sepsis. Disseminated intra-
vascular coagulation syndrome. Severe thrombocytope-
nia. Coagulopathy. Recurrent nosebleeds. Severe normo-
chromic normocytic anemia. Occlusive thrombosis of
the sural veins of the left lower extremity on November
20, 2018. Pulmonary embolism on November 21, 2019.
Generalized convulsive seizure on October 24, 2018.

459



ANALYSIS OF CLINICAL CASES The Russian Archives of Internal Medicine @ Ne 6 e 2021

fl ‘ n
S ABB AR e LR s fa | i e e i An e N GBS (o)

E&Wﬁﬁﬂﬂﬁmﬂ

-;[J“’\“,-—-’\,—’\,_J\.,_J\V_ﬁ\,_f\,_f\ At

~— ...—-———q..-.-..—_..o’._.__ﬂ_._.

TARTEDI ‘7\“/\“/\“/\”/9/b

l
|
Y

b~y /\—'/\J/\—’/\—‘/U/u/\—fﬁ A

Figure 1. Electrocardiogram. Atrial fibrillation with ventricular rate 115 per minute, decreasing of r voltage in I, IL, III, avL,
avF, V3-V6, right ventricular hypertrophy gR type

Table 1. Results of laboratory examinations in dynamics

Parameter o?iltl]:ed(i)snesaeste In 4 months In 8 months Normal value
Blood analisis
Hemoglobin, g/1 165 111 104 130-170
Red blood cells, 10'?/1 5,29 3,8 3,46 4,28-5,78
Hematocrit, % 47,6 35,5 31 39,5-51,0
The volume of erythrocytes, fl 90 94 89,6 82-98
Red blood cell hemoglobin content, pg 31,2 29,4 30,1 27,9-33,2
Platelets, 10°/1 292 160 291 150-340
White blood cells, 10°/1 13,25 14,8 9,3 3,9-10,9
Blood chemistry
Total protein, g/l 67 61 55 65-85
Albumin, g/l 26 35-55
Creatinine, pmol/l 155 231 686 71-115
Urea, mmol/l 11,4 16,5 40,5 2,5-8,3
Potassium, mmol/] 4,8 4,8 4,9 3,5-5,5
Sodium, mmol/l 142 138 135-150
Urine analysis
Blood Not + + Not
Protein, g/l Not 1 10 Not
Glucosae, umol /1 Not Not Not Not
Specific gravity, g/l 1001 1004 1016 1005-1030
Leukocytes, per 1 ul 0-1 17 500 0
pH 6 6 6 5.7
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Table 2. Dynamics of echocardiographic parameters

Parameter ol;tl:l;ed"::esaeste In 6 months In 8 months Normal value
Interventricular septum thickness, mm 11 15 21 Up to 10
Left ventricular posterior wall thickness, mm 12 14 22 Up to 10
Left ventricular ejection fraction, % 59 52 55 >55
End-diastolic volume of the left ventricle, ml 98 60

Figure 2 A. Echocardiogram (Photo of Dr. I.I. Ganieva).
Parasternal long axis position (dyastola): left ventricular
hypertrophy

JDK — left ventricular, IDK — right ventricular,

MOKII — interventricular septum

Figure 2 B. Echocardiogram (Photo of Dr. L1. Ganieva).
Parasternal position along the short axis of the left
ventricle: severe left ventricular hypertrophy

JDK — left ventricular, IDK — right ventricular,

MOKII — interventricular septum

Figure 2 C. Echocardiogram (Photo of Dr. I.I. Ganieva).
Apical four-chamber position: severe left ventricular
hypertrophy

JDK — left ventricular, IDK — right ventricular,

MOKII — interventricular septum, JIIT — left atrium,
IITT — right atrium

Figure 3. Computed tomography of the abdominal
organs: hepatomegaly
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Figure 4. Biopsy of subcutaneous adipose tissue (Photo of
Dr. EA Stepanova). Single irregularly spaced congophilic
deposits, birefringence with apple-green glow (arrow).

On a visual grage scale CR I+, sometimes CR 2+

Concomitant disease: Mixed encephalopathy.

Invasive procedures: Sessions of VVGDF of Novem-
ber 06, 2018; November 07, 2018; November 10, 2018;
November 14, 2018; November 15, 2018; November 16,
2018.

During autopsy, the diagnosis of systemic amyloidosis
(AL, IgG, kappa) was confirmed, a massive lesion of the
heart (weight 885 g, normal — 310 g), kidneys (weight
of the left kidney 291 g, right kidney 313 g, normal —
320 g), lungs (weight of the left lung 571 g, right lung
817 g, normal left lung — 325-480, right lung — 360-
570 g), liver (weight 4120 g, normal — 1600 g), spleen
(weight 320 g, normal — 150 g), adrenal glands, thyroid,
pancreas, gastrointestinal tract, subcutaneous adipose
tissue and arterial vessels of the bone marrow. Immu-
nohistochemistry showed AL amyloidosis, type Kappa
(Fig. 5-6).

Figure 5. Macroscopic picture at autopsy: revealed massive damage to the heart (A), liver (B), spleen (B)

(Photo courtesy of Dr. EA Stepanova)

Figure 6. Immunohistochemical study (Photos courtesy of Dr.E. A. Stepanova)

A — Kidney, light chains K; B — Kidney, light chains A
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Table 3. Myelogram

The patient’s death was caused by systemic amyloi-

Parameter | Normal dosis with damage to the heart, kidneys, liver, adrenal
value glands, thyroid and pancreas, gastrointestinal tract, com-
Blasts, % 2 0.1-2,8 plicated by bilateral focal pneumonia and acute heart
Neutrophilic promyelocytes, % 2 1-4,1 failure.
Neutrophilic myelocytes, % 10 7-12,2
Neutrophilic metmyelocytes, % 4 8-15 D iscussion
Neutrophilic stab, % 5 12,8-23,7
Neutrophil segmented, % 24 13,1-24,1 Cardiac amyloidosis is observed in 33-60% of
All neutrophilic elements, % 45 52,7-68,9 patients with AL amyloidosis [4, 5]. In AL amyloido-
Eosinophils, % 1 0,5-5,8 sis, heart failure develops relatively early, in 22% of
Lymphocytes, % 9 43137 patients — as early as the onset of the disease [6, 7].
Monocytes, % 4 0.7-3.7 Cardiac damage in AL-amyloidosis is almost always
Plasma cells, % s 0118 associated with damage to other organs, most often the
Erythroblasts polychromatophilic, % o §.9-16.9 kidneys, as Well as blo?d ve.ssels, peripheral ne.rvous
Erythroblasts oxyphilic, % 5 0856 system, the hver,' ga'stromtestlnal' tract, and .soft tissues
[8]. Isolated cardiac involvement is observed in less than
Megaloblasts, % 6 0 5% of cases [4-6].
Allerythroid elements, % 3 14,5265 The presented patient with heart failure and AF had
Leukoerythroblastic index 1.8 2,1-4,5 cardiorenal syndrome, monoclonal gammopathy, plasma
Neutrophil Maturation Index 0,6 0,5-0.9 cell dyscrasia [5, 9, 10]; the presence of amyloidosis was
Maturation index of erythrokaryocytes 0,9 0,7-0,9 confirmed by an intravital morphological exam with
Megakaryocytes + + Congo red staining and polarizing microscopy.
1.  Age 250 years old
2. Tivs21,2cm
3. BMI <30 kg/m2
4.  Low ECG voltage
S.  Central / Peripheral Neuropathy /carpal tunnel
syndrome

y

>2 screening criteria for amyloidosis

v

‘ Free kappa and lambda chains }
P B ——
Abnormal: ratio <0.26 or >1.65 Norma
\L \l/
Immunofixation of serum and urine proteins | —>/ 99Tc PYP Scintigraphy
- (normally there is no monoclonal protein)
Endomyocardial biopsy (EMB) for cardiac
amyloidosis (CA) Or 99Tc PYP Scintigraphy Score 0 Py Score2-3=
EMB ca+ | EMBCA-| =absCA | | noCAor || ATTRCA+
Mass spectrometry Standard J/ indefinite L
for typing therapy Standard Genetic testing to determine
therapy whether hereditary or wild
type

Figure 7. Algorithm for the diagnosis of cardiac amyloidosis in CHEpEF [5, 13]

ATTR CA — transtiretin cardiac amyloidosis, BMI — body mass index, CA — cardiac amyloidosis, CHFpEF — chronic
heart failure with preserved ejection fraction; ECG — electrocardiogram; EMB AS — endomyocardial biopsy for cardiac
amyloidosis; Tivs — interventricular septum thickness, 99mTc-PYP — 99mtechnetium pyrophosphate
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Due to the severity of the condition and late intra-
vital diagnosis of amyloidosis, pathogenetic antiamyloid
therapy was not prescribed to this patient, which led to a
rapid progression of the disease and death. [5, 6, 11, 12].

For the timely diagnosis of cardiac amyloidosis in
chronic heart failure with preserved ejection fraction
(HFpEF), it is advisable to use the procedure shown in
Figure 7.

Therefore, the variety and non-specificity of the clini-
cal signs of amyloidosis often lead to a fatally late diag-
nosis of the disease. Suspicion of cardiac amyloidosis
should arise with the idiopathic thickening of the LV
myocardium walls to 12 mm or more, the presence of a
restrictive type of diastolic dysfunction, idiopathic AF,
chronic heart failure of unknown etiology, refractoriness
to therapy, low voltage of the ECG teeth, arterial hypo-
tension, syncope of unknown origin, pulmonary hyper-
tension, nephrotic syndrome, and stage 4-5 chronic
kidney disease. Electrophoresis of blood and urine pro-
teins, identification of light chains of immunoglobulins,
detection of amyloid deposits during intravital histo-
logical examination of various organs and tissues enable
early and accurate diagnosis of AL amyloidosis, which
is extremely important for improving the prognosis in
such patients.
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A Clinical Case of Aplastic Anemia
After COVID-19 Infection

PesoMe
Annactuyeckan aHeMua — pe,qKoe 3a6oneBaHme CNCTEMbI KpOBIA, Ana KOTOpOFO XapaKTepHO yrHeTeHme KpOBeTBOpeHMH BO BCeX J/IMHMAX reMono33a,

3aMellleHMe KPOBETBOPHOM TKaHW Ha XUPOBYIO U OTCYTCTBUE APYrMX MPUYMH UAK 3aboneBaHMii, KOTOpble MOFYT NoAaBAATL reMonos3. YactoTa 3a-
60/1eBaeMOCTM cocTaBAfeT 2-3 cayyas Ha 1 MAIH HaceieHWs B roj B permoHax EBporbl u AMepuKu, nokasaTtesin B 2-3 pasa Bbile B BocTouHol Asuun.
Yaue 3abosieBaHMe HauMHaeTCs B BO3pacTHOM npoMexkyTke oT 10 go 25 neT u ctapue 60 seT. 3Tnonorus B 70-80 % cnyyasx ocTaeTcs HeU3BecT-
HoM. YacToTa nprobpeTeHHbIX cyyaeB 3ab6osieBaHNA NpeobnagaeT Haj BPOXAEHHbIMU. [POBOLMPYIOWMMU PpaKTOpaMM MOTyT 6bITb XUMUYeECKOe,
¢dusmnyeckoe Bo3jeNCTBUE, NeKapCTBEHHbIe NpenapaThl, BUPYCHble MHdeKLUK. B aaHHON paboTe onuncaH cayval pasBUTUA aniacTUYecKol aHeMum
Y NaLMEeHTKWN Noce NPUHECEHHON KOPOHABUPYCHOM MHPEKLUN.
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Abstract

Aplastic anemia is a rare disease of the blood system characterized by suppression of hematopoiesis in all lines of hematopoiesis, replacement of
hematopoietic tissue with fatty tissue and absence of other causes or diseases that can suppress hematopoiesis. The incidence is 2-3 cases per
1 million population per year in the regions of Europe and America, rates are 2-3 times higher in East Asia. The disease most often begins between
the ages of 10 and 25 years and over 60 years. The etiology remains unknown in 70-80 % of cases. The frequency of acquired cases predominates over
congenital cases. The triggering factors can be chemical, physical exposures, medications, and viral infections. This case report describes a case of a
patient developing aplastic anemia, as a result of a coronavirus infection.

Key words: aplastic anemia, pancytopenia, autoimmune disease, COVID-19, coronavirus infection
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AA — aplastic anemia, MDS — myelodysplastic syndrome, CBC — complete blood count, ESR — erythrocyte sedimentation rate, CD — cluster of
differentiation, COVID-19 — infection caused by the novel coronavirus SARS-CoV-2, FISH — fluorescent in situ hybridization, MCH — mean cell
hemoglobin, MCHC — mean cell hemoglobin concentration, MCV — mean cell volume, NK — natural killer cells, RDW — red cell distribution width

Introduction

The etiology of aplastic anemia (AA) has not been
fully studied yet. However, according to literature data, in
most cases, viral infections can be the etiological factors
(Epstein-Barr virus, hepatitis B and C, primary immuno-
deficiency, parvovirus); various drug products (cytostat-
ics, antibacterial drugs, non-steroidal anti-inflammatory
drugs, anticonvulsants); chemical compounds (benzene,
pesticides, heavy metal salts, aromatic hydrocarbons);
and ionizing radiation; the history of autoimmune dis-
eases[1, 6, 7].

The pathogenesis is based on a significant activation of
cytotoxic lymphocytes. Viral infection leads to the gener-
ation of viral proteins and excessive production of normal
cellular proteins. They are captured by antigen-presenting
cells; the latter form complexes with histocompatibility
complex molecules and are naive T-lymphocytes, which
destroy both infected and normal cells [3].

Clinical manifestations are due to bone marrow fail-
ure. They depend on the severity of pancytopenia, and
are represented by anemic, hemorrhagic syndrome,
infectious complications. In at least 80% of cases, the
disease develops gradually, and the patients often see the
doctor when they notice signs of hemorrhagic syndrome
in the form of petechiae, ecchymoses, mucous mem-
brane bleeding and hemorrhages in the conjunctiva, in
combination with anemic syndrome and frequent infec-
tions. The disease may be asymptomatic and diagnosed

by chance during a routine examination or a diagnostic
search. In 15% of cases, the onset of aplastic anemia is
acute, with severe hemorrhagic syndrome, fever, infec-
tious and inflammatory complications [7].

To diagnose the disease, it is important to provide
a thorough history-taking, identification of factors that
could contribute have contributed to the disease and
affected the patient for one to six months before the onset
of the first symptoms: previous viral infections, taking
medications, contact with chemical compounds, harm-
ful industrial factors. The complete blood count (CBC)
identifies pancytopenia with relatively normal lympho-
cyte counts. Normochromic anemia, low reticulocyte
count. The myelogram shows the reduction of bone
marrow cellularity and the absence of megakaryocytes
according to bone marrow puncture. Low bone marrow
cellularity in the trephine biopsy specimen. Hypocellular
areas sometimes alternate with high cellularity areas [6,
7]. Lymphoid aggregation is sometimes detected in AA
associated with an autoimmune process. In some cases,
dyserythropoiesis, without dysplasia of other hemato-
poietic lineage [1].

Severe AA corresponds to:

1) bone marrow cellularity < 25%, or 25-50% with

< 30% of residual hematopoietic cells.
2) the presence of two of three indicators: 1) neutro-
phils< 0.5 x 10°/1; 2) platelets < 20 x 10°/1;
3) reticulocytes < 20 x 10%/1.
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Super-severe AA meets the criteria for severe, with
neutrophil count < 0.2 x 10°/1. Non-severe AA is defined
if criteria for severe and super-severe AA are not diag-
nosed [7].

Clinical case

Patient A.A., female 54 years old, nurse. Since 2005,
the patient underwent regular endocrinologist’s check-up
with the diagnosis of “Autoimmune thyroiditis” and took
levothyroxine sodium 75 mcg/day. The hormonal status
was monitored, there were no complaints, the patient felt
well. In June 2020, she complained of body temperature
rise to 37.5°C, cough, headache for two days. The patient
was treated on an outpatient basis: nasopharyngeal irri-
gation with furacilin solution for 5 days, ascorbic acid
injections 100 mg per day IM 3 times daily, every other
day. Considering the COVID-19 pandemic, the patient
had a sputum PCR test, the result was positive. Chest
computed tomography showed no pneumonia. CBC
showed lymphocytosis — 48.35%, low white blood cell
count of 2.0 x 10% neutrophils — 0.6 x 10°, platelets —
138 x 10° which was regarded as a manifestation of a
viral infection. There were no CBC changes since 2019
(Table 1). Further, the patient’s condition deteriorated,

weakness worsened, and hemorrhagic syndrome, mani-
fested by bleeding gums and “bruising”, developed. Pro-
gressive platelet count decrease from 138 x 10° to 50 x
10° was recorded in real-time for three months. In early
October, the patient visited a hematologist and had a
sternal puncture. Myelogram results: hypocellular bone
marrow, megakaryocytes — 3%; myeloblasts — 1.0%;
myelocytes — 10%; metamyelocytes — 5.5%; stab neu-
trophils — 4.0%; segmented neutrophils -18.5%; total
neutrophils — 39%; eosinophils — 1%, basophils — 0.5%;
lymphocytes — 28%; plasma cells — 4.5%; monocytes —
3.0%; basophilic normoblasts — 6.5%; polychromato-
philic normoblasts — 11.5%; oxyphilic normoblasts —
6.0%; leuko-erythroblastic ratio — 3.2:1, low cellularity
polymorphic punctate; blasts — 1.0%, monocytes — 3%.
The myelogram results were regarded as secondary cyto-
penia associated with a viral infection.

The analysis of CBC changes from June to Decem-
ber 2020 showed a decrease in hemoglobin level from
132 to 68 g/l, red blood cell count — from 4.83 x 10'* to
1.83 x 103, platelets — from 243 x 10° to 13 x 10°, white
blood cell count — from 3.84 x 10° to 1.5 x 10°, neutro-
phils — from 1.53 x 107 to 0.3 x 10% increased mean cell
volume — from 79.1 to 103.2 fL, lymphocytosis — from
44.0% to 72.3%, ESR increased from 6 to 27 mm/h.

Table 1. Dynamics of Patient A.A.’s general blood count from 2019 to 2021

blCO(:(I;IC)lOel:flt June June July September October November December
indicators 2019 2020 2020 2020 2020 2020 2020
Hematocrit 38,2% 38,0% 35,6 % 30,6 % 34,4 % 25,6 % 18,9 %
Hemoglobin 132 1/n 133 1/n 124 r/n 112 1/n 123 1/n 93 r/n 68 r/n
Erythrocytes 4,83%x10" 4,48x10" 4,22x10" 3,47x10" 3,74x10" 2,68x10" 1,83x10"
MCV 79,1 dn 84,8 dn 84,4 dn 88,2 ¢pn 92 dn 25,6 ¢n 103,2 ¢n
RDW 12,6 % 13,6 % 13,4% 14,0 % 15,5% 17,2% 19,1 %
MCH 27,3 ur 29,7 ur 29,4 ir 32,3 ar 32,9 nr 34,6 it 37,3 ar
MCHC 346 r/n 350 r/n 348 r/n 366 r/n 358 r/n 362 r/n 361 r/n
Platelets 234x10° 138x10° 148x10° 57x10° 50x109 19%x10° 13x10°
Leukocytes 3,84x10° 2,0x10° 2,56x10° 2,36x10° 2,2x10° 1,9x10° 1,5x10°
Neutrophils 39,8% 28,8% 33% 26% 23,5% 21,6 % 19,8 %
Lymphocytes 44,0 % 48,35% 54 % 63% 66,7 % 70,4 % 72,3%
Monocytes 11,5% 24 % 8% 8% 8.1% 7.2% 7,5%
Eosinophils 4,4% 0,8% 1% 2% 1,2% 0,5% 0,3%
Basophils 0,3% 0,7 % 1% 1% 0,5% 0,3% 0,1%
Neutrophils 1,53x10° 0,6 x10° 0,84x10° 0,61x10° 0,5x10° 0,4x10° 0,3x10°
Lymphocytes 1,69x10° 1x10° 1,38x10° 0,49x10° 1,5x10° 1,3x10° 1,1x10°
Monocytes 0,44x10° 0,4x10° 0,20x10° 0,19x10° 0.2x10° 0,1x10° 0,1x10°
Eosinophils 0,17x10° 0,01x10° 0,03x10° 0,05x10° 0,02x10° 0,01x10° 0,01x10°
Basophils 0,01x10° 0,01x10° 0,03x10° 0,02x10° 0,01x10° 0,01x10° 0,01x10°
ESR 6 MM/4 9 MM/4 5 MM/4 18 MmMm/4 21 mm/q 24 Mm/4 27 MM/4

Note: MCV — mean corpuscular volume, RDW — red cell distribution width, MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular hemoglobin concentration,

ESR — erythrocyte sedimentation rate
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Iron metabolism, tested in November 2020, demon-
strated no major abnormalities of indicators: ferritin —
194.1pug/l; serum iron — 22.4 pmol/l.

Due to the deterioration of clinical and laboratory
data in the beginning of December, the patient had a
bone marrow trephine biopsy with the results showing
a cellularity decrease and erythroid and myeloid lineage
involvement. Medical report: bone marrow cellularity
30%, represented mainly by granulocytic lineage cells —
promyelocytes, myelocytes, mature cells, single plasma
cells, erythroblasts, adipose tissue 70%. Megakaryo-
cytes — 2-0-1 in sight. CD20 — 10%, CD45 — 10%,
myeloperoxidase — 35%; glycophorin A — 50%.

At the end of December, the patient was admitted
to the hematology unit of the G.G. Kuvatov Repub-
lic Clinical Hospital. On admission, she complained
of general weakness, rapid fatigability, dizziness, dys-
pnea on exertion, bruising, gum bleeding. The repeated
sternal puncture demonstrated low bone marrow cel-
lularity, the narrowing of the megakaryocytic lineage,
an increased number of myelocytes, lymphocytes, and
polychromatophilic normoblasts. Report: myelokaryo-
cytes — 9.0 x 10%1; megakaryocytes -6 x 10¢/I; undif-
ferentiated blasts — 1.8%; neutrophilic myelocytes —
15.8%; neutrophilic metamyelocytes — 3.6%; stab
neutrophils — 14.2% segmented neutrophils — 6.8%;
eosinophils segmented — 1.0%; lymphocytes — 25.6%;

~ .

monocytes — 3.6%; erythroblasts — 0.2%; basophilic
normoblasts — 1.6%; polychromatophilic normo-
blasts — 20.2%; oxyphilic normoblasts — 4.2%; plasma
cells — 1.4%; neutrophil maturation index — 0.92; leuko-
erythroblastic ratio — 2.7; erythrokaryocyte maturation
index — 0.92 (Fig. 1)

Bone marrow immunophenotyping demonstrated no
blast cells and immunophenotypic features of granulo-
cytes. The predominance of cytotoxic cells (CD3+CD8+,
NK) was noted in the lymphocytic link. T- and B- lym-
phocytes — without immunophenotypic features.

Immunophenotyping result: lymphocytes — 36.6%,
CD3+ — 73.1%; CD4+ — 31%; CD8+ — 41%; CD57+ —
3%; CD77+ — 3%; CD56+ — 8%; CD19+ — 12.6%;
CDl11lc — not found; CD103 — not found; CD10 —
not found; CD34 — not found; CD117 — not found;
CDla — not found.

Abdominal
28.12.2020 demonstrated no abnormality.

Taking into account the previous coronavirus infec-
tion in June 2020, the three-lineage cytopenia present in

ultrasound examination on

the peripheral blood, and involvement of the erythroid
and myeloid lineage based on the bone marrow biopsy,
the following diagnosis was made: Myelodysplastic syn-
drome (MDS) with hypocellular bone marrow, unclas-
sified, severe course. Complications: hemorrhagic syn-
drome (skin damage, bleeding gums). Aplastic anemia?

Figure 1. Hypocellular bone marrow. Romanowsky-Giemsa staining
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To clarify the diagnosis, the bone marrow trephine
biopsy block was sent to the National Medical Research
Center for Hematology (Moscow) for review. The review
enabled to exclude MDS and verify the diagnosis of
aplastic anemia. Bone marrow biopsy specimen report:
bone trabeculae with signs of resorption. Bone marrow
cavities are wide, they contain hypocellular bone marrow
(relative to the age norm). The granulocytic lineage is
narrowed, rejuvenated. Erythroid lineage is moderately
represented by clusters of normoblastic erythrokaryo-
cytes. Megakaryocytes are single, small. Small lymphoid
cells, mature plasma cells are interstitially scattered.
Stroma with hemorrhages. A well-defined lymphoid
accumulation of small cells, rather of reactive nature,
is visualized intertrabecularly. To exclude the mini-
mum signs of MDS, an immunohistochemical test was
performed on paraffin block slices using antibodies to
CD34 and CD42b. Upon reacting with antibodies to
CD34, vessels and single positive cells are visualized.
CD42b+ megakaryocytes are scarce, small and visu-
ally normal. Report: taking into account the immu-
nohistochemical test, there is no convincing evidence
of MDS in the examined material. The morphological
pattern in the bone marrow characterizes the hypopla-
sia of hematopoietic tissue. Also, the material was sent
for bone marrow cytogenetic FISH-test to the Republic
Medical Genetic Center, which excluded the mutations
characteristic of MDS: no translocation involving the
MECOM/3q26 gene locus was identified; no deletion
of 5p15.3 and 5q31.2 regions was identified; no dele-
tion of regions 7q22.1-q22.2 and 7q31.2 was identified;
no deletion of 20q12 and 20q13.12 was identified.

As a result, the final diagnosis was: Acquired severe
aplastic anemia. Complications: hemorrhagic syndrome
(skin damage, bleeding gums and nasal mucosa). Conva-
lescent COVID-19 patient.

Erythrocyte mass and thrombocyte concentrate
blood transfusion therapy was performed. The patient
also received erythropoietin drugs subcutaneously every
other day, etamsylate and folic acid. The patient was
discharged with improvement at the end of December
2020 with the following blood counts: hemoglobin —
122 g/l, red blood cell count — 3.77 x 10", platelets —
18.0 x 10, leukocytes — 2.4 x 10°, neutrophils — 0.6 x
10% mean cell volume — 92.3 fL, lymphocytes — 1.3 x
10°, ESR — 22 mm/h

During the planned hospitalization to the hematol-
ogy unit of the G.G. Kuvatov Republic Clinical Hospi-
tal at the end of January 2021, the patient complained of
weakness and general malaise. The following decrease in
blood counts was observed: hemoglobin — 76 g/l, red
blood cell — 2.33 x 102, mean cell volume (MCV) —
94 fL, platelets — 12 x 10° white blood cell — 1.6 x
10 neutrophils — 0.4 x 10% lymphocytes — 1.1 x 10°.

The patient was administered erythropoietin subcu-
taneously every other day, received erythrocyte mass
and thrombocyte concentrate transfusion therapy and
ethamsylate and folic acid. She had a telemedicine con-
sultation with the National Medical Research Center for
Hematology in order to clarify the diagnosis and deter-
mine the treatment approach. The report was as follows:
based on the examination performed, the patient is diag-
nosed with acquired aplastic anemia; recommendation:
combined immunosuppressive therapy.

At the beginning of March 2021, the patient was
admitted to the hematology unit of the G.G. Kuva-
tov Republic Clinical Hospital for combined immu-
nosuppressive therapy. During admission, the blood
counts were as follows: hemoglobin — 88 g/I, red
blood cell count — 2.69 x 10'%/1, mean cell volume
(MCV) — 93.8 fL, platelets — 16 x 10°/1, white blood
cell count — 2.3 x 10%1, neutrophils — 1.1 x 10°/ |,
lymphocytes — 1.2 x 10°/L.

After a course of anti-thymocyte globulin and blood
component transfusion, the patient was discharged with
improvement. In CBC, the level of hemoglobin increased
to 121 g/, red blood cell count — to 3.77 x 10'%/1, white
blood cell count — to 3.8 x 10°/1, neutrophils — 1.4 x
10%/1, platelets — 24 x 10°/1, mean cell volume — 92.7 fL,
lymphocytes — 1.0 x 10°/1. Upon discharge, the patient
was recommended to start taking Cyclosporin A, in
accordance with National Guidelines. [9].

In mid-July 2021, a follow-up examination by a
hematologist at the G.G. Kuvatov Republic Clinical Hos-
pital showed an improvement of the general condition,
and the absence of hemorrhagic syndrome. The changes
included a slight decrease in hemoglobin to 115 g/l, leu-
kocytes — to 2.5 x 10%/1, neutrophils — to 0.6 x 10%/1.
Red blood cell count was 3.13 x 10'¥/1, platelets — 46 x
10°/1, lymphocytes — 1.6 x 10%/1. According to the test
results, the absence of hemorrhagic syndrome and blood
transfusion dependence, the patient had partial clinical
and hematological remission.

Discussion

AA is an orphan disease that occurs in most regions
of Europe and America, with an incidence of 2-3 cases
per 1 million population a year [7]. Because AA is a
rare disease, it was not immediately suspected in this
patient.

The hematological changes associated with COVID-
19 were regarded as secondary cytopenia associated with
a viral infection. In view of the pandemic, bone marrow
trephine biopsy was not performed at that time, which
made the timely diagnosis of AA difficult.

According to the literature data, some patients with
COVID-19 may develop leukopenia and thrombocyto-
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penia [8]. However, according to CBC in the presented
clinical case, pancytopenia gradually progressed, lym-
phopenia was not observed, moderate manifestations of
hemorrhagic syndrome appeared, which indicated the
development of a hematological disease. Therefore, the
diagnosis of AA was made after six months of observa-
tion, after a sternal puncture and trephine biopsy.

Taking into account the satisfactory condition and
the absence of changes in the patient’s blood tests before
coronavirus disease, it can be assumed that COVID-
19 was a trigger to the onset of AA in this case.

Conclusion

Therefore, AA must be differentiated from other
conditions that lead to pancytopenia. The clinical case
is given as an example that confirms the literature data
on the impact of coronavirus on the development and
course of autoimmune diseases. [2, 3, 4, 5]. We believe
that in this case, the development of the autoimmune
disease AA could have been triggered by the SARS-
CoV-2 virus. The follow-up observation of patients in
the post-COVID period will yield new information on
the impact of COVID-19 on the hematopoietic system
and the development and course of hematological
diseases.
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Differential Diagnosis of Pneumonia as

a Complication of Nasal Liquorrhea in
the Context of the COVID-19 Pandemic

Pe3oMe

HasanbHas JIMKBOpeA — ucTtevyeHue u,epe6pochHaan017| HUAKOCTU U3 IMKBOPHbIX MPOCTPAHCTB NON10CTU Yepena B MON10CTb HOCA /1M OKO/IOHOCOBbIe

nasyxu BCeACTBME Ha/IM4NA BPOXK/EHHOIO UM NpuobpeTeHHOro AedeKTa KOCTell OCHOBaHMSA Yeperna 1 MO3roBbiX 060/104eK pa3/IMyHO 3TMOIOM UK.
HasanbHasa AMKBOpes NMpUBOAUT K MOTEHLMAAbHO CMepTe/IbHbIM OC/IOXKHEHNAM: MEHUHIUT, MEHUHrO3HLedanunT, nHeBMouedanums, abeuecc mosra.
TakKe Npu Ha3aNbHOM IMKBOPEN BO3MOXHO BO3HMKHOBEHMWE MeHee OMacHbIX OC/I0OXHEHMIA: acCnMPaLMOHHOrO MHEBMOHMUTA U racTpuTa. B ctaTbe npu-
BOAMTCA C/lyyaii acnMpaLMOHHOrO MHEBMOHUTA Y ABYX MaLMEHTOB C Ha3a/IbHOM JIMKBOpeeit, npoxoanslumnMmn neverre 8 HMULH nm. H.H. BypaeHko
BO BpeMs naHgemun COVID-19. Ob6a naumeHTa oTMeyanu npodysHbiit xapaKTep Ha3a/lbHOM JIMKBOPEW, XafoBaMCb Ha Kalle/ib B FOPU3OHTaNbHOM
NonoXeHUu. B 0601x ciyyasx B xo4e BbINOJHEHUS NONMMepasHol LenHow peakuuu PHK supyca (SARS-CoV-2) He o6HapyeHa. AHTtutena (IgG, IgM)
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Abstract

Nasal liquorrhea — the outflow of cerebrospinal fluid from the cerebrospinal fluid spaces of the cranial cavity into the nasal cavity or paranasal
sinuses due to the presence of a congenital or acquired defect in the bones of the skull base and meninges of various etiologies. Nasal liquorrhea
leads to potentially fatal complications: meningitis, meningoencephalitis, pneumocephalus, brain abscess. Also, with nasal liquorrhea, less
dangerous complications may occur: aspiration bronchopneumonia and gastritis. The article presents a case of aspiration pneumonitis in two
patients with nasal liquorrhea treated at the N.N. N.N. Burdenko during the COVID-19 pandemic. Both patients noted the profuse nature of the
nasal liquorrhea, complained of coughing in a horizontal position. In both cases, no RNA virus (SARS-CoV-2) was detected during the polymerase
chain reaction. Antibodies (1gG, IgM) to coronavirus were not detected. Computed tomography of the chest organs in both cases revealed areas
of frosted glass darkening. Since no data was obtained for coronavirus infection (negative tests for coronavirus, lack of antibodies), changes
in the lungs were interpreted as a consequence of constant aspiration of cerebrospinal fluid. The patients were admitted to a separate ward.
Both patients underwent endoscopic endonasal plasty of the skull base defect. The postoperative period in both cases was uneventful. In both
cases, the patients underwent computed tomography scan of the chest organs one month later. On the photographs, the signs of pneumontis

completely regressed.

Key words: nasal liquorrhea, skull base defect, aspiration pneumonitis, skull base
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CT — computed tomography, TBI — traumatic brain injury

Introduction

Cerebrospinal fluid (CSF) rhinorrhea is the outflow
of cerebrospinal fluid from the cerebrospinal fluid spaces
of the cranial cavity into the nasal cavity or paranasal
sinuses due to a congenital or acquired defect in the
bones of the skull base and meninges of various etiolo-
gies [1].

CSF rhinorrhea leads to potentially fatal complica-
tions: meningitis, meningoencephalitis, pneumocepha-
lus, brain abscess. CSF rhinorrhea can also cause less
dangerous complications: aspiration pneumonitis and
gastritis [2, 3]. With a pronounced outflow of cerebrospi-
nal fluid in patients in a supine position, the cerebrospi-
nal fluid often enters the lower respiratory tract through
the nasal cavity and nasopharynx. In this case, aspiration
pneumonitis occurs. Patients complain of cough that
occurs mainly in the supine position [4].

Pneumonitis is a disease characterized by damage to
the tissues that support the intralobular gas exchange and
form pulmonary key structures — the alveoli. According
to ICD-10, there are several types of pneumonitis:

J.67 — ].67.9 Hypersensitivity pneumonitis due to
organic dust.

J68.0 Respiratory conditions due to inhalation of
chemicals, gases, fumes and vapors.

J69 Pneumonitis due to solids and liquids.

The fundamental difference between pneumonitis and
pneumonia is associated with etiology. In pneumonia,

inflammation is caused by infectious agents such as bac-
teria, viruses, or fungi. The onset of pneumonitis is not
associated with the above-listed infections, and inflam-
mation is immunologically mediated [5]. Aspiration
pneumonitis, triggered by the ingress of stomach con-
tents into the lower respiratory tract (Mendelson syn-
drome) and also occurring after intubation, stands out
[6]. In CSF rhinorrhea, cerebrospinal fluid enters the
lungs in the supine position, which also causes symp-
toms of pneumonitis.

Differential diagnosis of pneumonitis is carried out
with viral pneumonias, which are seasonal and occur
mainly in winter. In December 2019, an epidemic of
novel coronavirus disease caused by SARS-CoV-2 broke
out in Wuhan (China) and rapidly spread across the
world [7]. In February 2020 (02/12/2020), WHO offi-
cially named the infectious disease COVID-19 (Coro-
navirus disease 2019). The International Committee
on Taxonomy of Viruses officially named the causative
agent of the disease SARS-CoV-2 [8]. The main mani-
festation of the disease is pneumonia. There is also an
asymptomatic or mild course with the involvement of
the upper respiratory tract, which resolves within a week
after infection [9]. According to the Internet resource
https://www.worldometers.info/coronavirus as of Janu-
ary 31, 2021, the number of infected people exceeded
103 million; the death rate was approximately 2.2 mil-
lion. In Russia, 3,850,439 cases of COVID-19 had been
recorded; the death rate was 73,182 people [10].
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Figure 1 A, b. A — axial projection, b — frontal projection. CT scan of the lungs of a patient with COVID-19 viral
pneumonia

Today, the gold standard for the diagnosis of
COVID-19 is the polymerase chain reaction (PCR) for
the detection of viral RNA with reverse transcription in
real-time. Computed tomography (CT) data in patients
with primary false-negative PCR results if COVID-19 is
suspected, are an essential component of differential
diagnosis [11, 12] (Fig. 1).

Case report N2 1

Patient D. 67 years old; referred to N. N. Burdenko
National Medical Research Center for Neurosurgery
(N.N. Burdenko NMITsN) in May 2020 with complaints
of a clear liquid discharge from the nose on the right
when the head is tilted.

Past medical history: Hypertension stage II, grade 2,
risk of cardiovascular complications, left ventricular
myocardial hypertrophy. Chronic hyperplastic gastri-
tis. Heart failure IT FC, mitral regurgitation grade II-III,
aortic regurgitation grade I-II, tricuspid regurgitation
grade II, pulmonary hypertension grade II, diastolic dys-
function of the left ventricular myocardium degree I. The
patient did not violate self-isolation restrictions, and had
not been in contact with infectious patients. There were
no COVID-19 cases in the family.

Medical history: According to the patient, about six
months ago, he noted drip outflow of fluid from the nose
when the head was tilted. After a month, the nasal dis-
charge intensified. He was treated at the place of resi-
dence with a diagnosis of allergic rhinitis without effect.
In June, he noted an episode of fever, 38-39 degrees,
headaches. He was examined at the place of residence
with suspected meningitis. Amoxicillin was empirically
prescribed, with no beneficial effect. Magnetic resonance
imaging identified a volumetric hypervascular formation

of the chiasmatic-sellar region with infrasellar spread
measuring 20 x 33 x 22 mm with sphenoid bone destruc-
tion. The meningitis diagnosis was not confirmed. The
patient was referred to N.N. Burdenko NMITsN to deter-
mine the further therapeutic approach.

Neurological examination during the follow-up
examination at the Neurosurgery Center identified no
abnormalities. PCR identified no virus (SARS-CoV-2)
RNA. Coronavirus antibodies (IgG, IgM) were also
negative. Computed tomography of thoracic organs was
performed. It identified infiltrative changes in the lower
lobes of the lungs on both sides. Ground-glass opacity
areas were seen on the right, in the lower segments. Cal-
cifications were identified in the 6th segment of the right
lung. The roots of the lungs were not dilated. No fluid in
the pleural cavity was found. No diaphragm changes. The
mediastinum was not displaced.

Complete blood count: white blood cell count is
4.35 10*9/1, neutrophils 72.4%, immature granulocytes
1.1%, lymphocytes 0.85 10*9/l. C-reactive protein was
less than 5 mg/ml. The patient had a negative PCR test
for coronavirus.

Given the chronic nature of CSF rhinorrhea, CT
changes in the lungs may be due to the ingress of cere-
brospinal fluid into the lungs. However, given the low
lymphocytes in the blood, these changes are highly
likely associated with SARS-CoV-2 viral pneumonia.
It was decided to postpone the surgery by 10-14 days in
order to assess CT changes over time and take repeated
tests for coronavirus (swabs from the throat and nose,
blood tests for IgM and IgG), followed by a decision
regarding the patient’s hospitalization at the Neurosur-
gery Center.

The patient was examined by an Infectious Disease
physician at the place of residence. Laboratory tests for
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Figure 2 A, b. A — axial projection, b — frontal projection
glass areas are noted

COVID-19, found no SARS-CoV-2 RNA and IgM and
IgG antibodies to SARS-CoV-2.

A repeated CT scan of the lungs was performed
16 days later; it showed multiple focal infiltrative changes
without changes compared with the previous examina-
tion (Fig. 2A, B).

Repeated sampling and exam of biomaterial was car-
ried out: SARS-CoV-2 viral RNA was not detected.

In view of such inconclusive data, a consultation was
held with the chief physician, epidemiologist, therapist,
anesthesiologist and neurosurgeons. Since no data were
obtained for coronavirus (negative tests for coronavirus,
no antibodies), the changes in the lungs were interpreted
as a consequence of constant aspiration of cerebrospi-
nal fluid. The patient was admitted to a separate ward.
The diagnosis was made: Complex skull base defect in

Figure 3. CT cisternography. Frontal projection. Defect in
the area of the Turkish saddle

. CT of the first patient’s lungs before surgery. Multiple frosted

the sphenoid sinus area. Spontaneous CSF rhinorrhea on
the right. Aspiration pneumonitis.

Before the surgery, CT cisternography was per-
formed, which showed a defect in the base of the skull in
the sella turcica area (Fig. 3).

Treatment progress:

The patient underwent surgery for “Endoscopic endo-
nasal transphenoidal removal of an endosellar pituitary
tumor, plastic closure of two CSF fistulas in the area of
the sella turcica and posterior cells of the ethmoid bone
on the right with auto- and allomaterials”.

The postoperative period was satisfactory. Somatic
and neurological status in the postsurgical period had
no negative changes. In the early postsurgical period,
there were no signs of CSF rhinorrhea. The patient was
discharged from the hospital on the 9th day after the
surgery.

The histological report confirmed the diagnosis of
pituitary adenoma.

One month after the surgery, the patient underwent
follow-up CT of the chest: the signs of lung damage
regressed completely (Fig. 4).

Case report N¢ 2

Patient F., 40 years old, examined at N.N. Burdenko
NMITsN for recurrent CSF rhinorrhea.

Medical history. The patient considers himself ill
since August 2019, when a liquid discharge from the left
side of the nose began for no apparent reason. He vis-
ited an otorhinolaryngologist at his place of residence,
and was diagnosed with spontaneous CSF rhinorrhea.
He underwent treatment in the center, where he under-
went surgery for “Endoscopic endonasal plasty of the
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Figure4 A, B. A — axial projection, b — frontal projection. CT of the lungs one month after surgery

skull base defect in the area of the lateral recess of the
sphenoid sinus on the right”. After the surgery he felt
well, there was no leak. However, three months after
the surgery, he noted a transparent discharge from the
nose on the right when the head was tilted. He noted a
cough at night and headaches. He visited N.N. Burdenko
NMITsN with these signs for repeated surgical treat-
ment. The otorhinolaryngologist’s examination showed:
Profuse CSF rhinorrhea. Defect in the area of the lateral
recess of the sphenoid sinus on the right (Fig. 5).

Past medical history: Traumatic brain injury (TBI)
20 years ago, epilepsy. Degree I obesity.

During examination for hospitalization, the patient
was twice tested for SARS-CoV-2 by PCR — no coronavi-
rus RNA was detected. The computed tomography of the
thoracic organs showed a pattern of infiltrative changes
in the lower lobes of the lungs. No coronavirus antibod-
ies were found. Clinical blood count and biochemical
assay were normal. The patient showed no signs of intox-
ication. No enlargement of peripheral lymph nodes.

Figure 5. CT of the brain, frontal projection. Defect of the
skull base in the area of the lateral pocket of the sphenoid
sinus on the left

A consultation was held with the chief physician, epi-
demiologist, anesthesiologist, therapist, neurosurgeons,
otorhinolaryngologists. Taking into account the profuse
nature of liquorrhea, the inflammatory changes on CT
were regarded as a consequence of aspiration pneumo-
nitis due to the leak of cerebrospinal fluid into the lungs
(Fig. 6).

Due to the lack of laboratory data for coronavirus
(negative tests for coronavirus, lack of antibodies) and
the absence of contraindications for anesthesia and sur-
gical treatment, the patient was admitted to the hospital
into a separate ward.

Treatment progress:

The patient underwent surgery for “Endoscopic
endonasal plasty of the skull base defect in the area of
the lateral pocket of the sphenoid sinus using autografts”.

The postoperative period was satisfactory. Somatic
and neurological status in the postsurgical period had no
negative changes. In the early postsurgical period, there
were no signs of CSF rhinorrhea. The patient was dis-
charged for outpatient supervision on the 5th day after
the surgery.

In the late postsurgical period (one month after the
operation), signs of pneumonia according to the CT scan
of thoracic organs had completely regressed. Antibodies
to SARS-CoV-2 were not detected (Fig. 7).

Discussion

Aspiration is defined as the accidental ingress of
oropharyngeal or gastric contents or fluid and particu-
late matter into the lower respiratory tract. The clinical
response to aspiration depends on the nature of the aspi-
rated material, microbiocenosis of the respiratory mucosa
and colonization by pathogenic microflora [13, 14].
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Figure 6 A, b. A — axial projection, b — frontal projection of CT of the chest organs before surgery. There are multiple

areas of frosted glass darkening in the left lung

With profuse CSF rhinorrhea, cerebrospinal fluid
may enter the bronchi, which can cause irritation in
the respiratory tract. Although patients with skull base
defects often complain of cough in the supine position,
the literature has very few cases of pneumonitis as a com-
plication of CSF rhinorrhea [15]. In 2016, Justin Seltzer
et al. [16] published the first paper devoted to this condi-
tion. Until then, this complication was cited in the analy-
sis of series of CSF rhinorrhea treatment cases. However,
the diagnostic signs and methods of treatment of aspi-
ration pneumonitis were not described. This is probably
because this complication of CSF rhinorrhea was previ-
ously underestimated in clinical practice. However, it
has acquired particular relevance in the context of the
SARS-CoV-2 pandemic.

According to the etiology, CSF rhinorrhea can be
spontaneous and traumatic [17]. Traumatic CSF rhinor-
rhea is associated with traumatic brain injury, and in
80% of cases, it ceases within the first two weeks. Also,
traumatic liquorrhea includes liquorrhea arising from
various surgical procedures [18]. In spontaneous CSF
rhinorrhea, pathogenesis is associated with many factors,
such as high body mass index (BMI), intracranial hyper-
tension, empty sella syndrome, and arachnoid granula-
tion [20]. Our patients were overweight. Also, the second
patient showed signs of arachnoid granulations on CT.
Obesity is accompanied with a decrease in the level of
growth hormone, which leads to an increase in leptin
secretion, which in turn induces osteopenia. Patients
with metabolic syndrome also have a high level of cor-
tisol, testosterone, and norepinephrine. These endocrine
changes result in impaired calcium homeostasis, osteo-
blast function and, ultimately, bone demineralization
and the development of osteoporosis, accompanied with
skull base bones destruction [21].

Figure 7. CT of the lungs one month after surgery, frontal
view

Obesity directly affects the physiology of respiration
by increasing the mass and reducing the compliance of
the chest walls with the deposition of fat around the ribs,
which significantly complicates inhalation. Fat deposi-
tion in the mediastinum also limits the lung mobility.
With excessive fat deposition in the abdominal cavity,
diaphragm dysfunction develops, which is expressed in
the disproportion of the ratio between the length and
tension of muscle fibers due to their overstretching,
which limits the excursion of the diaphragm [22, 23].
All these factors decrease lung volume, especially the
expiratory reserve volume (ERV) and functional reserve
capacity, which play an important role in maintaining
the patency of the distal airways. Therefore, the risk of
aspiration pneumonitis in patients with spontaneous
liquorrhea is significantly higher than in patients with
traumatic liquorrhea [24].

477



478

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine @ Ne 6 e 2021

Lung X-ray is used to diagnose pneumonitis. In this
case, there is a characteristic localization in the posterior
segments of the upper lobes and the upper segments of
the lower lobes [25].

COVID-19-induced changes in the lungs are quite
variable. However, most authors agree that the most
frequent, and at the same time, the most characteristic
changes are the “ground-glass” parenchyma compactions
(single or multiple), as well as a combination of these
changes with consolidation and/or with reticular changes
(cobblestone changes) [26]. Most often, pneumonia data
manifest on CT as bilateral changes with predominantly
subpleural localization in the absence of pleural effusion.
In this case, the dorsal arrangement of changes with the
involvement of several lobes of the lungs, mainly the
lower lobes, is the most typical. In our case, the patient
had a ground-glass symptom. However, this symptom
is not pathognomonic, but is an indicator of lung tissue
density and is a sign of the interstitial nature of infiltra-
tion. “Ground glass” is represented by a certain area in
which there is a moderately reduced respiratory tissue

airiness. The causal factor for this phenomenon is the
thickening of the interalveolar septa, as well as the partial
filling of the alveoli with contents [27, 28].

According to the literature, no special treatment
of pneumonitis with CSF rhinorrhea is required. The
symptoms quickly regress after the successful closure
of the CSF fistula [29]. Maya Or et al. in 2020 published
a paper on aspiration pneumonitis in CSF rhinorrhea
[30]. In their series of cases, respiratory symptoms were
identified in 6 out of 20 patients with CSF rhinorrhea.
The authors report that after the skull base defect plasty,
the respiratory symptoms completely regressed without
antibacterial treatment.

The Neurosurgery Center continued to provide high-
tech medical care to patients at high risk of COVID-
19. To reduce and prevent the intrahospital spread of
infection among patients, an algorithm was developed.
It takes into account data from the epidemiological his-
tory, close contact with COVID-19 patients, laboratory
data (PCR for SARS-CoV-2 virus RNA) and prehospital-
ization lung CT data (Table 1).

Table 1. Algorithm for making a decision on hospitalization of patients

Ne RNA CT Epidanamnesis Clinic Decision
1. NOT detected There are no data for ~ There is no contact  There are no Hospitalization possible
RNA SARS-CoV-2by viral pneumoniaon  with patients with  clinical signs of
PCR method with the CT scan of the COVID-19 for the disease
a prescription of chest organs 7 days 14 days before
material sampling before hospitalization hospitalization
48 hours before
hospitalization
2. SARS-CoV-2 RNA There is evidence for ~ History of There are no Hospitalization postponed
was NOT detected viral pneumoniaon  transferred clinical signs of In the future, hospitalization is possible with two
by PCR method the CT scan of the COVID-19, thereis the disease negative tests for SARS-CoV-2 by PCR with an interval
with a prescription chest organs with a the presence of IgG of 1 day and positive dynamics on the CT scan of the
of material 48 hours  prescription of 7 days antibodies in the chest organs after
before hospitalization before hospitalization blood 10 days.
3. SARS-CoV-2 RNA There is evidence for ~ There are no There are no Hospitalization postponed
was NOT detected viral pneumonia on  indications clinical signs of and the patient is sent for observation to a medical
by PCR method the CT scan of the of postponed the disease organization at the place of residence with a
with a prescription chest organs with a COVID-19 in the recommendation to perform a test for antibodies of
of material 48 hours  prescription of 7 days anamnesis class M and G and repeat the CT scan of the chest
before hospitalization before hospitalization organs in dynamics for 10 days.
4. Detected RNA SARS- There are no datafor ~ There are no There are no Hospitalization postponed
CoV-2 by PCR with viral pneumonia on  indications clinical signs of and the patient is sent for observation to a medical
a prescription of the CT scan of the of postponed the disease organization at the place of residence with a
material sampling chest organs 7 days COVID-19 in the recommendation to undergo a full examination for
48 hours before before hospitalization anamnesis COVID-19. Further hospitalization is possible no
hospitalization earlier than 4-5 weeks in the absence of a clinical
picture and two negative tests for SARS-CoV-2 by PCR
with an interval of 1 day and repeated CT scan of the
chest organs.
5. A test for There are no data for ~ There are no The patient is The patient can be hospitalized in a separate
SARS-COV-2 by PCR  viral pneumoniaon  indications in a serious ward of the department, strictly isolated with an
has been passed, the  the CT scan of the of postponed or extremely accompanying person until the test result is obtained.
result will be ready chest organs 7 days COVID-19inthe  serious Upon receiving a positive test for SARS-CoV-2, the
the next day before hospitalization anamnesis condition due to patient is transferred to a specialized hospital for the

the underlying  treatment of COVID-19

disease.
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In the case of CSF rhinorrhea, chest CT may detect
aspiration pneumonitis. In this case, the PCR for coro-
navirus is advisably performed at least twice. If both
tests are negative and there are no clinical symptoms of
COVID-19 and no contraindications for general anes-
thesia and surgical intervention, the patient may be hos-
pitalized in a separate ward for plastic closure of the skull
base defect.

Conclusions

The changes in the lungs in patients with CSF rhinor-
rhea are the result of cerebrospinal fluid aspiration. In this
case, the changes can be manifested by a short-term focal
ground-glass opacity pattern due to the partial filling of
the alveoli with fluid without any clinical signs.

In such cases, patients should undergo PCR for detec-
tion of SARS-CoV-2 virus RNA at least twice and com-
puted tomography of the chest. If signs of ground-glass
opacity are detected, it is recommended to postpone the
surgery by 10-14 days in order to assess these changes in
computed tomography in real-time and re-test for coro-
navirus to exclude the viral nature of lung damage.
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