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Pandemics and their geographical distribution

Abstract. Background. The relevance of the presented article is due to an increase in the incidence of COVID-19
and the pandemic getting out of control. In the current conditions, the experience of previous generations and ancient
pandemics will be useful for further study of the situation. The purpose of the article is to compare and analyze the
experience of overcoming and passing through pandemic states and periods in the history of mankind, as well as to
draw up possible theoretical methods for influencing the current situation through this experience. Materials and
methods. To reveal the topic, authors used the methods of comparative analysis, historical perspective, induction
and deduction, as well as an appeal to archival sources and international authors. Results. Thanks to the derived
statistics of the incidence of coronavirus, preventive measures have been created against the spread of the pandemic,
the use of which in the future will significantly reduce the risks of morbidity. Conclusions. In the field of studying
COVID-19, the experience of previous epidemic periods of history has not been applied on a global scale, which

determines the novelty of the presented article.

Keywords: pandemic,; medical geography, plague outbreak; coronavirus infection; xenophobia; COVID-19

Introduction

Many epidemics and pandemics on Earth have occurred
at certain times. Their classification according to preva-
lence status and disease geography is divided into five by
the authors. According to them, it covers the period from
antiquity to the 20" century. Infectious diseases continue
to affect the 21% century. This situation led to an epidemic
that spread across countries, continents, and later even
led to a pandemic. It is known that pandemic is derived
from the Greek word meaning “whole nation”. Typically,
a pandemic has a mass prevalent nature, affecting a large
portion of the world’s population. According to the World
Health Organization (WHO), a pandemic is a global out-
break of the disease [1]. The first epidemic on Earth was
observed in 430 BC in Athens, the capital of Greece. His-
torian Thucydides commented on the epidemic, which he
called the Athenian plague (Table 1).

The plague has also caused many pandemics in history.
One such epidemic was the Antonine plague, which ap-
peared in ancient Rome in 165—180 AD, and also known
as the Galen plague. The disease named after a doctor
who lived in the Roman Empire that was invaded by Ro-
man troops returning from marches in the Middle East.
Scientists say the disease resembles smallpox and measles,

proving that it corresponds to the cause of illness and
death of Marcus Aurelius Antoninus, and the Roman em-
peror Lucius Verus.

According to the Roman historian Dion Cassius (155—
235), after nine years the disease flared up again. As a result,
about 2,000 deaths per day were observed in Rome, and a
quarter of those diagnosed with the disease died. This, in
turn, led to a decline in the Roman population.

The next epidemic was also observed in the Carthage
region of ancient Rome in 250—271. It is named the Cyprian
plague after the bishop of Carthage. He described the symp-
toms of the disease in detail in his Book of Death. According
to Byzantine historians, the epidemic in Roman and Greek
cities claimed the lives of about 5,000 people every day. The
epidemic also affected Alexandria and Carthage.

Pandemics in ancient times

The world’s first plague pandemic was named Justinian
Plague during the reign of the Byzantine Emperor Justini-
an L. It has spread from Europe and Southwest Asia to other
parts of the world for nearly 200 years. The first outbreak of
the plague occurred in 542 in Egypt and the city of Pelu-
sium because of trade. As a result, the disease has long led
to pandemic conditions around the world. The spread of the

© «MegauumHa HeBigknapHux ctaxie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2023
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disease, as mentioned above, was connected by trade routes,
first to Constantinople and then to the northern, southern,
and eastern regions of Byzantium. After that, the epidemic
situation covered North Africa, all of Europe, Central and
South Asia, and Arabia, but had almost no impact on East
Asia.

By 544, an epidemic was raging in the Byzantine Empire,
and 5,000 people died every day in Constantinople, with the
death rate reaching 10,000 on some days. In the sources of
that period, no symptoms of pneumonic plague were ob-
served in any person. The day a healthy person infected the
plague from the outside, he died before the clinical signs of
the disease appeared [3].

In the East, nearly 66 million people have died from the
plague, with two-thirds of Constantinople population dying
from the disease. In Europe, nearly 25 million deaths have
been reported. According to some sources, the plague was
also recorded in Ireland between 549 and 550. Many rulers
and great men died from it. Among them, King Maelgwn
Gwynedd and Finnian of Clonard, who died of a plague.
The epidemic, which lasted nearly two centuries, killed ap-
proximately 85 million people worldwide.

The next stage of the epidemic was recorded in 698—701
in Constantinople, Syria and Mesopotamia. It started at the
exotic animal market in the cargo port of Neorion in Con-
stantinople. That is why researchers called it the Neorion
plague. This plague epidemic affected parts of Europe and
the whole of Southeast Asia [4].

The second plague pandemic in 1346—1353 posed a great
threat to the population of the planet. Its recurrence, the se-
cond wave, lasted until the 9" century, and spread to North
Africa, parts of Asia, and Europe, killing tens of millions of
people. In historical sources, this pandemic is called Black
Death. The plague first began in Asia. It entered Europe
from the northern shores of the Caspian Sea. From there,
the disease spread to most parts of Eurasia and North Africa.

Nearly 25 million of the world population has fallen victim to
Black Death. Sources estimate that 30 to 60 % of Europeans
die from the disease. This has affected European economy as
well as its social situation. When Black Death was studied by
scientists, its cause appeared to be the plague bacillus. Obser-
vation of mass death, the study of corpses and the biological
conditions in them proved signs of plague. In 1582, a plague
broke out in the Canary Islands, a Spanish municipality near
the African continent. Because the disease started in the city
of San Cristobal de La Laguna, it is referred to in sources as
La Laguna Plague. Although this plague was short, it left a
special mark on Spanish history with its mass death toll. The
disease has claimed the lives of 5,000 to 9,000 people. This
was about 35—45 % of the island population at the time. A
major epidemic was observed in Russia in 1654—1655. The
disease has killed between 10,000 and 100,000 people.

A plague epidemic broke out in England between 1665
and 1666, it was called Bubonic plague. The disease has
killed 100,000 people, 20 % of London population. Although
the epidemic was weaker than the previous Black Death
pandemic in Europe, it was remembered as the Great Plague
until the 17" century because it was the most dangerous of
all diseases in England at the time. Even before the Great
Plague, the bubonic plague of 1603—1604 killed 30,000 Lon-
doners [5].

The bubonic plague epidemic has also occurred in other
European countries. In 1679, in Vienna, the capital of Aus-
tria, a similar disease was recorded under the name Vienna
plague. The epidemic peaked in a short period of time, and
in the early 1680s, the impact was considerably diminished.
Yet the disease has claimed the lives of about 76,000 people.
In Vienna, the Holy Three Brothers religious organization set
up special hospitals during the epidemic and treated thou-
sands of children and adults. The medical care provided
in these hospitals was much simpler compared to modern
medicine, but much more effective compared to the medi-

Table 1. Geography of the spread of plague

Period Name of the disease Area
430 BC The plague of Athens Ancient Athens
165-180 Antonine plague Ancient Rome
250-271 Cyprian plague Ancient Rome
541 began Justinian plague Ancient Byzantine Empire, Nile oasis

(the first plague pandemic) and adjacent areas

541-750 Neorion plague Europe and Southwest Asia
1346-1353 Black plague (second plague pandemic) Europe, parts of Asia and North Africa
1582 The plague of La Laguna Spanish island of Tenerife
1654-1655 The plague in Russia Russia
1665-1666 Bubonic plague England
1678-1679 Vienna plague Austria
1708-1714 The Great Plague Northern and Eastern Europe
1896-1927 The third plague pandemic All over the world
1910-1911 The plague of Manchuria China
2008-2017 Bubonic and pneumonic plague Madagascar

Tom 19, N2 6, 2023

www.mif-ua.com, https://emergency.zaslavsky.com.ua 7



HaykoBum orasa / Scientific Review

cine of other cities in this period. Doctors treated cases such
as vomiting and bleeding with herbs and ointments. Still,
the death toll was high. The bodies of the plague victims
were taken to pits in areas outside the city. The bodies were
left open for several days. As a result, rats and other animals
spread the disease more widely.

There are reports that the Vienna plague entered Eu-
rope through traders from the Ottoman Empire, and the
United Kingdom from the Netherlands. In London, between
1665 and 1666, the disease killed nearly a hundred thousand
people. A plague epidemic began in 1666 in Cologne and on
Rhine, Germany, and lasted until 1670. In the Netherlands,
the disease spread from 1667 to 1669. The last plague epi-
demic in France occurred in 1668. The second wave of the
plague began in the Ottoman Turkic Empire in 1675—1684
and soon occupied the present-day Asia Minor and the Bal-
kan Peninsula.

We know that in 1700—1721 there was a fierce conflict
between the countries of Northern, Central and Eastern Eu-
rope for the occupation of the Baltic Sea region, which called
the Great Northern War in European history. Between 1708
and 1714, the bubonic plague spread around the Baltic Sea,
killing millions of people. That is why this epidemic is called
The Great Plague in the history of medicine. From 1708 to
1712, the disease affected Transylvania, Poland, Lithuania,
the Kingdom of Prussia, Kurland, Swedish Livonia, Swedish
Estonia, Pskov, Novgorod, Finland, Sweden, Pomerania,
Denmark, Schleswig-Holstein, Germany, and Holstein,
especially in regions such as Hungary, Bohemia, Moravia,
Austria. In six years, more than a million Europeans have
died from the disease.

The disease spread along trade routes from Central Asia
via Constantinople to the Mediterranean coast, then to Eu-
rope and affected the war-torn northern regions of the con-
tinent in particular. The war process accelerated the spread
of the plague. Soldiers fleeing the war spread the disease
across countries, and many women and children died from
the plague. During the war, the number of soldiers decreased
due to the plague, and in some cases, the war was suspended.
The disease was also recorded in the 14" century in the areas
around the Baltic Sea. After a long time, in 1711, the disease
entered the region through Prussia.

It was in the summer of this year that it reached Prague,
Vienna and Central Europe. During this period, Prussia and
Estonia in particular suffered greatly from the disease. In
many areas, the death rate was 66 to 75 % of the population.
Some farms and villages were completely burned. As a result,
famine broke out and other diseases spread. The number of
victims of this epidemic, known as the Great Plague, is very
high in the sources, as all those who died were diagnosed with
the plague. In particular, from July to December 1708, more
than 23,000 of the 50,000 people died in Danzig, 10,000 of
the 40,000 population in Koénigsberg between 1708 and 1710,
and about 15,000 in Prussia each year. In Riga, between 1710
and 1711, about 7,350 out of a population of 10,500 died,
while in Stockholm, between 18,000 and 23,000 people died,
and in Hamburg in 1711, 10,000 out of 17,000 people died of
disease. In Vienna, Austria, deaths also rose, and in 1713, the
death rate was 132.6 per 1,000 people. It was the last major
plague epidemic in Vienna.

Pandemics in modern times

In the late 19™ and early 20™ centuries, a third major
pandemic of plague was observed worldwide. Many scientists
have predicted that the third plague pandemic in the world
will ever occur and cause even greater damage because from
time to time this disease was spreading in some parts of the
world. The plague first reached its peak in 1346—1382, the
second time in 1545—1683, and the third time in 1710—1830.
The starting point of the third plague pandemic was the Yun-
nan province of China, where the disease originated in 1855
and spread to all continents for decades. The death toll from
this bubonic plague was so high that the total number of
deaths in China and India alone exceeded 12 million. Ac-
cording to the WHO, the pandemic was repeated in 1959.
However, the death toll was small, at 200 people worldwide.

The third plague pandemic is so widespread around the
world, the development of water, air and land transport has
led to the development of trade, socio-econo-mic ties be-
tween countries. The disease was particularly prevalent in
Chinese Manchuria and Mongolia between 1910 and 1911,
when sources described it as the Manchurian plague. The
Manchurian plague has caused great losses in Central and
East Asia, especially in China. The plague has left most dan-
gerous mark on the world. It has not posed a major threat
to the world since then, but is still observed in some areas,
such as the occasional outbreak on the African island of
Madagascar between 2008 and 2017. Among the epidemics
and pandemics that occur on Earth, plague stands out. Its
spread across continents, rise among the population, and
increasing death toll have left an indelible mark on the world
community. For many years, the world’s population has suf-
fered from this disease.

Cholera first broke out in Southeast Asia and the Middle
East, in the Ganges valley, and formed a nosogeographic area
around the world. Although the disease has been known since
ancient times, the study of it began in 1821. Outbreaks ap-
pear to be exacerbated by pollution of the Ganges River, poor
sanitation, and water-related ceremonies. A healthy person
who was infected with cholera or infected with cholera bac-
teria but had no symptoms of the disease was also a carrier of
the disease because the way cholera bacteria enter the human
body is the mouth. The disease carrier spreads it by excreting
bacteria into the environment through feces and vomit [1, 6].

India is the third-world country and has faced various
epidemics and pandemics over time. Throughout history,
influenza, plague, dengue, smallpox, and many other cases
have been reported; when we manage to destroy some, many
diseases still pose a threat to society. Sudden and rapid epi-
demics in India are not uncommon and many aspects are
explained by malnutrition, lack of sanitation and lack of
proper health care in such developing countries (Table 2) [3].

Cholera first began to occur on August 31, 1854,
around the houses on Broad Street in London. The cause
of the disease was well water consumed by the popula-
tion of the region. The English physician John Snow
first identified the origin of the disease from water. Bac-
teria that cause cholera are active in water and belong to
the group of highly susceptible vibrios. I[talian scientist
Filippo Pacini discovered the cholera bacterium in 1854.
The virus was re-examined in 1883 by Robert Koch and
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Table 2. Geography of the spread of cholera

ogzﬁg’gd Name of the disease Dist;:l;:ted
1817-1824 The first cholera pandemic Southeast Asia and the Middle East
1826-1837 The second cholera pandemic India, China, Europe, America and other regions
1852-1860 The third cholera pandemic Part of Europe and Asia
1892 Cholera Hamburg
1911 Cholera Venice
1961-2019 Cholera Around the world
2010 Haiti cholera Haiti, Cuba, Dominican Republic, Mexico, USA

its main features were highlighted. This bacterium has
rapidly infected the population. As a result, a pandemic
has developed [7].

The world’s first cholera pandemic occurred in South-
east Asia, near Calcutta, India, in 1817—1824, and was first
called the Asian cholera pandemic (Table 2) because during
this period, cholera was widespread in a very large part of the
Asian continent. It began near Calcutta and covered areas
from Southeast Asia, the Middle East, East Africa and the
Mediterranean coast of Europe. Because of this pandemic,
millions of people died, creating a great tragedy for huma-
nity [8].

In India, the commander of the British colonial armed
forces, General Hastings, wrote in his diary on November
13, 1817, that many people were dying in the camps of
Calcutta and the southern provinces, and that this was the
cause of the epidemic. Researchers believe that the move-
ment in the British Army and Navy accelerated the spread
of the epidemic. Indian pilgrims, meanwhile, have been
blamed for the spread of cholera in India. British troops
carried the disease on land to Nepal and Afghanistan.
Merchant ships have spread it to the shores of the Indian
Ocean, including African countries and Indonesia, and
from there to northern China and Japan. The outbreak of
cholera has spread to other parts of the world. The follo-
wing year, it moved to India, including Sri Lanka and other
nearby islands, and then to China. In 1820, the disease was
diagnosed in East Africa. In 1821, the British took him to
Arabia, then to Persia, Turkey and the Caucasus.

The number of deaths in the first cholera pandemic in
the world is not clear, but it is recorded in the history of
some cities. Of these, 16,000 out of a population of 40,000
in Shiraz and 30,000 in Bangkok have died from the disease.
In Semarang, in April 1821, 1,225 people died in eleven days.
It can be seen that the impact of the disease varied in diffe-
rent regions depending on the climate. Within the Russian
Empire, the disease first appeared in September 1823 among
the staff of the port of Astrakhan, where it was concluded that
the disease came from Baku, Azerbaijan, because at that time
there was epidemic in Baku. The prolonged cold in winter
1823—1824 stop the epidemic.

The second cholera pandemic (1826—1837) began in the
Ganges plains in 1826 and lasted for more than a decade. In
1826—1828, the cholera spread from India to the east, China,
the Indian subcontinent, as well as to Afghanistan, Khiva and
Bukhara. In the Russian Empire, the disease entered Oren-

burg in 1829 through the Bukhara caravan. The epidemic, on
the other hand, entered Russia from the Middle East through
the command of the Lenkoran military brigade and spread
to Astrakhan, the Volga region, and Moscow. That year, the
disease spread to the Middle East and Egypt, killing up to
150,000 people in Egypt alone [8, 9].

The second cholera pandemic also entered Ukraine in
1830 and peaked in 1831, with 26,946 people dying from
the disease in the summer of that year. The pandemic
continued to spread around the world. In 1831, the chol-
era spread to Central and Western Europe, killing 6,536
people in London and nearly 200,000 in France. In 1832,
French colonial forces carried the disease to Africa, and
European immigrants carried it to North America and
Australia. The New York government issued an order in
June 1832 not to approach the city if there was any doubt
as to plague on a ship. However, the disease was rampant,
and in September, when the pandemic stopped, about
3,500 of the city’s 250,000 people died. The pandemic has
spread to all continents. It has caused many casualties,
especially in Europe, the United States, China, Japan and
Russia. The disease has not stopped there, causing several
more pandemics around the world.

The third cholera pandemic occurred between 1846 and
1863. During this period, the world’s population was 1,248
million (according to 1850 data), the incidence and mor-
tality from cholera were higher than from other diseases.
Based on the above pandemic situation, the nosogeographic
hotbed is India, from where the disease has spread all over
North Africa and the Americas. The spread of cholera from
India to the Persian Gulf states was due to Muslim visits
to the holy shrines. Between 1831 and 1912, there were 27
cholera epidemics in Mecca. This is because many Muslims
come from India, North Africa, and the Middle East for
Hajj [10, 11].

The third cholera pandemic reached the shores of the
Black and Azov Seas in 1847, first covering Odesa and
then the entire Asia Minor, Russia and Poland. This wave
coincided with the Crimean War, when battles were ob-
served in the Caucasus, the Danubian Principalities, the
Amur, Kamchatka, and the Kuril Islands, along the Baltic,
Black, Azov, White, and Barents Seas. Between 1853 and
1854, cholera re-emerged in London, infecting more than
23,000 people and killing more than 10,000. In recent
years, water pollution in the city has led to an outbreak
of the disease.
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Table 3. Prevalence of coronavirus infection

Observed Distributed Number
period liness name territory of deaths
2002-2003 SARS, SARS-CoV Around the world 774
2012 MERS, MERS-CoV The Arabian Peninsula 850
Starting in 2019
and continuing now COVID-19, SARS-CoV-2 Around the world 5,648,501

This cholera pandemic did not affect the United States.
Because in 1863 a new quarantine law was introduced in
New York, the ships were not brought close to the city. In
all, scientists today have identified seven cholera pandemics.
However, three cases of cholera pandemics were considered
dangerous, and they were observed briefly and frequently in
the regions from 1863 to 1975.

In the summer of 1892 in Hamburg, Germany, the level
of the Elbe fell, and the river was warm and used as untreat-
ed drinking water and was polluted by the sewage system,
creating a favorable environment for the spread of cholera.
During this period, the conditions in the city did not meet
sanitary requirements. In Hamburg, cholera epidemics oc-
curred from time to time in 1822, 1831—1832, 1848—1859,
1866, and 1873. In 1892, the disease reached its peak in
the city. After that, work began on filtering drinking water
in Hamburg. A total of 16,956 people became ill and 8,605
died during the Hamburg cholera epidemic. On December
28, 1892, the Institute of Hygiene and the Environment was
established in Hamburg. New laws have been passed against
the construction of housing in unsanitary conditions. In
1893, the filtration plant of the Hamburg waterworks was
built in Kaltehofe.

In the fall of 1911, cholera broke out in Venice. Venice
is a city in northeastern Italy that has been visited by many
tourists since ancient times. It was precisely because of the
influx of tourists that the cholera broke out in the city, cau-
sing many deaths.

Pandemics of the 21 century
and COVID-19

A cholera epidemic can also occur due to damage to
water supplies caused by natural disasters. In Haiti in 2010,
for example, Hurricane Thomas and an earthquake caused
unsanitary conditions and a cholera epidemic. The WHO
has announced that the epidemic is likely to become the
first cholera pandemic of the 21% century. The disease has
also been reported in neighboring Dominica, Venezuela and
Mexico and the United States.

Despite the fact that cholera has been studied extensively
in modern times, it is still showing its effects in some deve-
loping and especially backward countries. Poor sanitation,
overpopulation, and large-scale migration play an important
role in the spread of the disease when drinking unsterilized
water. It should be noted that the emergence and develo-
pment of cholera in a particular area might be due to endo-
genous and exogenous conditions. Endemic regions include
South and Southeast Asia, Africa, and Latin America. Chol-
era is recorded throughout the year in these areas. In the hot
season, children often become ill, while adults do not show

clinical signs because they have already developed immunity.
The cholera coming from abroad is related to the migration
of the population.

The number of cholera cases reported by the WHO has
remained high for the past few years. In 2019, 923,037 cases
were reported in 31 countries, of which 1,911 were fatal. The
main reasons for this are the rapid growth of international
trade, the recurrence of many wars and the migration pro-
cess. One branch of the global warming problem is related
to epidemic diseases, and if climate change intensifies, new
diseases will appear and mutate in some viruses if severe colds
are not observed.

The WHO declared the coronavirus disease 2019 out-
break a Public Health Emergency of International Concern
(PHEIC) on January 30, and a pandemic on March 11,
2020. This is the 6™ time WHO has declared a PHEIC since
the International Health Regulations came into force in
2005. As of June 19, 2020, there were 10,193,723 confirmed
cases of COVID-19 and the death toll reached 503,867
worldwide [14, 15]. As of April 30, 2020, a total of 2,039
cases of coronavirus were diagnosed in the Republic of
Uzbekistan [16].

The COVID-19 pandemic is a current pandemic
caused by the spread of the SARS-CoV-2 and is still ongo-
ing (Table 3). At its onset, food shortages were exacerbat-
ed, primarily due to increased panic among people. Due
to quarantine, there has been a reduction in emissions
of pollutants, especially greenhouse gases. In nearly 180
countries, schools, universities and colleges have closed
nationally or locally, affecting about 98.5 % of the world’s
school- and student-age population.

Xenophobia has been observed in various countries,
with panicked shoppers buying large quantities of con-
sumer goods. United Nations Secretary-General Antonio
Guterres has warned that hatred and xenophobia are on
the rise in the communities due to a novel coronavirus
[6]. The shortco-mings during the initial period of com-
bating the pandemic included slow epidemiological sur-
veys, with only 10—15 % of infection sources identified.
Quarantine and control measures were poorly organized,
with no focus on secondary and tertiary sources of infec-
tion. There was a lack of strict control over compliance
with quarantine requirements in schools, preschools,
higher education institutions, commercial and industrial
enterprises. Public transport was overcrowded, often car-
rying 2—3 times more passengers than available seats,
without proper monitoring or recommendations to ad-
dress this issue. Additionally, the efforts in sanitary ad-
vocacy to prevent coronavirus infection among the local
population were weak.
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However, from mid-2020, medical supervision in this
regard intensified significantly. The experience of medical
staff, doctors has increased reliably, mortality decreased.

Conclusions

Pandemics are geographically distributed in different
countries and regions of the globe, and have an impact on
the demographic situation, economy, and emotional well-
being of the population. However, in addition to the above
negatives, we, as direct participants in the recent pandemic,
believe that it has strengthened people’s feelings of kind-
ness, humanity, parenthood, and closeness to their families
and well-educated humanity. As of January 23, 2022, a total
of 350,228,900 patients were diagnosed with coronavirus
infection in 221 countries, of which 278,686,563 recovered
and 5,611,429 died.

The disease ranks first in the U.S. in confirmed cases,
where, according to the WHO, the total number of registered
patients is 70,495,874, and 865,968 deceased. India is in
second place — 39,237,264 and 489,409, respectively; Brazil
ranks third — 23,931,609 and 623,191. France is in fourth
place with 16,506,090 registered cases, 129,505 deaths, and
the United Kingdom is fifth — 15,891,905 and 154,298,
respectively.

Among measures to be taken in the future there are:

— carrying out epidemiological surveys at the required
level;

— strengthen control in the field, in patients with omi-
cron strain, control of foreign nationals during the incuba-
tion period of the disease;

— placement of patients according to the results of labo-
ratory tests in the treatment and prevention facilities allo-
cated for coronavirus infection to prevent re-infection of
different strains;

— strengthen control over strict compliance with qua-
rantine requirements against new coronavirus infection by all
medical and preventive institutions, schools and preschools,
higher education institutions, as well as commercial and
industrial enterprises in the country;

— recommendations to relevant organizations in order to
eliminate overcrowding on public transport;

— it is advisable to carry out extensive sanitary-epide-
miological work to prevent coronavirus infection among the
population.
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"HauioHanbHW yHiBepcuTeT YabekmnctaHy imeHi Mip3aun Yayréeka, m. TalukeHT, Pecriybaika Y36ekmncTaH
2HaBoiicbKkvi A€PXKQBHWV NEAQrOrYHMM iIHCTUTYT, M. HaBoI, Pecrnybaika Y36ekmncTaH

SAKN3AKCHKI ASPXKQBHUK MEAQrOrYHUM iIHCTUTYT iMeHi ABayAm Kaavpi, M. Akn3ak, Pecrybaika Y36ekncTaH

NaHaeMmii Ta ix reorpagiyHe nowmnpeHHs

Pe3tome. Axmyaavnicms. AKTyanbHICTb IPEICTABIEHOI CTATTI 3y-
MOBJIEHA 3pOCcTaHHSM 3axBopioBaHocTi Ha COVID-19 ta Buxonom
MaHAeMil 3-11il KOHTPOJIIO. Y HUHIIIHIX yMOBAaX JIOCBi/ IMOMEpPeaHiX
TOKOJIiHb i JaBHiX MaHIeMili Oy/ie KOPUCHUM TSI TOJAJIBLIOTO BU-
BUCHHS cuTyalii. Mema: TIOPiBHSIHHS i1 aHaJIi3 TOCBIIY ITOIXOIaHHS
Ta mepediry maHAeMiuYHUX CTaHiB i IIepiofiB B iCTOpii JIIOACTBA,
a TaKoX po3poOKa MOXJIMBUX TEOPETUYHUX METO/IB BIUIMUBY Ha
CcydacHy CHUTYallilo yepes 1ieit nocBin. Mamepiaiu ma memoou.
7151 pO3KPUTTSI TEMU aBTOPU BUKOPUCTAT METOIM TOPiBHSIb-
HOTO aHalli3y, iCTOpUYHOI MePCIeKTUBM, iHAYKIIIl Ta AeayKIIii, a

TaKOX 3BEPHEHHS JO apXiBHUX JKepell Ta 3apyOiKHUX aBTOPiB.
Pe3yabmamu. 3aBnsiKu OTpUMaHili CTATUCTUIL 3aXBOPIOBAHOCTI
Ha KOPOHaBipyC CTBOPEHI 3aX01M 111010 MPOodiTaKTUKHU O~
PeHHSI TIaHIeMil, BUKOPUCTAaHHS SIKUX Y MalilOyTHbOMY 3HAYHO
3HU3UTh PU3UKU 3aXBOPIOBAHOCTI. Bucnoexu. Y cbepi BUBUCHHS
COVID-19 mocBin monepenHix emigeMivHUX TEpioAiB icTopii He
3aCTOCOBYBABCSI B CBITOBOMY MacIlTadi, 1110 3yMOBJIIOE HOBU3HY
MpeCTaBIeHO]I CTaTTi.

KirouoBi ciioBa: nmangemis; Meauuna reorpadist; criajgax 4yMu;
KopoHaBipycHa iHdexiis; KceHodobis; COVID-19
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MeToAV OLIHIOBOHHS MOPTAABHOI FinepTeHsii

Pestome. bazamo docrionukie i kainiyucmie esaxcaroms 3Ha4eHHs 2padicHMa NEUIHK08020 6CHO3HO20 MUCKY
(T'TIBT) cymmesum npoeHocmu4HUM aKmopom y NAUicHMI6 i3 XpOHIMHUMU 3AX680PHGAHHIMU NeHUIHKU. SHAYEHHS
TTIBT > 10 mm pm.cm. susHauaroms Has6Hicmb KAiniuHo 3Ha4yuioi nopmanwvhoi einepmensii (K3I1T), ocnosnoeo
npeduKkmopa pusuKy apuxKo3Hoi kposomeui, dexkomneHcayii neuinku ma cmepmuocmi. Oounax seumiprosanms I'TIBT
€ IHBABIUHUM | 8UMA2AE 3HAUH020 DOCBIDY, MOMY 11020 PYMUHHE GUKOPUCMAHHS 30 MEJICAMU UeHMPI& MPembo2o
pieHs ab0 KaiHiuHUX 8UnpoOysans oomedcere. Kainiuno 3nauyusy nopmanvHy einepmen3ito maKolc MOJICHA GU3HA-
yumu 3a 00NOMO020i0 HeiHeasiliHUX Memodie, K-0m yabmpacoHozpagis, eaacmoepagis, MazHiMHO-Pe30HAHCHA
momoepaghiss ma NOKA3HUKU, Ompumari Ha nidcmaei arabopamoprux napamempie. Haw oensnod mae na memi
npedcmasumu doyinvHicms i 3acmocosnicmo T'BIIT y cyuachiil Kainiuniil npakmuyi y X60pux Ha uupo3 NeviHKu,
BKAHHUHO 3 IHBAZIIIHUMU MA HEIHBAZIUHUMU MemoOamu, Ha niocmaegi aAimepamypHux oxcepen 3 6azu MedLine.

K10490Bi ciioBa: nopmansna 2inepmensis; epadienm neuinko6020 6eHO3H020 MUCKY; KAIHIMHO 3HAYUA NOPMANb-

Ha einepmeHn3is; diaeHocmuka,; 0240

Bctyn

Llupo3 MevyiHKU € OCHOBHOIO TIPUYNHOIO 3aXBOPIO-
BaHOCTi Ta CMEPTHOCTI B YCbOMY CBiTi Ta MOB’sI3aHUI 3i
3pOCTalOYUM TSITapeM JUIsl OXOPOHU 3/I0POB’SI Ta BUTpaTaMu
[1]. Lle myxe rereporeHHUIA Ta TMHAMIYHUI CTaH, i CJIif
PO3pIi3HATH MPUHAWMHI ABi pi3Hi cTafii: KOMIIEHCOBAHUIA
Ta JIeKOMITIeHCOBaHM 11Mpo3 [2]. JlekoMmIieHcallist BKJIO-
Ja€ PO3BUTOK KJIIHIYHMX SIBUIIL, SIK-OT aClIUT, BAPMKO3HA
KpOBOTeua, MeviHKoBa eHliedaaonarTisi, CIOHTAHHU OakK-
TepiaabHUI MEPUTOHIT, reraToOpeHAJIbHUI CUHIPOM, i 11e
MOB’3aHO 31 3HAYHUM 3HIDKEHHSIM BUKMBAHOCTI Talli€H-
TiB [3, 4]. Llnpo3 neviHKu B KOMIIEHCOBaHii (a3i MoxHa
IOJATKOBO KiIacH(iKyBaT! BiIIOBIIHO IO CTYIIeHS IIOp-
TanbHOi rineprensii [5]. [TopTtanbHa rineptensis (I — e
KJIiHIYHUI CUHIPOM, 110 XapaKTepU3YETHCS MMiIBUILICHHIM
rpamieHTa MOPTOCUCTEMHOTO THCKY [6]. Hatemep 3omoTmit
cranaapt mjis1 ouinku [1I0 monsirae y BuMiproBaHHi rpagi€eH-
Ta nedinkoBoro BeHo3HOTO TUCKY (I'TIBT, hepatic venous
pressure gradient) 3a 1OIOMOTOI0 TPaHC IOTYJISIPHOT/TpaHC-
deMopallbHOI KaTeTepu3allii meuiHKoBoi BeHu [5, 7]. Lle
3aMiHUJIO paHillle BUKOPHUCTOBYBaHE TpsIME Yepe3IIKipHe
BUMipIOBaHHS TUCKY Yepe3 MEeUiHKY i IMyJIbIly cee3iHKH [§].
Hopwmanwumii ['TIBT xonmuBaeThest Bin 1 10 5 MM PT.CT.; 3Ha-
YEHHS > 5 MM PT.CT. € AiaTHOCTUYHUM NokazHukoM I1T [9].
BinmosigHo mo moporosoro 3HaueHHs ['TIBT mamieHTiB i3
TIT" moxHa knacudikyBaTt Ha aBa piBHi: Jerka [1T" (ITTIBT

> 5, ane < 10 MM pr.cT.) Ta kiiHiuHO 3Havyma 1" (K3I1I)
(TMIBT > 10 MM pr.ct.) [10]. [Ins mauieHTiB i3 LMpo3om
K3III' Takox mporHo3ye po3BUTOK JeKoMIleHcalii [11],
BUIIIMI PU3UK TTiC/IsionepaliiiHol 1eKoMITeHcallii Ta Hebe3-
MeKy paky nediHku [12].

Tsaxxicts [1T" TakoX € He3aMeXHUM TPOTHOCTUY -
HuUM nmokazHukoM. Hampukinan, 'TIBT > 12 MM prT.CT.
MiABUIIYE PU3UK KPOBOTEUi 3 BADMKO3HOTO PO3IIUPEH-
Hs BeH cTpaBoxoay. [ligBuieHa cMepTHICTb CITOCTEPi-
ranacs npu 36inpmendi I'TIBT Buie 3a 16 MM pT.CT.
npu Bapuko3Hiit KpoBoteui, a [TIBT > 20 mwm pT.CT.
nependayae MOXJIUBICTh HE31aTHOCTI KOHTPOJIIOBATU
KPOBOTEYYy Ta 3HUXYE BUXMBAHICTh MAlli€HTIB Yyepes3
I pik [13]. Ang mauieHTiB i3 HUPO30M MEUiHKM, AKi
OUiKYIOTh Ha TpaHCIUIAHTAIlil0 MeYiHKM, KOXHE MMiABU-
meHHs ['TIBT Ha 1 MM pT.CT. 30ibIIIyE PU3UK CMEPTIi
Ha 3 % MpOTSIrOM CepeaHbOTO MEPioay CIIOCTEPEKEHHS
y 19 micauis [14].

Tomy BUMipOBaHHSI Ta MOHITOPUHTI MOPTAIbHOTO
TucKy y nauieHTiB 3 [1I" € BaxkauBuM 11 cripsiMyBaHHS
JIIKyBaHHSI Ta OlliHKY foro edekTuBHocTi. [IpoTe BU3HA-
yeHHsa ['TIBT e inBasiitHuMm, 1110 00MeXy€ 0TO BUKOPHC-
TaHHS B KJIiHIYHIN pakTuii. OTXe, iCHY€E He3aa0BoJIcHa
KJIiHiYHa oTpeba B HaliliHUX, TTIepeBipeHUX, HeiHBa3iii-
Hux 3axonax i1 BugBiaeHHs K3I1IN i momanapmoi oliHKK
TsxkocTi I [15].
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BumiptosaHHs MIBT iHBASIMHMMM
MEeToAOMM

Karetepusauis ne4iHKOBOi BEHU

Xoua npo I1I' MmoxkHa AilAiTM BUCHOBKY Ha IiACTaBi ic-
TOpil IMPO3Y MEUiHKYU Malli€eHTa, KJIiHIYHUX MPOSIBIB i He-
iHBa3ii{HOI Bi3yasi3allii, BUMiplOBaHHS TUCKY Y BOPITHii
BEHIi 3aJIMIIAETHCS 30JI0TUM CTAaHIAPTOM IiarHOCTUKU [16].
OcCKiJTbKY BOpiTHA BeHa po3TallloBaHa MiX 2 KaliIsipHUMU
pycinaMu (CIUTaHXHIYHMMU KamiJispaMy Ta Me4iHKOBUMU
CHHYCOINaMu), TOCTYIT 10 Hei HEMPOCTU, ajie MOXe OyTh
3[0iICHEHUI TIPSIMUIA Yepe3lKipHUA yepe3nediHKOBUI
JOCTYTI, TPAHC IOTYJISIPHUI BHYTPIIIHBOIIEUiHKOBUI ab0
yepe3lIKipHUi yepe3cene3iHKoBuil. BomHouac npsaMuit
JIOCTYTT MOXE CYTTPOBOJIXKYBATHCS TSDKKUMU YCKIIaTHEHHS -
Mu. [pamieHT Me4iHKOBOro BEHO3HOTO TUCKY, OTPUMAaHUIA
IIUISIXOM KaTeTepu3allii Me4iHKOBOI BEHU, € MapKepoM,
aJIkTepHATUBHUM 0e3IocepeIHbOMY BUMIiPIOBAaHHIO TUCKY
y IOpTajbHill BeHi, i PO3PaxOBYETHCS SIK Pi3HULIS MiX BiJib-
HUM TI€4iHKOBUM BEHO3HUM TUCKOM i IE4iHKOBUM TUCKOM
3aKJIMHIOBAHHS, SIKMIA BitoOpakae Me4yiHKOBUIA CUHYCO-
IMaIbHUI TUCK i CIIYKUTD IJIsI HEIPSIMOTO BUMipIOBaHHS
nopTaJibHOro TUucky [5]. SIKio icHye HeBU3HAYEHICTb Y
HalieHTiB 0e3 LMpOo3y MeUiHKM B aHaMHe3i a00 HasIBHUX
dakTopiB pusuky, [TIBT moxe ninTBepautu aiaraos. Kpim
toro, I'TIBT moxke OyTy KOpUCHUM Yy BUSIBIICHHI MALIiEHTIB
i3 mpomixkaumu 6amamu MELD (Model For End-Stage
Liver Disease), SIKMUM CJTiji pO3IJISIHYTU MOXJIMBICTb paHHBOL
TpaHCIUTAHTALIil IEYiHKY Yepe3 BULLIMI PU3UK CMEPTHOCTI,
HiXX mporHo3oBaHuii auiie MELD.

Metoauka BumipioBanHs I'TIBT Oyna onucana Myers
i Taylor [17] y 1956 poui. 'TIBT Bu3HaYa€eThCs MUISIXOM
peTporpagHoro BBeAeHHs KaTeTepa 3 0aJJOHHUM KiHYM-
KOM 4epe3 IeHTpaJIbHy BeHY y ITe4iHKOBY [18] i € cypora-
TOM TOPTaJbHOTO TUCKY Ta PiI3HULICIO MiXK TUCKOM 3aKJIu-
HIoOBaHHS y nteuinkoBux BeHax (WHVP — wedged hepatic
venous pressure) i BiibHUM TUCKOM y HUX (FHVP — free
hepatic venous pressure). WHVP € nokazHukom mediH-
KOBOT'0O CMHYCOITaJIbHOTO TUCKY, SIKMIl BUMIipIOETHCS
LIJISIXOM TIOJI0BXEHHS 0aJJlOHHOTO KaTeTepa M0 HalBiaI-
JaJeHIIINX TUIOK MeYiHKOBOI BeHU. TyT OKII03is BEeHU
3a JIONIOMOI0I0 PO3JAMYXyBaHHSI 0ajloHa MPU3BOAUTH 10
YTBOPEHHS CTOBIIAa KPOBi 3 TUCKOM, PiBHUM THUCKY Ha
MoTiepeIHiil CYyIMHHI TepuTOPii, TOOTO MEUiHKOBUX CU-
Hycoigax. WHVP ciin BumiproBaTu Tpudi IpoTSITOM OJ-
Hi€l XBUJIMHU 0e3 HecTabiabHOCTI rpoTtsiroM 20 cCeKyHI.
WHYVP no6pe kopetoe 3 mopTaibHUM TUCKOM, OCOOJIMBO
IpHY BipycCHOMY Ta ankKorojbpHoMmy nupo3si. FHVP € miporo
CUCTEMHOTO0 THCKY i BimHiMaeTbcs Bix WHVP, 106 otpu-
matu ['TIBT. FHVP cnin BumipioBaTu B Mexkax 2—3 cM Bif
Miclsl BITalaHHs TIe4iHKOBOT BEHU B HUIKHIO TTIOPOXHUCTY
BeHy [19] (puc. 1).

V cucrematuuHoMy orjisiAi 11 mociimkeHb Oy10 BU-
SIBJICHO TiICHUI KOPESUiMHUI 3B’ 130K MiXX MOPTAIbHUM
TUCKOM i MEYiHKOBUM BEHO3HUM TUCKOM 3aKJIMHIOBAHHS Y
MAali€HTIB 3 AJIKOTOJILHUM Ta/ab0 BipyCHUM LIMpo3oMm [21].
Y BeJIMKUX MPOCTIEKTUBHUX JTOCIIIXKEHHSIX, SIKi BKITIOYaIN
MalieHTiB 3 KOMIIEHCOBAHUM IIMPO30M TEeUiHKKU O6e3 Bapu-
KO3y, CIPUYMHEHUM aJIkorojieM Ta/abo Bipycamu, ['TIBT
He3aJIe>KHO acolliloBaBCs 3 JEKOMITEHCAIII€l0, a TOPOrOBe
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PucyHok 1. Meton sumiproBaHHs I'TIBT yepe3
nediHkoBy BeHy. HVPG, rpagieHT nedviHkoBoro

BeHo3Horo tucky; WHVP, ne4iHkoBui BEeHO3HUIN TUCK

3aknuHroBaHHA; FHVP, BinbHWi ne4iHKoBuii BeHO3HUI

Tuck ([20], niyeH3siss CC BY-NC 4.0)

3HayeHHs [TIBT > 10 MM pT.CT. BUSIBWIO MAILIEHTIB i3 BUCO-
KM pusukom nexomreHcarii [11]. Kopesiis mixk TTIBT
Ta pO3BUTKOM ycKiaaHeHb [1I" He Taka cuabHa IpU iHIINUX
eTiosorisx uupo3y. I[1pu 11po3i, oB’13aHOMY i3 XKMPOBOIO
JIUCTPOGieto eUiHKU, MTPUOIN3HO Y 8 % TalliEHTIB MOXYTh
po3BuHyTUCs yckiaaaHeHHs I1I, He3axaiouu Ha ['TIBT
<10 mM pr.cT. [22]. Lle minBuIiye MMOBipHICTb IPECUHYCO-
imanpHOro kommnoHeHta I1I, skuit He ynoBmoeTbest I'TIBT.
Lle miagkpecaoeThCcsl pEeTPOCTIEKTUBHUMU TOCTIIKEHHSIMU,
sIKi mokasytoTb, 1110 WHVP Henoouintoe TNy maitieHTiB i3
LIMPO30M II€UiHKH, ITOB’SI3aHUM i3 HeaJIKOrOJIbHUM CTeaTo-
rernatutoM (HACT) [23], i nio mauieHTH 3 Iporpecyodoro
HEaJIKOTr0JIbHOIO X1pPpoBo10 XBopoboto nevinku (HAXKXIT)
MalOTh OUTBIIY ITOIIMPEHICTh OB’ s13aHoi 3 11" mexomrteH-
cauii nmpu oyab-sskoMy 3HauyeHHi ['TIBT, Hixx mauieHTH i3
BipycHuM C mupo3som [24].

Cnin 3a3nauntu, o ['TIBT € mipoto cuHycoiganbHOro
TUCKY i He HaJlae KOPUCHOI iHdopMallii Ipo mepearedin-
koBy I1I, sk-oT moBHU# TpoMO03 BopiTHOI BeHU. [lomi-
OHMM YMHOM Y TaIli€HTIB i3 MOPTOCUHYCOINHUM CYTMHHUM
pO3JIaioM, SIKUIA € BHYTPIlITHbOTIEYiHKOBOIO, TIPECUHYCO-
inHoto npuuuHoto [1I; I'TIBT 3a3Buuaii € HoOpMaJTbHUM
a0o nuure He3HayHO migBuineHuM (< 10 mm pT.cT.). Lle
MOB’13aHO HE TIJIbKY 3 TTPECUHYCOINaTbHUM KOMITOHEHTOM
I1I, ane i1 i3 HaIBHICTIO BHYTPIIlIHbOIIEYiHKOBUX IIYH-
TiB TUITy «BeHa-BEHa», SIKi MEPEIKOMXKAIOTh aJeKBaTHil
oKJTI03ii [25].

BumiproBanns I'TIBT € mpouenyporo 3i cCipUSITIUBAM
npodinem o6e3neku. Cepito3Hi yCKIaaHEHHS 3/1€0iIbIIOTO
00MEXYIOThCS JIOKATbHUMH YIIKOMKEHHSIMU B MiCIli ITyHK-
11ii (cTerHoBa, sipeMHa abo TepeUTiKThoBa BEHM) i BKITIO-
4YalTh FeMaTOMY i KPOBOTeUY, pialle — apTepioBEeHO3HY
dictyny abo cunapom Horner (y pasi sspeMHOI TyHKILii)
[26]. [TpocyBaHHST KaTeTepa yepe3 MpaBe Iepencepst MOxXe
BUKJIMKATU HAOLUIIYHOYKOBI apuUTMil (B OCHOBHOMY €KTO-
MiYHi ceplieBi CKOpOYEHHS), ajie B Giybiie HixX 90 % Bumna-
KiB BOHM MUHAIOTh caMOCTiiiHO [27]. [IpuiiHATHICTH TIpO-
LielypH, TIPOBeICHOI i nmomipHoto cepauieto (0,2 Mr/kr
Mia3ojiaMy BHYTPIillIHbOBEHHO, SIKMI1 He BILJIMBA€E€ Ha BU-
mipioBanHs ['TIBT), mopiBHSIHHA 3 €HIOCKOITI€EI0 BEpXHIiX
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PucyHok 2. KomnakTHUIN MaHOMETP, SIKUA BUKOPUC-
TOBYETLCS AJ151 €HAOCKOIMIYHOr o yybTpa3ByKOBOro
BUMIproBaHHs noptasnbHoro tucky (Cook Medical,

Bloomington, IN, USA) ([31], niyen3iss CC BY-NC 4.0)

BiIAiJIiB IIJIYHKOBO-KHUIIIKOBOTO TpakTy [5]. Buii go3u
MinazosaMy abo ramboKa cenallisi 3Ha4HO 3MiHIOIOTh BU-
MipIoBaHHS THCKY [28].

ITpore moao 'NMIBT HeoOXinHO B3ATH A0 YyBaru Kijlb-
Ka MipKyBaHb. [lo-nmepiie, mpakTuuHe BIPOBaIKEHHS
Ta 3HauHe nowmupeHHs [TIBT y HeakageMivyHii KiIiHiv-
Hill mpakTuui BusiBuiaocsa ckiaanHum. I[lo-apyre, I'TIBT
He MOXXe HaJaTh KOPUCHI JaHi IJIA IepearediHKoBO1
a6o npecunycoiganbHoi [1I, OCKiJIbKM BiH po3paxoBy-
€ThCS SIK Pi3HULIS MiX BiIbHUM MEYiHKOBUM BEHO3HUM
TUCKOM i TTIE4iHKOBUM TUCKOM 3aKJIMHIOBAaHHS, KU
BimoOpaxka€e MeYiHKOBUI CUHYCOidadbHUN TUCK i CIy-
SKUTh JUJISI HETIPSIMOT'O BUMipIOBaHHSI TTOPTAJIbHOTO TUCKY
[10, 20]. ITo-Ttpete, I'TIBT He Mae nuckpuMmiHaLiiiHOT
TOYHOCTI [IJISI IPOTHO3YBAaHHS TUCKY Y BOPiTHill BeHi
npu HAXKXII, enigemMivyHOMY 3aXBOpIOBaHHI MEYiHKMU,
1110 € TOJJOBHOIO IIPUYMHOIO TPAHCIIAHTALlil MEUYiHKH Y
BcboMy cBITi [24]. [To-ueTBepTe, MOTOYHA TEHACHILIS 10
3aMiHM iHBa3iHUX JiaTHOCTUYHMX TecTiB, IK-0T ['TIBT,
HeiHBa3iMHUMHU TeCTaMH, SIK-OT BUMipIOBaHHS XOp-
CTKOCTI Me4YiHKM, pO3BUBAETHLCS Ta HabyJa Bce Oiabioi
TOYHOCTI y ITalli€HTiB i3 momupeHuM xpoHianum HACT,
MOB’sI3aHUM 3 BipycaMu Ta/abo aikorojiem, i 6e3 oxXu-
piHHg [7].

EHAOCKONIYHA YABTPACOHOrpadis
Ennockomniuna ynsrpaconorpadist (EYCI) ouinmoe
MeYiHKOBUII BEHO3HMU i MOpTaIbHUU THUCK Oe3moce-
PEeIHBO LIISIXOM IYHKIIII WX CYAWH Yepe3 IIJIYHOK abo
NBaHALSITUTIANY KUILIKY MiJl KOHTPOJEM 3a JOMOMOT0I0
roiaku 25G FNA, noenHaHoi 3 HUDPOBUM JaTYMKOM Ha
piBHi rosiku. LllnsgxoM BimHiMaHHS TIE4iHKOBOTO BEHO3-
HOTO TUCKY Bill TOPTaIbHOTO TUCKY BU3HAYAIOTb TPAliEHT
noprajbHOro THUCKY. [lepimunii nokyiHiYHUIT 1OCBia OYB

25G FNA needle -/
. L
s -7

Hepatic Vein

X R &
PucyHok 3. EHgockoniyHe ynbTpasByKoBe
306paxKeHHs1 roJIkoBoi NyHKUIi cepeaHboI ne4iHKoBoi
BeHU 3a [JOrNOoMOror TOHKOI acnipayiviHoi ronku 25G
([31], niyensiss CC BY-NC 4.0)

-
Portal Vein

PucyHok 4. EHpockoniyHe ynbTpa3ByKoBe
306paXKeHHs1 rosIKoBoi NyHKLii s1iBOi BOPITHOI BEHN
3a gornomoror TOHKoI acnipauyiviHoi ronkmu 25G ([31],
niyeH3is CC BY-NC 4.0)

omnybaikoBanuit y 2016 poui. Ha Mmogeni cBuneit Huang
3i criBaBT. [29] BU3HauMIM KIiHiYHY gouiabHicTh EYCT
ta KopeJsauito 3 I'TIBT. Kpim Toro, aBTopu TakoxX CTBO-
pwiu monenb [T 3a 1orMoMoOro MBUAKOTO BHYTPIllIHbO-
BEHHOTO BJIMBaHHS aeKcTpaHy-40. Y KIiHili npoueaypy
MPOBOJMIN 32 JIOTIOMOTOIO JIiHITHOTO €X0eHI0CKOoTa,
rosiku 25G i KoMnakTHOro maHomerpa (puc. 2). I Bopit-
HOT BEHMU, i IEYiHKOBOI BeHU (200 HMKHBOT TOPOXKHUCTOT
BEHU) AOCSITAIM 32 IOTIOMOTOIO TpaHCracTpajibHOro (abo
TpaHCAyOoAeHaNbHOro) pmoctyny (puc. 3, 4). JiBanusaTu
BOCHMM TTalliEHTaM BUKOHAHO €HJIOCKOTIiUHE BUMipIO-
BaHHS MOPTAJbHOIO Irpafdi€eHTa TUCKY il KOHTPOJeM
yIBTPa3ByKy. TexHiunuii ycrix ctanosus 100 %, aBropu
He 3adikcyBalu KOAHUX YCKaaaHeHb. 3HaueHHs [TIBT
konuBanucs Bia 1,5 1o 19 MM PT.CT. i CUIIBHO KOpeJTioBaIn
3 KJiHiYHUMU o3HakaMmu [I1I, SK-0T TpoMOOLIMTONMEH ST
(p = 0,04), HasIBHICTb BapUMKO3HOTO PO3IIMPEHHS BeH
(p < 0,01) abo mopTaiabHOI TiMEePTEeH3UBHOI racTpomnaTii
(p <0,01) [30].

Ha migcraBi 1mx JOKJTIHIYHNX 1 KIIHIYHNX Jannx FDA
cXBajuja CUCTeMY BUMiploBaHHs rpafieHTa TucKy EchoTip
Insight® (Cook Medical) y CIIIA, 1110 poGUTh METOI KOMEP-
1iitHO goctynmHuM. BiaTomi iHI KOropTHI DOCHTiIKEHHS B
pealbHOMY KWTTi MiATBEpAMIN O€3IeKy Ta 3MiiCHEHHICTh
BU3HAYEHHS MOPTAJILHOTO TUCKY Mif KoHTpojem EYCI
[32, 33-35].

HeiHBag3inHi MeToAM ouiHku ITIBT

Haniitna, ekoHOMi4YHO e(eKTUBHA Ta HeiHBa3ili-
Ha mpolleJypa OlliHKK MOPTaJIbHOTO TUCKY HEOOXiaHa
IIJISI MOHITOPUHTY Tepailrii 6e3 HeoOXiZIHOCTi TOBTOPHUX
karerepusauii [36]. ITicaag Baveno VII [7] HassBHiCTH
K3IIT cnig pocnimxyBaTu 3a OIMOMOTO0 HeiHBa3iiHUX
TecTiB [37].
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AonaAepiBCcbKa yAbTpAacoHorpadis

HomnepiBcbka yasrpacoHorpadist (JIYCI), 6e3ymMoBHO,
KOpPHMCHA /IS OLIiIHKM KPOBOTOKY Y BOPITHMX i CIUTAHXHIYHUX
CyIMHaX, a TAKOX JJIs Bidyastizallii MopgoIoTiyHMX aHOMa-
JIiii, sIKi icHytoTh ogHovacHo 3 [1I" (Hampukian, crijieHo-
MeraJisi, uaTallis CUCTEMU BOPITHOI BeHU a0 PO3BUTOK
MOPTOCUCTEMHUX KoJiaTepasieii). i MoXKHa BUKOPMCTOBYBa-
T JUIS AOCJIIXKEHHS MOPTaTIbHOI TEMOAMHAMIKY 1LISIXOM
BUMIipIOBaHHS IIBUIKOCTI Ta MOTOKY Y BOPITHIli Ta ceje-
3iHKOBIill BeHaX; iHIEKCY PE3UCTEHTHOCTI Ta MyJIbCalliliHOTO
iHIEKCY MeYiHKOBOI, ceIe3iHKOBOI Ta HUPKOBOI apTepiii; a
TaKoX (popMu XBWJIi Ta iHAekcy 3aracaHHs (DI — damping
index) nmeuinkoBoi BeHu [38] (puc. 5). IHaekc 3aracaHHs
(Tokasye 3MiHU y (popMi XBUJIi TIpU AOTUIEPOMETPIl MeviH-
KOBHUX BEH) BiAIloBigae reMoanHaMiuHo 3Havymii 1T ta
3nHaueHHsM ['TIBT [39]. ITinxix 1o BuMiproBaHHS oTmiopy
CeJIe3iHKOBOI apTepii 3a TOIMOMOT00 AOTUIePiBChKOTO iHAEK-
cy TyJibcallii cesie3iHKM pa3oM i3 MopTajibHUM KPOBOTOKOM
TaKoX € HamiitHuM BapiaHToM. OTpuMaHi pe3yabraTy CUJIb-
Hitre kopestoBanu 3i 3HadeHHssMU [ TIBT, Hix Oyab-siki i1
NOTJIePiBChbKi BUMiploBaHHS. Lee 3i criBaBT. 10BeAECHO, 1110
PE3UCTUBHUI IHAEKC CeJIe3iHKOBOI apTepii XapaKTepu3sy-
€ThCSI KPAILIOO TiarHOCTUYHOIO €(PEKTUBHICTIO TTOPiBHSIHO
3 XKOPCTKICTIO MeUiHKU, OLIHEHOIO 3a TOIIOMOTI'0I0 3CYyBHO-
XBWJILOBOI eactorpadii [40].

A % ¥

-N'H'(‘..'nld" '\“lq!’llﬂ,l" ‘,‘1.“ gy

Minimal velocity

Maximal velocity Maximal velocity

PucyHok 5. BumiproBaHHs iHAeKCY 3aTyxaHHs1
¢hopmu xBusi nevdiHkoBoi BeHU. IHAeKc 3aracaHHs
PO3PaxoByeETbCS LUJISIXOM BiNIEHHSI MiHiManbHOi
LUBUAKOCTI HA MaKcuMarsibHy LUBUAKICTL hOpMU XBUNI
ne4iHkoBoi BeHU. A. Y nayieHTa i3 Uupo3om rneyiHku
DI ctraHoBuTb 0,27 npy rpagi€eHTi BEHO3HOro TUCKY
B neyYiHyi 5 Mmm pt.cT. B. Y iHWworo nayieHta
i3 yuposom nediHku DI ctaHoBute 0,7 npu IMIBT
15 mm pr.cT. ([38], niyeH3is CC BY-NC 4.0)

C

Hepatic arterial arrival time:
13 seconds

=g hepatic artery
=0 hepalic vein
HA baseline + 10 %
HV baseline + 10 %

10 20 30 40 50

Seconds

Hepatic venous arrival time:
17 seconds

PucyHok 6. CepiiHi ynbTpacoHorpamu 3 KOHTPaCcTHUM MiZCUITIeHHSIM XBOPOro i3 LUPO30M NMeYiHKN NoKa3yoTh
MiKpoOOGYynb6aLLKu, WO 3’ ABNSIOTLCSA B Me4iHKOBIV apTepii (cTpinku B A, B, C) Yyepe3 23 cekyHau (13 ceKyHA
nicns iH eKUii KOHTpacTy) i neviHKoBIvi BeHi (BigkpuTti cTpinkun y D, E, F) Ha 27-1 cekyHpai. G. Yac HaaxopaXKeHHs
A0 NneYiHKoOBOI apTepii Ta BeHO3HOI KpoBi ctaHoBUTL 13 Ta 17 ceKyHA BiAMOBIAHO, WO NPU3BOAUTL [0
BHYTpiLLIHbOMeYiHKoBoro npoxomkeHHs1 4 cekyHau ([44], niyeHsis CC BY-NC 4.0)
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OnHak geski mocmimkeHHs oo Kopucti AYCI ms
ouinku [1I" npogeMoHCTpyBany CyrepewinBi pe3yibTaTi y
MALi€HTIB i3 IUPO30M MEUiHKM, i Ii JOCTIIKEHHS PO3IJIsi-
JAIOThCS SIK TaKi, 110 He MaIOTh JOCTATHLOI YYTIIMBOCTI a00
cnenudiuHocti s 3aminu I'TIBT y kiiHiyHilA npakTulti
[41]. Kpim Toro, criocrepiranacst 3HauHa BapiaOeJIbHICTb Y
Pi3HUX TOCTIMIXEHHSX, i OyJIM BiA3HAYeHi HEBEIMKI iX pO3-
Mipu. Y CyKyIHOCTI HasIBHI JaHi He TalO0Th MEPEKOHINBUX
pe3yabTaTiB, 106 pekomeHayBatn AYCI gk HamiliHy ajb-
tepHatuBy ['TIBT [42].

KOHTPACTHO MiACUAEHA YABTPACOHOrpadis

BuHaxin MikpoOysib0alliKoBUX yJIbTPa3ByKOBUX KOHT-
pactHux peyoBuH (UCA — microbubble ultrasound contrast
agent), 110 CKJIaAaIOThCS 3 iIHKATICYIbOBAaHUX MiKpOOyIh0a-
110K, i BIOCKOHAJEHHS TeXHOJIOTi1 Bidyasisallil mpu3Bean
10 MOXJIMBOCTI BUKOPUCTAaHHSI KOHTPACTHO ITiACUIEHOIL
yabrpacoHorpadii (KITYCI') aist ouiHKM reMogrHaMiKu Ta
aHATOMIYHMX CTPYKTYP y peaibHOMY 4Yaci. Yac mpoxomkeH-
HsI, BUBHAUEHU I SIK CepeHiii iHTepBaJl yacy, HeoOXiTHUIt
IUIs1 TIepeMillleHHs OyIb0alloK 3 ONHIET CyIVMHU B iHIIY, €
penpe3eHTaTUBHUM ITapaMeTpOM IreMOIAMHAaMIKU MiKpo-
Oynbbariok [43] (puc. 6).

JBa mocimKeHHs MoKa3ajiy BIUIMB Yacy MPUOYTTS 10
neuinkoBoi BeHU (HVAT — hepatic vein arrival time) 3a
nonomoroto KITYCI' 3 SonoVue; mioia min KpuBowo npu
ROC-ananiszi (AUROC) cranosuia 0,973 npu rpaHU4IHO-
My 3HaueHHi 14 ¢ gasg I'TIBT > 10 MM pT.CT. i3 UyTIUBICTIO
92,7 %, cneuudiunicTio 86,7 %, MO3UTUBHUM ITPOTHO3HUM
3HayeHHsM 90,5 %, HeraTUBHUM TTPOTHO3HUM 3HAYEHHSIM
89,7 %, NO3UTUBHUM Koe(DillieHTOM MPaBAONOAiOHOCTI
6,95, HeraTMBHUM KoedilieHToM mpaBaomnoaioHocTi 0,08
[45] i AUROC 0,72 npu rpaHUYHOMY 3HaueHHi 19 ¢ ais
I'TIBT > 12 MM pT.cT. 3 uyTmBicTio 88,9 % i criendivHicTO
Bim 58,1 mo 62,8 %. OnHak yac BHYTPilIHbOTIEYiHKOBOTO
MPOXOIKEHHS 3a0e3MmeurB HabaraTto Kpaity I1iarHOCTUIHY
edpexruBHicth w1t [TIBT > 12 mMm pr.cT., AUROC 0,94,
gyTauBicTh 85,3—91,2 % i crieumivynicts 77,8—88,9 % i3
TPaHUYHUM 3HAYEHHSIM 6 ¢, IMOBIpHO, Yepe3 BUKITIOUCHHS
BIUIMBY CUCTEMHOTO KpOBOOOiry [44].

Hupxynamisa cee3iHKA TakKoxX Oysia e(peKTUBHOIO ISt
nporHo3dyBaHHs ['TIBT, i KITYCT i3 Sonazoid BusiBuia,
1110 Yac MiKOBOI'O MOCHJIEHHS (4Yac iHTepBaJly Bim moyar-
Ky KOHTpAcCTy B CEJI€3iHKOBil apTepii 10 Yacy JOCATHEHHS
MaKCHMaJIbHOT'O PiBHSI iHTEHCUBHOCTI B C€JI€3iHKOBIIi BEHi)
Bino6paxkae TskkicTb [1I, AUROC 0,76 st TTIBT > 10 mm
PT.CT. Ipu TpaHUYHOMY 3Ha4yeHHi 13,5 ¢ i AUROC 0,76 mis
I'TIBT > 12 MM pT.CT. IpK TpaHUYHOMY 3HaueHHi 14,5 ¢ [46].

HesBaxarouu Ha 11i 6aratoo0ilsIro4i 1aHi, BUMipIOBaHHS
yacy npoxomkeHHs 3a gornoMoroio KITYCI Ginbiire migxo-
TUTD JJTSI BAKOPUCTAHHS SIK JOAATKOBUIA 400 CKPUHIHTOBUI
iHCTPYMEHT, a He sK 3amiHmoounit [TIBT [47].

Shi 3i criiBaBT. 3aNPOINOHYBaIX METOAUKY 3 BUKOPHC-
TaHHSIM MiKpoOyJIb0allloK SIK JaTYMKIB JUIST OLIiIHKY 3MiH
HaBKOJMIITHBOTO TUCKY, III0 HA3UBAETHCS CyOTrapMOHili-
HUM oliHoBaHHAM TUCKY (SHAPE — subharmonic-aided
pressure estimation) [48]. 3actrocyBanHss SHAPE 3 Buko-
pUCTaHHSIM MiKpoOyib0allok nepdayoyTaHy oXxapakTepu-
3yBaJIO IOCUTH XOpolly KopeJsuito 3i 3HaueHHsiMu [T'TIBT.
Ieit MeTom MiATBEPAKEHO Y BETUKOMY 6araToleHTPOBO-

My nochuimxenHi B CLIA (NCT02489045) [40]. [Mauientn
3 MiJBUILLIEHUM PU3UKOM Bapuko3Hoi kpoBoTeui (I'TIBT
> 12 MM prT.cT.) Mau BuIIuii cepenHiii rpanieHT SHAPE mo-
PiBHSIHO 3 ocobamu 3 Hkuumu 3HadeHHssmu [TIBT (0,79 £
* 2,53 dB npotu —4,95 * 3,44 dB; p < 0,01). Yyrnusicth
cranoBuna 90 %, a cneuudiunictb — 80 %. IpamieHT
SHAPE Mix BOpIiTHOIO Ta MMe4iHKOBOIO BeHaMu 100pe KO-
pemoBaB 3i 3HaueHHamu [TIBT (r = 0,68). He3Baxarouun
Ha Te, 1110 1151 METOIMKA OIiHIOE JIOKAIbHUI apTepiaabHuUii
THUCK 3a IOIIOMOT0I0 MiKpOOyY/Ib0aIlloK SIK JaTYMKiB, BOHA
BCeE 11Ie MOTpedye MepeBipKM y OiTbIINX KoropTax [47].

EAnacTorpadis

BumiproBanHs xopctkocti neuinku (XKI1, liver stiffness)
i xxopctkocTi cenedinku (XKC, spleen stiffness) mporro-
HYE LIiHHi aJbTepHAaTUBU JIJIsI BUSIBJIEHHSI Ta MOHITOPUHTY
K3IIT. I XKT1, i KC no6pe kopentowots 3 [TIBT, 3 moporo-
BuMHy 3HaueHHsIMHU 2KIT > 20—25 kI1a Ta 2KC > 40—45 kI1a,
1110 BKa3ye Ha BUCOKY iMoBipHicTs K3IIT [15].

2KopcTKicTh meviHKM, sIKa BUMipsgHa TPaH3UTOPHOIO
enacrorpadieto (TE) (Fibroscan), mmMpoKo BUKOPUCTO-
BYETHCS B KJIIHIYHINM MPAKTULI Ta MOXe JOIIOMOITH B Iia-
rHoctuui K3I1T. ¥ meTtaananisi 11 gociimkeHb 4yTIMBICTh
XKIT cranoBuna 87,5 %, a cneuundiunicte — 85,3 % mns
nmiarHoctuku K3I1IN 3 momiero mix kpuBoto B ROC-aHarrisi
(AUROC) 0,9 [49]. TToporose 3HaueHHs1 21 kIla mae
6inpie Hix 90% cnermdiunicts i giarHoctuku K3T1T
[50]. XKopctkicTb newinku Huzkye Bin 15 kI1a Ta KiabKicTh
TpoMOoLuTiB Buile Bix 150 000 MOXYTh TOUHO BUKITIOUYUTHU
K3TIIT nipu GisbIiocTi eTiooriii XpoHiYHOTo 3aXBOPIOBAHHS
neuinku. Ha migcraBi kputepiiB Baveno VII y nariieHTiB i3
XPOHIYHOIO XBOPOOOIO MEYiHKM, OB’ I3aHOI0 3 BipycoM,
ajnkoroJjieM i komrneHcoBaHoo HAZKXII 6e3 oxxupinns, 2KI1T
Buiie Bin 25 klla € nocrtatHboto nist BusHaueHHss K3T1T
[7]. [Ipote, sIK OyJIO MPOAEMOHCTPOBAHO Yy MOCJiIXKEHHI
ANTICIPATE, xopctkicTb meuinku Mix 20 i 25 xI1a i xinb-
KicTh TpoMOouMTiB HIXKUYe 3a 150 000 Takox Oyau 6 10-
cratHiMu 1151 BusdHadyeHHs1 K3I1I [51]. OgHak y nmanieHTiB
i3 oxxupinHasaM i HAZKXTT xopcTKicTh Te4iHKH, sIKa CTaHO-
BUTH 25 kI1a, Mae nunie 62,8% MO3UTUBHE MPOTHOCTUYHE
s3HayeHHs B giarHoctuili K3I1IL [l umx mamieHTiB Oyiia 3a-
MPOINOHOBaHA HOBA MOJIEJIb, SIKa BKJIIOYAE iHIEKC MAcH Tija
Ta HOMOTrpamy Ijis Kpamroro nporHosyBanus K3I1IN [52].

IH11i MeTonu enactorpadii, IK-0T ABOBUMipHA €J1aCTO-
rpadist 3cyBHOI XBWJIi, MalOTh YyIOBY UYTJIMBICTb i CIELIM-
diunicTe wist giarnoctuku K3I1T [53]. OnHak iX BUKOpUC-
TaHHSI oOMeXeHe 3HaYHOI0 HEOAHOPIAHICTIO B MOPOTrOBUX
MMOKa3HMKaxX, TeXHiKax i MpOTOKOJaX IS NiarTHOCTUKH B
KOXHOMY 1IeHTpi [53].

Haiikpama xopensuis mixk I'TIBT i BumiproBanHSIM
>KOPCTKOCTI MEUiHKU CITOCTEPIraeThCs, KOJM 3HAYSHHS Ipa-
Ni€HTa 3HAXOAUTHCS B Mexax Bim 5 10 12 MM pT.cT. OnHak
kosu I1I" cTae cepito3Hiliow, KOpessilis MiX KOPCTKiCTIO
nevinku Ta ['TIBT BTpavaeThcs; y IMX BUMAAKaX BUMipIO-
BaHHS XXOPCTKOCTI CeJIe3iHKM € HamiMHIIINM MapKepoM
[1T, a TakOX MPEANKTOPOM JeKOMITeHCAIlil MeuiHKu [6].
3HavYHi 3MiHU B apXiTeKTypi Cele3iHKM OyIr BUKOPUCTaHL
s ouinku crynens [N [54]. BumiproBannst 2KC nobpe
KOPEJTIOE 3 HAsIBHICTIO BAPMKO3HOTO PO3LIMPEHHSI BEH CTpa-
Boxony Ta K3I1T; sik mokazaHo B MeTaaHai3i 32 10CiKeHb
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[55]. ZKopctkicTs cenesinku < 21 kIla Bukmiouae K3I1I,
Toi sik 3HaueHHs1 > 50 kIla nmiarBepmxye [7]. OnHak pist
2KC nmotpibeH crieiaIbHUI IPUCTPiii, i BOHA MOXe He 3a-
MiHuTH no0Ope nepeBipeHe BuMiptoBaHHs XKI1, sike nerko
JOCTYITHE Y OiBIIOCTI BEJTMKUX LIEHTPIB [56].

Tomorpadis

Xoua Aesiki TOCTiIKEeHHS MoKa3aiu, 110 KOMIT IoTepHa
toMorpadist (KT) moxe nependoauntu I'TIBT, 115t MeToauka
Ma€ HeJOJIiK, OCKIJIbKM BUMAra€ ioHi3ylouoro BUIpOMiHIO-
BaHHSI.

MeTtonowm Bizyanizauii mis1 BusiBnenHs: K3I1T e ominka
BY3JIyBaTOCTi moBepxHi nedyinku (liver surface nodularity)
npu KT [57]. ¥V peTpocnieKTUBHOMY IOCTiIKEHHI KiJIbKiCHA
OLIIHKa HOMYJIIPHOCTI MOBepxHi medinky Ha migctaBi KT-
300paxeHb KopentoBana 3 ['TIBT (r= 0,75, P <0,001) [57].

V cy0’€eKTiB i3 IMPO30M IEUiHKU KJIipeHC CeIe3iHKHU,
BU3HaueHuit 3a jornomoroto KT nepdysiitHoi Bizyasisallii,
XapaKTepu3yBaBCcs YyA0BOIO €(heKTUBHICTIO pO3Mi3HABaHHS
3HaueHHs1 [TIBT > 12 MM pr.cT. (uymiuBicts 94 %, crienu-
diunictp 100 %) [58].

VY npocnekTuBHOMY AOCHimXeHHi (imeHTUdikaTop
ClinicalTrials.gov: NCT02842697) Qi 3i cmiBaBT. po3-
pob6unu monenb mist ouiHku ['TIBT 3a momomoroio KT-
aHriorpadiyHuX 300paxkeHb, siKa Ha3UBAETHCS BipTyasb-
HuM ['TIBT. PesynsraTu mokasanu, o BipryansHuit [ TIBT
Kopemoe 3 inBasziitnum (r = 0,61, P = 0,001) [59]. Onnak
iHTepnpertallis BipryaapHoro I'TIBT 3aiimana BimHOCHO 6a-
raTo yacy (mpuOJu3HO 2,5 TOOAWHU TSI KOXXKHOTO BUMIAAKY)
y iIXHBOMY JOCIJIKEHHI, i KibKicTb mauieHTiB 6e3 K3I1T
OyJia HeBeJIMKo10. TakuM UMHOM, KJIiHiYHEe 3aCTOCYBaHHSI
BipryansHoro ['TIBT cain BuBuatu gaiti.

IToka3zHuku remMoguHaMiKu, OTPUMaHi IIPpU MarHiTHO-
pe3oHaHcHi Tomorpadii (MPT), kopemioroTs 3i 3HaUeH-
nsmu I'TIBT. Gouya 3i criiBaBT. 10Be/H, 1110 HEMAPHU MO-
TiK, Bu3HayeHuii Ha MPT, moGpe Kopenroe 3i 3HaYSHHSIMU
I'TIBT (AUC 0,96) B 0ci6 i3 IMp0o30M TTEIiHKN BHACTIIOK
renmatuty C a6o ankoroso [60]. Y 6araroleHTpOBOMY J0-
crimkeHHi Palaniyappan 3i criBaBT. TTokasajiu, 110 Mpo-
THOCTUYHA MOJIEJIb, BKJIIOYHO 3i LIBUIKICTIO CeJIe3iHKOBOL
aprepii, cyrTeBo Kopenoe 3i 3HadeHHsIMu [TIBT i xapak-
TepU3ye XOpollly rnepeadavyyBaHiCTb HOro y rpyIi Bajigaril
(r=0,90, P<0,001) [61].

Chouhan 3i criiBaBT. BUSIBWIH, 1110 apTepiajibHa hpakilist
MeYiHKOBOI apTepii Mpu KaBasibHili CyOTpaKkllii Ma€ 3HAaUHUM
no3utuBHUit 38’5130k 3 ['TIBT (r = 0,780, P = 0,014), Ha
niacrasi mpoienypy $pazoBO-KOHTPACTHOI MAarHITHO-Pe30-
HaHcHOI Tomorpadii (PCMRI — phase-contrast magnetic
resonance imaging) [62]. IIpoTe KaBaJibHa CyOTpaKIIist
PCMRI, itmoBipHO, Oyae MEHII YCHIIIHOIO Y MAILiEHTIB 3
aHOMaJIbHUM TTe4iHKOBUM BEHO3HUM BiITOKOM, SIK-OT CUH-
npoM Budd-Chiari. Kpim Toro, Heo0xigHa Oiibla Koropra
Mali€HTIB 151 MOAAIBIIOTO JOCIIIKEHHS TOTO, Y MOXXHA
1[I0 TEXHIKY YCTITHO BUKOPUCTOBYBATH $SIK KJIIHIYHY MTpaK-
TUYHY aJIbTePHATUBY.

MPT-enacrorpadist (MPE) — e Tunm MPT, sixuii 6a-
3Y€EThCS Ha KiJIbKICHIN OILIIHIII MeXaHiYHUX XapaKTePUCTUK
TKaHWH 32 JOTIOMOTOIO MOIIUPEHHST 3CYBHUX XBUJIb [63].
V npocrnekTUBHI KOropTi, 110 BKJIoYana 15 maiieHTiB,
nocipKkeHHs nokasanu, 1o MPE 6yna nos’si3ana 3 [TIBT

(r=0,377, P=0,02) [64]. OgHak 00CST DOCTiIKEHHS OYB
3aHAJATO MajuM, 100 AiNTH HamiiiHUX BUCHOBKIB. Kpim
toro, Mmeronuka MPE moctymHa nuiiie B He6araTbox Meamd-
HMX LIEHTpaX, i BOHA A0pOra MOPiBHSIHO 3 TPAH3UTOPHOIO
ejacrorpadiero.

Aa60opATOPHI NOKA3HUKN

Kinpka 1abopaTopHUX TECTIB i CHPOBATKOBUX MapKepiB
no3soyvu ouinuty T [65]. Hsieh 3i cmiBaBT. ocimKy-
BaJIu KopeJsaiii Mixk HeiHBasiiiHuMMU moaeasmu i I'TIBT,
BKJItouatroun (iopos-4 (FIB-4), iHnekc cniBBiaHOIIEHHS
acrapratamiHoTpaHcdepasu 3 TpomoonuTamu (APRI),
MUCKPUMIHAHTHUM 6an 1mposy, inaekc Lok, ingekc mupo-
3y Goteborg University Ta MOKa3HUK aabOyMiH/0iipyOiH
(ALBI) [66]. BoHu BusiBuIn, 1110 iCHYE cl1abKa KOpEJIsList
MixX yciMa HeiHBaziliHumu Mapkepamu Ta I'TIBT, nokazHuk
ALBI maB Haiikparry kopensito (r= 0,307, P <0,001) [66].

CirrhoMeter, KoMOiHOBaHa OlliHKa KiJTbKOCTi TpPOMOO-
LIUTiB, MPOTPOMOiIHOBOTO IHIEKCY, acapTaTTpaHcaMiHa3u,
2-MaKporjo0yJiiHy, rialypoHaTy, CCUOBUHHU, BiKy Ta CTaTi
3 KoedilieHToM, BinmiHHUM Bin FibroMeter, Takox Moxke
JIIarHOCTYBAaTH BEJINKI BApUKO3Hi PO3LIUPEHHS BEH CTpa-
BOXO/LY, fKi, Y CBOIO uepry, € o3Hakoro K3III' [67]. Ouinka
CirrhoMeter > 0,99 nepenbayae BapuKo3He PO3LIUPEHHS
BEH CTPaBOXO/ly BUCOKOTO PU3UKY, a olliHka < (0,21 BUKITIO-
4ae.

CmiBBigHommeHHS (akTopa von Willebrand 3 KiJTbKicTIO
tpombouuTiB (VITRO — von Willebrand factor to platelet
counts) OyJI0 BUBYEHO SIK IIIe ONMH HeiHBa3iiiHuIi 1abopa-
topHuit mapkep I1I. VITRO > 2,5 € 3Hauy1mmm npeamkro-
POM JeKOMIIeHCcallil Ta CMePTHOCTI Y MaILli€HTIB 3 KOMIIEH-
COBaHUM IIMPO30M IMEUiHKM He3aJeXHO Bif eTiosorii [68].
OpHak y nauieHTiB 3 KOMIIEHCOBAHUM LIMPO30M IeUYiHKH,
oB’s13aHNM 3 TermatuToM C, SKi JOCITIIN CTIKOI BipyCoJIo-
riuHoi Bianosizi, mokasHuk VITRO > 2,1 nigBuiiye puznk
JIEKOMIIeHCallii.

Lim 3i criBaBT. OLiHMAM KJiHiIYHi 3HAYE€HHSI CUPO-
BaTKOBOTIO ameiHy (S-ameiiH), eHA0reHHOIO JiraHmy s
aHTiIOTEH3MHOIIONIOHOTO pelenTopa 1, sSIK HeiHBa3iiiHOTO
MPOTHOCTUYHOTO MOKAa3HUKA XPOHIYHOTO 3aXBOPIOBAHHS
reviHku [69]. Pe3ynbraTi mokasanw, 1o S-amesiH Kope-
moe 3 sBumiproBanHsM [TIBT (r = 0,356, P < 0,001) [69].
B onHoMy mocmimkeHHi, sike 0XOIU1oBajao 157 mamieHTiB i3
1po3oM Iteuinku [70], Oysio mokaszaHo, III0 OCTEOTIOHTUH
po3pi3zuse K3III' (I'TIBT > 10 MM pT.CT.) i3 4yTJIUBiCTIO
75 % i cnenmdivunicTio 63 %, a Takoxx Mae AUROC 0,763 3a
JIOITOMOTOI0 ITOPOTrOBOro 3HaYeHHs 80 Hr/MJI.

TakuMm unHOM, JTa0OPATOPHI TECTH Ta CUPOBATKOBI Map-
KepH JIEMOHCTPYIOTh MIPUMHATHY KJIiHIYHY KOPUCHICTB, ajie
6araro 3 HUX HEJI0CTaTHbO TOYHI 151 niarHocTuku 1T i e
He TOTOBI 10 BUKOPUCTAHHS B KJTiHiLIi.

NMoeAHOHI meToAU

[Noennanns kputepiiB Baveno VII (sik onucaHo Buile) 3
KC <40 kIla/> 40 xI1a [71] abo mocinoBHe 3aCTOCYBaHHS
kputepiiB Baveno VII ta ouinku VITRO < 1,5 a6o > 2,5
TPU3BEJIO 10 Tiepepoarnoniay 1o 75 % panilie Heknacudi-
KOBaHMX MAalli€HTIB y KaTEropilo BUKIOYEHO/BKIIOUYEHO,
30epirarouy BUCOKY MiarHOCTUYHY TOYHiCTh, TAKMM YMHOM
3MeHmytoun cipy 3ony mist K3TIT nume mo 10—15 % ycix
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Mali€HTIB 3 KOMIIEHCOBAHUM IMPOTPECYIOUUM XPOHIUHUM
3aXBOPIOBaHHSM Medinku [71, 72]. HaliBaxJuBilimMm € te,
o niaxoau Ha mincrasi 2KC ta VITRO Takox n1aioT MOX-
JIUBICTb PO3PI3HUTH TALIIEHTIB i3 TPYNU PUBKMKY Ta THUX, XTO
He Ma€ pU3MKY Ieploi MeYiHKOBOI AeKoMITeHcalii [71, 72].
IMocnimoBHe 3acTocyBaHHSI MOXe OyTH OCOOJIMBO BaXK/TMBUM
JUIS1 BUSIBJICHHSI TaLlieHTIiB rpynu pusuky 3 K3I1T, ski npo-
nyckaroThes nuire 2KI1. Xoua rpannyne 3HaueHHs > 25 kl1a
3a3BUYAll CXBATIOETHCS TS BCiX €TiOJOTi, ONTUMAaJIbHE MO~
porose 3HaueHH: st K3IIT Mmoxke BigpizHATUCS 3a/I€XKHO
Bin npuuuHu [73, 74], crioHyKao4u A0 iHIIMX HeiHBa3iHUX
metozniB, Takux sk 2KC/VWF/VITRO, ki kpaiiie Bigodpa-
KaioTh nuHaMiyHuit kommoHeHT 1T [75].

BucHoBKMU

I'TIBT BimoOpaxae TSIXKiCThb 3aXBOPIOBAHHSI Ta MAa€
CWIbHY MPOTHOCTUYHY IiHHICTh 11010 BUXUBAHHS Ta Je-
KOMIIeHcallii y TalieHTiB i3 nuupo3om nediHku. Kpim toro,
noBTopHi BuMiproBaHHs ['TIBT HanaroTs iHhopMallio mpo
BIJIMOBiIb HA MEIMKAMEHTO3HE JIIKYBaHHS JJIsI 3HVKEHHSI
MOPTAJILHOTO TUCKY Ta € BAXJIMBUM iHCTPYMEHTOM [JIS PO3-
pooku nikiB ma I1I. Xoua Busnauenns ['TIBT € 3omotum
crangapToM uist ouinku I1I, ogHak MeTon € iHBa3iiHUM i
BUMarae J10CBiy, TOMY 1Oro BUKOPUCTaHHS B MOBCSKACH-
Hili KJIiHIYHIA TTpaKTULIi Ta 3a MeXaMU LeHTPiB TPEThOrO
piBHS 0OMexXeHe. 3a OCTaHHE IECATWIITTS OYJI0 OTPUMAaHO
BaroMi JOKa3W Ha ITiATPUMKY BUKOPUCTaHHS HeiHBa3ili-
HUX METOMiB, sIK-0T enactorpadiss, MPT i KT, pizHoBunu
yabeTpacoHorpadii, 1abopaTopHi MOKa3HUKM, IJIsI BU3HA-
yenHs K3I1T. Xoua nuisix 10 HeiHBa3iiiHOTO BUMipIOBaHHSI
MOPTAJILHOTO TUCKY 11I€ IOBTUHA, 1li METOIU MAIOTh BEJTUKUI
MOTEHIIia 1010 BEJIMKOI Pi3HOMaHITHOCTI KJIIHIYHOTO 3a-
CTOCYBaHHS, i MOAAIBIIUNA PO3BUTOK MOXKE MPU3BECTU 10
IX IIMPOKOTO KJIiHIYHOTO 3aCTOCYBAaHHSI B MalilOyTHHOMY,
0COOJIMBO MPU 1X MOEAHAHHI.

KondaikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiICYTHICTh
KOHMJIIKTY iHTepeciB Ta BlacHOI (piHaHCOBOI 3alliKaBJIeHOC-
Ti TIPY TiATOTOBIII TAHOT CTATTi.

Buecok aBropiB. Yyxain C.M. — NepBUHHMIA MOIIYK JIi-
TepaTypu, TiepeKiai JiTepaTypHUX AXepes, HalmuCcaHHs
cratTi, 3arajabHe peaaryBaHHs; Yykain C.C. — NepBUHHUI
MOIIYK JiTepaTypu, TepeKia JiTepaTypHUX JKepes, Ha-
MUCAHHS CTATTi.

Cnucok Aiteparypu

1. GBD 2017 Cirrhosis Collaborators. The global, regional, and
national burden of cirrhosis by cause in 195 countries and territories,
1990—2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet Gastroenterol. Hepatol. 2020. Vol. 5. P. 245-266.

2. de Franchis R., Baveno VI Faculty. Expanding consensus in
portal hypertension: report of the Baveno VI Consensus Workshop:
stratifying risk and individualizing care for portal hypertension. J.
Hepatol. 2015. Vol. 63. P. 743-752.

3. European Association for the Study of the Liver. EASL Clinical
Practice Guidelines for the management of patients with decompensated
cirrhosis. J. Hepatol. 2018. Vol. 69. P. 406-460.

4. Sauerbruch T., Schierwagen R., Trebicka J. Managing portal
hypertension in patients with liver cirrhosis. FI000Res. 2018. Vol. 7.
F1000 Faculty Rev-533.

5. Bosch J., Abraldes J.G., Berzigotti A., Garcia-Pagan J.C. The
clinical use of HVPG measurements in chronic liver disease. Nat. Rev.
Gastroenterol. Hepatol. 2009. Vol. 6. P. 573-582.

6. Turco L., Garcia-Tsao G. Portal hypertension: pathogenesis
and diagnosis. Clin. Liver Dis. 2019. Vol. 23. P. 573-587.

7. de Franchis R., Bosch J., Garcia-Tsao G., Reiberger T., Ri-
poll C., Baveno VII Faculty. Baveno VII — Renewing consensus in
portal hypertension. J. Hepatol. 2022. Vol. 76. P. 959-974.

8. Boyer T.D., Triger D.R., Horisawa M., et al. Direct transhe-
patic measurement of portal vein pressure using a thin needle. Com-
parison with wedged hepatic vein pressure. Gastroenterology. 1977.
Vol. 72. P. 584-589.

9. Bosch J., Garcia-Pagan J.C., Berzigotti A., Abraldes J.G. Mea-
surement of portal pressure and its role in the management of chronic
liver disease. Semin. Liver Dis. 2006. Vol. 26. P. 348-362.

10. Garcia-Tsao G., Abraldes J.G., Berzigotti A., et al. Portal
hypertensive bleeding in cirrhosis: Risk stratification, diagnosis,
and management: 2016 practice guidance by the American As-
sociation for the study of liver diseases. Hepatology. 2017. Vol. 65.
P. 310-335.

11. Ripoll C., Groszmann R., Garcia-Tsao G., et al. Hepatic ve-
nous pressure gradient predicts clinical decompensation in patients with
compensated cirrhosis. Gastroenterology. 2007. Vol. 133. P. 481-488.

12. Berzigotti A., Reig M., Abraldes J.G., et al. Portal hyperten-
sion and the outcome of surgery for hepatocellular carcinoma in com-
pensated cirrhosis: a systematic review and meta-analysis. Hepatology.
2015. Vol. 61. P. 526-536.

13. Abraldes J.G., Villanueva C., Baiiares R., et al. Hepatic ve-
nous pressure gradient and prognosis in patients with acute variceal
bleeding treated with pharmacologic and endoscopic therapy. J. Hepa-
tol. 2008. 48(2). 229-36.

14. Ripoll C., Banares R., Rincon D., et al. Influence of hepatic
venous pressure gradient on the prediction of survival of patients with
cirrhosis in the MELD Era. Hepatology. 2005. Vol. 42. P. 793-801.

15. Reiberg T. The Value of Liver and Spleen Stiffness for Evalu-
ation of Portal Hypertension in Compensated Cirrhosis. Hepatol. Com-
mun. 2022. Vol. 6. P. 950-964.

16. Leung J.C., Loong T.C., Pang J., et al. Invasive and non-
invasive assessment of portal hypertension. Hepatol. Int. 2018.
Vol. 12(Suppl. 1). P. 44-55.

17. Myers J.D., Taylor W.J. Occlusive hepatic venous catheteriza-
tion in the study of the normal liver, cirrhosis of the liver and noncir-
rhotic portal hypertension. Circulation. 1956. Vol. 13. P. 368-380.

18. Simonetto D.A., Liu M., Kamath P.S. Portal Hypertension
and Related Complications: Diagnosis and Management. Mayo Clin.
Proc. 2019. Vol. 94. P. 714-726.

19. Kulkarni A.V., Rabiee A., Mohanty A. Management of Portal
Hypertension. J. Clin. Exp. Hepatol. 2022. Vol. 12. P. 1184-1199.

20. Suk K.T. Hepatic venous pressure gradient: clinical use in
chronic liver disease. Clin. Mol. Hepatol. 2014. Vol. 20. P. 6-14.

21. Thalheimer U., Leandro G., Samonakis D.N., et al. Assess-
ment of the agreement between wedge hepatic vein pressure and por-
tal vein pressure in cirrhotic patients. Dig. Liver Dis. 2005. Vol. 37.
P. 601-608.

22. Sanyal A.J., Harrison S.A., Ratziu V., et al. The Natural
History of Advanced Fibrosis Due to Nonalcoholic Steatohepatitis:
Data From the Simtuzumab Trials. Hepatology. 2019. Vol. 70. P. 1913-
1927.

23. Ferrusquia-Acosta J., Bassegoda O., Turco L., et al. Agree-
ment between wedged hepatic venous pressure and portal pressure

Tom 19, N2 6, 2023

www.mif-ua.com, https://emergency.zaslavsky.com.ua 19



HaykoBum orasa / Scientific Review

in non-alcoholic steatohepatitis-related cirrhosis. J. Hepatol. 2021.
Vol. 74. P. 811-818.

24. Bassegoda O., Olivas P., Turco L., et al. Decompensation
in Advanced Nonalcoholic Fatty Liver Disease May Occur at Lower
Hepatic Venous Pressure Gradient Levels Than in Patients With Viral
Disease. Clin. Gastroenterol. Hepatol. 2022. Vol. 20. P. 2276-2256.e6.

25. De Gottardi A., Sempoux C., Berzigotti A. Porto-sinusoidal
vascular disorder. J. Hepatol. 2022. Vol. 77. P. 1124-1135.

26. Kern A., Artukowicz T., Bojko K., et al. The Role of Inva-
sive and Non-Invasive Measurements of Hvpg in Decision Making in
Patients with Portal Hypertensionand Esophageal Varices. Wiad Lek.
2021. Vol. 74. P. 321-326.

27. Abraldes J.G., Sarlieve P., Tandon P. Measurement of portal
pressure. Clin. Liver Dis. 2014. Vol. 18. P. 779-792.

28. Reverter E., Blasi A., Abraldes J.G., et al. Impact of deep
sedation on the accuracy of hepatic and portal venous pressure mea-
surements in patients with cirrhosis. Liver Int. 2014. Vol. 34. P. 16-25.

29. Huang J.Y., Samarasena J.B., Tsujino T., Chang K.J. EUS-
guided portale pressure gradient measurement with a novel 25-gauge
needle device versus transjgular approach: a comparison animal study.
Gastrointest. Endosc. 2016. Vol. §4. P. 358-362.

30. HuangJ.Y., Samarasena J.B., Tsujino T., et al. EUS-guided
portal pressure gradient measurement with a simple novel device: a
human pilot study. Gastrointest. Endosc. 2017. Vol. §5. P. 996-1001.

31. Samarasena J.B., Chang K.J. Endoscopic Ultrasound-Guided
Portal Pressure Measurement and Interventions. Clin. Endosc. 2018.
Vol. 51. P. 222-228.

32. Hashimoto R., Chang K.J. Endoscopic ultrasound guided
hepatic interventions. Dig. Endosc. 2021. Vol. 33. P. 54-65.

33. Choi A.Y., Chang K.J., Samarasena J.B., et al. Endoscopic
Ultrasound-Guided Porto-systemic Pressure Gradient Measurement
Correlates with Histological Hepatic Fibrosis. Dig. Dis. Sci. 2022.
Vol. 67. P. 5685-5692.

34. Hajifathalian K., Westerveld D., Kaplan A., et al. Simultane-
ous EUS-guided portosystemic pressure measurement and liver biopsy
sampling correlate with clinically meaningful outcomes. Gastrointest.
Endosc. 2022. Vol. 95. P. 703-710.

35. Choi A.Y., Kolb J., Shah S., et al. Endoscopic ultrasound-guid-
ed portal pressure gradient with liver biopsy: 6 years of endo-hepatology
in practice. J. Gastroenterol. Hepatol. 2022. Vol. 37. P. 1373-1379.

36. Gupta 1., Fenkel J.M., Eisenbrey J.R., et al. A Noninva-
sive Ultrasound Based Technique to Identify Treatment Responders
in Patients with Portal Hypertension. Acad. Radiol. 2021. Vol. 28
(Suppl. 1). S128-S137.

37. Mandorfer M., Hernandez-Gea V., Garcia-Pagan J.C., Rei-
berger T. Noninvasive Diagnostics for Portal Hypertension: A Compre-
hensive Review. Semin. Liver Dis. 2020. Vol. 40. P. 240-255.

38. Kim G., Cho Y.Z., Baik S.K., Kim M.Y., et al. The accuracy
of ultrasonography for the evaluation of portal hypertension in patients
with cirrhosis: a systematic review. Korean J. Radiol. 2015. Vol. 16.
P. 314-324.

39. Samarasena J.B., Chang K.J. Endoscopic Ultrasound-Guided
Interventions for the Measurement and Treatment of Portal Hyperten-
sion. Gastrointest. Endosc. Clin. N. Am. 2019. Vol. 29. P. 311-320.

40. Lee C.M., Jeong W.K., Lim S., et al. Diagnosis of Clinically
Significant Portal Hypertension in Patients with Cirrhosis: Splenic Ar-
terial Resistive Index versus Liver Stiffness Measurement. Ultrasound
Med. Biol. 2016. Vol. 42. P. 1312-1320.

41. Vizzutti F., Arena U., Rega L., et al. Performance of Doppler
ultrasound in the prediction of severe portal hypertension in hepatitis C

virus-related chronic liver disease. Liver Int. 2007. Vol. 27. P. 1379-
1388.

42. Maruyama H., Yokosuka O. Ultrasonography for Noninvasive
Assessment of Portal Hypertension. Gut Liver. 2017. Vol. 11. P. 464-
473.

43. Maruyama H., Shiha G., Yokosuka O., et al. Non-in-
vasive assessment of portal hypertension and liver fibrosis using
contrast-enhanced ultrasonography. Hepatol. Int. 2016. Vol. 10.
P. 267-276.

44. Jeong W.K., Kim T.Y., Sohn J.H., et al. Severe portal hyper-
tension in cirrhosis: evaluation of perfusion parameters with contrast-
enhanced ultrasonography. PLoS One. 2015. Vol. 10. e0121601.

45. Kim M.Y., Suk K.T., Baik S.K., et al. Hepatic vein arrival
time as assessed by contrast-enhanced ultrasonography is useful for the
assessment of portal hypertension in compensated cirrhosis. Hepatology.
2012. Vol. 56. P. 1053-1062.

46. Shimada T., Maruyama H., Kondo T., et al. Impact of splenic
circulation: non-invasive microbubble-based assessment of portal he-
modynamics. Eur. Radiol. 2015. Vol. 25. P. 812-820.

47. XuG., Li F., Mao Y. Portal pressure monitoring-state-of-the-
art and future perspective. Ann. Transl. Med. 2019. Vol. 7. P. 583.

48. Shi W.T., Forsberg F., Raichlen J.S., et al. Pressure depen-
dence of subharmonic signals from contrast microbubbles. Ultrasound
Med. Biol. 1999. Vol. 25. P. 275-283.

49. You M.W., Kim K.W., Pyo J., et al. A Meta-analysis for the
Diagnostic Performance of Transient Elastography for Clinically Sig-
nificant Portal Hypertension. Ultrasound Med. Biol. 2017. Vol. 43.
P. 59-68.

50. Bureau C., Metivier S., Peron J.M., et al. Transient elasto-
graphy accurately predicts presence of significant portal hypertension
in patients with chronic liver disease. Aliment. Pharmacol. Ther. 2008.
Vol. 27. P. 1261-1268.

51. Abraldes J.G., Bureau C., Stefanescu H., et al. Noninvasive
tools and risk of clinically significant portal hypertension and varices
in compensated cirrhosis: the “Anticipate” study. Hepatology. 2016.
Vol. 64. P. 2173-2184.

52. Pons M., Augustin S., Scheiner B., et al. Noninvasive Diag-
nosis of Portal Hypertension in Patients with Compensated Advanced
Chronic Liver Disease. Am. J. Gastroenterol. 2021. Vol. 116. P. 723-
732.

53. Suh C.H., Kim K.W., Park S.H., et al. Shear Wave Elas-
tography as a Quantitative Biomarker of Clinically Significant Portal
Hypertension: A Systematic Review and Meta-Analysis. AJR Am. J.
Roentgenol. 2018. Vol. 210. W185-W195.

54. Colecchia A., Montrone L., Scaioli E., et al. Measurement
of spleen stiffness to evaluate portal hypertension and the presence of
esophageal varices in patients with HCV-related cirrhosis. Gastroen-
terology. 2012. Vol. 143. P. 646-654.

55. Hu X., Huang X., Hou J., Ding L., et al. Diagnostic accuracy
of spleen stiffness to evaluate portal hypertension and esophageal vari-
ces in chronic liver disease: a systematic review and meta-analysis. Eur.
Radiol. 2021. Vol. 31. P. 2392-2404.

56. Dajti E., Alemanni L.V., Marasco G., et al. Approaches to
the Diagnosis of Portal Hypertension: Non-Invasive or Invasive Tests?
Hepat. Med. 2021. Vol. 13. P. 25-36.

57. Sartoris R., Rautou P.E., Elkrief L., et al. Quantification of
liver surface nodularity at CT: utility for detection of portal hyperten-
sion. Radiology. 2018. Vol. 289. P. 698-707.

58. Talakic E., Schaffellner S., Kniepeiss D., et al. CT perfusion
imaging of the liver and the spleen in patients with cirrhosis: Is there

20 MeANLIMHA HEBIAKAGAHMX CTOHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 19, N2 6, 2023



Haykosum orasa / Scientific Review

a correlation between perfusion and portal venous hypertension? Eur.
Radiol. 2017. Vol. 27. P. 4173-4180.

59. Qi X., An W., Liu F., et al. Virtual Hepatic Venous Pressure
Gradient with CT Angiography (CHESS 1601): A Prospective Multi-
center Study for the Noninvasive Diagnosis of Portal Hypertension.
Radiology. 2019. Vol. 290. P. 370-377.

60. Gouya H., Grabar S., Vignaux O., et al. Portal hypertension
in patients with cirrhosis: indirect assessment of hepatic venous pres-
sure gradient by measuring azygos flow with 2D-cine phase-contrast
magnetic resonance imaging. Eur. Radiol. 2016. Vol. 26. P. 1981-1990.

61. Palaniyappan N., Cox E., Bradley C., et al. Non-invasive as-
sessment of portal hypertension using quantitative magnetic resonance
imaging. J. Hepatol. 2016. Vol. 65. P. 1131-1139.

62. Chouhan M.D., Mookerjee R.P., Bainbridge A., et al. Caval
Subtraction 2D Phase-Contrast MRI to Measure Total Liver and He-
patic Arterial Blood Flow: Proof-of-Principle, Correlation with Portal
Hypertension Severity and Validation in Patients with Chronic Liver
Disease. Invest. Radiol. 2017. Vol. 52. P. 170-176.

63. Huwart L., Sempoux C., Vicaut E., et al. Magnetic resonance
elastography for the noninvasive staging of liver fibrosis. Gastroentero-
logy. 2008. Vol. 135. P. 32-40.

64. Gharib A.M., Han M.A.T., Meissner E.G., et al. Magnetic
Resonance Elastography Shear Wave Velocity Correlates with Liver Fi-
brosis and Hepatic Venous Pressure Gradient in Adults with Advanced
Liver Disease. Biomed. Res. Int. 2017. Vol. 2017. 2067479.

65. Ravaioli F., Montagnani M., Lisotti A., et al. Noninvasive
assessment of portal hypertension in advanced chronic liver disease: an
update. Gastroenterol. Res. Pract. 2018. Vol. 2018. 4202091.

66. Hsieh Y.C., Lee K.C., Wang Y.W., et al. Correlation and
prognostic accuracy between noninvasive liver fibrosismarkers and
portal pressure in cirrhosis: Role of ALBI score. PLoS One. 2018.
Vol. 13. e0208903.

67. Cales P., Sacher-Huvelin S., Valla D., et al. Large oesoph-
ageal varice screening by a sequential algorithm using a cirrhosis

Information about authors

blood test and optionally capsule endoscopy. Liver Int. 2018. Vol. 38.
P. 84-93.

68. Schwarzer R., Reiberger T., Mandorfer M., et al. The von
Willebrand Factor antigen to platelet ratio (VITRO) score predicts
hepatic decompensation and mortality in cirrhosis. J. Gastroenterol.
2020. Vol. 55. P. 533-542.

69. Lim Y.L., Choi E., Jang Y.O., et al. Clinical Implications of
the Serum Apelin Level on Portal Hypertension and Prognosis of Liver
Cirrhosis. Gut Liver. 2016. Vol. 10. P. 109-116.

70. Bruha R., Jachymova M., Petrtyl J., et al. Osteopontin: a
non-invasive parameter of portal hypertension and prognostic marker
of cirrhosis. World J. Gastroenterol. 2016. Vol. 22. P. 3441-3450.

71. Dajti E., Ravaioli F., Marasco G., et al. A Combined Baveno
VII and Spleen Stiffness Algorithm to Improve the Noninvasive Di-
agnosis of Clinically Significant Portal Hypertension in Patients With
Compensated Advanced Chronic Liver Disease Am. J. Gastroenterol.
2022. Vol. 117. P. 1825-1833.

72. Jachs M., Hartl L., Simbrunner B., et al. The Sequential
Application of Baveno VII Criteria and VITRO Score Improves Diag-
nosis of Clinically Significant Portal Hypertension. Clin. Gastroenterol.
Hepatol. 2022 Oct 14. S1542-3565(22)00957-0.

73. Ryu S.R., Yoo J.J., Kang S.H., et al. The cut-off value of
transient elastography to the value of hepatic venous pressure gradient
in alcoholic cirrhosis. Clin. Mol. Hepatol. 2021. Vol. 27. P. 197-206.

74. Kim B.K. The cutoff of transient elastography for the evalua-
tion of portal hypertension should be different according to the etiology ?
Clin. Mol. Hepatol. 2021. Vol. 27. P. 91-93.

75. Konigshofer P., Hofer B.S., Brusilovskaya K., et al. Distinct
structural and dynamic components of portal hypertension in different
animal models and human liver disease etiologies. Hepatology. 2022.
Vol. 75. P. 610-622.

Orpumaro/Received 20.06.2023
PeveH3oBaHo/Revised 25.07.2023
MpuiHsito fo apyky/Accepted 29.07.2023 B

S. Chooklin, MD, DrSc, professor, Department of Surgery, Saint Paraskeva Medical Center, Lviv, Ukraine; e-mail: chooklin_serge@hotmail.com; https://orcid.org/0000-0002-3503-8450
S. Chuklin, MD, surgeon, Department of Surgery, Saint Paraskeva Medical Center, Lviv, Ukraine; e-mail: serhii.chuklin@gmail.com; https://orcid.org/0000-0001-8979-721X

Conflict of interest. The authors declare no conflicts of interest or financial interests in the preparation of this article.
Authors’ contribution. S. Chooklin — primary literature search, translation of literary sources, writing the article, overall editing; S. Chuklin — primary literature search, translation of literary

sources, writing the article.

S.M. Chooklin, S.S. Chuklin
Saint Paraskeva Medical Center, Lviv, Ukraine

Methods for assessing portal hypertension

Abstract. Many researchers and clinicians have taken the value of
hepatic venous pressure gradient (HVPG) as an essential prognostic
factor in subjects with chronic liver diseases. HVPG > 10 mmHg in-
dicates the presence of clinically significant portal hypertension, the
main predictor of the risk of variceal bleeding, hepatic decompensa-
tion, and mortality. However, HVPG measurement is invasive and
requires high expertise, so its routine use outside tertiary care centers
or clinical trials is limited. Clinically significant portal hypertension

also might be detected using non-invasive options such as ultraso-
nography, elastography, magnetic resonance imaging, and indices
derived from laboratory parameters. Our review aims to present the
feasibility and applicability of HVPG in modern clinical practice
in patients with liver cirrhosis, including invasive and non-invasive
methods, based on literary sources from the MEDLINE database.
Keywords: portal hypertension; hepatic venous pressure gradient;
clinically significant portal hypertension; diagnosis; review
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NepcneKTuBN BUBYEHHS AeIKUX e AeKTPOPIi3iOAOTIYHNX
napamMeTpiB y AiOQrHOCTULL 3ATPUMKU POCTY NAOCAQ

Pestome. Akmyaavnicmo. 3ampumia pocmy naoda € KAiHiuHUM CUHOPOMOM, W0 MAE HECAPUAMAUGE NPOEKUIT K
Ha nepuHamanvi HacAioKu, max i Ha 300po8’s Aoduru 6 dopocaomy ycummi. Tpaduuiiini nioxodu do diazHocmuku
Ub020 CUHOPOMY OA3YIOMbCS HA YAbMPA38YKOEGIl biomempii ma donaepomempii MamKo80-naayeHmapHo2o i 1000~
80-NYNOBUHHO20 KPOBOMOKY. Anapamypa, aKka 6UKOPUCIMOBYEMbCs 0451 MAKUX 00CAiOicetb, € dyce dopoeor, a
nideomoeka keanighixosanoeo cneyianicma saiimae mpusauil vac. Heineasuena enekmporxapdioepagis oae modic-
AUBICMb OUIHIOBAMU NOKA3HUKU 8apiadeabHOCMI cepyes020 pummy naooa i Mopgoaoeiumi napamempu KoMnieKCcy
PORST. Memoro pobomu 6yn10 6cmanoeaeHH NOKA3HUKIG 8apiabeabHOCMI cepyeeoeo pummy i MOp@OoN02iMHUX
napamempie 3a 0aHUMU HeIHBA3UBHOI enekmpokapdioepaghii naoda, ki ModCcHa suKopucmamu 045 0iaeHOCMUKU
3ampumku pocmy naoda. Mamepiaau ma memoou. Y pooomi é3saau yuacmo 220 eaeimuux y#ciHok 8ikom 6id 18 0o
40 pokie y mepminu 24—41 musncoens. Ycix obcmedncenux nayicHmok 6yn0 poznodinero Ha 0si epynu. Jlo I epynu
0yn0 gidneceno 108 ucinok i3 3ampumkoro pocmy naooa, a do 11 epynu — 112 eazimuux 3i 300posumu naooamu.
Peccmpauiro enekmpokapodioepamu naoda 30iiicHiosanu 8 ab0ominanbHomy gideederni npomsieom 30— 60 xeunut.
Pesyavmamu. Ilposedena poboma 003604una 6CMAHOBUMU HASAGHICMb CIMAMUCTMUYHO BIPOIOHUX 3MIH 0eSIKUX
NnoKasHuKie eapiabenvHocmi cepyesoeo pummy Ha mai sampumku pocmy naooa: SI, TP, AC/DC, LF, cnisgiono-
wenns LFE/HF, a makooc napamempie mopgonoeii: mpusanrocmi QTc, wupunu komnaexcy QRS i cniesionouterus
T/ORS. Ompumani dani demoHCmpysaiu NOPYUIeHHS 8eceMAMUBHOI pe2yaauyii Ha mai 3ampumKu pocmy naooa i
8idodpadicany Hanpyey peeyismopHux cucmem, a came Cmyninb 0OMIHY8aHH AKMUBHOCMI YEHMPAAbHUX MeXa-
Hi3zmie peeyasyii nad aemonomuumu. Ilopyuwenns npoyecie de- i penoaspusayii Oyau HAcAiOKoM pemooenrO8aHHs
Miokapoa naoda nio enausom iuwemii. Bucnoexu. Po3pooka areopummie diaeHocmuku 3ampumKu pocmy nioda 3a
00nomoeor HeineasusHoi erekmpokapdioepagii nompebye nooarsuioeo mecmyeanns maxkux noxasnuxie: SI, TP,
AC/DC, LF, LF/HF, mpusanocmi QTc, wupunu komnaexcy QRS i cnissionowenns T/QRS.

KorouoBi ciioBa: sampumka pocmy naooa; neineasusna enekmpokapoioepagis naooa; eapiabeasHicms cepyeoo
pummy

Bctyn

3arpumka pocty ruioga (3PIT) cripasisie HeraTUBHUIA
BIUIMB Ha CTaH 3710POB’SI HOBOHAPOKEHOT0, a TAKOXK 3Ha-
YHO MiABUIIYE CEPIIEBO-CYIMHHY 3aXBOPIOBAHICTb Y J10-
pocinomy Biui [1]. ¥ 3PI1 moxe O6yTtu 6arato nmpuyuH, i
MOXHa IyMaTHy PO pi3Hi YMHHUKU MaTOTeHe3y L€l ma-
toJjorii. [IpoTe HaWOILIBII 3pO3yMiJIMM € B3aEMO3B 30K 3
nucdyskuieto wraneHTu. Jocuts yacto 3PI1 BuHuKae Ha

TJIi TIpeeKJIaMIICii 3 paHHIM oyaTKoM [2]. ToMy OiIbIIiCT
NIarHOCTUYHUX ITiIXOAiB, OKPiM yJIbTpa3BYKOBOI Oiome-
Tpii, mepeadavaoTb NPOBEASHHS AOIIEPOMETPil KPOBO-
TOKY MaTKOBO-TIJIALIEHTAPHOTO i IJIOJOBO-ITYITOBUHHOTO
Kia remonuHamiku [3]. YisTpa3ByKoBa amaparypa, sika BU-
KOPUCTOBYETHCSI [IJIs1 TAKUX JOCII/IKEHD, € Ay T0POrolo, a
IiATOTOBKA KBaJli(hikoBaHOTO CIIeliaiicTa 3aiiMae TpUBaIUiA
yac. lle oco011BO BaxIMBO B yMOBaX r'yMaHIiTapHOI Kpu-
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3W, sIKa BUHUKJIA B YKpaiHi Ha TJIi BTOPTHEHHS POCIMCHKIX
BilichK [4]. OTXe, MOIIIYK HENOPOTMX HEiHBA3MBHUX METO/IiB
IOCJIiIKeHHS CTaHy IUIOMAA i MiarHOCTUKY BiIXUJIEHb Y 10TO
PO3BUTKY € JIy>Ke aKTyaJIbHUM.

OcTaHHIM 4acoM Bce Oifibliie 3’SIBASIEThCS JaHUX PO
MOXKJIMBICTh BUKOpPUCTAHHS 11 miarHoctuku 3PIT mo-
Ka3HUKiB, OTPUMaHUX IIJISIXOM peecTpallii cepieBoi di-
SITTBHOCTI TT0ma. be3ayMoBHO, Bu3HaYeHHS BapiaOeIbHOCTI
cepueBoro putMmy 1ioga (BCP) € BimoMuM mmiaxomoM siK 10
OLIIHKY (PYHKIIIOHAJIBHOIO CTaHy IIJI0AA, TaK i 40 BUBYEHHSI
PO3BUTKY aBTOHOMHOI HEpPBOBOI peryJisiiiii B mpoiieci iforo
HEBPOJIOTiYHOTo A03piBaHH [5]. Ha choromHi mpakTU4HO
BUKOPUCTOBYIOTH JIiHilHI 1 HesliHiitHI moka3sHuku BCP, a
TaKOX METOJ| OLIIHKM CXMUJIbHOCTI 10 IPUCKOPEHbD i YIO-
BiJIbHEHb CeplEeBOro puTMmy (aHriI. acceleration capacity/
deceleration capacity (AC/DC) — cXuJIbHICTb 10 aKiie-
Jiepalliii/CXMIbHICTD 0 Jelieepalliii) Ha OCHOBI aHali3y
(ha3oBO-BUNIPSIMIIEHUX CUTHATIB [6]. Bimomi 3MiHM gestkux
noka3HukiB BCP Ha ti 3PII [7].

HeinBasusHa enekrpokapmaiorpadis (EKI') niozna €
MEePCIEeKTUBHUM METOIOM MOHITOPUHTY, SKUI J03BOJISIE
oTpumyBaTu K nokasHuku BCP, Tak i mopdosoriuni ma-
pameTpu KoMmriekcy pQRST [8]. Ha Tai 3PI1 messkumu
IOCHIAHUKAMU Bif3HAY€Hi 3MiHM TPUBAJIOCTi iHTepBaIy
QT, xomruiekcy QRS i cniBBinHomenHst T/QRS [9, 10]. Lli
3MiHM MOXYTb OYTM MOB’sI3aHi 3 MOPYILIEHHSIM IIPOLIECiB
JenoJisipu3allii, peMoIe/IOBaHHSIM MioKapja Ta ileMieto
cepleBOro M’siza rioja.

MeTo10 po6oTH OyJI0 BcTaHOBJIEHHS IToKa3HuKiB BCP i
MopdOJIOTIYHNX ITapaMeTpiB 3a JaHUMK HeinBasuBHOI EKT
IUI0/a, SIKi MOXHa BUKOpHCTaTH 1151 AiarHoctuku 3PII.

MaTepiaAn Ta MeToAmn

YV po6orTi B3 yaacTh 220 BariTHUX XKiHOK BiKoM Bix 18
10 40 pokiB y TepMiH 24—41 TuxaeHb. YCiX 00CTeXXEeHUX Mma-
LieHTOK OyJi0 po3noniieHo Ha aBi rpynu. o I rpynu 6yio
BimHeceHo 108 xxiHok i3 3PI1, a no Il rpynu — 112 BaritHux
3i 31opoBumMu IIoaamu. Jliarno3 3PI1 6yB BcTaHOBIEHUMIA
Ha MincTaBi 3HMXKEHHST 0i0MEeTPUYHUX TTOKA3HUKIB TUIoAa
MeHIe 3a 10-i mepueHTUIb 3a JaHUMU YJIbTPa3ByKOBOTO
TOCTIIKEHHS. YCiX 00CTeXKEHMX XKiHOK 0yJIO TAKOXK PO3IT0-
MiJICHO BiJMOBIAHO M0 TepMiHY BaritHocTi: 24—27, 28—29,
30—34, 35—37, 38—41 TuzkaeHb. BinnmoBigHO 10 IHOTO Kilb-
Kictb nanieHTok y I i Il rpyni cranoBua 21122, 201 20, 20
i21, 22124, 251 25 BignosigHo. JlocaigkeHHs 0y10 BU-
KOHAHO B MexKaxX HayKoBO-IocigHoi podotu 01220200400
«Po3pobka amapatypu i mporpaMHOro 3a0e3neyeHHsl X0JI-
TepiBChKOI cucTeMu (peTaJIbHOTO MOHITOPMHTY» Ha 0a3i
KOMYHQJIbHOTO HEKOMEPILIIHOTO MiaAmprueMCTBa «MiChbKUiA
nepuHaTaIbHUI LEHTP» XapKiBChKOI MiChbKOI paau. Yci
MauieHTK Oy MpoiH(GOPMOBaHi TTPO METOIOJIOTII0, METY
Ta YMOBU MPOBEAEHHS poOOTU. Y poOOTi He Opaiu y4acThb
Mali€eHTKU 3 TeHETUYHUMU aHOMAaJIisiIMu ab0 BaJaMUu poO3-
BUTKY TUI0/1a, 0araToOIJIiIHOO BariTHICTIO i TSXKKOIO €KCTpa-
TeHITaJIbHOIO TIATOJIOTIETO.

BuBuenHst nokasHukiB BCP i mopdoorivHux napame-
TpiB EKI mioma mpoBoauiu 3a 1OMOMOT00 001agHaAHHS
Cardiolab Baby Card (HTL[ «XAI Menuka», YkpaiHa).
Peectpauito EKI miona 3niicHioBaiu y abagoMiHaIbHOMY
BinBeneHHi nmpotsarom 30—60 xBunuH. Cepel ycix MOXIH-

BUX OTpuUMaHuX noka3HukiB BCP yBary B maniit po6oTti
MPUILTAIM JIUIIE TAM, SIKi MaJyd BiIMiHHOCTI IO Tpynax:
SDNN (anra. standard deviation of normal to normal
intervals — cTaHIapTHE BiIXUJIEHHS cepeIHiX 3HaUYeHb iH-
tepBaiiB NN); SI (aHra. stress index — cTpecoBuit iHaEKC;
SI = AMo (%)/(2 x Mo x Var); Var = NNmax — NNmin,
ne AMo — Haitvacriiie 3HaueHHs1 NN iHTepBay B HaliBU-
IIOMY CTOBIYMKY Ha Tictorpami), TP (anr. total power —
3arajibHa oTyxHicth), LF (anrm. low frequency — HU3bKi
yactotn), LF/HF (anrx. low frequency/high frequency —
HM3bKi yacToTu/Bucoki yacroru), AC/DC (aHriu.
acceleration capacity/deceleration capacity — CXMJIbHICTh
IIO aKueepalliil/cXWibHICTh 10 aetenepartiii) [11].

CratrucTuuHy 00poOKy pe3ybTaTiB 0yJ10 MpOBEACHO 3a
JIOMTIOMOTOI0 TTaKeTa MPpoTrpam Jisi MEAUKO-0i0JIOTiYHUX 0~
crimkens (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.).

PesyAbTaTH

Hawmu Gynu BcTaHOBIIEHI BiIMIHHOCTI 3HaYeHb JIiHIHHUX
i HemiHiiHMX Toka3HuKiB BCP 1miona, a TakoX CXWIbHOCTI
IO aKIeJepalliil i gelenepaniii Ha OCHOBI aHali3y ¢a3o-
BO-BUNIPSIMJIEHUX cUTHaliB (Tabj. 1, 2). BinnoBinHo no
3a3HauYeHMX TePMiHiB BariTHOCTI B rutofiB i3 3PII Bimmiua-
siock 3meHIeHHss SDNN, TP, LF i AC/DC i 3HauHe migBu-
meHHs S1, 1110 XapakTepu3yBaio MPUrHiYeHHSI aBTOHOMHOT
HepBOBOIi peryisiii. [Ipu HboMy CTaTUCTUIHO 3HAYYIINMU
oymu BinmiHHOcTi SDNN y Tepminu 24—34 TrxkHi i 38—41
trxaeHb, SI, TP, AC/DC — npoTsaroM ychoro mnepiony 3
24-ro 1o 41-ro tuxHs, LF — 3 24-ro no 37-ro TUXHIB,
criBBigHomeHHs1 LF/HF abo cummaroBarajibHOro GanaH-
¢y — 3 24-to o 34-ro TvHIB BaritTHOCTi. OTpuMaHi gaHi
NIEMOHCTPYBaJIM MOPYILIEHHS BereTaTUBHOI peryJisilii Ha TJIi
3PI1 i BimoOpaxkanu Hampyry peryJassTOpHUX CUCTEM, a CaMe
CTYIiHb JOMiHYBaHHSI aKTUBHOCTI LIEHTPAJIbHUX MEXaHi3MiB
peryJsiii Hag aBTOHOMHUMM. Lle Majo cBigunTy IIpo mpu-
THIYEHHSI 3arajbHOI OTYXKHOCTI i TapacUMITaTUYHO1 JAHKU
Ha TJIi BITHOCHOTO IepeBakaHHsI CUMITATUYHOI JIJAHKU aBTO-
HOMHOI HEPBOBOI peryJisiiii B rutofis I rpymu.

Pesynbrati BUBYEHHST MOPGOJOTIUHUX XapaKTepUC-
tuk EKT muiona B 00cTeXXeHOro KOHTUHTEHTY HaBeIEeHO B
TabJ. 3. BindHauanocst BKOpOUEHHsI Maiixe BCix iHTepBasiB
i 3HMKeHHs amIutityau 3yoniB Komiuiekcy pQRST. IIpote
CTaTUCTUYHO 3HAYYIIMMU OYJIU JIUIIE BiAMiHHOCTI TpUBa-
nocti QTc y Tepminu 30—34, 35—37 i 38—41 TXKaeHb, M-
punu Komruiekey QRS y repmin 38—41 TuxkneHs i criiBBiz-
HoueHHs T/QRS y repminum 28—29, 30—34, 35—37138—41
TkneHb. Lli maHi BKa3yloTh Ha OPYIIEHHS IIPOLIECiB Ie- i
penoJisipy3allii, a TAKOX illleMilo MioKap/a Iioja.

O6roeopeHHs

HeinBazuBHa EKI' mioma mae nexinbKa IIMPOKOBiIO-
MMX TEXHOJIOTIYHUX OOMeXeHb Y BUKOPUCTaHHI [12—14].
Tomy MU MaeMo Ha 1IbOMY 3YMUHUTUCS OKpeMo. Cif 3a-
3HAYUTH, 110 SIKIIO MpH BUMipioBaHHI mapameTpiBa BCP
00po0OKa BUKOHYBaIach MPaKTUYHO MTOBHICTIO B aBTOMa-
TUYHOMY PEXMMi pOOOTH MpOoTrpaMu, TO IIPY BUMipIOBaHHi
yacoBux napametpiB EKI ruiona B nesikux Buragkax 10Bo-
IIWJIOCh BUKOHYBAaTU PYYHY KOPEKIIilo TaHUX i pe3yJIbTaTiB
BUMiploBaHb. Lle MoB’s13aHO 3 TUM, 1110 Ha IeSIKMX 3aIcax,
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0CO0IMBO BUKOHAHUX Yy mepion 3 28-1o 1mo 33-i1 TmKIeHb
BariTHOCTIi, BiHOILIEHHsI CUTHAJ/IIIyM Y 3aPEECTPOBAHUX
abgoMiHAJIbPHUX CUTHAJIaX BUSIBJISIJIOCh HEIOCTAaTHBO BU-
cokuM [15]. I gm0 o BUAiIEHHS ITepPEeBaxKHO €MHO-
ro HezajnexHoro komnoHeHnta EKI, sikuii y moganbiiomy
BUKOPUCTOBYBABCS JIJIsSI aHAJTi3y CeplieBOrO pUTMY TUIOfA,
LIbOTO CITiBBIAHOILIEHHSI CUTHAJI/IIyM OYJI0, SIK TIpaBUIo,

IOCTaTHLO, TO IJISI BUMiJICHHS 3 a0MOMiHAJIbHOI CyMillli
6ararokaHanbHOi EKI' ruiona 3 motpiGHOO SIKiCTIO LIbOTO
CITiBBiTHOIIEHHSI CUTHAJI/IIIyM 4acTo He BUcTavaso [16].
VYV 3B’43Ky 3 IUM Ha AeSIKUX 3amucax JOBOAUIOCS
KOpPUTYBaTU MOJOXEHHS iHTepBaly ycepeaHeHHs QRS-
komriekey EKT mona i fioro TpuBaiicTh, sika 3a 3aMOBYY-
BaHHSIM y TiporpaMi craHoBuTh 30 cekyH. Taka KOpekilist

Ta6bnuys 1. Mapametpu BCP nnopa ansa rpynu 3 giarHoctosaHoto 3PI1 i rpynu 3i 3qoposumn ninogamu
Ha pi3HUX TepMiHax BaritHOCTi

3P (I rpyna) 3noposi nnoaw (1l rpyna)
Mapametp TepwmiH BariTHOCTi, TMXHIB TepmiH BaritTHOCTi, TUXHIB
= 2427 28-29 30-34 35-37 38-41 | 24-27 | 2829 | 30-34 | 35-37 | 3841
n=21 n=20 n=20 n=22 n=25 n=22 n=20 n=21 n=24 n=25
106 115 125 1416 146
SONN.ms | p - 0,0346" | P,=0,0031" | P,=0,0144" | P,=0,0973 |P,=000* | ™46 | 1625 | 1625 | 1726 | 1926
Sl e 2190720 | 1690427 | 1450301 | 1190251 | 11002219 | 16172 | 11902 | gy aps| 790x | 6502
, G- P, = 0,0354" | P, =0,0005" | P, =0,0001* | P, <0,0001* | P,<00001*| 620 407 * 261 118
103455 | 122:47 | 14959 | 18379 | 196102 354 +
TP.ms* 1 p <0,0001* | P, <0,0001* | P, <0,0001* | P, <0,0001* | P,<0,000* | 215%65 | 242£77 | 276£79 | 33292 | "7
3312 | 22+13 | 34£19 | 48%27 | 55+37
LF.ms™ | p,<0,0001" | P,<0,0001* | P,<0,0001" | P,=0,0116" | P,=01390 | 86+15 | 63219 | 68221 | 69229 | 73247
11:3 5:3 105 1124 1315
LFHF P,=0,0014" | P,<0,0001" | P,=00144" | P,=1,0000 | P,=0,1249 | '6%6 | 1825 | 1425 | 1124 | 1124

TMpumitkn: TyT i B TAbN. 2, 3: * — BiAMIHHOCTI cTaTUCTUYHO BiporigHi (p < 0,05); p, — MOPIBHSAHHS MOKa3HUKIB
1ill rpynu B TepmiH 24—27 TUXXHIB BaritTHOCTi; p, — NopiBHAHHA noka3HukiB I i Il rpynu B TepmiH 28-29 TUXXHIB
BariTHOCTi; p, — rnopiBHAHHS noka3Hukis I i Il rpynv B Tepmin 30-34 TVXKHI BariTHOCTI; p, — NOPIBHSAHHS
nokasHukis I i Il rpynv B TepmiH 35-37 TUXXHIB BariTHOCTI; p; — NOPIiBHSIHHA noka3HukiB | i Il rpynn B TepmiH

38—41 T>xgeHb BariTHOCTI.

Tabnnys 2. Pesynbtatu aHanisy AC/DC, otpumaHi B rpyni 3 giarHoctosaHoro 3PI1 i rpyni
3i 3gopoBumU nnogamm

3PI (I rpyna) 3poposi nnoaw (Il rpyna)
I;Inae}:_?)- TepwmiH BariTHOCTI, TMXXHIB TepmiH BariTHOCTI, TMXXHIB
24-27 28-29 30-34 35-37 38-41 24-27 28-29 30-34 35-37 38-41
0,25+0,10 | 027+0,12 | 0,27+0,15 | 0,35+0,17 | 05+0.2
AC, mc P, = 0,0003" | P, < 0,0001* | P, <0,0001* | P, < 0,0001* | P, < 0,0001* 0,64 +0,45(0,72+0,40 | 0,97 +0,51 | 1,10+ 0,55 | 1,21 + 0,61
0,27+0,12 | 026+0,13 | 0,35+0,18 | 0,36+ 0,20 | 0,55 + 0,25
DC, mc P, =0,0009" | P, < 0,0001* | P, < 0,0001* | P, < 0,0001* | P, < 0,0001* 0,62+0,44]0,69+0,41]098+051|1,056+054 |1,12+0,55
Tabnuys 3. Pe3ynbtatu aHanizy mopdposioriynmnx napametpis EKI" y rpyni 3 giarHoctoBaHoro 3PI1
i rpyni 3i 3gopoBuMu nnogamMu Ha pPisHUX TepMiHax BariTHOCTi
3P (I rpyna) 3poposi nogu (Il rpyna)
TepMiH BariTHOCTi, TMXKHIB TepMiH BariTHOCTi, TMXXHIB
Mapametp
24-27 28-29 30-34 35-37 38-41 24-27 | 28-29 | 30-34 | 35-37 | 38-41
n=21 n=20 n=20 n=22 n=25 n=22 | n=20 n=21 n=24 n=25
LLinpuHa p, 524£123 | 522+17,0 | 557+150 | 603136 | 61,1140 | 488+ | 51,7+ | 565+ | 589+ | oo 1y
MC P,=0,3370 | P,=0,9103 | P,=0,8559 | P,=0,6983 | P,=0,1752 | 12,0 10,0 13,0 9,0 -
Tpusanictb pQ, | 522+17,0 | 56,4150 | 57,4+17,0 | 59,3+16,0 | 60,3+17,0 | 522+ | 533+ | 547+ | 575+ | 60,7+
MC P,=1,0 P,=0,4892 | P,=0,6141 | P,=0,7292 | P,=0,9301 | 15,0 13,0 17,0 17,0 15,0
Tpusanicts pR, | 1053+19,0 | 108+18 |1122+16,0(1183+18,0(119,2+15,0
v P,=0,7939 | P,=05286 | P,=06623 | P,=0,6495 | P,=0,1040 | 10418106211 ] 11016 | 116214 ) 126+ 14
Tpusanicts 0,39+0,03 | 041+0,05 | 044+0,05 | 0,43+0,04 | 043+0,05| 037+ | 038+ | 038+ | 037+ | 040+
QTc, ¢ P,=0,0718 | P,=0,0940 | P,=0,0013" | P, <0,0001* | P;=0,0391* | 0,04 0,06 0,06 0,04 0,05
LLinpuHa QRS, 47,7+130 | 485+150 | 46,7+14,0 | 496+13,0 | 57,7+120 | 442+ | 451+ | 464+ | 461+ | 481z
MC P,=0,4192 | P,=0,4923 | P,=0,9436 | P,=0,4043 | P,=0,0313"| 15,0 16,0 13,0 15,0 18,0
T/QRS 0,033+0,020 | 0,04+0,03 | 0,42+0,05 | 0,13+0,06 | 0,20+0,08 | 0,03+ | 004+ | 004+ | 004+ | 007+
P,=0,6256 | P,=1,0000 | P,<0,0001* | P,<0,0001* | P,<0,0001*| 0,02 0,02 0,02 0,02 0,04
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JO3BOJIsIIa BUOpATH /151 yCepeIHEHHSI HAlOTbIII TpeicTaB-
HUIBKY i IKiCHY AUIIHKY Ha 10-xBuiMHHOMY 3anuci. Kpim
1IbOTO, MpeIMeTaMu KOPUTYBaHHS MaJlu OyTU pe3y/ibTaTh
aBTOMATUYHOTO PO3MIIIIEHHS TTPOTPAMOI0 MiTOK MOYaTKy
i KiHIIA MKy p, ToYaTKy i KiHug miky R i 0oco6auBo KiHIis
xBuii T sk HaitmeH1n BupaxeHoro Ha EKI mimona ¢eHo-
meHa. Lli kopekiii 0ynu nmoTpioHi, 30KpeMa, y 3B’SI3KY 3
HU3bKOIO aMIUIITYI010 3yO11s p, siKa 3a3BUYail CTAHOBUTH
Bill KiTbKOX JECSITUX YaCTOK MiKpOBOJIbTA IO JAEKIUIbKOX
MiKpOBOJIBT, a TAKOX i3 3a3BUYall HU3bKOIO aMILTITYHOIO i
wiaBHUM xapakTepom 3minm T-xsumi EKT mmoma [17, 18].

Haperri, napametp pR BuMiproBaBcs BpyyHy 3a I0I10-
MOTOI0 BUMipIOBaJIbHUX MapKepiB, OCKiJIbKM HOro aBTO-
MaTUYHE BUMIpIOBaHHS CMOYaTKy He nepeadadanock. Ha
XKaJib, 11 HEeIOJiKM, BJACTUBI a0moMiHaIbHill TeXHOIOTIT
peectpauii EKI mioga, i Ha cbOroJgHi BOHM OCTaTOYHO He
YCYHEHI B XXOAHIil HasgBHiil HA PUHKY MEIMYHOI TeXHiKK1
CHUCTeMi, 1110 TIpalloe 3a 1M MpuHLIMUIoOM [19].

OTxe, pe3yJibTaTu Hallol poOOTU TO3BOJIMJIM BCTa-
HOBUTH HASIBHICTb CTATUCTUYHO BipOTiTHUX 3MiH NESIKUX
noka3zHukiB BCP na tii 3PIT: SI, TP, AC/DC, LF, cniB-
BinHomeHHss LF/HE a takox napameTtpiB mopdoJorii
EKT -komrmiekcy: TpuBanocti QTc, MUpUHU KOMILIEKCY
QRS i cniBBinHomenHs T/QRS. OTpumani naHi Bimo-
OpakaJiu MPUTHIYEHHSI aBTOHOMHO1 HepBOBOI peryJsiiii
Ha TJi OpYLIeHHs XXUBJIEHHS i TpaBJeHHs IIoaa i IMia-
TBEPIKYBald TyMKY PO peTapallito HEBPOJIOTiYHOTIO
po3Butky npu 3PIT [20]. 3HMXEeHHS piBHSI aBTOHOMHOT
HEPBOBOI PEryJIslii MPU3BOAMIIO A0 Ae3amanTallii Iio-
na i mopyieHHs npoiieciB romeoctasy [21]. [TopyuieHHs
MpPOLIECiB Ie- i pernoisipu3allii OyJau HaClIiIKOM peMoje-
JIIOBaHHS MioKapja Iiofa ITiI BIDIMBOM imewmii [22]. be3-
YMOBHO, BCTaHOBJIeHi 3MiHM noka3HMKiB EKI miona He
€ MakcumanbHo crienudivanmu g 3PI1. Born MoxyTh
CBIIYUTH TAKOX MPO PO3BUTOK JAUCTPECY IUIOAA, IKU €
yacTuM cynyTHukom 3PII1 [23, 24].

Y ToOli Xe 4yac iCTMHaA MOoJSITa€E B TOMY, 110 >KOJEH
PO3TJASHYTUI TYT iHAEKC HE MOXe€ MiJICYMOBYBaTU CaM
o cobi 0cobJMBOCTI TaTO(i3i0N0TIYHUX TIPOIIECiB, SIKi
npu3BoasaTh 10 3PI1. @akTnuHO 6araTo KOHTPOJIOYUX
MeXaHi3MiB MOXYTb BIJIMBATH Ha YaCTOTY CEPLIEBUX CKO-
pOYeHb TU10/1a JIiHiiTHO i/a00 HEeNiHITHO B MAaTOJOTIYHUX
Bunaakax. CKopilie 3a Bce TiJIbKM 0araTOBUMIipHUM MiaXi
3 BU3HAUYEHHSIM PETPECiiHUX 3aJIeKHOCTEH, 1110 Bpaxo-
BYE SIK JIiHiliHi, TaK i HeJiHiliHI MapaMeTpu, NiiCHO MOXe
HOJIITIIUTA TUCKPUMIHALIIIO 3MI0POBUX i MATOJIOTIYHMX
mioniB npu 3PI1. To6To nmomanblIUM eTarioM po3pooKu
nmiarHoctTuyHux aaroputmiB 3PI1 3a momomororo HeiHBa-
3uBHOiI EKI mona mae cratu ROC-aHani3 (aHri. receiver
operating characteristic — po6o4a xapakTepucTrKa Ipuii-
Maua) — aHaJi3 rpadika, 110 BimoOpakae CriBBiTHOIIEHHS
MiX 4aCTKOO 00’€KTiB 3 IEBHMUM JiarHO30M Ta 3arajbHOI0
KiJIbKiCTIO HOCIiB 03HaKM [25].

BucHoBKU

Po3pobxa anropurmiB miarHoctuku 3PII 3a mormo-
mororio HeinBasuBHOI EKI mioma moTpebye momanbiinoro
TecTyBaHHSI HacTynmHuX nokasHukis: SI, TP, AC/DC, LF,
LF/HE, tpuanocti QTc, mmpunu komriekcy QRS i criB-
BinHoweHHst T/QRS.

KonduikT intepeciB. ABTOpU 3as1BJISIIOTH PO BifICYTHICTh
KOHUIIKTY iHTepeciB i BIacHOI (hiHAaHCOBOI 3alliKaBJICHOCTI
MIPU MiArOTOBIIi JaHOI CTATTi.
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Prospects for the study of some electrophysiological parameters
in the diagnosis of fetal growth restriction

Abstract. Background. Fetal growth restriction is a clinical
syndrome that has adverse effects on both perinatal outcomes
and human health in adulthood. Traditional approaches to the
diagnosis of this syndrome are based on ultrasound biometry
and dopplerometry of uteroplacental and fetal-umbilical blood
flow. The equipment used for such research is very expensive,
and the training of a qualified specialist takes a long time. Non-
invasive electrocardiography makes it possible to evaluate fe-
tal heart rate variability and morphological parameters of the
pPQRST complex. The purpose: to determine indices of heart
rate variability and morphological parameters based on the data
of fetal non-invasive electrocardiography, which can be used to
diagnose fetal growth restriction. Materials and methods. Two
hundred and twenty pregnant women aged 18 to 40 years on
24—41 weeks of gestation were enrolled in the study. All of them
were divided into two groups: 108 women with fetal growth re-
striction were included in group I, and 112 patients with healthy
fetuses in group II. The fetal electrocardiogram was recorded

in abdominal lead for 30—60 minutes. Results. The performed
work made it possible to detect statistically significant changes
in some indices of heart rate variability on the background of
fetal growth restriction: SI, TP, AC/DC, LF, LF/HF ratio, as
well as morphological parameters: QTc duration, QRS complex
width and T/QRS ratio. The obtained data demonstrated a vio-
lation of autonomic regulation following fetal growth restriction
and reflected the tension of regulatory systems, namely, the de-
gree of dominance of the activity of central regulatory mecha-
nisms over autonomous ones. Impaired de- and repolarization
processes were a consequence of fetal myocardium remodeling
due to ischemia. Conclusions. The development of algorithms
for the diagnosis of fetal growth restriction using non-invasive
electrocardiography requires further research of the following
parameters: SI, TP, AC/DC, LF, LF/HF ratio, QTc duration,
QRS complex width, and T/QRS ratio.

Keywords: fetal growth restriction; non-invasive fetal electrocar-
diography; heart rate variability
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NockytoB O.A."2, [oryapeHko M.M.", [oHyapeHKo M.B.?
"HaLiOHQABH YHIBEPCUTET OXOPOHM 3A0P0B S YK QiHu imeHi M./, LLyrka, m. Kuis, YkpaiHa
2AY «HcTuTyT cepusi» MO3 YikpaiHum, m. Kuis, YkpaiHa

NMpeKOHAULIIOBAOHHA AOHOPCbLKOro cepus
Npu NpoBeAEeHHi OPTOTONIYHOT TPAHCAAQHTALLIT

Pe3tome. Axmyaavnicms. Ha cbo200mi ¢ Yipaini 6 nucmi ouikyeanns 3apeccmpogaro 6auzvko 500 nauienmis, skum
nompiona mpancnaaumauyis cepys. Y docaioxcertst 6yno exkaouero 20 00HOpi6 015 OpmMoOmMoniuHOi MpaHCnAGHMAYIT
cepuys. Cepedniil 6ik donopie cmarnosue 32,3 poky. Y pobomi oyineri nioeomoska 0oHOPCbK020 cepyst w000 1020 3a-
Xxucmy 8i0 iulemiuno-penep@y3iiiHoi mpasmu nio uac mpaHcnAaHmMayii ma eniue egheKmueHocmi NPeKoHOUYIHOEaAHHS
JOHOPCbK020 Cepuys y peyunieHma npu npogedeHHi opmomoniunoi mpauncnianmauii cepus. Mema pobomu. Mema
noaseana 6 ouiHyi eqpeKmueHoCmi NPeKoHOUUit8AHHS OOHOPCbK020 cepys 015 30inblueHHs cmillkocmi Miokapoa 0o
imemiuno-penep@ysiiiHoeo cundpomy ma ilo2o nioeomosxku 0o opmomoniunoi mpancnaaumauyii cepys. Mamepiaau
ma memoodu. B ochosy pobomu noxaaderno pesyrsmamu 20 0oHOpi8, sKum Oy1a 6CMAHO8ACHA CMEPMb MO3KY ma
0aHo 0036iN1 HA 3ACMOCY8AHHS MPAHCHAGHMAUIT AHAMOMIYHUX Mamepianié aduru. TIpoananizo8ano amiHu 0CHO-
BHUX OIOXIMIMHUX NOKA3HUKIG (1aKmMam, MPONOHIH, KUCAOMHO-AYICHUL OANaHC, KAIPeHC KPeamuHtiny, enoKo3a
Kposi) ma (hyHKYiOHANbHORO CIAHY CUCMEMHOT 2eMOOUHAMIKU (apmepianbHuil MUCK, YaCMOMA Cepuesux CKopoeHs,
UEHMPAaNbHULL 6eHO3HUL MUCK, PPAKUin 6UKUDY, cepueduil iHOeKc) Ha MOMeHm eKcnaanmayii JoHopCbK02o cepus.
Pesyavmamu. byno euseneno, woy 100 % donopie 6 inomponHiii niompumuyi 6UKOPUCMOBYEABCS HOPAOPEHANIH, Y
40 % — dobymamin ma 'y 25 % — doghamin. [lokasnuxu araxmamy 'y 75 % O0onopie Oyau euwumu 3a Hopmy, i 6i0-
MIHanoch 30inbuleHHs NOKA3HUKI8 MPONOHIHY Y 8CiX OOHOPIB, W0 C8I0HUN0 NPO UMOBIPHY OUCHYHKUYIHO MIKPOYUDKY -
AsUil, IKa eena 0o hoeipuienHs nPeKoHOUYIr6aHHS 0OHOPA Ma 30i1buULy8ana iulemiuHo-penepy3iliHuil CUHOpoM 015
mpancnaanmama. 3a KoegiyieHmom Kopeasyii Mixc 080Ma NOKA3HUKAMU — YACOM [ cepyesuM iHOeKcom giominaracs
MeHOeHYis no2ipuleHHs. CMaHy 00HOPA 3aAeMNCHO IO Hacy i0 NPULIHAMMS PilleHHs PO MPAHCHAAGHMAYII0 00 NPO-
eedenns excnaanmauii cepys. Bucnoexu. Jlocaioncenns noxazano, woy 100 % donopie ¢ inomponuiii niompumuyi
BUKOPUCMOBYBABCS HOPAOPEeHANIH — uacmiuie, Hixc do0ymamin abo dogamin. Ilokasznuxu raxmamy y 75 % doHopié
OyAU sUWUMU 30 HOPMY, | BIOMIUANOCH 30iNbULICHHS NOKA3HUKIE MPONOHIHY Y 6CIX O0HOPIB, W0 CEIOHUA0 NPO LIMOBIPHY
ouchyHKuiro MIKpouupkyasuyii, aka éeaa 00 no2ipueHHs: NPeKOHOUYIH0B8AHHs 00HOpa ma 30inbuLy8ana iuemitHo-
penepy3ilinuil CuHOpom 0451 MpaHcniaHmama. 3a Koe@iyieHmom Kopeasiuii Mine NOKA3HUKAMU 4dAcCy | cepyes020
inoekcy 6iOmivaemocs, wo YuM Oinvule 4acy NOMPIOGHO HA 0036iA HA OPMOMONIYHY MPAHCNAAHMAYIIO cepus, MUM
Oinbuie no2ipuLyemovcsi CMaH 00HOPA, W0 NPOSBASIEMbCS 8 3HUNCCHHI KOHMPAKMUAbHOI 30amHocmi miokapda. 3a
Koeghiyienmom Kopeasyii Mixc NOKA3HUKAMU 4acy ma mponoHiHy 3p00aeHO UCHOBOK, W0 PICI KOMHIAEKCI8 MPONno-
HIHY cnocmepieascs 3i 30iNbUEeHHAM Hacy Ha OMPUMAHHS 003601Y HA 3ACMOCYBAHHS MPAHCNAGHMAUIT GHAMOMIYHUX
mamepianie M0OUHU, WO 2060PUA0 NPO NOYAMOK [UeMIMHUX 3MIH MioKapoa.

KorouoBsi ciioBa: mpancnaanmauisa cepus; npexonouuirosanus OOHOPCbKUX 0PeaHie; KapOionpomeKkyis; iuemis

BCTYH LIMPKYJISIList KPOBi B OpraHi3Mi JIIOAMHM Ta AUCOAIaHC MiX

Cepuena HenoctatHicTh (CH) € cknagHUM KJiHIY-  reMOAMHAMIiYHMMM MOTpedaMy OpraHi3My Ta MOXJIHUBOC-
HUM CHHIPOMOM, SIKMI XapaKTepU3yeThCs MopyiieHHsiM  TsiMu cepiist [2]. CH HaTerep € riiobanibHO0 Mpo0JieMot0
dyHKIIiT ceplieBoro M’si3a — Miokapa, 10 3MEHIIYE HACO-  OXOPOHM 3I0POB’S, sIKa 3HAYHO MOTipUIYE SIKiCTb XKUTTS
CHY CIIPOMOXHICTh Ceplisl, HACIAKOM YOro € HeJOCTAaTHSI  MALli€HTIB Ta pi3KO CKOPOUYYE HOro TPUBAIICTh. 3a JaAHUMU
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European Society of Cardiology, mommupenicteb CH y cBiti
cepejl IOPOCIIOTo HACEJIEHHST CTAHOBUTD OJIM3bKO 64 Mijb-
1oHiB oci0 [1].

3a nanumu American Heart Association, 3 2017 o 2020
pik pubIM3HO 6,7 MJTH aMepUKaHIIiB BikoM crapiiie 3a 20
pokiB Oyna niarHoctoBaHa CH [3]. I sik BKa3ytoTh aBTOpH,
pO3paxyHKOBa 5-piyHa JieTajlbHiCTh cepen nauieHTiB i3 CH
He Ma€ TeHIEHIIil 10 3HMKEHHS Ta MPOJIOBXKYE 3aTuIa-
THCST BUCOKOIO, gocsiratoun 52,6 % [3]. Ipu upomy mpu
MOPIBHSHHI 1BOX 25-piyHux mnepionin: 1965—1989 pp. Ta
1990—2014 pp. — Big3HAYAETHCS 3pOCTAHHS PU3UKY PO3-
Butky CH 3 18,9 1m0 22,6 % cepen xinok i 3 19,1 no 25,3 %
cepej 4oJI0BiKiB [3].

o toro xx CH € i BeIMKOIO eKOHOMIYHOIO ITPOOIEMOIO.
Taxk, 3a JaHUMM Mi>KHAPOIHUX €KCTIePTiB, BUTPATH OXOPOHH
3I0pOB’sl, CIIPSIMOBaHi Ha JIiKyBaHHS naiieHTiB i3 CH, y
nepiox 3 2012 no 2030 p. 36inbiiatbes Ha 127 % [4].

3 (izionoriunoi Touku 3o0py CH MoXHa BU3HAUUTH SIK
3HUXKEHHST CepLIeBOro BUKUIY 10 3HAU€Hb, 3a IKUX BiH CTa€
HEIOCTaTHIM ISl MiATPUMKM METa0OJIiYHUX TTOTped opra-
Hi3My B YMOBaXx, KOJIM 30BHillIHSI poOoTa 3 epeKauyBaHHsI
KPOBI IIepeBUIIIYE pe3epBU KOPOHAPHOTO KPOBOTOKY [5].
Ctigg BIAMITUTH, 1110 OJHIEIO 3 HANYACTIIIMX TPUYUH PO3BU-
TKy roctpoi CH e nunatauiitna kapaiomionatisa (A KMIT).

JAKMII — e 3axBOproBaHHS, B OCHOBI SIKOTO JIEXKUTh
MOILIKOIKEHHS JIIBOTO IUTYHOYKA, 1110 BUKJIUKAE HOTO M-
JIaTallilo Ta CUCTOJIIYHY IMC(YHKIIiIO, 3a BiICYTHOCTI Ba
PO3BUTKY Ta illleMidYHO1 XBOpoOU cepiis [6].

3a manumu American Heart Association, mommpeHicTb
JKMII craHoBuTh y cepenHboMy 1 Bumamok Ha 2500 Ha-
cenenHs [7]. Ha cboromHi, He3BaXalouM Ha TOCSTHEHHS y
rayysi hapmakoTeparii cepleBO-CyJIMHHUX 3aXBOPIOBaHb,
JKMII y nepeBaxHiii 0i1bIIOCTI BUNAAKIB MPU3BOAUTH
nmo Tsokkoi CH [8]. ¥V mamienTiB i3 IKMIT MmoxmuBi Tpu
BapiaHTu nepediry CH: ctpykrypHe Ta ¢yHKIiOHaTbHE
BimHOBIIeHHS ITicis emizony CH, BUHMKHEHHs peMicii 3
nokpailleHHsIM abo crabinizaiieto rnepediry CH, a takox
nporpecyBaHHsI 10 Tskkoi CH, 1110 cnpuyunHsie cMepTh ab0
notpedy B TpaHcruiaHTailii cepiist (TC).

PesynbraTé HelllogaBHO MPOBEAEHOTO BiIKPUTOTO TTi-
JIOTHOTO paHmoMizoBaHoro mociimkeHHs TRED-HF mpo-
JNIEMOHCTpPYBaJIH, 1110 MpUunMHeHHs JikyBaHHs CH y pe-
3yJabTaTi perpecyBaHHsa cumnTomiB CH 3perrroro Bce omHO
CIIPUYMHSIE PELUINB CUCTOJIYHOI TUCOYHKIIII YITPOIOBXK
6 Mic. criocTepeXXeHHs Ta Bele Maiike 10 HEBiZBOPOTHOI
MOTpedu y TpaHCIIaHTallil [9].

B VkpaiHi cMepTHICTb BiJl cepleBO-CyTIMHHUX XBOPOO
CcTaHOBUTD 65,8 % i 30inbIIyeThCa Ha 1,5—2 % mopiuHO
[10]. OnHi€ro 3 OCHOBHUX MPUYNH TaKOi HETATUBHOI TeH-
IeHIIii € TIporpecyioya rocTpa cepieBa HeIOCTaTHICTh Ta
XpOHIYHA ceplieBa HEMOCTATHICTb, 3a SIKOI IiEBUM METOJIOM
JIIKyBaHHS € caMe OpPTOTOIliYHA TpaHCIIaHTallis cepliis. |
came Tomy y 2018 powi OyB mpuitHsaTuii 3akoH «I1po 3a-
CTOCYBaHHS TpaHCIJIaHTallili aHaTOMIYHUX MaTepialiB
moguHi» [10]. Ha choromgni B YKpaiHi B TUCTi OUiKyBaHHS
3apeecTpoBaHo 0yn3bko S00 MmaiieHTiB, SKUM MOTpiOHA
TpaHcmutanTamis cepis [11]. 1 3 KoXXHUM THEM iX KiTbKiCTb
3pOCTaE.

OnHuM i3 pakToOpiB BAAJIOIO IIPOBEACHHS oIlepallii
TC € mockoHaja MiAroTOBKa JOHOPCHKOTO Cepls 100

OTO 3aXMCTY Bif illleMiYHO-perepdy3iliHoi TpaBMU, 3Be-
JIEHHS 10 MiHIMYMY MiOKap/JiaJlbHOTO YIIKOJKEHHS Ta
3a0e3mneueHHsI 000POTHOCTI iIIeMiYHMX MPOLIECIB Y mepi-
Ol BUKJIIOUEHHS ceplls i3 CMCTEMHOTO KpOBOTOKY [12]. ¥V
IIbOMY BiTHOIIIEHHI BEJMKY yBary B HayKOBUX pO3pO0OKax
OCTaHHbOTO Yacy MPUIIJIEHO MUTAaHHIO €(heKTUBHOCTI Mpe-
KOHAUIiIoBaHHS Miokapjaa. «[IpekoHaulirtoBaHHSI» — 1€
TepMiH, gkuii 0yB onmcanuii C.E. Murry Ta cmiBaBT. [14]
Ta BXXMBAETHCS ChOTOAHI [JIsI ONucy (peHOMeHa MiaBu-
LIEHHST TOJEPAHTHOCTI KJIITUH 10 BIJIMBY MOILIKOIXKYIO-
yoro (akTopa B pe3yJibTaTi MoIepeHbOTO BIJIMBY HA HUX
CcTpecopHux cTumyiB [13].

Meta naHoi poOOTH ToJisirajia B OLiHII e(PeKTUBHOCTI
MPEKOHMIIIIOBAHHS TOHOPCHKOTO Cepls IS 301IbIIEHHS
CTIKOCTI MioKapza [0 ileMidHO-penepdy3iiHOro CuH-
IpOMY Ta Oro aganTallii 10 OpTOTOMIYHOI TpaHCIIIaHTAallil
cepus.

MarTtepiaAu Ta meToamU

B ocHOBY po0OTH MOKJIaAEHO Pe3yJIbTaTH TTPOCTTEKTUB-
Horo pociimkeHHs 3 2021 mo 2022 p. 20 1oHOpiB, IKUM
Oyna BCTaHOBJIeHa CMePTh MO3KY Ta HaZaHWi MO3BiJ Ha
3aCTOCYBaHHS TpaHCIJaHTallil aHaTOMIYHUX MaTepiajiB
moauHu. KitiHiyHa XapakTepucTrUKa 00CTeXKEHUX TOHOPIB
HaBeleHa y Ta0. 1.

Ta6nuus 1. KniHidyHa xapaKTtepucTuka JOHoOpIB

XapakTepuctuka (EP!gg)
Cratb, n (%):
— YoroBiya 17 (85)
— XiHo4a 3 (15)

CepepHivi BiK, pokis 32,3 + 3,2 (21-53)

MpuynHn cmepTi MO3Ky, N (%):

— reMoparivyHui iHcynsT 7 (35)
— 34MT 13 (65)
CraH poHopis 3a TsxkicTio F[CH*
Ha MOMEHT BCTaHOBJIEHHS CMepTi
MO3KY, N (%):
— cepepHin 4 (20)
— TSKKUIA 7 (35)
— By>Xe TSKKUN 9 (45)

TpuBanicTb 4acy Bifg KoHcTata-
Lii cMepTi MO3KY [0 [03BOMY Ha
3acToCcyBaHHs TpaHcnnaHTauii
aHaTOMiYHMX MaTepianis JOONHN,
rOAvH

22,1+ 4,1 (3-72)

Mpumitkn: 3YMT — 3akputa 4epenHo-mMo3KoBa
TpaBma; 'CH — roctpa cepLeBa He[oOCTaTHICTb; * —
TsxKicTe TCH ouiHroBanacek 3a wkanoro Killip.

Sx BumHo 3 Tab:1. 1, Bik 1oHOpIB cTaHOBUB Bix 21 10 53
pokiB. IlepeBaxkHa yacTuHa OyJia 4ojoBiuoi ctaTi (85 %),
TOMi SIK JOHOPIB XiHOYOi cTati 6yi0 15 %. [NpuunHamu
KOHCTaTallii cMepTi MO3KY Y 35 % BuUManKiB OyB reMopariu-
HUI IHCYJIBT, a B 65 % — 3aKpuTa YepelmHO-MO3KOBa TpaBMa
(Maifke B 2 pa3u yacTilie). TpruBaicTh yacy Bilg KOHCTAaTaLIil
CMepTi MO3KY 10 T03BOJIy Ha 3aCTOCYBaHHS TpaHCIUIAH-
Tallii aHaTOMIYHMX MaTepialliB y CepeaAHbOMY CTaHOBMJIA
22,1 = 4,1 roguHmM.

CtaH 10HOPiB HA MOMEHT BCTAHOBJIEHHSI CMEPTi MO3KY,
SIKi OyJTM 3aJTy4eHi Y IOCTiIDKEHHST, BCTAHOBJTIOBABCSI 32 TSIK-

28 MeAMLIMHO HEBIAKAQAHMX CTAHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 19, N2 6, 2023



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

kictio 'CH 3a mkanoro Killip. 15 XxapaKTepuCTUK CTaHY
noHopa Ta Tskkocti [CH olliHloBanucs Taki MoKa3HUKH,
sK apTepianbHuii TUCK (AT), yacToTa cepleBUX CKOPOUECHb
(YCC), dpaxuia Bukuny (PB), cepuesnii ingexc (CI),
LHeHTpaibHuii BeHo3Hul tTuck (LIBT), 6ioximiuHi nmokas-
HUKU (KWUCJOTHO-JIY>)KHUI CTaH KPOBi, PiBHI TPOMOHIHY),
J03U1 Ta TPMBAJIiCTh iIHOTPOMHOI MiATPUMKHU.

PesyAbTaTH

VY 45 % noHopiB cTaH HA MOMEHT KOHCTaTallil CMepTi
MO3KY OILIiHIOBaBCs SIK JIyske TsikKuii 3a mkanoro Killip, no
TSDKKOTO CTaHy BimHOCHIUCS 35 % MOHODIB, a CTaH cepell-
HBOI TSKKOCTI OyB KoHcTaToBaHUil y 20 % moHopiB (110-
Ka3HUKU HaBeAEHi y Ta0I. 2).

Ak BumHO 3 TabJ. 2, YacToTa CeplLEeBUX CKOPOUYEHb Ba-
pitoBana B Mmexxax 104,0 £+ 12,6 yi/xB, apTepialbHUI TUCK,
SIKMI Oe3lepepBHO BUMipIOBaIM 32 JOIIOMOTOIO KaTeTepH-
3allii MpoMeHeBoi apTepii, craHoBUB: ATc y mexax 104,3 +
+ 11,2 mm pr.cT., ATa 64,0 = 7,4 mm pr.cT., a ATcep Konu-
BaBcs y Mexkax 73,2 = 3,6 MM pT.CT.

g sumiproBanHs LIBT BukoHyBasiacst karetepu3sailist
BHYTPIIlIHBOI sipeMHO1 BeHu. [1pu nbomy nmokasuuku LIBT
3Haxoauiauch y mexax 80,0 = 11,4 MM pT.CT.

Yci noHOpY OTpUMYBaIX iHOTPOITHY MiATPUMKY TaAKUMU
MpenapaTaMu, siK HopaapeHaiin 0,96 + 0,41 mkr/kr/xB (20

noHopiB (100 %)), mobyramin 5,37 + 2,37 MKT/KT/XB (8 m10-
HopiB (40 %)), nopamin 3,48 * 1,49 mMxr/kr/xB (5 TOHOPIB
25 %)).

I3 20 noHOpiB MoeNHAHY iIHOTPOITHY MiATPUMKY OTPU-
myBanu 13 (65 %). [oenHaHy MiATPUMKY HOpaapEeHATiHOM
Ta JOOYyTaMiHOM OTPUMYBAJIH 5 MOHOPIB (25 %), MATPUMKY
HOpaapeHasiH/nodyTamiH/nodamin oTpumMyBaiu 3 1OHOpU
(15 %) ta moeaHaHy iHOTPOTIHY MATPUMKY HOpaapeHai-
HOM Ta modamiHoMm — 2 moHopu (10 %)

bioximiuHi aHai3M JOHOPIB MOKa3ajau, 110 PiBHi JJaK-
TaTy CTAaHOBUJIM y cepeaHboMy 2,84 + 1,21 mmonb/i. Ilo-
Ka3HUKU TPOIIOHIHY peECTpyBalucs B Mexax Bia 3,3 1o
<200 Hr/mi (puc. 1).

A BUAHO 3 Aiarpamu, KoedillieHT Kopesiii (r) Mix
IBOMa BUIIeONMCaHMMU o3Hakamu ctaHoBuB 00,8118
(puc. 1), 1110 03HaYaI0 BUCOKUI CTYITiHb KOPEJSLiiiHOT
3aJIeXKHOCTI MixXK YacoM Ha JI03BiJI Ha 3a0ip opraHa Ta I10-
Ka3HUKaMU TPOTOHiHY. PicT KOMIIIEKCIB TPOIMOHIHY CTO-
cTepiraBcs 3i 30UIbIIEHHSIM Yacy MPUUHSITTS pillleHHST Ha
OTPUMaHHS T03BOJTY Ha 3aCTOCYBaHHS TPAaHCITIaHTAllil aHa-
TOMiUHUX MaTepianiB Joauuu ajst TC, 1110 roBOPUIO Mpo
MOYATOK ilIeMiYHMNX 3MiH MioKapaa.

KutipeHC KpeaTHHiHY y DOCTiI>KEeHHI BU3HAYaBCsI HA MO-
MEHT KOHCTaTallil CMepTi MO3KY i CTAHOBUB y CepeIHbOMY
85,15 = 9,73 mmonb/.

Tabnuuys 2. Xapaktepuctnka reMmognHamiyHuX, 6ioxiMmidHUX nokasHuUKIB JOHOPIB Ta piBeHb iHOTPONHOI
nigTpUMKn

XapaKTepucTuKa

MokasHukKu

remoanHamiyHi NoKasHUKu

YCC, yo/xB

90-132 (104,0 + 12,6)

ATc, MM pT.CT.

90-135 (104,3 = 11,2)

ATpg, MM pT.CT.

50-75 (64,0 + 7,4)

ATcep, MM pT.CT.

63-95 (73,2 + 3,6)

LIBT, mm pT.cT. 70-90 (80,0 + 11,4)
DB, % 59-71 (64,7 + 4,4)
Cl, n/xB » m? 2,8-3,5 (3,11 £ 1,02)

BioxiMidHi MoKasHUKn

JlaktaT (cLac), mmonb/n

2,1-7 (2,84 + 1,21)

KucnoTtHo-nyxHuii 6anaHc (cBase(Ecf)), Mmmonb/n

—2...-9 (-4,78 + 2,89)

TpPONOHiH, Hr/MN

3,3 — < 200 (103,40 + 9,59)

nmtoko3a KpoBi, MMOnb/N

5,4-12,3 (8,85 = 3,60)

KnipeHc KpeaTuHiHy, MKMOnb/N

60-156 (85,15 + 9,73)

Oiypes, mn/rog,
CepefHi NoKasHWK giypesy 3a Joby

9,3-74,6 + 13,7
500-2500 (1406,00 + 200,26)

IHoTporHa

nigTpuMkKa

HopagpeHaniH, MKr/Kr/xs

0,23-2,5 (0,96 + 0,41)

[o6yTamiH, MKI/Kr/xB

2,1-13,3 (5,37 +2,37)

LocbamiH, MKr/Kr/xB

1,6-5,3 (3,48 + 1,49)

Mpumitkn: YCC — yacToTa cepueBux ckopodeHo; AT — apTepianbHuii Tuck; ATc — apTepianbHui TUCK
cucrtonidyHnn; AT — aptepianbHui TUCK giacToniyHmii; ATcep — apTtepianbHuii TUCK cepeHin; BT —
yeHTpasnibH1i BeHO3HuI Tuck; @B — cppakuis Buknay; Cl — cepuesuii iHgekc; cLac — naktar; cBase(Ecf) —

KUCJIOTHO-NY)KHUI 6anaHc.
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PucyHok 1. 3anexHicTe NOKa3HUKIB TPOMOHIHY Bif Yacy NPUIHATTSA pilueHHs npo TC

ITpu aHani3i 3a71eXHOCTI TMHAMIKW CTaHy JOHOpPA Bil
yacy BiJ KOHCTaTallil CMepTi 10 HaJdaHHS J03BOIY Ha 3a0ip
OpraHiB BigMivaiach TpsiMa KopeJsiiiiiiHa 3a1eXHICTh IMX
MOKAa3HMKIB (puc. 2).

Sk BumHO 3 HaBeAECHOI miarpaMu, KoeMillieHT KopeJIsiil
(r) MiX JIBOMa BUIIIEONMMCAHUMU O3HaKaMU cTaHoBuB 0,2934
(puc. 2), 1110 03HAYAJIO BUCOKHUIA CTYIIiHb KOPEJISLIAHOI 3aIeXk-
Hocti Mixk CI Ta yacoMm Ha 103BiJT Ha 3a0ip opraHa. A 3 OIJISIoy
Ha 3HaYeHHs KMOBIPHOCTI TIOMWIKHM (P), 1110 JOPiBHIOBAIO
0,00000107 (puc. 2), MOXHa IiATU BUCHOBKY, 1110 11l KOPEJIsi-
LiliHa 3aJIeXkKHiCTh OyJ1a CTaTUCTUYHO BiporimHowo. [HmmMu
CJIOBaMM, KOHTPAKTWJIbHA 3IaTHICTh MioKap/a repedyBaa B
MOpsIMilt 3aJIEXKHOCTI Bill BUILIEBKA3aHUX MTOKA3HUKIB.

Takum yriHOM, YKM OiNibIlIe OYyB Yac HA OTPUMAHHS A0-
3BOJIYy Ha TpaHCIUIAHTALIi}0 aHATOMIYHUX MaTepiajiB, TUM

Oibllle 3HUXKYBABCSI CepLIEBUI iHAECKC, CTaH TIOHOpa TIpU
1IbOMY IOTipIIIyBaBCs, 110 MposIBisuIocs B minBuieHHi YCC
(Bil MOMEHTY KOHCTaTallii CMEepPTi MO3KY IO MOMEHTY €KC-
I1aHTauii cepist mpotsirom 3 roauH) Ha 30,0 £ 5,7 yn/xB
(37 %) (y cepenrbomy mo 130,00 + 15,21 yn/xB), 3HUXKESHHI
cuctoniynoro AT Ha 38,0 = 7,4 MM pr.cT. (41 %), niactomiu-
Horo Ha 18,0 £ 5,1 MM pr.cT. Ta cepenaboro AT Ha 16,0 £
+ 6,3 mm pr.cT. (104,3 £ 11,2/64,0 = 7,4/73,2 = 3,6 MM
pT.CT.).

Ha ¢oni genpecii cucreMHO1 reMoaMHaMIK1 301/IbIITy-
BaJlach iHOTpOIHA MiATPUMKA, a camMe: HOpaJapeHalliH y
el IIPOMIXKOK Jacy 301IbIIyBaBcs B cepeaHnbomy Ha 0,71—
1,12 £ 0,69 i Ha MomenT TC cranosuB 1,18 + 0,89 MKr/Kr/XB
y 12 mauienriB (60 %), y 2 1OHOpPIB 1031 HOPaApeHATiHY
Ha MOMEHT IouaTKy 3abopy ceplls B olepalliifHiil mepe-
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PucyHok 2. KopensyiviHa 3anexHicTb cepLyeBoro iHAeKcy Bif Yacy nNpuuHATTS pileHHs1 npo TC Ta ekcnnaHTauii
AOHOpPCbKOro cepusi

30

MeAMLMHAO HEBIAKAQAHMX CTAHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 19, N2 6, 2023



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

BUIILyBaJd 2 MKT/KT/xB (16,6 %), 11e y 6 moHopis (33,4 %)
031 HOpaJlpeHasliHy He TepeBUIIYyBaIn JOMYCTUMUX 3Ha-
4YeHb Ta B cepenHbomy nopiBHioBaau 0,60 & 0,31 MKr/Kr/XB.
ITinTpuMmKka 1oGyTaMiHOM 30iibIIyBajacst B cCEpeaIHbOMY
Ha 3,69 £ 2,32 MKI/KI/XB 1 IO MOMEHTY TOCTaBKM JIOHOpa
B onepatiiiny mst TC cranosuna 8,45 + 4,73 MKT/Kr/XB y
4 moHopiB (50 %), e y 4 moHopis (50 %) no3u 1O0GyTaMiHy
KOJIMBAJIMCh Y cepeaHboMy Ha piBHi 3,02 + 1,89 MKr/Kr/XB.
HodamiH 10 MOMEHTY B3SITTS IOHOpA B oriepalliiiHy 30iJ1b-
1yBaBcs y cepenHboMy Ha 1,55 + 0,73 Mxr/kr/xBy 5 no-
HopiB (100 %).

Binmivanocs, 110 cepen peuMITieHTIB, SIKi OTpUMaIu
ceplie Bim 5 moHOpiB (25 %) 3 MOENHAHOI IHOTPOITHOIO
MiATPUMKOIO HOpaApeHaliHOM/100yTaMiHOM, 03U SKUX
nepeBuIyBaid 1 MKT/Kr/xB Ta 5,21—8,45 MKr/KT/XB Bi-
MOBiTHO, MiCJS BiIKIIOUEHHS Bill IITy4YHOTO KPOBOOOITy
BUHMKAJIa ceplieBa c1abKicTh y 5 mauieHTiB (25 %) Ta 1o-
TpeOyBasiocst 301IbIIIEHHS TPMBAJIOCTI IITYYHOTO KPOBOOOi-
ry y 2 unankax (10 %), naiieHTaM 10BeJI0CS MiIKIIOYUTH
iHOTPOITHY MiATPUMKY JieBocuMeHaaHoM (12,5 mr) y nosi
0,10 + 0,05 mMxr/kT/XB, a 'y 2 manieHTis (10 %) Gyna HeoO-
XiOHICTh TIPOBEAECHHS BHYTPIIIHHOAOPTAILHOI 0aTOHHOI
koHTtpnyabcalii (BABK), B omHoMy Bumanky (5 %) 6yB
KOHCTaTOBAHUWM JIeTaJIbHUI PE3YJIbTaT.

13 3 perumienTis (15 %) 3 TpaHCITAHTOBAaHUM CepIEM, 3
noHopu (15 %) sIKMX 10 eKCIUTaHTaLlii Ceplist MaJId iHOTPOIT-
Hy MiATPUMKY HOpaapeHasliHoM/1o0yramiHoM/noaMiHOM,
MpH 1LIOMY JI031 HOpaApeHaIiHy TIepeBULLLYBaIM 2 MKT/KI/XB,
nobyraminy — 8,45 + 4,73 Mxr/Kr/xB i nodaminy —
1,55 %+ 0,73 mxr/Kr/xB, 3 nanientam (15 %) norpebyBaioch
301IBLIEHHST TPUBAIOCTI IITYYHOTO KpoBoobiry, 2 (10 %)
namieHTaM JI0OBeJIOCs MiAKIIOUUTU iHOTPOTTHY TMiATPUMKY
neBocuMmeHaaHoM (12,5 mr) y no3i 0,20 + 0,04 MKr/Kr/XB, y
2 nauieHTiB (10 %) Oyna HeoOXinHicTh TpoBeneHHs BABK,
a B | Bumazaky (5 %) naiieHTy MoTpeOyBaoCch MiAKITIOYEHHS
ECMO (Extracorporeal membrane oxygenation). JleTanb-
HUM KiHelb 3a BUILIE3a3HAYEHUX J03 iHOTPOITHOI MiATPUMKU
Ha eTari NpeKOHIUIIiI0BaHHS JOHOPCHKOTO Cepllsd Maju 2
peuumienTu (10 %).

O6roBopeHHs

[TopiBHSIHO 3 GaraTbma iHIIMMU CyTUHHUMU OaceiiHaMu
JIOCTaBKa KUCHIO 10 MioKap/a B CIOKOI JOCSITa€ 3HAYEHb,
O0M3BKUX 10 MakcuMalibHuX. [ToTpeba Miokapaa B KUCHi
BU3HAYAETHCS TaKMMU HAUOLUIbIN BaxkIMBMMU IMapaMeTpa-
MM: 4aCTOTa CEPLEBUX CKOPOUEHb, apTepialbHUI TUCK Ta
CKOPOYEHHS JIIBOTO IIIyHOYKA. 30iJblIeHHS OyIb-SIKOTO
i3 X MmapaMeTpiB B 2 pa3u 30LIbIIYE ITOTPeOy MioKapaa B
KucHi Maiike Ha 50 % [15].

V Hamomy mociimkeHHi Oyiu OTpUMaHi pe3yabTaTu,
SIKi TOKa3yloTh, 1110 Malixke Y BCiX IOHOPIB BiqMivyaiach Ta-
xikapmist 104,0 £ 12,6 ya,/xB, Ha (hOHi 4Oro 0yJ10 3HVKEHHS
cucroiiuHoro AT Ha 38,0 + 7,4 MM PT.CT., 1iacTOJIIYHOTO —
Ha 18,0 £ 5,1 MM pT.cT. Ta cepenHboro AT — Ha 16 £ 6,3 MM
PT.CT., 11O BIIMBAJIO HA 3MEHIIEHHS KOPOHAapHOI nepdy3ii
yepe3 3HUKEHHSI TPUBAJIOCTI AiacTOJIM Ta 301JIbLICHHS T1e-
peaHaBaHTaXXeHHS Ha ceplle.

[Ile ogHUM i3 TepeaBiCHUKIB HECIIPUSITIMBOTO MPO-
THO3Y € IMiABUIIEHHS piBHS 0i0XiMiYHMX MapKepiB, a caMe
MapKepa MOIIKOMXKEeHHs KapIiOMiOIMTIiB — TPOMOHi-

Hy. JloHOpH, sIKi Opanu ydyaTh B aHaJi3i y HallOMY JO-
CJiAXeHHi, MaJiM 301JIbllIEeHI MOKaAa3HUKU TPOMOHIHY 10
200 Hr/mn, Ha poHi yoro 30UIbITYBATUCh 103U iIHOTPOTI-
HOT MiATPUMKH, 110 TOBOPUJIO TIPO MOYATOK ilIEeMiuHUX
3MiH Miokapna.

V nocnimxeHHI BUKOPHCTOBYBalacs iHOTPOITHA ITif-
TPUMKa, 3a IKO1 HOpaJapeHaliH MpeBaloBaB Hall 100yTaMi-
HOM Ta modamiHoM. JJoHOpHU TpUBAIO OTPUMYBAJIM HOpa-
JIpeHaJIiH B 103yBaHHi Oisibllle HiXX 1 Ta 2 MKT/KT/XB, 110, Y
CBOIO YepPTy, BUKJIMKAJIO CIIa3M KPOBOHOCHUX CYIVH, BinOy-
BaJIOCh 301/IbIIIEHHS TTOKA3HUKIB JIAKTATy B CEpEIHbOMY Ha
2,84 + 1,21 MMoJIb/J1, 1110 TPU3BOIMIIO A0 30iIBIICHHS T10-
TpeO Y KMCHI, TTOTipIIeHHS TPEeKOHINUIIiIIOBAaHHS MioKapa.

BucHoBKM

1. Hamre mociimkeHHs mokasaio, mo y 100 % moHopiB B
IHOTPOITHIl MiATPUMILi BAKOPUCTOBYBABCSI HOpaApeHaIiH y
1103i 0,96 £ 0,41 MKT/KT/XB, TOMI SIK J00yTaMiH y 103i 5,37 &
+ 2,37 MKr/kr/xB BuKopuctoByBaBcs y 40 %, modpamin
3,48 + 1,49 MKr/Kr/XB OyB BUKOpPUCTaHU B 25 %.

2. [Noka3HuKwM 1aKTaTy y 75 % HOHODIB OYJIM BULIUMU
3a HOPMY Ta KOJIMBAJIUCh B MeXkax Bin 2,1 10 7 MMoJIb/JI,
BigMivyasoch 30iJblIEHHS MOKAa3HUKIB TPOMOHIHY B ce-
penuboMy no 103,40 = 9,59 Hr/ma y BCix JOHOPIB, 110
CBiUMIJIO TIPO MMOBIpHY MUCHYHKILiIO MiKPOLMPKYJISLIIL,
sIKa BeJsia 0 IMOTipIlleHHs MPeKOHAMIIiIOBaHHS JOHOpa Ta
30iabIIyBaia imemMiuyHo-pernepdy3iiHuil CUHAPOM s
TpaHCIJIaHTaTa.

3. 3a koedillieHTOM KOpeJIsiii MiXK MOKa3HUKaMM 4acy
i CepleBoro iHAEKCY BiIMIiYa€eThCs, 110 YUM BUIIMIA Yac
Ha OTPMMAaHHSI JO3BOJIy Ha OPTOTOMIYHY TpaHCILIaHTAllil0
ceplisi, TUM OiJIbIiIe TIOTipIITYEThCS CTaH IOHOpa, 110 BUpa-
JKAETHCS B 3HIKEHHI KOHTPAaKTUIbHOI 31aTHOCTI MioKkapaa,
sIKa TIepeOyBa€ B IIPsSIMiil 3aJIe3KHOCTI Bill BUIIICHABEACHMX
MOKa3HUKIiB.

KoudaikT inTepeciB. ABTOpY 3asIBJISIIOTH PO BiICYTHICTh
KOHDJIKTY iHTepeciB Ta Bj1acHOI (hiHaHCOBOI 3alliKaBIeHOC-
Ti TIPY TATOTOBILI JAHOI CTATTi.

Indopmania npo dinancysannsa. JlocmimkeHHs 3miil-
cHeHe B pamkax HJIP HamionanpHOro yHiBepcHUTETy
oxopoHu 310poB’s Ykpainu imeni I[1.JI. Llynuka «MyJb-
TUIMCUUILTIHAPHUHI ITAXiA A0 XipypriYHOIO JIiKyBaHHS I1a-
TOJIOTil CepLSl Ta MariCTpaJbHUX CYOWH», TEePKPEECTpallist
Ne 0121U113336 (2021-2025).
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Donor heart preconditioning during orthotopic transplantation

Abstract. Background. To date, there are about 500 patients in
the heart transplant waiting list in Ukraine. The study included 20
donors for orthotopic heart transplantation. Their average age was
32.3 years. The study evaluated the preparation of the donor heart
in terms of its protection against ischemia-reperfusion injury dur-
ing transplantation and the effect of donor heart preconditioning
in a recipient after orthotopic heart transplantation. The purpose
was to evaluate the effectiveness of donor heart preconditioning
for increasing myocardial resistance to ischemia-reperfusion injury
and its preparation for orthotopic transplantation. Materials and
methods. The work is based on the results of 20 donors who were

diagnosed with brain death and authorized for the use of transplan-
tation of human anatomical materials. Then changes in the main
biochemical parameters (lactate, troponin, acid-base balance,
creatinine clearance, blood glucose) and the functional state of
systemic hemodynamics (blood pressure, heart rate, central ve-
nous pressure, ejection fraction, cardiac index) were analyzed at
the time of donor heart explantation. Results. It was found that in
100 % of donors, norepinephrine was used for inotropic support,
in 40 % — dobutamine and in 25 % — dopamine. Lactate levels
were higher than normal in 75 % of cases and troponin levels were
increased in all donors, indicating a possible microcirculatory
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dysfunction that led to a deterioration in donor preconditioning
and enhanced ischemia-reperfusion injury to the transplant. Ac-
cording to the correlation coefficient between time and cardiac
index, there was a tendency to the deterioration in the donor’s
condition depending on the time of making a decision about heart
transplantation before heart explantation. Conclusions. The study
showed that in 100 % of donors, norepinephrine was used for
inotropic support — more often than dobutamine or dopamine.
Lactate levels were higher than normal in 75 % of donors and
troponin levels were increased in all donors, indicating a possible
microcirculatory dysfunction that led to a deterioration in donor
preconditioning and increased ischemia-reperfusion injury to the

transplant. According to the correlation coefficient between time
indicators and cardiac index, it is noted that the longer the time
of authorization for orthotopic heart transplantation, the greater
the deterioration in the donor’s condition, which is expressed in a
decreased myocardial contractility. Based on the correlation coef-
ficient between time indicators and troponin, it was concluded that
the growth of troponin complexes was observed with an increase
in the time of making a decision for obtaining permission to trans-
plant human anatomical materials, which indicated the onset of
ischemic changes in the myocardium.

Keywords: heart transplantation; preconditioning of donor organs;
cardioprotection; ischemia
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Impact of the CD40-CD40L system on pain severity
in children after anterior abdominal wall surgery using
various anaesthesia techniques

Abstract. Background. The aim of the study was to assess changes in the serum CD40L level and its potential
relationship with pain severity in children after anterior abdominal wall surgery on the background of general
anaesthesia and its combination with various regional anaesthesia techniques. Materials and methods. The study
included 87 children who underwent anterior abdominal wall surgery using different analgesic techniques. All
children were divided into 3 groups: group I (n = 33) — general anaesthesia using morphine; group 1l (n = 27) —
general anaesthesia with the transversalis fascia plane block (TFPB); group 11l (n = 27) — general anaesthesia
using the TFPB combined with the quadratus lumborum block (QLB-4) via a single injection. Results. In group I,
the mean serum level of CD40L two hours after surgery was 4,283 pg/ml, with a slight downward trend at discharge
(Mann-Whitney U test = 52.5; p = 0.593). In group 11, CD40L reduced significantly, by 25.3 % (U = 10.0;
p =0.002); 24 hours after surgery, it decreased by 15.1 % (U = 26.0; p = 0.20). At discharge, the level of CD40L
in this group reduced significantly, by 54.4 % (U = 7.0; p = 0.003). In group I1I during all observation periods, the
mean serum level of CD40L was 4—7.6 times lower (U = 0.0; p = 0.000) than corresponding levels in children of
group I1. Conclusions. The indicators of CD40L signaling were found to increase in paediatric anterior abdominal
wall surgeries. There was a close positive correlation between postsurgical pain severity and CD40L serum levels.
Single-injection TFPB + QL B-4 resulted in the lowest serum CD40L levels, an indicative of the lowest intensity of
postsurgical pain.

Keywords: regional analgesia; CD40L; postsurgical pain; children; pain management

Intfroduction and macrophages) and non-immune cells (endothelial

The CD40-CD40L system involved in the regulation
of immunological processes, including T cell activation,
immunoglobulin and cytomedine production, has recently
attracted increasing attention. Impaired CD40 signaling is
involved in the pathogenesis of many pathological processes
associated with the development of the inflammatory re-
sponse and thrombosis [1, 2].

CD40 and CDA40 ligand (CD40L) are known as type
I and II transmembrane proteins belonging to the tu-
mor necrosis factor superfamily, which exist in both
membrane-bound and soluble forms. CD40 is expressed
on both immune (B cells, dendritic cells, monocytes,

cells, vascular smooth muscle cells, and fibroblasts). In
the central nervous system, CD40 is expressed by mi-
croglia, while neurons and astrocytes are not capable of
producing this protein. CD40L is mainly expressed on
activated T cells and platelets in response to infectious
and non-infectious inflammatory processes. If CD40L
interacts with CD40 receptor, trimerization of the lat-
ter occurs, which leads to its activation. The activation
of CD40 receptor stimulates the secretion of growth
factors, chemokines, and pro-inflammatory cytokines
through a variety of intracellular signal transduction
pathways [2, 3].
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Experimental models for the study of peripheral nerve
damage have demonstrated that the CD40-CD40L pathway
is involved in the generation of neuropathic pain associated
with increased expression of C-C motif ligand 2 and calci-
tonin gene-related peptide [4—9].

However, literature data on the pronociceptive effects
of the CD40-CD40L pathway are scarce and its role in
pain generation in practical medicine, especially anaes-
thetic practice, has not been studied at all. Pain is one
of the earliest psychophysical functions to be formed;
by the 30™ week of pregnancy, all the pathways of pain
transduction and perception are already formed; thus,
both fetus and child are able to perceive pain and its in-
tensity is often even greater than in adults. Some experts
erroneously believe that infants do not feel pain as their
central nervous system is still immature [10]. Abdominal
pain is an important adaptive response of the body which
sends an alarm signal in response to harmful stimuli and
enables us to choose the most appropriate behaviour for
the situation. Nevertheless, despite its protective function,
pain is one of the clinical symptoms of the disease. Acute
pain requires the cause to be determined, emergency to
be excluded, and appropriate care to be provided, while in
case of chronic pain, it is difficult to eliminate the cause,
which is usually already known, and the main goal is to
provide an adequate pain relief, which sometimes can be
quite difficult [11].

Postsurgical pain in children is one of the main factors
determining the child’s condition after surgery and contrib-
uting to complication development; therefore, pain mana-
gement in the postoperative period is one of the main goals
of intensive care. In paediatrics, regional anaesthesia (RA)
is one of the most valuable and safest means of periope-
rative pain management, being an essential part of modern
anaesthetic practice [12]. Novel RA techniques, especially
the anterolateral and the posterolateral trunk blocks, are
quite promising today. The benefits of RA in children in-
clude: accelerated recovery; decreased opioid use; reduced
incidence of postoperative nausea and vomiting; decreased
postoperative pain severity; reduced incidence of respi-
ratory complications; decreased healthcare system costs
[13—16]. The quadratus lumborum block (QLB) is recom-
mended for surgeries during which both the somatic and
visceral components of pain should be affected, including
caesarean section [17], gynaecological surgical procedures
such as hysterectomy [18], small bowel resection [19], large
bowel resection [20], nephrectomy, colostomy closure, ap-
pendectomy [21], gastrectomy, hernia repair [22]. Cases of
QLB application after bifemoral shunting and cholecyst-
ectomy have been described as well [23]. The transversalis
fascia plane block (TFPB) is a truncal block that targets the
L1 nerve branches, namely the ilioinguinal and iliohypogas-
tric nerves, where they emerge from the lateral border of the
psoas major muscle, inferior to the 12" rib; the TFPB was
first proposed by Hebbard in 2009 [24—-27].

The aim of the study was to assess changes in the serum
CD40L level and its potential relationship with pain seve-
rity in children after anterior abdominal wall surgery on the
background of general anaesthesia and its combination with
various RA techniques.

Materials and methods

The study included 87 children (46 boys and 41 girls)
aged 7—18 years who were treated at the surgical depart-
ment of a Communal Non-Profit Enterprise “Ivano-
Frankivsk Regional Children’s Clinical Hospital of Ivano-
Frankivsk Regional Council” (Ivano-Frankivsk, Ukraine)
and underwent anterior abdominal wall surgery for inguinal
hernia, appendicitis using different analgesic techniques in
2020—2022. Inclusion criteria were inguinal hernia and ap-
pendicitis ASA I—11, age of 7—18 years, mandatory parental
consent to involve their child in clinical research. Exclusion
criteria: age under 7 years; ASA grade I1I or higher, mental
disorders, neoplasms, or tumours, acute or inflammatory
processes of any aetiology and localization, sepsis, shock;
previous lower abdominal surgery; pain for six months prior
to surgery; refusal to participate in the research; children
whose parents refused to give consent and children who
gave no consent.

All patients were divided into 3 groups: group I
(n = 33) — general anaesthesia using morphine; group II
(n = 27) — general anaesthesia with the TFPB; group 111
(n = 27) — general anaesthesia using the TFPB combined
with the QLB-4 via a single injection.

All clinical and laboratory studies were conducted in
accordance with the World Medical Association Declara-
tion of Helsinki — Ethical Principles for Medical Re-
search Involving Human Subjects. According to the law,
prior to a subject’s participation in the study, a written
informed consent form was signed by each patient (pa-
rents/adult guardians). The manuscript was approved by
the Ethics Committee of the Communal Non-Profit En-
terprise “Ivano-Frankivsk Regional Children’s Clinical
Hospital of Ivano-Frankivsk Regional Council” as evi-
denced by an Excerpt from the Minute of the Committee
Meeting No. 2 dated February 24, 2022.

Statistical analysis was carried out on a personal
computer using statistical software packages MS Excel,
SPSS22 for Windows. The results obtained are presented
as M = m. The Shapiro-Wilk test was used for a normal
distribution. The non-parametric Mann-Whitney U
test was applied to compare differences between the in-
dicators (if the outcome was not normally distributed).
The relationship between the indicators was determined
using Spearman’s correlation. In addition, the percentile
method was used (median P5, P10, P25, P50, P75, P90,
P95 were determined). Differences were considered sta-
tistically significant at p < 0.05.

Results

First, changes were assessed in the serum CD40L level
after anterior abdominal wall surgery on the background of
general anaesthesia and its combination with various RA
techniques (Table 1). In children receiving general opioid
anaesthesia, the serum level of CD40L was high 2 hours
after surgery; its median was 4,283 pg/ml with the inter-
quartile range (P25-P75) of 4,024—4,583 pg/ml. One day
after surgery, the mean serum concentration of CD40L
reduced as compared to that observed 2 hours after surgery;
however, there were no statistically significant differences
(U =52;p=0.563). At discharge, the mean serum level of
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CD40L was still high and did not significantly differ from
that observed 24 hours after surgery (U = 52.5; p = 0.593).
In patients receiving general anaesthesia combined with the
TFPB, the mean serum concentration of CD40L reduced
significantly, by 25.3 % (U = 10.0; p = 0.002) two hours
after surgery, as compared to that in general anaesthesia
alone: the median was 3,135pg/ml and the interquartile
range (P25-P75) was 2,440—3,587 pg/ml. Twenty-four
hours after surgery, the mean serum level of CD40L re-
duced by 15.1 % (U = 26.0; p = 0.20) as compared to that
observed 2 hours after surgery and by 33.3 % (U = 10.0;
p = 0.003) as compared to that in patients receiving general
opioid anaesthesia alone. At discharge, the mean serum
level of CD40L reduced significantly, by 54.4 % (U = 7.0;
p = 0.003) as compared to that seen during the previous
observation period in this group and by 68.5 % (U = 3.0;
p = 0.000) as compared to the corresponding indicator
when using general anaesthesia. In children receiving
general anaesthesia combined with single-injection intra-
muscular TFPB + QLB-4, during all observation periods,
the mean serum CD40L was 4—7.6 times lower (U = 0.0;
p = 0.000) than corresponding levels in the group of general
anaesthesia combined with the TFPB. Twenty-four hours
after surgery, the mean serum concentration of CD40L
reduced significantly, by 39.6 % (U = 12.0; p = 0.012) as
compared to that observed two hours after surgery. The
lowest serum level of CD40L was recorded at discharge:
the median was 133 pg/ml, and the interquartile range
(P25-P75) was 69.4—188 pg/ml.

The results obtained showed that single-injection
TFPB + QLB-4 resulted in the lowest mean serum level of
CD40L, which was significantly different from those ob-
served with other types of anaesthesia.

Discussion

The relationship between the serum level of CD40L and pain
severity in children after surgery using different types of anaesthe-
sia was assessed as well (Table 2). The correlation and percentile
analyses provided relevant evidence of CD40 pathway involve-
ment in the development of postsurgical pain in children receiving
different anaesthesia. Between the serum level of CD40L and the
mean score of pain severity on the visual analogue scale (VAS), a
statistically significant and moderate positive correlation was found.

The percentile analysis showed that pain severity on the VAS
was the lowest with low serum levels of CD40L (corresponds to
the interquartile range of PO-P25). Pain severity was significant-
ly higher with moderate serum concentration of CD40L (corre-
sponds to the P25-P75 interquartile range): the mean VAS score
was 68 % higher than that with low serum CD40L concen-
trations. A high serum CD40L (corresponds to the P75-P100
interquartile range) was accompanied by maximum pain seve-
rity — the mean VAS score exceeded the corresponding indica-
tor for moderate serum CD40L concentration by 40 % and was
2.4 times higher than that with low serum CD40L levels.

Conclusions

The results of our study provided evidence of CD40L sig-
naling involvement in the development of postsurgical pain in
children receiving different types of anaesthesia. The indicators
of CD40L signaling were found to increase in paediatric anterior
abdominal wall surgeries. A combination of conventional anaes-
thesia and RA techniques resulted in significantly lower serum
CDA40L levels as compared to the group which received only
general anaesthesia. There was a close positive correlation be-
tween postsurgical pain severity and CD40L serum levels. Single-
injection TFPB + QLB-4 resulted in the lowest serum CD40L
levels, an indicative of the lowest intensity of postsurgical pain.

Table 1. Changes in the serum level of CD40L in children after anterior abdominal wall surgery using general
anaesthesia and its combination with various regional anaesthesia techniques, pg/mi

Observation period
Group Type of anaesthesia n 2 h after 24 h after .
surgery surgery At discharge
1 General anaesthesia 33 4,191 + 160 3.984 + 245 3.847 + 271
2 General anaesthesia + TFPB 27 3.130 = 248~ 2.657 + 292* 1.211 £ 188*¢
3 General anaesthesia + TFPB + QLB-4 27 758.0 + 81.2* 458.0 + 62.3** | 159.0 + 36.7**

Notes: p < 0.05 compared: * — to the corresponding indicator in patients receiving general anaesthesia alone
during a particular observation period; * — to the corresponding indicator in patients receiving general anaes-
thesia combined with the TFPB during a particular observation period; $ — to the corresponding indicator within
the group during the previous observation period.

Table 2. Relationship between serum CD40L level and pain severity in children after anterior abdominal wall
surgery using general anaesthesia and its combination with various regional anaesthesia techniques

P0-P25 P25-P75 P75-P100 .
Indicator < 671 pg/ml 671-3,971 pg/ml > 3,971 pg/ml gggf%'gt:l’]'t‘
n=29 n=29 n=29
Mean VAS score 3.09+0.17 5.19+0.18 7.27£0.12 r,=0.62
p - P, < 0.01 pﬁff:o(?boou p < 0.001

Note: the subscripts below p indicate the numbers of groups between which the significance of differences was

assessed.
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KHIT «lsaHO-BpaHKIBCbKQ OBGAQCHA AMTSIHA KAIHIYHA AiKQPHST IBAHO-DPPAHKIBCEKOI OGAQCHOI paAm»,

M. IBaHO-@paHKIBCHK, YkpQiHa

BnAus curHaabHoOi cuctemu CD40-CD40L Ha iHTEHCUBHICTb GOALIO B AiTeN MiCAS onepawin
HO NepeAHi YepeBHil CTiHLi NPV BUKOPUCTAHHI Pi3HUX METOAUK 3HEOGOAIOBAHHS

Pestome. Axmyaavnicmo. B excriepuMeHTaIbHUX TOC/IIKEHHAX
Ha MOJIeJISIX MOIIKOIXKEeHHs nepudepuIHuX HepBiB MOKa3aHo,
mo curHaibHa cucteMa CD40-CD40L Bimirpae BaXJIMBY pOJib
Yy PO3BUTKY HeliponaTuaHoro 6oiito. PerionapHa aHecTe3ist B
TeaiaTpUYHIN MTPaKTHUIIl € OQHUM 3 HaWOIIbII LIHHUX i Oe3Ieu-
HUX 3ac00iB I JiKyBaHHS TepionepauiifHoro 6010, a TAaKOX
BaXXJIMBOIO YACTUHOIO Cy4YaCHOI aHECTEe3i0J0TiYHOI MPAKTUKU.
Mema: ouinutu nuHamiky Bmicty Jiranagy CD40L y cuposar-
i KPOBi Ta 1OTO MOXJIUBHI 3B’I30K 3 iHTEHCUBHICTIO 0OJIIO B
NiTeil Ha TJi 3arajJbHOTrO 3HEOOIIOBaHHS Ta Ooro KoMOiHalii 3
pPi3HMMU BUIaMU perioHapHO1 aHecTe3ii Mmicisl onepaliil Ha Tme-
pemHiii yepeBHilt cTiHli. Mamepiaiu ma memodu. Y OCIHiTKeHHi
B3SLIM y49acThb 87 miTeit BikoM 7—18 poKiB, SKUM IIPOBOAUIOCH
omnepaTUBHE BTpy4YaHHs Ha TepeaHiil YepeBHill cTiHLi i3 pi3-
HUMHU BapiaHTaMM aHEeCTe310JI0riYHOro 3He0OJII0BaHHs. YCi ma-
uieHT Oynu posnoaineni Ha 3 rpynu: | (n = 33) — 3arajnbHe
3He0OTIOBaHHS 3 BUKOpUCTaHHAM Mopdiny; Il (n = 27) — 3a-
rajibHe 3HeOOJI0BaHHS i3 3aCTOCYBAaHHSIM perioHapHOro 0J10-
Ky noniepeuHoi dacuii xxuBota (PBIIMXK); I1I (n = 27) — 3a-
rajibHe 3HeOOMOBaHHS 3 BUKopucTaHHsIM PBIT®XK B moen-
HaHHI 3 0J0Kam0I0 KBaapaTHOTO M’s13a morepeky (KMII-4)
ofiHi€l0 iH’ekui€to. Pesyasbmamu. YCTaHOBJEHO, 110 B aiTeil |
Ipynu yepe3 ABi TOAWHU ITic/is ONEPaTUBHOIO BTPYYaHHS BMiCT
CDA40L B cuposariii KpoBi ctaHOBUB 4283 1r/mJ1, 3 HE3HAUYHOIO
TEHICHIIIEI0 10 3HMKEeHHS Ha MOoMeHT Bunucku (U-kputepiit
Manna — VYitHi = 52,5; p = 0,593). [TauienTtu Il rpynu uepes
2 roJ IicJIst omnepallii MaJii BipoTiIHO MEHIIWI cepeTHili piBeHb

CD40L B cuposarui kpoBi — Ha 25,3 % (U = 10,0; p = 0,002)
mopiBHSAHO 3 AiTbMU | rpynu. Yepes moOy micis omepaltii ce-
penHiit cupoBatkoBuii ymict CD40L 6yB meHiuum Ha 15,1 %
(U =26,0; p = 0,20) mopiBHSIHO 3 TAaKMM CTAaHOM Ha 2 TOI, a
TaKOX CTAaTUCTUYHO BiporimHo meHmmM Ha 33,3 % (U = 10,0;
p = 0,003) BiZzHOCHO MOKa3HMKA MPU BUKOPUCTAHHI JIUIIIE 3a-
rajbHOTO OITiOiTHOI0 3HEOOJIIOBAaHHSI B TOI Xe TEpMiH MOCIi-
keHHs1. Ha MoMeHT Bunucku cepenHiit pisenb CD40L y cu-
poBaTili KpoBi OyB BiporizHo MeHIIuM — Ha 54,4 % (U = 7,0;
p = 0,003) BizTHOCHO MOMEpPeaHbOr0 TePMiHY AOCIIIXKEHHS B
it rpymi, a Takox Ha 68,5 % (U = 3,0; p = 0,000) mopiBHSIHO
3 BiIMTOBIIHUM TTOKa3HUKOM Y TPYIIi 3araJiIbHOTO 3HEOOTOBaH-
Hs. Y 111 rpymi miteit cepenniii cupoBaTtkoBuii pieHb CD40L B
yci TepMiHU Ticis onepaiiii 0yB BiporigHo MeHIUM — y 4—7.6
paza (U = 0,0; p = 0,000) mopiBHSHO 3 BiIITOBITHUMHU TTOKa3-
nukamu nireit 11 rpynu. Halimenmmuii pisenr CD40L B cupo-
BaTIli KPOBi peeCTpyBaBCs HA MOMEHT BUTIMUCKUA — 133 mr/mit.
Bucnoeru. YctaHOBIIEHO, 110 MOKa3HUKU CUTHAIBHOI CUCTEMU
CD40L mMatoTb TEHIEHILIIO 10 3pOCTaHHSI TIPU OTIEPaTUBHUX BTPY-
YaHHSIX Ha Mepe/Hiit YepeBHill CTiHLI B JiTeil. [HTeHCUBHICTD ITicsi-
orepaliifHoro 60JII0 Ma€ TICHUI TPSIMUIA 3B’s130K i3 piBHeM CD40L
y CUpOBaTIi KpoBi. 32 yMOB BUKOPHUCTAHHSI KOMOiHOBaHOTO OJIOKY
PBITI®XK + KMII-4 BinmivatoThcst HAWHMKYi CUPOBATKOBI PiBHI
CD40L, 110 acomiloeThes 3 HAMEHIIIO iHTEHCUBHICTIO TTiCIIsI-
olepaliifHoro 60JIIo.

Kmouosi ciioBa: perionapna ananresis; CD40L; micisonepariiii-
HU OiJib; IiTH; JTIKYBaHHS 00J110
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[eMAaTOAOriYHI NopyLleHHS 9K YCKAaAHeHHs COVID-19

Pesiome. Axmyaavnicms. COVID- 19 moxce npuzsodumu 0o yckaaduerv, ki Hompeoyioms iHmeHcugHoi mepanii,
ceped AKUX — namonoiuti 3minu 3 60Ky cucmemu Kpogi ma eemocmasy. Mema docaioxcenns: Ha niocmasi eu-
8UeHHA AimepamypHux dicepen ma 61acHo20 KAIHIMH020 doceidy ecmarnosumu noutuperi yckaaonenns COVID-19 3
60Ky cucmemu Kpogi ma eemocmasy, ki nompeoyroms nposederus inmencuenoi mepanii. Mamepiaau ma memoou.
Tlowyk eionosionoi aimepamypu nposoduscs y 6aszi PubMed, a makoxc inwux 6azax danux, sx-om Science Direct,
Google Scholar, Scopus i Web of Science 3a 2020—2023 poku. [lowyk aimepamypu npo8oouscs 3a KAY08UMU
cnosamu «COVID-19», «SARS-CoV-2» y noednanHi 3 «<koazyronamis», «eeMamonoeiyni manigpecmauii», «eema-
MoA0RIMHI napamempu» , «6eHO3HA MPOMO0eMOONIs», «mMPpoMboembOois AeceHesol apmepii», «apmepianbHuil mpom-
003>, «D-0umep», «hibpunoeen», «aimgonenis», «<mpomboyumoneris». Pezyasmamu. COVID- 19-acouiiiosana
Koazynonamis xapakmepusyemscs ucokumu pieuamu D-oumepy ma npodykmie deepadayii Qiopuny 6 naasmi
KPOGi, 3MiH0I0 npOMPOMOIH068020 HACY, AKMUBOBAHO20 YACMK 08020 MPOMOONAACMUHOB020 HAcy, PIOpUHO2eHy ma
Kinbkocmi mpomooyumise. CnpuvutHeHa KOpoHAagipycom eH0omenianbHa OUCOYHKYIS npu3600ums 00 3pOCMaHHS
PUBUKY MPOMOOMUYHUX YCKAAOHEHb, W0 BUHUKAIOMD K Y 6€HO3HILL, MAK i ¢ apmepianvHiil cucmemi, 000amKogo
do icHytouoi suujoi iimogipHocmi mpomoo3y y 8iddinenni inmencusHoi mepanii. Yacmoma eenosnoi mpomboemobonii
cepeod HeGaKYUHOBAHUX 20CNIMANI308aHUX NAYIEHMIE Ma NPU NPOBEOeHH] YAbMPA38YK08020 CKPUHIHEY € 3HAUHO
suujoro. COVID- 19 mooce npuzeodumu do JIB3-cundpomy nocunenoeco gibpunosimuunoeo muny 4u oomemxnceHoi
mpombomuuroi mikpoareionamii. Ilayienmu 3 maxckum COVID- 19, sk npasuno, manu aeiikouumos, Aimghonenio,
niosuujere HelmpoghinbHo-aimpoyumaphe cniegionouienns. Tpomboyumoneris cnocmepieaemscs He MinbKU nid
4ac KOPOHABIPYCHOR0 3AX80PIOBAHHSL, ANe [ 8 NOCMKOBIOHOMY nepiodi. Y nauienmis, SKum npoeooumscs ekcmpa-
KOpnopanbHa MemMOpanHa oKcueeHayis, MoJCyms GUHUKAMU K mpomoo3u, max i kpogomeui. Bucnoexu. Buco-
Kuil pisenb D-0umepy, no0ogiiceHHs NPOMpOMOIH08020 HACY, 3DOCMAHHS YU Di3Ke 3HUNICCHHS PIBHS (hiOpUHOEHY,
ANeUKONneHis, Hellmpoginbo3 ma 3poCmMaHHs HellmpoQpinbHO-AIMPOUUMAPHO20 CHIBBIOHOUICHHS 88ANCAIOMbCI NPO-
eHocmuuHumu paxkmopamu maxckocmi nepebdiey COVID-19. Tpom603 enubokux eéer i mpomboembonis neeeHesoi
apmepii € Hativacmiuumu mpomoomuurumu nodismu y navicumie 3 COVID-19. Apmepiarvhuii mpom6o3 wacmiuie
BUHUKAE 8 UepeOParbHUX apmepisx ma apmepisax KiHYieok.

Kimouosi ciiosa: COVID- 19; koazyaonamii; mpomb6o3; aimgponenis; mpomooyumoneHis

Bctyn

KoponapogipycHa xsopob6a (COVID-19) — 1ie iHdek-
LillHe 3aXBOPIOBAHHS 3 MOBITPSIHO-KPAIULIMHHUM MeXa-
HI3MOM Ilepeaadi, o Ma€e Hebe3nmeuHe eIigeMidyHe I1o-
IIWPEHHS i XapaKTepU3yEThCI YpaskeHHSIM TepeBakHO
IUXaJbHOI CUCTEMHM, a Y TSKKUX BUTIAIKAX PO3BUTKOM
TOCTPOI IMXaJIbHOI HEIOCTATHOCTI Ta TOCTPOI'O pecIripa-
TopHoro auctpec-cunapomy (I'PIAC) [1]. Cepen ycknan-

HeHb COVID-19, siki notpeOy1oTh iHTEHCUBHOI Teparii,
MOIIMPEHUMU € i TTATOJIOTIYHI 3MiHU 3 OOKY CUCTEMU KPOBi
Ta reMocCTasy.

Mera: Ha miacTaBi BUBYEHHS JIiTEpaTypHUX AXepel
Ta BJIACHOTO KJIIHIYHOTO JOCBiLy BCTAHOBUTH MOIIUPE-
Hi ycknanHeHHs1 COVID-19 3 60Ky cuctemMu KpoBi Ta
remMocTa3sy, sIKi IMoTpeOyIoTh IIPOBEICHHS iIHTEHCUBHOI
Teparii.

© «MepnuumHa HeigknapHux ctaxie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2023

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2023
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MaTepiaAn Ta MeToAmn

[Tomryk BiAMOBIAHOI JiTEepaTypu MPOBOAMBCS y 0asi
PubMed, a takox iHmmMx 06a3zax maHux, SK-oT Science
Direct, Google Scholar, Scopus i Web of Science 3a 2020—
2023 poku. ITowryk giTepaTypu IpOBOAMBCS 3a KIIOUOBU-
mu cioBamu «COVID-19», «SSARS-CoV-2» y moenHaHHi 3
«KOaryJjomnarisi», «reMaToJIOTiuHi MaHidecTalii», «reMaTo-
JIOTiYHi IMapaMeTpu», «<BEHO3HA TPOMOOEMOOJIisl», «TPOM-
00eMO0o0JTisT JIeTeHEeBO1 apTepii», «apTepiaiIbHUIA TPOMOO3»,
«D-gumep», «pidpuHOreH», «JIiM@pOMneHis», «TpOMOOIIN-
TOTICHIST».

Pe3yAbTaTM TO OOrOBOPEHHS

I1in yac KopoHaBipyCHOro 3aXBOPIOBAHHS MOXYTh BUSIB-
JISITUCS TaKi BiIXWJICHHST B TeMOrpaMi, SIK: 3MiH! KiJIbKOCTI
JICMKOLIUTIB, TPOMOOLIMTIB, EPUTPOLIUTIB i/a00 reMoryio-
OiHy (YHACIIZOK SIK aBTOIMYHHMUX IIPOILIECIB, TaK i reMopa-
TriYHOTO CUHIPOMY), IIBUAKOCTI OCilaHHSI €pUTPOIIUTIB,
a TaKOXK BiIXWJIEHHSI MOKa3HUKIiB 3ropTaHHs KPOBi, Ha-
npukian D-agumMepy, GhiGpruHOreHy, MpoTpoMOiHOBOTO Yacy
(IMY), akTMBOBAaHOTO YaCTKOBOI'O TPOMOOIIACTUHOBOTO
qacy (AUTY).

Tpom0OoeMOo0JIiuHI YCKIaTHEHHS i JOCI BUKJIMKAIOTh
TPYAHOILI MPU Kypallii XBOpUX Ha KOPOHaBipyCHE 3aXBO-
PIOBaHHSI, aJl)Ke€ 4acTo € HerepeadadyyBaHUMU (SIK-OT y
MOJIOAUX i 6€3 CYIyTHbHOI MMaTOJIOTi1), MOTPeOYIOTh peTe/b-
HOT'O MOHITOPMHTY Ta iHO/I BaXKKO IiIIaI0ThCS aJeKBaTHIi
¢dapmakoJioriuHiii kopekuii. CripyunHeHa KOpOHaBipy-
COM eHpoTesianbHa TUCchyHKIisS TPU3BOAUTH 10 BUCOKUX
piBHiB D-gumepy, npoaykriB nerpaaauii ¢iopuny (fibrin
degradation product, FDP), Tpom0o1uToreHii Ta momoBxe-
HOTO Yacy 3ropTaHHsI KpOBi, 1110 MiIBUIILYE PU3UK TPOMOO3Y
Ta MiIKPOCYIMHHOI OKJII03i1 TOAATKOBO A0 iCHYIOUOI BUIIOI
MUMOBIpHOCTI TPOMOO3Y IIEHTPaAJIbHUX CY/IMH Ta KaTeTepa, a
TaKOX CYIMHHUX OKJIO3iHUX Tofiii (1iepedpoBacKysip-
Hi mopii, imremis KiHI[iBOK TOIIO) Y BimaileHHi iIHTEHCHUB-
Hoi Teparii (BIT). bausbko 20—50 % rocmitanizoBaHuXx i3
COVID-19 MaioTh 3MiHU B KoaryJsiiiiHux tectax. Mapke-
PY CUCTEMHOTO 3araJIeHHsI Ta TillepKoaryJsiiii MmiIBUILIeHi Y
natieHTiB i3 TskkuM repedirom COVID-19, ocob6auBo THX,
xTo nmoTpedye mikyBanHs y BIT. COVID-19-acomiitoBana
KOaryJoriarist Biipi3HsSE€TbCS BiJl KOaryJaornarii CloXXuBaH-
HsI Ta XapaKTepU3YEThCsI BUCOKUMMU piBHsIMU D-numepy
Ta TIponyKTiB (pidpunHomizy, C-peakruBHoro 6inka (CPB),
P-cenexTuny B m1a3mi Kposi, 3miHoro 14, AYTY, xinbkoc-
Ti TpoMOOLIUTIB Ta (hiOpuHOTEHY |2, 3].

IlinBumeHi piBHi D-numepy cBigyaTh Npo 3Ha4YHE
YTBOpEeHHS TpoMOiHy i ¢iOprHOIII3 Ta MOB’sI3aHi 3 TToTa-
HUM TiporHo3oM [4]. Hanpukian, y metaaHai3i Varikasuvu
et al., mo BxmouaB 42 613 malieHTiB, MTOBIZOMIISIETHCS,
1110 3HaueHHsI D-aumepy npu rocmitanizaiii B JiKapHIO
MO3UTUBHO KOPEJIIOE 3 PU3MKOM MPOTrpecyBaHHS 3aXBO-
proBaHHs (CKOpMIroBaHe BigHoIIeHHs 1maHciB (adjusted
odds ratio, aOR) — 1,64; 95% M1 1,29—2,10), BKJIIOYHO 3
TSKKUAM/KPUTHIHUM 3axBopioBaHHsaM (aOR 1,99, 95% M1
1,64—2,41) i neranpnicTio (aOR 1,36; 95% 11 1,20—1,54)
[5]. B iHmomy pocaimkeHHi piBeHb D-numMepa > 1000 Hr/MT
Ha MOMEHT rochitajisailii acoliloBaBcsl 3 BUIIIMM PiBHEM
BHYTpilIHbOIiKapHsAHOI cMepTHOCTI (aOR 18,42; 95% A1
2,64—128,55; p =0,0033) [6]. BaxksiuBa posb D-numMepy st

IIPOTHO3YBaHHS PU3UKY BeHO3HOI TpoMOoeMOoitii (BTE)
npu COVID-19 6yna ninrBepaxeHa 6araTbMa KJiHiYHU-
MU JOCIiIXKEHHSIMM, I€MOHCTPYIOUU 3arajbHy JiarHOC-
THYHY TOYHicTb 10 80 % [7, 8]. LlikaBi maHi Oyau HamaHi
Yy BEJIUKOMY PEeTPOCIIEKTUBHOMY IOCIiIXEHHI, IIpoBeae-
HoMy Naymagon et al. y 6 nikapusax Heio-Mopka; moka-
3aHO, 110 TroCIiTali3oBaHi NalieHTH, iHikoBaHi BipycoMm
SARS-CoV-2, i3 nmporpeCuBHUM ITiABUIIECHHSIM PiBHS
D-numepy manu maiike Ha 80 % BUIIMIT pU3UK MOTPEOU
y LITYYHi BeHTUJIsALII JereHiB i Ha 70 % BUILMIA PU3KK
CMEPTi MOPIBHSHO 3 MalliEHTAMU, Y IKUX KOHLICHTpAILList
D-aumepy Oyna ctabisbHO0. BUKOpHUCTOBYIOUM MOAEIb
nponopuiiHux pusukiB Kokca, HayKoBIIi BUSIBUJIU, 1110
KOXHe 30inbineHHs piBHSI D-aumepy Ha 1000 Hr/ma ripu
rocIriTamizaiii acolioBajocs 3 Koe(]illiEHTOM pU3UKY
(hazard ratio) 1,06 (95% 1 1,04—1,08; p < 0,0001) mys
cmepri, 1,08 (95% M1 1,06—1,10; p < 0,0001) mrst inTyGarii
ta 1,08 (95% A1 1,03—1,13; p = 0,0087) msa BTE [9].

[HIIMMK TaGopaTOpHUMM TIPOSIBAMM KOaryJjoIaTii €
IMOJOBXEHHST IPOTPOMOIHOBOTO Yacy, 3MiHU piBHS Pidpu-
HOTEHY Ta 3HMXEHHS KiJIbKocTi Tpombouutis [10, 11]. ¥V
MeTaaHali3i 22 JoCiIKeHb, TpoBeaeHux y Kurai, 3a ygac-
110 4889 manienTiB i3 COVID-19, noBinoMIsIEThCS, IO TTa-
LIIEHTH i3 TSDKKUM 3aXBOPIOBAHHIM Majiu rogoBxkeHuii [TY
(cepenHs abcomtoTHa pizHuls (mean difference, MD) =
=0,65c¢;95% 111 0,36—0,95; p < 0,05) Ta Buimmii D-gumep
(MD =440 ur/mi; 95% O1230—660; p < 0,05), Tomi K Bim-
MiHHOCTI y KiTbKocTi TpoMGouTiB (MD = —14,47 x 10°/1;
95% O1 -33,0—4,06; p = 0,126) Ta AYTHY (MD = -0,01 c;
95% 11 —2,58—2,56; p = 0,99) BUABUIMCSA CTATUCTUYHO
He3HauYyIIMMU. ABTOpU 3a3HavyaloTh, 1110 Ha paHHIill cTa-
Iii 3aXBOPIOBAHHSI CIIOCTEpiranacs IMiaBUIlleHa aKTUBHICTh
CHUCTEMU 3rOpPTaHHSI KPOBi, 110 MPOSIBISLIOCS 3HUXKEHHSIM
ITY Ta cTaHOM rimepKoaryJisilii, ajie ITiI 9ac IporpecyBaH-
HSI 3aXBOPIOBaHHSI, OCOOJIMBO MPU PO3BUTKY CUHAPOMY
JIMCEMiHOBAHOTO BHYTPIIIHOCYAMHHOTO 3rOPTaHHS KPOBi
(AB3-cunapomy), [T 3HaUHO MOMOBXKYETHCS, 1110 CBIAUNUTD
PO HECIIPUATAUBUI TporHo3 [12].

®Di6puHOTEH SIK (haKTOp 3rOpTaHHS KPOBi Ta GiTOK 3a-
najeHHs MiaBUILeHUH y 6araTbox namieHTis i3 COVID-19
(cepenHiii piBeHb 4,55 /1), 3a naHUMU HaykoBIiB 3 Ku-
Tal, OJHAK CTYMiHb IMiJABUILIEHHS HE 3aBXIU KOPEJIOE 3i
cmeptHicTIO (p = 0,15), Tomi sk piBenbr FDP y netanpHux
Bumnaakax € 3HadyHo BUIIMM (p < 0,001). Tum He mMeHI,
31 CMEPTHICTIO TiCHO MOB’s13aHe MpPOrpecyloue 3HUKEHHS
piBHS GiOpUHOTEHY, aJKe MPUOIU3HO y 29 % neTanibHUX
BUIIAAKiB PO3BUBAETHCS TinodiopuHoreHemis < 1 /i, ane
e, K IPaBUJIO, BiTOYBAaE€ThCS Ha AyXKe ITi3HIX CTamisIX 3a-
XBoproBaHHd [13].

AXTMBOBaHUI YaCTKOBUI TPOMOOMIACTUHOBUI Yac
4acTO € HOPMAJIbHUM, i JIMIIIE y He3HAYHIiil KiTbKOCTI
BUIAMKiB CIIOCTEPIira€ThbCsl MOro MOAOBXKEHHSs, a Cepe-
HSI TPUBAIICTh iICTOTHO HE BiIPi3HSIETHCS Y KPUTUYHO Ta
HEKPUTUYHO XBOPHUX, a TAKOX He KOPEJIo€E 3i CMepTHic-
Tio (p < 0,096) [13]. AUTY He BKJIIOYEHUI MO0 KPUTEPi-
iB MixkHapoaHOTo TOBapuUCTBa 3 TPOMOO3Y Ta TeMOocTa3y
(International Society on Thrombosis and Haemostasis,
ISTH) nns niarnoctuku J1B3-cuHapomy ta He € HagiiHUM
MOKa3HUKOM TMPOTpecyBaHHsI KOPOHABIPYCHOTO 3aXBOPIO-
BaHHS.
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Basxnuso 3a3Hauutn, mo COVID-19-acomniiioBaHa Ko-
aryjonarisi CHpUYMHSIE YpaXkeHHS Pi3HUX OPraHiB i MOXe
OpU3BOAUTHU OO0 mojaiopraHHoi HemoctatHocTi (IIOH) ta
JieTajbHOTO KiHIsI. OCHOBHUMH ii MeXaHi3MaMU € TTOpY-
IIIEHHST peTyJsIlii peHiH-aHTi0TeH3UH-aJbJI0CTePOHOBOL
cucremu (PAAC), y sKiit 0co0IMBO BaxXJIUBY POJIb Bii-
rpae aHrioreH3uHIepeTBopoounii pepmeHt 2 (AIID2), Ta
iMmyHHOI cucteMu [14]. BHacmigok 3HMKEHHST aKTUBHOCTI
ATI®2, 1110 MIMPOKO EKCIPECYEThCSI Ha €HIO0TENil CyTuH
Ta BUKOPUCTOBYETHCS BipycoM SARS-CoV-2 mis npoHuK-
HEHHSI B KJIITUHY, BiIOYBa€THCsI MOCUJICHHS Mpo3analbHUX
Ta MPOTPOMOOTUYHMX IIUISIXiB aHTioTeH3uHYy 11, a mepenaya
CHUTHAJIiB aHTiOTeH3UHY 1—7, 1110 OTIOCEepeaKOBYE MPOTHU3A-
MaJIbHi Ta aHTUTPOMOOTUYHI LIJISIXU, 3MEHIIYEThCS. Takox
nopyieHHs peryisaiii PAAC MoxXe cCIpUYMHUTHI MOIIKO-
JKEHHST €HIOTENi0 Yepe3 OKMCHIOBAJbHUM CTpecC i Hal-
MipHY eKCITPECiio IMKJIOOKCUTeHAa31-2 Ta €HA0TeiaIbHOTO
dakTopa poCcTy CYIMH B €HOOTEil, 110 MOXe iHilliloBaT
KackaJ ToJill, siKi 3yMOBJIIOIOTh ITOCUJIEHHSI KoaryJjora-
Tii. BomHOUac HEKOHTPOJIbOBaHA BPO/XKEeHA iIMyHHA Bi/lIo-
BiJlb, BUKJINKaHA HAAMIPHO aKTUBOBAHUMU HeUTpodintamu,
iHIIIIIO€ aKTUBAIil0 KOMIUIEMEHTY, IMTOKIiHOBUI IITOPM
(BUBiUJIbHEHHST OaraThbox 3alaJbHUX LIIMTOKIHIB i XeMOKi-
HiB, SIK-OT (baKTOp HEKpo3y myxiauHu a, I1L-1B, IL-8, IL-6
TONIO) i YTBOPEHHS HEUTPODITLHUX TTO3aKIITHHHUX MACTOK
(NETosis), 1110, y CBOIO 4epry, MOXKe IPU3BOIUTU IO TPOM-
003y, a TaKOX 0 TiMoTeH3il, rmojiopraHHoi TMC(YHKIIIIT,
I'PAC i cmepri [15]. IL-6 € mpoBigHUM LIUTOKIHOM, SIKUIA
MOMITHO ITiIBUIIYETHCS MPU TSKKili KOPOHABIPYCHIM iH-
ek1ii, i KIIIOYOBUM aKTHBATOPOM KOAryJiornarii, OCKiIbK1
IHAYKY€E eKCIPecilo TKAaHMHHUX (PaKTOPiB MOHOLIMTAMM Ta
30isbllIye BUpoOeHHs (iopuHoreny, ¢heputuny i CPb, a
TaKOX JIi€ HAa MerakapiouuTu, 30iIbIIYyI0OYd CUHTE3 TPOM-
OOLIUTIB, i MOCUIIIOE iIHAYKOBAHY TPOMOIiHOM aKTHBAIIilO
TpoMOoUTiB. He MOXHA BUKITIOUNUTH e(DEKT «OJBIHHOTO
yaapy», Koiau oouaBa (akTopy MOXYTh aTIUTUBHO ab0 CH-
HEpPreTUYHO MiJABUILYBAaTU PU3UK TPOMOO3Y Yy MAlliEHTIB
3 COVID-19. Lleit 3B’430K MixX iMyHHOIO aKTHUBALIi€lO Ta
KOaryJsii€lo BiIOMUIA SIK «iMyHOTpOM003» [16], skuii y
MOEAHAHHI 3 €HI0TeiaIbHOIO AUCHYHKIIIEI0 BBAXKAETHCS
KJTIOUOBMM MEXaHi3MOM YTBOPEHHSI TPOMOY MPU TSIKKiii
indekuii COVID-19.

IloTouHi KIiHIYHI gaHi BKa3ylOTh Ha Te, 110 TpOMOO03
rookux BeH (TT'B) i Tpomboemboutist iereHeBoi apre-
pii (TEJIA) € HaityacTilumMu TPOMOOTUUYHUMMU TTOIiSIMU
y nauieHTiB 3 COVID-19, oco6iuBo rocniTanizoBaHUX y
BifiJIeHHs iHTEHCUBHOI Teparii, He3BaXkalouud Ha TPOM-
oomnpodinakTuky [17]. s mporHo3yBaHHSI IMOBIpHOCTI
TpoM003y Halibisbllle 3HaYeHHsI Ma€ D-1uMep, TaKOX BU-
KOPHMCTOBYIOTh BUZHAYEHHS PiBHS JIaKTaTAETiApOTreHasu,
acrrapTaTaMiHoTpaHcdepasu, alaHiHaMiHOTpaHchepasy,
a30Ty CEYOBUHU, KPEaTUHiHY, TPOMOOILIUTIB i JISHKOLIUTIB
Mpu 3BepHEHHI, BiK Ta nonepenHiii anamues BTE. Y no-
caimkenHi Cui et al. TOBimOMIIIEThCS, 10 piBeHb D-aumepy
> 1500 ur/mn mae aymmuBicTb 85,0 %, cneuundivyHicTh
88,5 % i HeraTUBHY MPOTHOCTUYHY WiHHICTh 94,7 % nns
BusiBneHHs noniii BTE y kputnuHo xBopux naiieHTis [18].

3a pesyapraTaMy MeTaaHaji3dy 48 mOCIiIKeHb i3 BU-
Oipkoto 3 18 093 mauieHTiB cymapHa yactota BTE craHo-
Bura 17,0 % (95% A1 13,4—20,9), TTB — 12,1 % (95% 11

8,4—16,4), a TEJIA — 7,1 % (95% A1 5,3—9,1). Busineno
3HayHO BUIIMi pusuk BTE y rocmitanizoBaHux maiti-
eHTiB i3 COVID-19, npuyomMy criocTepiraeTbcsi CyTTeBa
pizHu1g mMix yactororo BTE cepen nmaiieHTis, siki nepe-
oyBatoth y BIT Ta B iHmux Bigginenusx (27,9 % nopis-
HsHO 3 7,1 %). TakoX 3a3HAYAETHCS, IO MPU MTPOBEACHHI
ckpuHiHry yactota BTE € 3HauHO BUIII0I0, HiXX TPY Mif-
TBEePIXKEHHI TiarHO3Y MiCJs MOSIBY KIiHIYHOI KapTUHM:
33,1 nporu 9,8 % [19].

BapiabenbHicTh TMOKa3HUKIB 4acTOTU po3BUTKY BTE
MOXe OYTH ITOB’s13aHa 3 BiIMiHHOCTSIMU B TiaTHOCTUYHUX
npoTtokojax ckpuHinry Ha BTE, pexuMi iHTeHCUBHOI Te-
parii Y1 aHTUTPOMOOTUYHIl TIpodinakTuli. Hanmpukian,
y MeTaaHaui3i Nopp et al., 1o BkitouaB 28 173 naiieHTu
(3 sakux 5468 rocmiranizopanux y BIT i 20 886 — B iHmIi
BiJUIIJIEHHST ), TTIOBITOMJISIETHCS MPO 3arajibHy MOLIIUPEHICTh
BTE 14,1 %; npu npoBeeHH] yJIbTPa3ByKOBOIO CKPUHIHTY
yacTtoTa ctaHoBuia 40,3 %, a 6e3 ckpuHinry — 9,5 %. 3a
JaHUMU aHanisy, nommpeHicts BTE 6yna 7,9 % (95% A1
5,1—11,2) y nauieHris, siki He iepedyBatots y BIT, 122,7 %
(95% M1 18,1-27,6) y naiieHTiB BimiIeHHS] iHTCHCUBHOI
teparmii [20].

Y nonynsiuiiHOMy ITOCiIKeHHi 3a yuacTio 18 818 am0Oy-
JIATOPHUX TAaIi€HTIB MOBiAOMJISIETHCS, 110 3aXBOPIOBAHICTh
Ha BTE nporsarom nepmux 30 nuis COVID-19 y nonepe-
JIIHBO MOBHICTIO BaKIIMHOBAHUX OCi0 € CYTTEBO HUXKUYOIO:
KoedillieHT pU3KUKY 3HU3UBCA 3 21,42 y HeBaKILIMHOBAHUX
1o 5,95 y BakumHoBaHux (p = 0,02) [21]. [HIe gocaipkeH-
H$I, TIpOBeIeHe V BiIMiJIeHHI HeBiIK/Ia@HOI JOTIOMOTH, I10-
Ka3ajao Malixxe TpukpaTHe 30inbiieHHs1 pusuky TEJIA y
HeBaKIIMHOBAHUX IMAlli€HTIB IIPOTSITOM MEPiOAiB AeIbTa Ta
OMIKpOH (KoedilieHT pusuky = 2,75; 95% A1 1,14—6,73;
p=10,02) [22].

TocniTanizosani nanientn 3 COVID-19 matots 6arato
3araibHux dakrtopiB pusuky BTE, sk i iHwi cTanioHapHi
MMali€HTH, aJie TSKKa KOpOHaBipycHa iH(MeKIIisl IpU3BOAUTH
IO TiABUIIIEHOTO PU3UKY TPOMOOTUYHUX YCKJIAAHEHb, 1110
BUHUKAIOTh SIK Y BEHO3Hill, TaK i B apTepiajibHill cucTeMi
[17]. Birocchi et al. mopiBusiu nauieHTis 3 COVID-19 ta
HeiH(piKoBaHUX KOpOHaBipycoM, oocTexyiouu ix Ha TI'B i
TEJIA 3a 1ormomoroio yabTpa3ByKOBOIO JTOCIIIKEHHS, Ta
BMSIBUJIH, 1110 nowrpeHicTs TI'B y nepuuiii rpymi ctaHoBMIa
15,43 %, a TEJIA — 4,85 %, Topni SIK y NaLli€HTIB, HE XBO-
pux Ha COVID-19, yacrora Oysia 3HauHO MeHIoM (4,21 i
0,22 % BignosinHo) [23].

Y KOropTHoMy IOCHiAXeHHi 3i0paHUX DJaHUX €BPO-
neicbKuX KpaiH, 1o Briawoydano 909 473 amOynaTopHuUX
ta 32 329 rocnitanizoBanux iHgikoBaHux SARS-CoV-2,
OLIiHIOBAJIacsl YacTOTa BEHO3HOI Ta apTepiaabHOI TPOMOOEM-
6011 (AT). BusineHo, 1o 90-nenHa cykynHa yactora BTE
kosmBazacs Big 0,2 10 0,8 %, a AT — Bin 0,1 10 0,8 %. Ce-
pen rocnitanizoBaHux 90-neHHa KymyasTiuBHa yactota BTE
3pocina 10 4,5 %, a AT — 10 3,1 %. 90-neHHa JeTaTbHICTh
cranoBua Bin 1,1 mo 2,0 % cepen aMOyIaTOPHUX BUTTAIKIB
COVID-19 i 3pocna no 14,6 % cepen rocmiTanizoBaHUX.
HesBaxatoum Ha Te, 110 JIETAIbHICTh Oysia HabaraTo BU-
IIIOI0 Y JIIOJIeI CTapIIOro BiKy, migBUIEeHHS pu3uky AT y
LIMX MalieHTiB Oy10 MeHIII BUpaxxeHuM, a pusuku BTE, sk
BUSIBUJIOCS, TOCATAIN TiKy TpUOI1M3HO Y 70 pOKiB y IeSIKUX
6azax naHux. [licns mompaBKM Ha BiK YOJIOBIKU 3arajioM
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MaJv TABUIICHUI PU3KK SIK BEHO3HUX, TaK i apTepialbHUX
TPOMOOTUYHUX MOAiN Ta cmepTi. Kpim Toro, pi3Hi cynyTHi
3aXBOPIOBAHHSI Ta IIOINEPEIHII MPUIIOM AESIKMX JIiIKapChKUX
3aco0iB OyJv 1ToB’s13aHi 3 minBuiieHuM pusnkom BTE, AT
Ta CMEPTi B HECKOPUTOBAaHUX MOJEJISIX, ajie OLiHKU OyIu
rnocJyiabJeHi Ticsi KOpUTyBaHHS 3a BiKOM Ta CTaTTio [24].
3a JaHUMU iHIIIOrO KOTOPTHOT'O JOCIIIIXKEHHSI, 4aCTOTa ap-
TepiaJbHUX i BEHO3HUX TPOMOOTHUYHUX ITO/iil CTAaHOBMIIA
Bin 17 mo 47 % y TSKKOXBOPUX MalieHTiB i Bim 3 mo 11 % y
HEKPUTUYIHO XBOPUX CTalliOHAPHMX MAIli€HTIB [25].

[Tarorenes apTepianbHOro TpOMOO3Y 3a3BUYall Mepe-
0ayae OKJII03i10 a00 PO3PUB aTEPOCKIEPOTUUHOI OJISIIIKKI
B 30HAaX MOPYIIEHOTO KPOBOTOKY, onHak AT moB’s3aHuii
i3 TskkuMu BumnaakamMmu COVID-19 HaBiTh 3a BiCyTHOCTI
nux akropiB. HanmipHa akTHBalIisl eHOOTENTiI0, BUKJIMKA-
Ha KOpoHaBipycoM, npusBoauia a0 AT y Takux OiasTHKaXx,
SIK a0pTa, HUPKU, LepeOpalibHi Ta repudepudHi apTepii.
3rigHo 3 naHuMu orsiay Jiteparypu 3a 2020 pik, AT 3yctpi-
Ya€eThCst MPUOIN3HO Y 4 % mauieHTiB i3 Tsokkum COVID-19,
a came: y BepxHiii OprkoBiii aprepii (8 %), KopoHapHUX ap-
Tepistx (5—9 %), MaricTpalbHUX CyIMHAaX (aopTa, 3araJbHa
KJTyOOBa, 3araJIbHM COHHUI i TIJIEYeTOJI0BHUI CTOBOYpU
(14—19 %)), uepebpanbHux aprepisix (18—24 %) ta apTepisix
KiHIiBOK (24—39 %). He3Baxkaloun Ha BiTHOCHO HU3BKY
3axBoploBaHicTh Ha AT y IMX XBOpUX, PiBEHb CMEPTHOCTI
cepen HuX csrae 20 %, B OCHOBHOMY 4epe3 ypakeHHs KiH-
LIEBUX OpraHiB [26].

[Noeqnanusa nigsuiieHoro pisHs D-numepy, FDP, no-
JIOBXXEHOTO Yacy 3ropTaHHs KPOBi Ta TPOMOOIIUTOIIEHII Ha-
rajlye aHomaJtii, sIKi 3a3Buyait criocrepiratorbest ipu JIB3-
CUHIIPOMI, SIKMI XapaKTepu3y€EThCsI aKTUBAIII€I0 CUCTEMU
3ropTaHHsI KPOBi 3 YTBOPEHHSIM BHYTPillTHbOCYJIMHHUX
TpoMOiB, BUCHAXKE€HHSIM TPOMOOLMTIB i (paKkTOpPiB 3rop-
TaHHS KPOBIi, 110 TPU3BOAUTD 0 CYIUHHOI OOCTPYKILii/
immemii Ta [TOH. Yacrora COVID-19, yckiagHeHoro JIB3-
CUHIPOMOM, 1110 Biamnosimae kpurepisim ISTH, cranoBwmia
0,6 % cepen THX, XTO BIXKUB, i 71,4 % cepeji THX, XTO TIOMED,
3a JaHUMU JOCTiIKeHHs, TpoBeaeHoro B Kurai [13]. Y 3BiTi
3a3HavYaloTh, 110 Y JIETAJIbBHUX BUMAIKAX CIIOCTEPIirajyocs mo-
MiTHe 30iabiieHHs piBHs: FDP (6iabiie 100 Mkr/mit), mopis-
HSTHO MEHIII 3HauHe MiABuIeHHS D-aumMepy (y cepenHboMy
2120 ur/ma; p < 0,001) Ta 36iabLIEHHST CHiBBIAHOIIEHHS
FDP/D-mpumep (110 Bigo6pakae po30iKHICTbh MixK LIUMU
MoKa3HUKaMU) TIpOTSATOM 3 nHiB, i3 7-ro go 10-ro. I1po-
TpoMOiHOBHI1 Yac OYB SIBHO MTOAOBXEHU, ajie TTOA0OBXEHHS
AUYTY 6yo MeHIII 3HaUHUM, sIK i TpoMOoruTorneHist. Mi-
OPUHOTIEH ITiABUILIMBCS 10 MOHAa 4 /7 Ha 7-i1 IeHb Ta 3HU-
3UBCS TpuON3HO a0 | 1/1 Ha 10-ii AeHb Y TUX, XTO TIOMED.
Tox peryasipHUil MOHITOPUHT piBHSI (hiOpUHOTEHY HEOOXiI-
HUI JUIST BYAaCHOTO BUSIBJICHHs 3MiH y Tumi [l B3-cunapomy.
3okpeMa, KoJii piBeHb (PiOPMHOTEHY Pi3KO 3HUXKYETHCS,
TUI 3aXBOPIOBaHHS Moxe 3MiHUTHUCS 3 JIB3-cunapomy
npurHiyeHoro ¢GidopuHojiTHYHOrO TUIy Ha JIB3-cuHapom
MOoCUJIeHOTo (PiOPUHOMITUYHOTO TUITY. TAaKOX MOXJIUBO,
1110 1eit mpoiec oOMeXeHUl TIeBHUMU OpraHamMu, SIK-OT
JIereHi Ta/a00 HUPKU, OCKIIbKM IMCEMiHOBaHA aKTUBALLisl
koarysiii cnoctepiraetbes mpu COVID-19 nyxe pinko.
Kpim Toro, BiICyTHICTb TUTIOBUX XapaKTepHUX 03HaK JIB3-
CUHJIPOMY CBiTYMTBb PO OLTbII OOMexXeHu# mpoiiec. Taka
TyMKa 3alpoIlOHOBaHAa B HELIOAABHIN cepii pO3TUHIB, SIKi

IM0Ka3aJIi MiKpOCYIMHHUI TpoMOO3 APiOHUX JIETEHEBUX
CYAVH, 11O BUKJIMKAE 3aHEITOKOEHHS 11010 0OMeXkeHOol
TpOMOOTHYHOI MiKpoaHTiomatii [27].

BipycHa iHdexkI1ist mpu3BOaUTH 10 TMHAMIYHUX 3MiH
KiJIbKOCTI JIEHKOLIUTIB nepugepryHoi KpoBi Ta ix cyorpyrl,
a TaKOX iHIIMX MTOKa3HMKIB reMorpaMu. 3a TaHUMW MeTa-
aHaJji3y, y SKoMy MopiBHIOBaaacs KibKiCTh JEMKOIUTIB i
niMdoruTiB y nmauieHTis 3 COVID-19, mo BkiouaB 1289
BMIIAJIKiB, TOBITOMIISIETBCS, 1110 TIALIIEHTH 3 TSKKUM 3aXBO-
PIOBaHHSIM, SIK TIPAaBWJIO, MaJIM BUIILY KiJIbKiCTh JICMKOIIUTIB
(MD =1,32;95% A1 Bix 0,62 mo 2,02; p < 0,00001) i HuzKay
KinbKicTh miMdpouutie (MD = —0,36; 95% I Bix —0,50 no
—0,22; p <0,00001) [28].

Y peTpocnieKTUBHOMY 0OCepBalLlifHOMY JOCHTiIXEHHI,
IO BKJIIOYAIo JtabopaTopHi maHi 81 rocmiTaaizoBaHOTO
nauieHTa i3 iHpexuiero SARS-CoV-2 y JIxepci (Benuka
bpuranis) y nepion 3 6epe3ns o rpyneHs 2020 poxy Ta 100
KOHTpOJIbHUX 0¢i0, naieHntn 3 COVID-19 6ynu po3nijeHi
Ha JBi MiArpYIM 3a7eXHO Bil KJIiHIYHOrO pe3yabrarty (Je-
TaJIbHUI Ta HeJIeTaTbHUI ). 3arajibHa CMEPTHICTh CTAHOBMJIA
33,3 % y rpyni COVID-19, ajie maiieHTH B I[bOMY TOCITi-
IKEHHI MaJId BUIMIA cepeaHiii Bik (75 poKiB), HixK B iHIIIMX
MOAIOHUX JOCHiIKeHHsX, TpoBeacHuXx y Kurai, CIIA ta
KpaiHax €Bponu. OCHOBHUMM BUSBICHUMHU Ja00OpaTOPHU -
MM 3MiHAMHM Y TOCITiTali30BaHUX MALi€HTIB OyJIM: JiMdorie-
Hig y 51,9 % (cepenHst KinbKicTh JgimboruTis 0,74 x 10°/71;
p <0,001), migsumenuit CPBy 95,1 % (cepenHst KiabKicTh
63,0 mr/m; p < 0,001), migBuineHHs GidpuHoreny y 85 %
(cepemHs kinbkictb 6,41 r/1; p < 0,001), momgoBxkeHU MPo-
TpombiHoBuit yac'y 70 % (cepenniii yac 13,7 ¢; p = 0,007). ¥
JIeTaJIbHUX BUITaIKaX IIPOCTEXyBajiacs 3HauHa JiMdoneHis
menie 3a 0,8 x 10°/1 (p = 0,018) i neiikonuTO3 GijbIlle 3a
11,0 x 10°/n (p = 0,018). TTauieHTH i3 KinbKicTiO TiMpO-
muTiB < 0,85 x 10°/n Manmu y 6,7 pa3a BUIIWI PU3WK BHY-
TPILIHBOJIIKAPHSHOT CMEPTHOCTI, i3 KiJIbKICTIO JIEUKOLIUTIB
>9,5x10°/n1 — y 4,9 paza [29].

[Tporpecylode 30iJIbIIIEHHS KiJILKOCTI HEUTpoQijiB
i crilika niM¢oIeHis y Nali€eHTiB i3 TSIXKO0I0 (HOPMOIO
COVID-19, MOXI1BO, CIIPUINHEHI IIUTOKIHOBUM IIITOP-
MOM Ta MOXYTb ITOC/1a0JII0BaTH 3AaTHICTh aAaNTUBHOI IMyH -
HOI CHCTeMHU TeHepyBaTu aHTUTijIa, crienudidHi 10 Bipycy,
i 3MeHIIyBaTh BUpOOIeHHs ramma-intepdepony (IFN-vy)
CD4+ T-knitunamu [14]. JlonaTKoBO IPUITYCKAETHCS, 11O
3HMKEHHSI KiJTbKOCTI JIiM(OLIMTIB MOXKe OYyTH HACTiIKOM 1X
npsMoi iHdexlii BipycoM, ajpke BoHU ekcripecyoTb ATTM2,
pyiHYBaHHS JiM(paTUIHOI TKAHUHU, IMyHHUX YIIIKOIKEHb
MeaiaTopaMu 3anajeHHs, 1110 MPU3BOAUTH A0 aMoMNTO3y
JiMdonunTiB, a00 iHTIOYBaHHS TiM(OINTIB MeTa0OTiIYHUMU
MOpYILIEHHSIMU, SIK-OT rinepyiakratauuaeMis [30].

3a pesynsratramu Wang et al. y TSDKKIX BUTIagKax KOpO-
HaBipyCHOTO 3aXBOPIOBAHHSI TTOPIBHSIHO 3 JIETKUMU CIIO-
cTepiraBcs 3HaUHO HYDKYMI 3arajlbHUIA piBeHb JiM(MOILIMTIB
(p=10,0007), CD4+ T-xmitun (p = 0,024), CD8+ T-xmitun
(p = 0,005) i B-xuitun (p = 0,018). Cepen MOXIMBUX Me-
xaHi3MiB T-KJIiTHHHOI TiM@OIIeHii aBTOPH BUOKPEMITIOIOTh
iHdekIito T-KITITUH KOpOHAaBipycoM, TIEpepo3MOoIi i ceK-
BecTpalito T-kiiTuH, mipornTo3 i anonrto3. PiBenp CD8+
T-xJiTUH HeraTMBHO KopetoBaB i3 nmokazHukamu CPb
(p=10,001) Ta IJT-6 (p = 0,005). TakuM YUHOM, JTiIMPOLIUTH
Ta iX miarpynu, ocoomuo CD8+ T-kJiTHHU, MOXYTb OyTH
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MOTEHLIHHUM TIPEIUKTOPOM TSIKKOCTI 3aXBOPIOBAHHS Ta
KJIiHiYHOT edekTUBHOCTI JikyBaHHs pu COVID-19 [31].
JaHi mpo cTaTUCTUYHO 3HAYYIIE 3HIDKEHHS 3arajIbHOI Killb-
KocTi niMmpouutiB, CD4+ i CD8+ T-kmmituH, B-xmitun i
NK-KJIITUH y Mali€HTIB i3 TSKKOI0 (POPMOIO 3aXBOPIOBAH-
Hs1 Ha COVID-19 nopiBHSIHO 3 TOMipHUMU 200 JIETKUMU
BUMAAKaMU TaKOX OyJM MiATBEPIKEHi Y HEIIOAAaBHbLOMY
MmeTaaHami3zi Huang et al. [32].

YucneHHi JOCiIKeHHSI CBiTJaTh Mpo BUCOKY AiarHOC-
TUYHY LiHHICTh HEUTPOPITbHO-TiM(MOIIUTAPHOIO CITiBBiI-
HotreHHst (HJIC) B omiHLi TsKKOCTI iHMeKLii, cripuunHe-
Hoi Bipycom SARS-CoV-2. IloBinomasietses, mo HIIC e
BUIIUM Y MAIIEHTIB i3 TipIIMM KJIiHIYHMM CTAaHOM, a TaKOX
y malieHTiB, siki momepsau Big COVID-19, Ta € He3anexxHUM
MIPEeINKTOPOM TSKKOCTI 3aXBOPIOBAHHS. Y IOCIIIKEHHI 3a
yuacTio 81 mauieHTa nokasaHo, 110 y xpopux i3 HJIC 6inb-
e Hix 9,8 vacrie Bunukae 'PIC (p = 0,005) i norpeda
SIK Y HEMEXaHiuHili, TaK i y MeXaHiuHill BEeHTWISLII JIereHb
(p=0,0021ip=0,048 BinnoinHo) [33]. Pibenb HJIC € Bu-
wuM y nauientiB BIT, 3a nanumu Bastug et al. (9,04 nmpotu
2,41; p <0,001) [34], a TaKOX Y TUX, XTO ITOMEP, 3a JTaHUMU
Ertekin (35,53 mpotm 6,75; p < 0,001) [35].

TpombGo1uTONEH ST MOXXE BUHUKATHU B PE3YJIbTaTi TPSIMOL
Iii Bipycy, aKTUBallii KoaryJsiiii, iMyHHUX IpPOLIECiB, 3a-
MaJIeHHsI i CUCTEMHOTO TOIIKO/KEHHSI €H0TEJIil0 Ta BBa-
JKa€eTbCsl MporHocTUYHUM MapkepoM COVID-19. Takox
TpoMOOLIMTONEHisI Moxke OyTu mposiBoMm [ B3-cuHmpomy,
anTudochonininHoro curapomy (APC), remodarouurap-
Horo cuHapomy (I'®PC), BIUIMBY TemapuHy 41 HACTiIKOM
MeIMKaMeHTO3HOI Miejiocyripecii [36].

ImynHna tpomo6ounutonenis (ITII), iHmykoBaHa
COVID-19, MoxXe BUHUKATH SIK TIPU JIETKOMY, TaK i TIpu
TSDKKOMY Mepe0iry 3aXxBOpIOBaHHS, a TAaKOX Y ITOCTKOBIiI-
Homy nepioai. Yacrora ITIT y mamientis 3 COVID-19 Ba-
pifoBaia B pi3HMX AocimKkeHHsxX [6, 37, 38]. Pesynsratu
MeTaaHaui3y Lippi et al., 1110 BKJ1IouaB aeB’SITh HOCIIIKEHb,
nokxasajiu, 110 KiJIbKiCTh TPOMOOLIMTIB OyJia HUXKUYOIKO Y
MauieHTiB i3 Oinbll TsKKUM nepedirom COVID-19 (MD
—31 x 10°/m; 95% I1 Bim —35 no —29 x 10°/m; p < 0,001). ¥
MiATPYHIOBOMY aHaJli3i TPHOX AOCIIKEHb, Y IKMX OL[iHIO-
BaJIacsI CMEPTHICTb, OLTbII 3HAYHE 3HMKEHHS TPOMOOIIUTIB
CITOCTepirajiocst y TuX, Xro He BkuB (MD —48 x 10°/71;
95% M1 Bim —57 mo —39 x 10°/m; p < 0,001). B ananisi mig-
TPy pellITHA IIECTU MOCTIIKEeHb, Y SKUX BUKOPHUCTOBYBa-
Jiocs 3MiHHe KJliHiuHe Bu3HaueHHs TskkocTi COVID-19, a
CMEPTHICTh He OyJ1a OCHOBHUM Pe3yJIbTaTOM, TPOMOOLIUTH
3aJUIIAIMCS 3HAYHO HU3bKUMMU TIpU TKKiA popmi (MD
—29 x 10°/m; 95% Al Bim —32 mo —26 x 10°/71; p < 0,001).
Y 4oTHPBOX AOCTIIKEHHSIX KiIBKICTh TPOMOOIIUTIB HUXKYE
BiIl HMDKHBOI MeXXi JJOKaJIbHO BU3HAYEHOTO pehepeHTHOrO
Iiarma3oHy Oyja IToB’s13aHa 3 Oijbllle HiX I’ ITUKPaTHUM
MiABUILEHHSIM pU3UKY TsKKoi hopmu COVID-19 (OR 5,13;
95% 11 1,81—14,58) [39].

Cepeln BaXJIMBUX METO/iB iHTEHCUBHOI Teparii cirif
0CO0JIMBO BUOKPEMUTU €KCTPAaKOPIIOpaJibHy MEMOpaHHY
okcureHauito (EKMO). 3 nouatky nanaemii EKMO, 3a-
Oe3reunBIIn e(peKTUBHY peCHipaTOPHY MiATPUMKY TSXKKO-
XBOPUX TAlIiEHTIB, BPSITYBajla HE3TiUeHHY KiJIbKICTh JTI0/Iei
i3 'PIIC, 110 BUHUK yHacigokK iHgikyBaHHsI SARS-CoV-2.
¥ peectpi OpraHizallii eKCTpaKopIriopajbHOTO XUTTE3a0e3-

neueHHs (Extracorporeal Life Support Organization, ELSO)
Hapas3i Hajiuyetbest moHaza 16 000 Bunankis COVID-19 Ha
EKMO, a BHyTpillIHbOJIIKAapHSIHA CMEPTHICTh CTAHOBUTH
npubausHo 47 % [40]. ITig yac 3actrocyBanHss EKMO 3
eJeMEeHTH (€HI0TeNill CynrH, KOMIIOHEHTU KPOBi Ta KPOBO-
TOK), sIKi TIIATPUMYIOTb T€MOCTa3 i KOAryJsiiiiHy CUCTeMY
in vivo, NI€eMOHCTPYIOTh 3HaUHi MaToqiziojoriyHi 3MiHu.
Kpim Toro, migBuieHa akTUBallis IIPOLECiB 3rOpTaHHSI,
CIIpUYMHEHA 3anajJlbHUMM peakilisimu mig yac COVID-19,
4acTo MPU3BOAUTH 10 MMOCUJICHHSI aHTUKOATYJISTHTHOT Tepa-
mii xBopux, siki motpedyroTh EKMO. Tox y Takux nalieHTiB
MOXYTh BUHMKATH SIK TPOMOO3HM, TaK i KPOBOTEYi.

3rinHo 3 JaHMMuU MetaaHauidy Jin et al. [41], momupe-
HicTb TpoM603y KoHTypa EKMO y nauientis 3 COVID-19
KonuBanacs Bin 9,4 no 38,4 % (1532 sumnaaku y 12 mocii-
JDKEHHSIX), a 3arajibHa MOLIMPEHICTh Y KOTOPTi CTAaHOBMJIA
21,5 %. Y neB’aTbox OCTiIKeHHSIX, 1110 CyMapHO BKITIOUaIN
5926 manienTiB 3 COVID-19, siki moTpeOyBaIu MATPUMKN
EKMO, 3arajibHa MOIIMPEHICTH i1llIeMiYHOTO iHCYIBTY OyJia
2,6 % (95% A1 1,5-3,7; p = 0,002). 3araibHa 06’eqHaHa
ouinka TEJIA y 5853 nauientis Ha EKMO 3 COVID-19
(11 mocnimxkenn) cranosuna 11,8 % (95% 11 6,8—16,8;
p <0,001). Yacrora 6ynb-akoi BTE Gyna 3ragana B 10 go-
CJiIXKEeHHSIX; 3BelieHa olliHka Oynb-sikoi BTE y 1980 ma-
uieHTtiB cranoswia 12,3 % (95% A1 7,5—17,1; p < 0,001);
yacroTa KosmmBaiacs Bin 0,7 1o 37,5 %. 3arajbHa IoLIn-
penicth iHmmx AT cranoswia 3,2 % (95% 11 2,2—4,2;
p = 0,147) cepen 5475 nauientis i3 COVID-19, siki motpe-
oyBasiu EKMO (8 mociimkeHsb).

VY 10 nocaimxkennsix (1558 nauieHTiB) MOBIIOMIISIETD-
Cs PO BUITAAKU BEJIMKOI KPOBOTEUi y XBOPUX Ha KOPO-
HaBipycHe 3axBopioBaHHs 3 ['PIC, mo mepebyBanu Ha
EKMO. IMomupeHicTh KpoBOTEYi KoIMBaiacs Big 8,3 10
68,4 %, a 3araipHa MomMpeHicTh ctanoBwmna 37,4 % (95%
1 28,1-46,8; p < 0,001). ¥ 16 mocaimkeHHSIX 3rany€Th-
€S YacTKa BHYTPIIIHBOYEPEITHUX KPOBOTEY Y IIMX XBOPHUX.
[MowmmpenicTs BapitoBaia Bif 4,2 1o 25,0 % cepen 6348 na-
LIEHTIB i3 3arajJbHOI0 ouiHKoI 9,9 % (95% A1 7,8—12,1;
p < 0,001). Cepen 9 BiniOpaHUX TOCTIIKEHb CYKYITHA 1O~
LIMPEHICTh KPOBOTEUi 3 IMXaNbHUX LLIAXiB Y 1119 manieHTiB
i3 COVID-19, saxi npoxonuiu EKMO, cranoBuna 14,8 %
(95% A1 8,2—21,4; p < 0,001). 3arajgbHa CyKyITHa OILliHKa
LLIJTIYHKOBO-KHUIIIKOBOI KpoBoTeui craHoBwmia 7,0 % (95%
Al 3,6—10,5; p < 0,001). HaitmeH11a 9acToTa IIJTYHKOBO-
KHUILIKOBUX KpoBoTey cepen 1177 nauientis i3 COVID-19,
ski motpedyBamu EKMO, cranoswna 1,9 %, Tomi sk Hali-
Buia — 34,2 %. 3arajgbHa 3BelcHa OLliHKa KPOBOTEYi 3
KaHI0J1i 00 MicIsI XipypriuHoro BTpy4aHHs y 1102 mamieH-
tiB 3 COVID-19, sxi npoxonunu EKMO (7 mociimkeHs),
craHoBuia 18,5 % (95% 11 14,5-22,4; p = 0,065).

Byno npoBeneHo ogHoMaKTOpHUIT MeTaperpeciiiHui
aHaJji3 BUOpaHUX XapaKTePUCTUK: BiK, CTaTh, iHAEKC Macu
Tijla, TOCJIiIOBHA OLlIHKA OPTaHHOT HETOCTATHOCTI 3a I1IKa-
ot SOFA (Sequential Organ Failure Assessment score),
iHTYyOAaIlisg Ta ITyYHa BEHTUJIALI JlereHiB mepen EKMO,
pH cuposarku, nonepenniiit PaCO,, pexxumu Ta TpuBa-
nicth BeHoBeHO3HOI EKMO. Bik OyB cyTTEBO MOB’s13aHMA
i3 TpoM6030M KoHTypa EKMO (p < 0,001), Bemkow Kpo-
Boreuero (p = 0,025) i HUTyHKOBO-KUIIIKOBOIO KPOBOTEUEIO
(p < 0,001). Yac Bix iHTyOaIIii Ta IITyYHOI BEHTUJISILIII Jie-
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rediB 1o EKMO Ttakox 0yB BaxXJIMBUM (PAKTOPOM KoOa-
ryJiomnarii i cyTTeBO KopestoBaB i3 momupeHictio TEJIA
(p = 0,009), Benukoi kposoteui (p < 0,001), BHYTpilIHbO-
yepermHux (p = 0,036) Ta MUTYHKOBO-KUIIKOBUX KPOBO-
Teu (p < 0,001). IcHyBaB 4iTKMii 3B’130K MixX MOIEpPeaHIM
PaCO, i Bentukoro kpoBoteueto (p < 0,001), BHyTpiliHbOUE-
pernHoO (p = 0,023) i HUTYHKOBO-KUILIKOBOIO KPOBOTEYaMU
(p =0,047). YacTroTa TpOMOO3iB i KPOBOBWJIMBIB CHJIBHO BilIl-
pi3HsIacs B pi3HUX MiArpymnax i 3ajexkana TaKoxX Bil iHIINX
dakTopiB 1o Ta mix yac EKMO, sgk-oT cTparerist aHTUKoary-
JISIIIL Ta 9acToTa BisyanizamiiitHoro oocrexxeHHs. TEJIA Bu-
SIBJISLIACS YacTillle P MPOBeAeHHI pyTUHHOI CKPMHiIHTOBOI
KOMIT 10TepHOI ToMorpadii, aHiX IpH il BAKOHAHHI Ha OCHOBI
KJIiHIYHMX CUMITITOMIB. JIereHeBUil MiKpoTpoM0OO03 in sifu OyB
0Ee3CMMITTOMHUM 1 BUSIBJISIBCS 32 IOTTIOMOTOIO Pi3HOI YaCTOTU
Bi3yaJstizallii B pi3HMX LIeHTpax. biibllla yacTka namieHTiB i3
COVID-19 mana ycknagnennst y surisini TEJIA Ha BeHoap-
tepiayibHiii EKMO nopiBHSIHO 3 BEHOBEHO3HOIO.

BucHoBKkMU

ITopyiieHHs cucTeMu KpoBi Ta reMocTa3y € T0BOJI
nomupeHUMH yeckaagHeHHsIMH ipu COVID-19, yacrimre
BUSIBJISIIOTBCS Y MALIEHTIB 3 TSIXKKUM MepediroM 3axBo-
PIOBaHHS Ta B IESIKMX BUIa[Kax MOTPeOYIOTh 3aCTOCY-
BaHHS iHTeHCUBHOI Tepanii. Cepel HUX HallyacTiuie
CIIOCTEPiraroThecsl KoaryJorarii, TpoM003 TJIM00KKX BeH
i TpoMOOeMOois iereHeBoi apTepii, J1iMmdo- Ta TpomMO0-
LIUTONEHil. ApTepialbHUIl TPOMOO3 TAKOX € ONHUM i3
YCKJIaJHEeHb, YyacTillle BUHUKAE B LilepedpaIbHUX apTepi-
X Ta apTepisgx KiHIiBOK i, XOU HE 3yCTpivaeThCs 4acTo,
MPU3BOAUTD N0 MiABUILEHHS piBHSI cMepTHOCTI. [Touat-
KOBa olliHKa KoaryJjonarii y xsopux Ha COVID-19 ne-
penbavyae Bu3HaueHHs D-aumepy, TecTU Ha 3ropTaHHS
KpOBi Ta reMorpamMy. D-aumep Mae HailBUIILy MPOTrHOC-
TUYHY LWiHHICTb I BEHO3HO1 TpoMOoemOouii. [Togo-
BXKEHHS IIPOTPOMOIHOBOIO Yacy, 3pOCTaHHS UM pi3Ke
3HUXXEHHS piBHs (iopuHOTEeHy cBigunuTh ipo COVID-
acoluiiioBaHy KoaryJjomnartito. TpomMOouuToneHis Moxe
CIIOCTepiraTucs He TiJILKU ITiJ YaC KOPOHaBipyCHOTO
3aXBOPIOBaHHS, aJie i B TOCTKOBiAHOMY Tepiofi. TskKkuit
nepedir COVID-19 acouitoeTbcs 3 Oiiblll BUPaKeHUM
3HUKEHHSIM a0COJMIOTHOI KiIbKOCTi JiM(OLIUTIB, Heil-
Tpo(diIbO30M Ta 3pOCTAaHHSIM HEUTPOPiIbHO-TiMBOLI-
TapHOTO cIiBBigHomeHHA. Y nauientiB 3 'PAC, skum
MPOBOJIUTHCS €KCTPAKOPIoOpajbHa MEMOpPaHHA OKCUTeE-
Hallisl, MOXYTbh BUHUKATH SIK TPOMOO3H, TaK i KpOBOTEUi.
Toxx 3MiHM MOKa3HUKIB reMorpaMu Ta KoaryjJorpamu
MOXHa BUKOPUCTOBYBATH JJIs1 IPOTHO3YBAHHS TSIKKOCTI
3aXBOPIOBAHHS 3 METOK BYaCHOI'O MPOBEACHHS iHTEH-
CUBHOI Tepamii, 1110 J03BOJUTh 3HU3UTHU JIETATbHICTb.

KonduikT inTepeciB. ABTOpU 3asIB/ISIIOTH PO BiICYTHICTh
KOH(JTIKTY iHTepeciB Ta BlacHOI (hiHAHCOBOI 3alliKaBJIEHOC-
Ti IPY MiATOTOBII JAHOI CTATTi.

Incopmanis npo dinancysanns. Lle nocnimxeHHsT HE Mae
¢iHaHCYBaHHS Ta IPOBOIMIIOCS Y PaMKaX HayKOBO-I0CJTi/I-
HULBKOI podotu 1Y «IHCcTUTYT remaToiorii Ta TpaHcy3io-
sorii HAMH Ykpainu».

Buecok aBTopiB. Mapkoe FO.1. — KOHILIENIIis i TU3aiiH
TOCJIiIKEHHS, aHaJli3 MaTepiaty, HanmucaHHs cTarti; Mapko-

6a 1.A. — aHai3 DOCIiIKeHb MaTo(i3i0I0Tii reMaToI0Tiv-
Hux yckiaaaHeHb npu COVID-19; lopsinosa H.B. — 06po6-
Ka i aHami3 matepiany; Kyseoseuu b.M. — mouyk Ta aHaji3
BiJIITOBITHOI JIiTepaTypy, HAITMUCAHHSI CTATTi.

Cnuncok Aiteparypu

1. Chams N., Chams S., Badran R., et al. COVID-19: A Mul-
tidisciplinary Review. Front. Public Health. 2020 Jul 29. 8. 383.
doi: 10.3389/fpubh.2020.00383. PMID: 32850602; PMCID:
PMC7403483.

2. Sayyadi M., Khosravi M., Ghaznavi-Rad E. Contribution value
of coagulation abnormalities in COVID-19 prognosis: a bright per-
spective on the laboratory pattern of patients with coronavirus disease
2019. Eur. Rev. Med. Pharmacol. Sci. 2021 Jan. 25(1). 518-522. doi:
10.26355/eurrev_202101 24423. PMID: 33506943.

3. Kasinathan G., Sathar J. Haematological manifestations,
mechanisms of thrombosis and anti-coagulation in COVID-19 dis-
ease: A review. Ann. Med. Surg. (Lond.). 2020 Jun 30. 56. 173-
177. doi: 10.1016/j.amsu.2020.06.035. PMID: 32637095, PMCID:
PMC7324342.

4. Zhan H., Chen H., Liu C., et al. Diagnostic Value of D-
Dimer in COVID-19: A Meta-Analysis and Meta-Regression. Clin.
Appl. Thromb. Hemost. 2021 Jan-Dec. 27. 10760296211010976.
doi: 10.1177/10760296211010976. PMID: 33926262; PMCID:
PMC8114749.

5. Varikasuvu S.R., Varshney S., Dutt N., et al. D-dimer, disease
severity, and deaths (3D-study) in patients with COVID-19: a system-
atic review and meta-analysis of 100 studies. Sci. Rep. 2021 Nov §.
11(1). 21888. doi: 10.1038/541598-021-01462-5. PMID: 34750495;
PMCID: PMC8576016.

6. Zhou F., Yu T., Du R., et al. Clinical course and risk factors for
mortality of adult inpatients with COVID- 19 in Wuhan, China: a retro-
spective cohort study. Lancet. 2020 Mar 28. 395(10229). 1054-1062.
doi: 10.1016/50140-6736(20)30566-3. PMID: 32171076, PMCID:
PMC7270627.

7. Galland J., Thoreau B., Delrue M., et al. White blood count,
D-dimers, and ferritin levels as predictive factors of pulmonary embo-
lism suspected upon admission in noncritically ill COVID- 19 patients:
The French multicenter CLOTVID retrospective study. Eur. J. Haema-
tol. 2021 Aug. 107(2). 190-201. doi: 10.1111/ejh.13638. Epub 2021
May 24. PMID: 34288162; PMCID: PMC&239942.

8. Riyahi S., Hectors S.J., Prince M.R., et al. Predictors of
acute deep venous thrombosis in patients hospitalized for COVID-19.
Medicine (Baltimore). 2021 Sep 24. 100(38). e27216. doi: 10.1097/
MD.0000000000027216. PMID: 34559112.

9. Naymagon L., Zubizarreta N., Feld J., et al. Admission D-
dimer levels, D-dimer trends, and outcomes in COVID-19. Thromb.
Res. 2020 Dec. 196. 99-105. doi: 10.1016/j.thromres.2020.08.032.
Epub 2020 Aug 20. PMID: 32853982; PMCID: PMC7439969.

10. Huang C., Wang Y., Li X., et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020
Feb 15. 395(10223). 497-506. doi: 10.1016/S0140-6736(20)30183-
5. Epub 2020 Jan 24. Erratum in: Lancet. 2020 Jan 30. PMID:
31986264; PMCID: PMC7159299.

11. Panigada M., Bottino N., Tagliabue P., Grasselli G., Novem-
brino C., Chantarangkul V., et al. Hypercoagulability of COVID-19
patients in intensive care unit: A report of thromboelastography findings
and other parameters of hemostasis. J. Thromb. Haemost. 2020 Jul.
18(7). 1738-1742. doi: 10.1111/jth. 14850. Epub 2020 Jun 24. PMID:
32302438; PMCID: PMC9906150.

44 MeANLIMHA HEBIAKAGAHMX CTOHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 19, N2 6, 2023



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

12. Jin S., Jin Y., Xu B., Hong J., Yang X. Prevalence and Impact
of Coagulation Dysfunction in COVID-19 in China: A Meta-Analysis.
Thromb. Haemost. 2020 Nov. 120(11). 1524-1535. doi: 10.1055/
s-0040-1714369. Epub 2020 Jul 17. PMID: 32679593; PMCID:
PMC7724576.

13. Tang N., Li D., Wang X., Sun Z. Abnormal coagulation
parameters are associated with poor prognosis in patients with novel
coronavirus pneumonia. J. Thromb. Haemost. 2020 Apr. 18(4). 844-
847. doi: 10.1111/jth.14768. Epub 2020 Mar 13. PMID: 32073213;
PMCID: PMC7166509.

14. Manjili R.H., Zarei M., Habibi M., Manjili M.H. COVID-19
as an Acute Inflammatory Disease. J. Immunol. 2020 Jul 1. 205(1).
12-19. doi: 10.4049/jimmunol.2000413. Epub 2020 May 18. PMID:
32423917; PMCID: PMC7333792.

15. Qin C., Zhou L., Hu Z., Zhang S., Yang S., Tao Y., et al.
Dysregulation of Immune Response in Patients with Coronavirus 2019
(COVID-19) in Wuhan, China. Clin. Infect. Dis. 2020 Jul 28. 71(15).
762-768. doi: 10.1093/cid/ciaa248. PMID: 32161940; PMCID:
PMC7108125.

16. Jackson S.P., Darbousset R., Schoenwaelder S.M. Throm-
boinflammation: challenges of therapeutically targeting coagulation
and other host defense mechanisms. Blood. 2019 Feb 28. 133(9). 906-
918. doi: 10.1182/blood-2018-11-882993. Epub 2019 Jan 14. PMID:
30642917.

17. Jenner W.J., Kanji R., Mirsadraee S., Gue Y.X., Price S.,
Prasad S., Gorog D.A. Thrombotic complications in 2928 patients
with COVID-19 treated in intensive care: a systematic review. J.
Thromb. Thrombolysis. 2021 Apr. 51(3). 595-607. doi: 10.1007/
s11239-021-02394-7. Epub 2021 Feb 14. PMID: 33586113;
PMCID: PMC7882250.

18. Cui S., Chen S., Li X., Liu S., Wang F. Prevalence of ve-
nous thromboembolism in patients with severe novel coronavirus
pneumonia. J. Thromb. Haemost. 2020 Jun. 18(6). 1421-1424. doi:
10.1111/jth. 14830. Epub 2020 May 6. PMID: 32271988, PMCID:
PMC7262324.

19. Jiménez D., Garcia-Sanchez A., Rali P., Muriel A., Bikde-
li B., Ruiz-Artacho P., et al. Incidence of VTE and Bleeding Among
Hospitalized Patients with Coronavirus Disease 2019: A Systematic
Review and Meta-analysis. Chest. 2021 Mar. 159(3). 1182-1196. doi:
10.1016/j.chest.2020.11.005. Epub 2020 Nov 17. PMID: 33217420;
PMCID: PMC7670889.

20. Nopp S., Moik F., Jilma B., Pabinger 1., Ay C. Risk of venous
thromboembolism in patients with COVID-19: A systematic review
and meta-analysis. Res. Pract. Thromb. Haemost. 2020 Oct 13. 4(7).
1178-1191. doi: 10.1002/rth2.12439. PMID: 33043231; PMCID:
PMC7537137.

21. Xie J., Prats-Uribe A., Feng Q., Wang Y., Gill D., Pare-
des R., Prieto-Alhambra D. Clinical and Genetic Risk Factors for
Acute Incident Venous Thromboembolism in Ambulatory Patients
With COVID-19. JAMA Intern. Med. 2022 Oct 1. 182(10). 1063-
1070. doi: 10.1001/jamainternmed.2022.3858. Erratum in: JAMA
Intern. Med. 2022 Nov 1. 182(11). 1234. PMID: 35980616, PMCID:
PMC9389434.

22. Law N., Chan J., Kelly C., Auffermann W.F., Dunn D.P.
Incidence of pulmonary embolism in COVID- 19 infection in the ED:
ancestral, Delta, Omicron variants and vaccines. Emerg. Radiol. 2022
Aug. 29(4). 625-629. doi: 10.1007/s10140-022-02039-z. Epub 2022
Apr 21. PMID: 35446000; PMCID: PMC9022402.

23. Birocchi S., Manzoni M., Podda G.M., Casazza G., Cat-
taneo M. High rates of pulmonary artery occlusions in COVID-19.

A meta-analysis. Eur. J. Clin. Invest. 2021 Jan. 51(1). e13433. doi:
10.1111/eci. 13433. Epub 2020 Oct 31. PMID: 33053206, PMCID:
PMC7646003.

24. Burn E., Duarte-Salles T., Fernandez-Bertolin S., et al. Ve-
nous or arterial thrombosis and deaths among COVID-19 cases: a
European network cohort study. Lancet Infect. Dis. 2022 Aug. 22(§).
1142-1152. doi: 10.1016/S51473-3099(22)00223-7. Epub 2022 May
13. PMID: 35576963; PMCID: PMC9106320.

25. Fanaroff A.C., Lopes R.D. COVID-19 Thrombotic Complica-
tions and Therapeutic Strategies. Annu. Rev. Med. 2023 Jan 27. 74.
15-30. doi: 10.1146/annurev-med-042921-110257. Epub 2022 Sep
21. PMID: 36130046.

26. Cheruiyot 1., Kipkorir V., Ngure B., Misiani M., Munguti J.,
Ogeng’o J. Arterial Thrombosis in Coronavirus Disease 2019 Patients:
A Rapid Systematic Review. Ann. Vasc. Surg. 2021 Jan. 70. 273-
281. doi: 10.1016/j.avsg.2020.08.087. Epub 2020 Aug 28. PMID:
32866574; PMCID: PMC7453204.

27. Fox S.E., Akmatbekov A., Harbert J.L., Li G., Quincy
Brown J., Vander Heide R.S. Pulmonary and cardiac pathology in
African American patients with COVID- 19: an autopsy series from New
Orleans. Lancet Respir. Med. 2020 Jul. 8(7). 681-686. doi: 10.1016/
8§2213-2600(20)30243-5. Epub 2020 May 27. PMID: 32473124;
PMCID: PMC7255143.

28. Huang G., Kovalic A.J., Graber C.J. Prognostic Value of
Leukocytosis and Lymphopenia for Coronavirus Disease Sever-
ity. Emerg. Infect. Dis. 2020 Aug. 26(8). 1839-1841. doi: 10.3201/
eid2608.201160. Epub 2020 May 8. PMID: 32384045; PMCID:
PMC7392413.

29. Gama S., Bellamy J., Couvert N., Liakopoulou E. Labora-
tory Features of Hospitalised Patients with COVID-19 in Jersey, UK.
EJIFCC. 2022 Aug 8. 33(2). 105-120. PMID: 36313915; PMCID:
PMC9562481.

30. Tan L., Wang Q., Zhang D., et al. Lymphopenia predicts dis-
ease severity of COVID-19: a descriptive and predictive study. Signal
Transduct Target Ther. 2020 Mar 27. 5(1). 33. doi: 10.1038/s41392-
020-0148-4. Erratum in: Signal Transduct Target Ther. 2020 Apr 29.
5(1). 61. PMID: 32296069; PMCID: PMC7100419.

31. Wang F., Nie J., Wang H., et al. Characteristics of Peripheral
Lymphocyte Subset Alteration in COVID-19 Pneumonia. J. Infect.
Dis. 2020 May 11. 221(11). 1762-1769. doi: 10.1093/infdis/jiaa 150.
PMID: 32227123; PMCID: PMC7184346.

32. Huang W., Berube J., McNamara M., et al. Lymphocyte
Subset Counts in COVID- 19 Patients: A Meta-Analysis. Cytometry A.
2020 Aug. 97(8). 772-776. doi: 10.1002/cyto.a.24172. Epub 2020 Jul
18. PMID: 32542842; PMCID: PMC7323417.

33. Ma A., Cheng J., Yang J., Dong M., Liao X., Kang Y. Neutro-
phil-to-lymphocyte ratio as a predictive biomarker for moderate-severe
ARDS in severe COVID- 19 patients. Crit. Care. 2020 Jun 5. 24(1).
288. doi: 10.1186/5s13054-020-03007-0. PMID: 32503668, PMCID:
PMC7273815.

34. Bastug A., Bodur H., Erdogan S., et al. Clinical and laborato-
ry features of COVID- 19: Predictors of severe prognosis. Int. Immuno-
pharmacol. 2020 Nov. 88. 106950. doi: 10.1016/].intimp.2020.106950.
Epub 2020 Sep 9. PMID: 32919217; PMCID: PMC7480980.

35. Ertekin B., Yortanhi M., Ozelbaykal O., Dogru A.,
Girisgin A.S., Acar T. The Relationship between Routine Blood
Parameters and the Prognosis of COVID- 19 Patients in the Emer-
gency Department. Emerg. Med. Int. 2021 Dec 1. 2021. 7489675.
doi: 10.1155/2021/7489675. PMID: 34868686, PMCID:
PMC8633851.

Tom 19, N2 6, 2023

www.mif-ua.com, https://emergency.zaslavsky.com.ua 45



OpuriHaABbHI AOCAiAXXeHHs1 / Original Researches

36. Zhang Y., Zeng X., Jiao Y., et al. Mechanisms involved in the
development of thrombocytopenia in patients with COVID-19. Thromb.
Res. 2020 Sep. 193. 110-115. doi: 10.1016/j.thromres.2020.06.008.
Epub 2020 Jun 5. PMID: 32535232; PMCID: PMC7274097.

37. Guan W.J., Ni Z.Y., Hu Y., et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020 Apr 30.
382(18). 1708-1720. doi: 10.1056/NEJMoa2002032. Epub 2020 Feb
28. PMID: 32109013; PMCID: PMC7092819.

38. Yang X., Yang Q., Wang Y., et al. Thrombocytopenia and
its association with mortality in patients with COVID-19. J. Thromb.
Haemost. 2020 Jun. 18(6). 1469-1472. doi: 10.1111/jth. 14848. Epub
2020 May 4. PMID: 32302435; PMCID: PMC9906135.

39. Lippi G., Plebani M., Henry B.M. Thrombocytopenia is as-
sociated with severe coronavirus disease 2019 (COVID-19) infec-
tions: A meta-analysis. Clin. Chim. Acta. 2020 Jul. 506. 145-148. doi:

Information about authors

10.1016/j.cca.2020.03.022. Epub 2020 Mar 13. PMID: 32178975;
PMCID: PMC7102663.

40. Extracorporeal Life Support Organization. Reporting
COVID-19 cases into the ELSO registry, https.//www.elso.org/
COVID-19.aspx.

41. Jin Y., Zhang Y., Liu J., Zhou Z. Thrombosis and bleed-
ing in patients with COVID-19 requiring extracorporeal mem-
brane oxygenation: a systematic review and meta-analysis. Res.
Pract. Thromb. Haemost. 2023 Feb. 7(2). 100103. doi: 10.1016/j.
rpth.2023.100103. Epub 2023 Mar 8. PMID: 36999123; PMCID:
PMC9993729

Orpumaro/Received 11.07.2023
PevyeH3oBaHo/Revised 20.08.2023
MpuiHsito [o apyky/Accepted 27.08.2023 W

Y.I. Markov, PhD, Associate Professor of the Department of Anesthesiology and Intensive Care of the Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine; e-mail: yu.mark@i.ua; http://
orcid.org/0000-0001-6157-9472

.A. Markova, hematologist consultative-polyclinic department Sl “Institute of Hematology and Transfusiology of NAMS of Ukraine’, Kyiv, Ukraine; e-mail: markovainnadoc@gmail.com; https://orcid.
0rg/0009-0005-9156-8674

N.V. Goriainova, acting director of SI“Institute of Hematology and Transfusiology of NAMS of Ukraine, Doctor of Medical Science, Head of the Department of diseases of the blood system, Kyiv, Ukraine;
e-mail: goryainovan@gmail.com; https://orcid.org/0000-0003-2123-4140

B.M. Kuiavovych, PhD student SI“National Research Center for Radiation Medicine of NAMS of Ukraine”, hematologist consultative-polyclinic department SI“Institute of Hematology and Transfusiology
of NAMS of Ukraine’, Kyiv, Ukraine; e-mail: bogdana170696@gmail.com; https://orcid.org/0000-0002-2902-2022

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Information about funding. This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Authors’ contribution. Yu./. Markov — research concept and design, material analysis, writing the paper; /.A. Markova — analysis of studies on the pathophysiology of hematological complications
in COVID-19; N.V. Goriainova — material processing and analysis; B.M. Kuiavovych — search and analysis of relevant literature, writing the paper.

Yu.l. MarkoVv’, I.A. Markovca?, N.V. Goriainova?, B.M. Kuiavovych??
‘Shupyk National Healthcare University of Ukraine, Kyiv, Ukraine

28I “Institute of Hematology and Transfusiology of the NAMS of Ukraine”, Kyiv, Ukraine
38l *National Research Center for Radiation Medicine of the NAMS of Ukraine”, Kyiv, Ukraine

Hematological disorders as a complication of COVID-19

Abstract. Background. Coronavirus disease (COVID-19) can affect
the blood and hemostasis systems and lead to complications that
require intensive care. The aim is to detect such common complica-
tions by studying literary sources and clinical experience. Materials
and methods. The search for relevant literature was conducted in
PubMed, and in the other databases such as Science Direct, Google
Scholar, Scopus and Web of Science. The literature search was done
using the keywords “COVID-19”, “SARS-CoV-2” in combination
with “coagulation dysfunction”, “coagulopathy”, “hematological
manifestations”, “hematological parameters”, “deep vein throm-
bosis”, “pulmonary embolism”, “arterial thrombosis”, “D-dimer”,
“fibrinogen”, “lymphopenia”, “thrombocytopenia”. Results.
COVID-19-associated coagulopathy is characterized by high lev-
els of D-dimer and fibrin degradation products in blood plasma,
changes in prothrombin time, activated partial thromboplastin time,
fibrinogen, and platelet count. Endothelial dysfunction caused by
coronavirus leads to an increased risk of thrombotic complications,
both in venous and arterial systems, additionally to the existing
higher risk of thrombosis in the intensive care unit. The venous

thromboembolism frequency among unvaccinated hospitalized

patients and during ultrasound screening is significantly higher.
Coronavirus disease can lead to arterial thrombosis in areas such
as the aorta, kidneys, cerebral and peripheral arteries. COVID-19
can cause enhanced-fibrinolytic-type disseminated intravascular
coagulation or limited thrombotic microangiopathy. According to
research, patients with severe COVID-19 usually had leukocytosis,
lymphopenia, and an elevated neutrophil-to-lymphocyte ratio.
Thrombocytopenia is observed not only during the acute corona-
virus disease, but also in the post-COVID-19 period. Both throm-
bosis and bleeding can occur in patients undergoing extracorporeal
membrane oxygenation. Conclusions. A high level of D-dimer, a
prolongation of prothrombin time, an increase or a quick decrease
in fibrinogen level, lymphopenia, neutrophilia, and an increase in
the neutrophil-to-lymphocyte ratio are considered prognostic fac-
tors for the severity of coronavirus disease. Deep vein thrombosis
and pulmonary embolism are the most common thrombotic events
in patients with COVID-19. Arterial thrombosis occurs more often
in the cerebral arteries and arteries of the extremities.

Keywords: review; COVID-19; coagulopathy; thrombosis; lympho-
penia; thrombocytopenia
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BusiBA€@HHS BNAMBY 300PYAHIOBOYIB
arMocdepHOro NoBITPSA HA TAXKKICTb
nepebiry COVID-19 B AMIHICTPATUBHO-NPOMUCAOBOMY
M. XAPKOBI

Pe3iome. Akmyaavnicmo. Heseancarouu na ogiuiiiny 3asey BOO3 npo saxinuenns nanoemii COVID-19,
PU3UK enidemiyHux nioilomie 3axe0po8anoCcmi 3aAUAEMbCA Yepe3 AKMUBHY YUPKYAAUilo 30y0HUKa [HpeK -
yii ma tioeo mymauiro. CoyianvHi, npupooHi, ekoao2iuHi ma iHwi YUHHUKU MONCYMb CAPUSMU NOULUDEHHIO
COVID-19. 3abpyoureaui ammocgepHozo nogimps € expaii HebesneuHUMuU 0As AOOUHU, A CYMIWL aepo301ie
ma yacmuHKU nuLy y nogimpi moxcyms cayeyeamu paxkmopamu nepedaui eipycy SARS-CoV-2. Mema do-
CAL0NHCeHHs: 6USBNEHHS 6NAUBY 3A0PYOHIOBAUI6 amMmochepHo20 nosimps Ha maxckicmo nepeodiey COVID-19 y
Xapkogi. Mamepiaau ma memoou. Oyinky naugy ekono2iuHux pakmopie Ha npossu enidemiuHoeo npouecy
COVID- 19 npogoduau npomseom 425 ounis. byao eugueno 16 723 eunadku eocnimanizosanux, 1883 semano-
nux ma 15 146 niomeepocenux eunadxie COVID-19 piznux eixoeux epyn. Illloous é cepeonvomy 6y10 4663
akmueHi eunadku. CmamucmuyHUil aHaniz oYiHKU 6NAUBY eK0A02IYHUX (PaKmopie Ha 3aX60PHBAHICMb HA
COVID-19 3 pisHum cmynerem maxckocmi npogoousu 3a 0ONOM020H Henapamempuurozo kpumepiro Kpac-
keaa — Yoanica y npoepamuomy nakemi IBM SPSS Statistics, a nepesipky HopmarbHocmi 3aK0Hy po3nooi-
Ay — 3a kpumepiem Koamoeoposa — Cmipnosa. /i deskux 00onomidcHux oouucaens i nodydosu epagikie
suKopucmogysanu 3acoou mabauuroeo npovecopa Microsoft Office Excel 2016. Pe3yavmamu. Bcmarnosaeno
enaue diokcudy cipku, diokcudy azomy, okcudy azomy, cipko8ooHio, (heHony, cadxici ma gopmanvoezidy Ha
3axeoprosanicmv Ha COVID-19 3 piznoro msaxckicmro nepebiey ingexyii npu inkybayiiinux nepiodax 3—4
OHi, 6—7 Onie ma 10— 14 onie. Hailbinbur cymmesuil 6naué 6UCOKUX KOHUeHmpayiii 0iokcudy azomy, okcudy
azomy ma ¢hopmanvoecioy eus61eH0 Ha AKMUGHI, niomeepoiceHi, eocnimanizoeani ma remanvHi UNAOKU
COVID-19. Bodnouac 36invuwenus axkmuenux eunadxie COVID-19 cnocmepieanocs npu 3pocmanHi KOHyeH-
mpauiil diokcudy cipku ma cipKko8o0HI0, a 8UCOKI KOHUEHMpauii heHory ma caxnci YuHUAU 8NAUE HA MANCKIT
gopmu nepebicy. Bucnosxu. 3a6pyonenns ammocpeprozo nosimps moxce cnpusmu nowupennro COVID-19
ma npu3eodumu 00 mAxCKux gopm nepebiey, w0 HeobXiOHo 8paxo8yeamu Npu NPOSHO3Y8AHHI 3AXE0PHOBAHOCH
Ha pI3HUX PIGHAX (HAUIOHANbHOMY, PE2iOHANbHOMY, N0KAAbHOMY) NPOBedeHHs enidemionoeiunoeo Haenndy. Jns
6CMAHOBACHHS NPUHUHHO-HACAIOK08UX 38 53Ki6 Midc 3axeoproeanicmio Ha COVID-19 ma 3a6pyduosauamu
ammocgheproeo nogimps HeobXioHo nposodumu nodasvuti docaioxncenns, bepyuu 0o ysaeu 6niu8 coOuiarbHux
ma npupoorux pakmopia.

KiouoBi ciioBa: msackicmo nepebicy; eocnimanizoeani; aemanvhi eunadxu; COVID-19; 3a6pyourosaui am-
MocgepHo2o nogimps
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Bctyn

3a nanumu BOO3, Ha TpaBeHb 2023 poky minTBepxKe-
Hux BunaakiB COVID-19 3apeectpoBaHo Gisbliie 766 MJTH,
a rnmomepJio 6;1u3bKo 7 MuTH 0ci6 [1]. BBeneHHs pexum-
HO-00MeXyBaJIbHUX 3aXO/iB, BIIPOBAIKEHHs BaKIIMH Bif
COVID-19 neiio npu3ynuHWIO MOUTMPEHHS Ta TTPUBEJIO J0
3HMXKEHHS TSDKKUX (hopM Tiepediry [2, 3]. Ane LupKyJIsiiist
Bipycy SARS-CoV-2 He NpUNHUHSIETHCS, CIIOCTEPIira€Th-
cs iloro mocrTiliHa myTalist [4], 1110 00YMOBIIIOE BUCOKUIA
PU3UK YepPTOBOI0 MigiioMy 3aXBOPIOBAHOCTi, He3BaXKalo-
yn Ha o¢iuiitHy 3asa8y BOO3 mpo 3akiHuYeHHS maHIeMil.
Toxx a5t 3MeHIIeHHST iIHTeHCUBHOCTI LIMPKYJISLIi1 30yTIHUKA
COVID-19 BaxinBUM € BUSIBJIEHHSI (haKTOPiB pU3UKY OTO
nomupeHHs1. EninemiuHi cnajaxu KopoHaBipyCHUX iHpeK-
wiit 10 2019 poky Oynv OiibIll IHTEHCUBHUMU Ha TEPUTOPIsSIX
3 BUCOKOIO KOHIIEHTpalli€lo 3a0pynHIoBayiB aTMochepHOro
noBitps [5].

Cyu4acHi JOCITiIKeHHST TaKOX IMOKa3yIoTh, 110 3a0py/I-
HEHHsI MOBITPs Bilirpae BaxkJIMBY poJib B OIIOCEPeAKYBaHHi
TSDKKOCTI pecriipaTopHUX cUHApoMiB, 30kpema COVID-19.
Tak, Oyn10 mokazaHo, [0 OJHOYACHUI BIJIMB APiOHUX
TBEPAUX YaCTUHOK 30iJbIIY€E KiJBbKiCTh rOCIiTaIi3allild,
noB’s3anux 3 COVID-19 [6]. [Hui 3a6pynHioBayi, IK-0T
IiOKCUJ CipKHU, OKCHUJ BYTJIEL0, Ti0OKCHUA a30Ty, BUKJIM-
KalTh OKMCHIOBAJIbHUIA CTpeC, MOMIKOIXKEHHS JIETeHb Ta
nucyHKIio eHaoTesito [7]. 3abpynHioBadi aTMocdep-
HOT'0 TMOBITPSI IPU3BOIATH 1O POCTY iMyHOTMATOJIOTII Ta
3HUXKEHHS HecrnelnbiuHOi pe3MCTEHTHOCTI OpTraHi3My,
1110 HEeraTMBHO BIUIMBAE HA iIMyHHY BiJlMOBilb, 30KpeMa
py BakLWHaLii [8].

Iix yac manaemii COVID-19 Maiixe Bci KpaiHU CBiTy
3aIPOBAIIA PEXUMHO-00MEKYBaIbHI 3aX00U, SIKi CITIPUSI-
JIM 3MEHILIEHHIO PYXy aBTOTPAHCIIOPTY Ta 3aKPUTTIO MiAITPU-
€MCTB, 110 3a0pyIHIOBaIM aTMOcdepHe MoBITpsl. BBemeHHs
y 6araThbox KpaiHax peKMMHO-00MEXYBaJTIbHUX 3aX0/iB [9]
CIIOHYKAaJIO OO BUBYCHHS AUHAMIKM KOHIEHTpallii 3a0py-
HIOBauiB aTMOC(hEpHOTO MOBITPs B Mepioja naHaeMii. byno
MOKa3aHo pi3Ke IOJIIIIeHHs SIKOCTi MoBiTps y bpasuii
[10], Kurai [11], [Hmaii [12], Icnanii [13] Ta iHmmx KpaiHax
cBiTy [14], X0oua y GiIbLIOCTI BUTIAAKIB MPUITYCKAIU 3HAYHY
POJIb Y IBOMY METEOPOJIOTIYHNX (DAKTOPIiB.

Vkpaina 3 16 6epe3nst 2020 p. TaKOX 3armpoBanuia
KopceTkuit KapaHntuH [15]. Lleit 3axim, MOXIUBO, IIPUBIB 10
YaCTKOBOT'O CKOPOUEHHSI PyXY aBTOMOOLIBHOTO TPAHCITOPTY,
Mpu LbOMY PO0OOTa CTalliOHAPHUX JIKEPeJI, 110 TTOB’A3aHi 3
€HepreTuko, He mpunuHsiiacs. 3rinHo 3 [locraHoBoro Ka-
6iHety MiHicTpiB Ykpainu [16], peXXrnMHO-00MeXYyBaIbHi
3aX0/IM BBOAWJIM B KOKHOMY HACEJICHOMY ITyHKTI 3a71eXKHO
BiJl BCTAHOBJIEHOI'O PiBHS eMifeMidyHO1 HeOe3MmeKu.

V M. XapkoBi, He3BaXkaloun Ha BBEACHHS KapaHTUHY,
He TIPUTTMHSLIA poOOTY OCHOBHI CTallioHapHi 3a0pyaHIOBavi
aTMocGepHOro MoBiTps i MpaloBaB IPUBAaTHUN aBTOMO-
OinbHMI TpaHcTIOPT. [poManchkuil TpaHcnopT (aBTOOYCH,
TpoJieiidycH Ta TpamBai) IpalloBaB 3aJeXKHO BiJl BCTAHOBJIE-
HOI 30HH eITiIeMiuHO01 HeOe3MeKu, IIpU LIbOMY CepeIHbOIO0-
00Ba KOHILIEHTpallisl HAlOUTbII MOIIMPEHNX 3a0pyIHIOBAYiB
aTMoC(epHOro MoBITPsI MalixKe He 3MiHIOBaJIacs.

BuBueHHST B3aEMO3B’SI3KYy MiX 3aXBOPIOBaHICTIO Ha
COVID-19 Ta 3a0pynHioBauaMu aTMOC(HEPHOTO MOBITPS
MpoBOAMIIOCS y baraThox KpaiHax [17], ayie po6iT, 1o 1o-

CIIimKyBany e(eKT KOHKPETHUX 3a0pydHIOBaYiB aTMO-
cepHOro MoBiTpsl HA JIOKAJIBLHOMY PiBHi, HEJOCTATHBO.
Tox Hamra po6ota Oyna clipsIMOBaHA Ha BUBYCHHS Hali-
OiNTBII MOIIMpPEHUX 3a0pyIHIOBaYiB aTMOC(EPHOTO TTOBI-
Tps, 10 BILIMBAIOTh Ha 3axBoptoBaHicTh HA COVID-19, B
aIMiHICTPaTMBHO-TIPOMUCIIOBOMY, BUCOKO ypOaHi30BaHO-
MY M. XapKOBi.

MerTo10 nociKeHHs 0yJ10 BUSIBJICHHS BILTABY 3a0py/I-
HIOIOUKMX PEYOBUH aTMOC(HEPHOTO MOBITPsI HA aKTUBHI Ta
MMATBEPIKEH] BUNIAAKM (3aXBOPIOBaHHS) Ta TOCITiTaIi30BaHi
i1 JleTabHi BUTIaAKK (TsKKi hopmu iepebiry) COVID-19 B
aaMiHiCTpaTUBHO-IIPOMUCIOBOMY MiCTi XapKOBi.

Marepiaau Ta meToamn

YV po6oTi Bukopurcrano iHgopmaiito opiliifHoro canTy
HarionanbpHOI city:k0m 3m0poB’ss Ykpainu [18] Ta maTe-
pianm XapKiBCbKOIO PerioHajJbHOIO LIEHTPY 3 TiApoMeTe-
0OpoJIoTii 11010 3a0pynHI0OBaYiB aTMOCGHEPHOTO MOBITPS.
YV M. XapKoBi cTaH aTMOC(hEPHOTO TOBITPsI POPMYETHCS
TepeBaXkHO 00CsSITaMU BUKUJIIiB 3a0pYTHIOIOUMX PEYOBUH BiJT
nepecyBHUX (aBTOMOOITbHUIA TPAHCTIOPT) Ta CTalliOHAPHUX
(dimis «TermnoenekTpoleHTpaib» ToBaprucTBa 3 0OMEKEHOIO
BiamoBiganbHicTIO «/IB HadTorazoBrmo0yBHa KOMIaHis»,
ITpuBaTHe akilioHepHEe TOBApUCTBO «XapKiBChKa TEIIO-
ejiekTpoueHTpaib No 5») mkepels 3a0pynHeHHs. XapKiB-
CbKMI1 perioHaJbHUIA LEHTP 3 TiAPOMETEOPOJIOrTii IIIOAEHHO,
KpiM CBSITKOBMX IIHIB, piKCy€e maHi po 3a0pyIHEHHS aT-
MocdepHOoro noiTpst Micra XapkoBa Ha 10 cramioHapHUX
IYHKTaX CIIOCTEPEeKeHH:, sIKi 00JamHaHi 1abopaTopissMu
«ITOCT-1» Ta «ITOCT-2».

BuByanu momno060Bi enmigeMiosoriyHi mapamMeTpu
COVID-19 (akTuBHi, MiaTBEpXKEHIi, TOCMiTalli30BaHi Ta
JieTaJbHi BUuIaaku) ta 10 3a6pynHioBaviB aTMOC(HEepHOro
MOBiTpsT (MT/M*) — 3aBUCIi PEYOBUHH, AIOKCUJ CipKH
(S0,), okcun Byreito (CO), giokcua azory (NO,), okcun
azoty (NO), cipkoBoaeHs (H,S), denon (C{HO), caxa,
amiak (NH;), dopmansaerin (CH,0) npotsirom 425 nHiB
(01.04.2020—31.05.2021 p.). JocaimxyBanu 16 723 Bu-
MMajKy rociiraiaizoBanHux, 1883 netanpHux ta 15 146 mizg-
TBepKeHUX pidHUX BikoBux rpyn. llloaHs B cepeaHboMy
OyJsio 4663 akTUBHI BUIMaAKU. 3a3HauyeHi 3a0pyaHIOBaYi
BiZOMi CBOIM IIKiAJIMBUM BIJIMBOM Ha 310poB’s. Tak,
CO, BcTymaiouu B peaklilo i3 TeMorIo0iHOM KpPOBi, YTBO-
PIOE CTiliKY CITOJIYKY — KapOOKCUTIeMOTJIO0iH, IKa 3yMOB-
JII0€ KucHeBe roaoayBaHHs. NO BUKIIMKAE aJiepTiuHi pe-
aK1lii pecripaTopHOro XxapakTrepy Ta OpoHXiaJbHYy acTMYy.
NO, HeraTuBHO BIUJIMBAE HA IMXaJTbHY CUCTEMY Ta 3MEH-
IIIy€ TeMOTJI00iH y KPOBi, 3HMXKYE OIIiPHICTh OpraHizmy
JIIOAVMHU 10 3aXBOPIOBaHb, MPU3BOIUTH 10 KUCHEBOTO
rojiogyBaHHsl TKaHUH. SO, y KOMIJIEKCi BOJIOTU Ta IHIINUX
PEYOBUH TOJPA3HIOE CIM30Bi OOOJTOHKM Ta HETaTUBHO
BILUIMBA€E Ha JiereHi. TpuBaauii BIUIMB 3aBUCIUX PEeUO-
BUH — APiOHOAMCIIEPCHUX TBEPAMX YACTOK MPU3BOJINUTH
IO iHiliamii 3amaJbHOI peakilil Mpyu AUXaJbHUX i ceple-
BO-CYOMHHUX 3aXBOPIOBAHHSX [7]. AHaNi3yl04ud BILJINB
XiMIYHMX PEYOBUH, SIKi 3HAXOAWJIMCS B aTMOCHepHOMY
MOBITPi, Ha MposBU eninemiuHoro npoiecy COVID-19,
BpaxoByBaJu iHKyOauiitHuii nepion COVID-19, 30kpema
MiHiManbHUi (3—4 nHi), cepenHiit (6—7 AHIB) Ta MaKCH-
MaibHUit (10—14 nHiB).
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PucyHok 1. luHamika 6aratofo6oBoi 3axsoprosaHocti Ha COVID-19 3 01.04. 2020 no 31.05.2021 p.
y M. Xapkosi

CTaTUCTUYHUIA aHaJi3 pe3yIbTaTiB HOCIiIKEHHS BU-
KOHYBaJIM 3a JOTIOMOTOI0 TporpamMHoro nakera IBM SPSS
Statistics Trial Version mist Windows 10 (IBM, USA). Ile-
PEBipKY OTpUMaHUX pPe3yJbTaTiB Ha HOPMaJIbHICTh 3aK0O-
HY pO3MOJIiJly TpOBOAWIM 3a KpuTepiem Kommoroposa —
CwmipHoga. [lepeBipka Ha TUIT PO3MOIiTY KiTbKICHUX TaHUX
3a metogoM Kommoroposa — CMipHOBa ImokKa3ajia ioro
HEBIAMOBIAHICTh 3aKOHY HOPMAJILHOTO PO3IOIiIY, TOMY
BU3HAUYEHHS BIUIMBY 3a0pyIHIOBaYiB aTMOC(HEPHOIO MOBi-
Tpst Ha 3axBoptoBaHicTb Ha COVID-19 3 pi3HOIO TSIKKICTIO
nepebiry npoBonwin 3a kputepiem Kpackena — Youica
(Kruskal-Wallis), sskuii € HerTapaMeTpUIHUM aHAJIOTOM JIVIC-
MepcCiiiHOro aHai3y.

Pe3yAbTaTM T OGrOBOPEHHS

3a 425 guiB y M. XapkoBi 0ysio 3apeectpoBaHo 15 146
nigTBepmkeHux Bumankis COVID-19, a cepenHiii moxkas-
HUK 3aXBOPIOBAHOCTI cTaHOBUB 326,00 & 25,78 Ha 100 T1C.
HaceJieHHs. Y 0araTomo0oBili AuHaMIlli 3aXBOPIOBAHOC-
Ti Ha COVID-19 cnocrepirayiiocst ABa emigeMiuyHUX TTi/I-

iomu: 3 09.09.2020 o 07.01.2021 p. Ta 3 12.03.2021 mo
25.05.2021 p., mipu IKUX 3alIpPOBAIKyBaIN «IE€PBOHUI»
piBeHb ernigemMiuyHoi Hebe3neku rnoiupeHHss COVID-19
(puc. 1).

YV XapkoBi KOHIIEHTpallisl 3aBUCIMX PEYOBUH KOJUBAJIACS
B Mexkax Bim 0,0133 mo 0,2517 Mr/M?, a cepemHbOn000Ba CTa-
Hoswmia 0,081676 mr/m?, SO, — Bim 0,0018 10 0,0111 Mr/™m?,
cepenHbomo6oBa 0,0068 mr/m?, CO — Bin 0,855 10 2,010 mr/m?,
cepenubono6ona 1,3127 mr/m?, NO, — Big 0,0177 mo
0,0445 mr/m?, cepenabono6osa 0,03085 mr/m*, NO — Bif
0,0029 1o 0,0441 mr/M’, cepenrbomo6osa 0,0184 mr/m?’, H,S —
Bim 0 mo 0,0031 mr/m?, cepennbomno6osa 0,000657 mr/m?,
CH,O — Bin 0,0008 mo 0,0043 Mr/M°, cepenHbOTOOOBA
0,00185 mr/m?, caxxi — Bim 0 1o 0,080 mMr/m?*, cepenHbOT000Ba
0,02473 mr/m*, NH, — Bin 0 mo 0,0107 mMr/M?, cepenHbomo0oBa
0,00281 mr/m*, CH,O — Bin 0,0004 1o 0,0065 mr/m°, cepen-
HbomoboBa 0,00234 mr/m*. [paHUYHO MOMyCTUMA KOHIIEH-
tpauis (IJ1K) xiMiyHMX pedyoBUH He MepeBUIIyBaia ix Mexi,
okpim NO, — crioctepiranocsi iepesuiiieHHs1 [JIK mpotsirom
21 mHa B pi3Hi YacoBi repionu.

Ta6nuys 1. CTyneHi pusuky BrnauBy 3abpynHoBa4dis atMocghepHoro rnosiTpsi Ha 3axsoproBaHicTb Ha COVID-19

3 pi3HOI0 TSKKICTIO nepeo6iry

(FOK 0,05 mr/md)

3abpyaHioBayi CTyneHi pu3uKy BNJNBY Ha 3axBoproBaHicTb Ha COVID-19

anggg:;%g: ore Bucokui CepepHin Hu3bkun MiHimanbHuUi
ﬁﬁ?%”;gﬁg;‘;‘;‘” Bin 0,2517 no 0,1500 | Big 0,1499 no 0,1000 | Big 0,0999 no 0,04000 | Big 0,0399 Ta Hikye
Riokeup cipku Biz 0,0111 10 0,0090 | Bin 0,0089 5o 0,0070 | Bin 0,0069 10 0,0050 | Bix 0,0049 Ta Hikye

Okecug ByrneLo
(FOK 3,0 mr/m?)

Bin 2,0100 go 1,8000

Big 1,7999 o 1,5000

Bing 1,4999 no 1,2000

Big 1,1999 Ta Hux4e

Liokeung azoty

(T 0.04 mr/w?) | BiA0.0445 30 0,0385 | Bin0,0384 10 0,0346 | Bin 0,0345 40 0,0270 | Bin 0,0269 Ta Hinxue
8,,’?%5) asory Big 0,0441 0o 0,0280 | Big 0,0279 mo 0,0240 | Big 0,0239 1o 0,0200 | Big 0,0199 Ta Huxue
8,‘,?/",35)‘0“6”" Big 0,0031 5o 0,0009 | Big 0,0008 go 0,0005 | Big 0,0004 fo 0,0002 | Big 0,0001 [o 0

®eHon (Mr/m®) Big 0,0043 po 0,0029 | Big 0,0028 no 0,0025 | Big 0,0024 no 0,0020 | Big 0,0019 Ta HMX4e
Caxa (Mr/m®) Big 0,0800 po 0,0600 | Big 0,0599 oo 0,0400 | Big 0,0399 go 0,0200 | Big 0,0199 1a HMX4e
Awmiak (Mr/m°) Big 0,0107 go 0,0050 | Big 0,0049 go 0,0030 | Big 0,0029 fo 0,0010 | Big 0,0009 Ta Huxue
?,?A‘m’;‘;"”"”e”ﬂ Big 0,0065 o 0,0050 | Big 0,0049 8o 0,0030 | Big 0,0029 fo 0,0010 | Big 0,0009 Ta Huxue
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BHCOKMA PHIHK

PucyHok 2. Bnnue BUCOKOI KOHUEeHTpauii giokengy
cipku Ha akTuBHI Bunagkun COVID-19

Bpaxosytoun ['J1K xiMivHMX peqOBUH Y MOBITPi Ta KOH-
LIEHTpAILilo JecsITU 3a0pyIHIOBavYiB aTMOC(HEPHOTO MOBITPSI
y M. Xapkosi 3a nepion Big 01.04.2020 go 31.05.2021 p.,
BU3HAUWIM TIOTIEPETHBO CTYIICHI PU3KKY iH(DiKyBaHHS (BU-
COKMUIA, cepeIHiii, HU3bKUIi Ta MiHIMaJbHUIA, Ta0I. 1).

AHaJi3 BiTHOCHMX 3MiH KOHIEHTpallil Y HaBKOJIMIII-
HbOMY CEpeJOBUILI AECATH 3a0pyaHIOBAYiB MOBITPS MPO-
BOIMBCS TTPOTSITOM BCHOTO TEPiOAY TOTPUMAHHS PEXKUM-
HO-00MeXXyBaJIbHUX 3aX0/iB. Bukum XiMiYHMX peYOBUH B
aTMocdepHe MOBITPs Bil CTallioOHAPHUX JXepesl He TpU-
MUHSIBCS TIPOTATOM IIepioAy KapaHTHHY y M. XapKoBi. Tox
JKOPCTKUI KapaHTHH, BBeACHMIA Y M. XapKoBi 3 16 6epe3Hst
2020 poKy, IMOBipHO, HE CIIPUYMHUB 3HUKEHHS PiBHS 3a-
OpyIHEHHST aTMOC(HEPHOTO MOBITPs.

IIpunyiieHHs1 MOXIMBOTO BILIMBY 3a0pyaHIOBaYiB aT-
Moc(epHOro MoBiTps Bill CTalliOHAPHUX Ta MEePECyBHUX
JKepeJsl Ha rmapaMeTpu (aKTUBHI, MiATBEPAXKEHi, rocIi-
TaIi30BaHi Ta JIeTaJIbHi BUMIAAKN) €IIiIeMidHOTO IIPOIIECY
COVID-19 y nepion nanaemii y M. XapkoBi 0yJ10 miaTBep-
JKeHe aHaJli30M, MPOBEIEHUM 3a TOTTOMOTOI0 KPUTEPito
Kpackena — Youica. BcranoBuiu, 1o i3 10 3a0pyaHioBa-
4iB 7 XiMiYHUX PEUYOBUH, 30KpeMa JiOKCUM CipKU, TiIOKCU
a30TYy, OKCH] a30Ty, CipKOBOJeHb, (peHoJI, caxka Ta Gop-
MaJbJeria, MOTJIM OyTH npuuKrHolo nomupeHHss COVID-19
(Tabm. 2).

BB miokcuamy cipku, DiOKCHIY a30Ty, OKCUIY a30Ty,
CipKOBOJHIO, (heHOITy, caxi Ta hopMalibieriay Ha 3aXBOpIO-
BaHicTh Ha COVID-19 (akTUBHI Ta MiATBEPAXEHI BUMAIKN)
Ta TSDKKUM nepedir iHdexiii (rocnitanizoBaHi Ta JeTanbHi
BUIIQ[KM) CIIOCTEpiraau Npu pizHUX iHKyOaliiHUX nepiogax
(3—4 nni, 6—7 gniB Ta 10—14 oHIB).

BcTaHoBieHo, 1110 pu 3pOCTaHHI KOHIEHTpallil di-
OKCHAY CipKM 3pocCTaja KiJIbKiCTh aKTMBHUX BMITAIKiB
COVID-19 (puc. 2).

BruuB giokcumy a3oTy Ha aKTUBHI, MIATBEPIKEHi, TOC-
miTasizoBaHi Ta JietanbHi Bunagku COVID-19 cyrreBuii,
ajie HeoaHo3HauyHUU. CriocTepiraay 3pocTaHHS BUMAIKiB
COVID-19 51k npy HU3bKMX KOHLIEHTPALIISIX TIOKCUITY a30TY,
Tak i Ipy BUCOKMUX. BifbIIo0 Miporo 11e MposIBUIOCS MPU
TSDKKOMY IepeOiry (rocmiTaiizoBaHi Ta JieTaJabHi BUTIAIKM)
(puc. 3).

Haii6inpin cyTTeBUit BIUIMB Ha aKTUBHI, MiATBePIKEHI,
rocriranizoBaHi Ta JietasibHi Bunanku COVID-19 cnipaBnss
OKCH/JI a30Ty BMCOKOI KOHIIeHTpallii (puc. 4).

MoXHa TPUITYCTUTH, IO CiIpPKOBOJAECHB TIPU OYIb-SIKMX
KOHIIEHTpaLIisIX MOXe BIUIMBaTH Ha repedir COVID-19,
ajie HaMu OyJIO MiATBEPIKEHO 11€ TiJbKH 1110JI0 aKTUBHUX
Ta rOCITiTali30BaHUX BUITAJKiB, IPUYOMY MEPEBAXKHO MPU
MiHiMaJIbHUX iHKyOaliitHUX Tiepiogax (puc. 5).

deHou GiTBIIOI MipOIO BIUTMBAB Ha TSKKUIA TTepedir
(rocmiTanizoBaHi Ta setanbHi Bunaaku) COVID-19, npu-
YOMY IIPU Pi3HUX KOHIIEHTpaLisIX Li€l peyoBUHU (puc. 6).

Caxa OiJbIIOI Mipoo BIUIMBAJa Ha TSKKUM mepeoir
(rocmitanizoBaHi Ta JietaynbHi Burnaaku) COVID-19, ane
TaKOX Ha aKTUBHI BUITaJIKU MIPU CEPEIIHIX Ta BUCOKMX KOH-
LIEHTpaLisaX i€l pedoBuHM i ipu 6—7 Ta 10—14 qHAX iHKY-
GariitHoTO TIEepiony (puc. 7).

HeratuBHuii BrivB hopMasbAeriay pi3HOI KOHIIEHTpa-
1ii BUSBWIM IIPU BCiX ITapaMeTpax eIiIeMiqHOTO IIPolecy
COVID-19 (puc. 8).

He Oyno BcTaHOBIEHO BIUIMBY BUCOKOI KOHIIEHTpALIil
3aBUCJIMX PEYOBUH, aMiaKy Ta OKCUY BYIJIELIO Ha MIPOSIBU
emnigemiuyHoro npouecy COVID-19.

310pOB’sl TOAWHU 3aJIEKUTh Bifl 1ii (haKTopiB HaBKO-
JIMIITHBOTO CEPENOBUIIA, 1110 CTIPUYMHSIOThH HE TIJTbKU pec-
IMipaTOpHi Bagu, aje i XpOHIUHI 3aXBOPIOBAHHS MEYiHKU,

Tabnuuys 2. Bnnus 3abpyaHioBadis atmocgepHoro nosiTpsi Ha nposisu enigemiyHoro npouecy COVID-19
y M. Xapkosi 3a 01.04.2020-31.05.2021 p.

Bunapgku COVID-19
Ximiuni AKTUBHI | MipTBEpAXEHi lFocniTanizoBaHi | JletanbHi
[ lelebila IHKy6auiiHuiA nepioa (AHi)
3-4 | 6-7|10-14 | 3-4 | 6-7 | 10-14 | 34 6-7 | 10-14 | 34 6-7 | 10-14
Hiokenp cipkm + + +
[Oiokenp a3oty +++ +++ | +++ +++ +++ +++ +++ +++ +++ +++
Okeng asoty +++ | 4+ + +++ | ++ ++ +++ + + +++ ++ ++
CipkoBogeHb ++ ++ o+
DeHon ++ S S
Caxa ++ + +++ +++ +++ +++
®dopmanberig, +++ | +++ +++ | -+ +++ ++ ++ ++ + +++ +++

TMpumiten: «+» — p < 0,05; «++» — p < 0,01; «+++» — p < 0,001.
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HUPOK Ta CEPLEBO-CYAMHHOI CUCTEMU, a TAaKOX miadeT i
OHKO3axBOpIoBaHHs [19], sIKi € MPUUMHOIO TSKKOTO Nepedi-
ry COVID-19 [20, 21]. VY nitepartypi nokazaHo, 1110 KOMOpP-
OimHi cTaHu Oy Bim3HauyeHi y 62,5 % miTeil 3 TSLKKUM Ta
kputnuHuM niepedbirom COVID-19 [22]. loBenenuii daxr,
1110 IMXaJibHA CUCTeMa HalOLIbII ypas3inBa 10 3a0pyIHEeH-
Hs1 aTMOocGepHOro noBiTpsi. Jomiliku y mosiTpi (3aBucii
PEYOBMHU, caxka) MOXYTb OCiaTy Ha IIOBEPXHi aJIbBEOJI Ta
MPOBOKYBAaTU PO3BUTOK XPOHIYHOTO OpPOHXIiTY, eMbizeMu
a00 paky JnereHb. CIIoIyKu a30Ty MOXYTb OyTH IPUUMHOIO
eMdizeMu Ta HaOPSIKY JIeTeHb, a JIOKCHUIT CIpKU CTIPUSIE BU-
HUKHEHHIO aJepriyHuX 3aXBOPIOBaHb IMXaJbHUX IILISIXIB i
TakoX em(izemu siereHb. [Ipryomy pesyabrar 1boro BILIU-
BY MOXe OyTH MpssMUM ab0 OTocepeKOBaHUM, 1110 3aJie-
JKUTh Bil TepMiHY Oii XiMiYHMX peYOBMH, iX BIACTUBOCTEH
Ta KOHIIeHTpalliii. OTXe, BUBYEHHS BIUIMBY 3a0py/IHIOBaYiB
aTMoc(epHOro MOBITPsI Ha Mepedir XBOpOOU 3 aePO30JIbHO-
acripaliifHUM UISIXOM Tiepeaadi 30yIHMKa Ha JIOKAJIbHOMY
PiBHi B aAMiHiCTpaTUBHO-IIPOMUCIOBOMY MicCTi XapKOBi 3a
nepion 3 01.04.2020 o 31.05.2021 p., BpaxoBytouu iHKyOa-
wiiaui nepion (3—4 nHi, 6—7 ta 10—14 nHis) COVID-19
Ta JIBa €MiJeMiYHUX MiAOMU BECHOIO Ta BOCEHU, Ha HAIIl
nomisi, € oOrpyHTOBaHUM. JlOCIiIKEHHST BIJIUBY JECSITU
3a0pyIHIOBaYiB aTMOC(EPHOIO MOBITPSI CTATUCTUYHO ITilT-
TBEPIWJIH, 1110 3pocTaHHs KoHLeHTpallii NO, (p < 0,0001),
NO (p = 0,01-0,0001) ta dpopmanpaeriny (p = 0,045—
0,0001) mae cyTTeBUii BIUIMB Ha aKTUBHI, MiATBEPIKEHI,
rocmiranizoBaHi Ta JietanbHi Bunaagku COVID-19, cipko-
BonHio (p < 0,0001) — Ha rocmiTaai3oBaHi BUMIaaKu, ¢e-
Hosy (p = 0,001 — < 0,0001) Ta caxi (p < 0,0001) — Ha
TSDKKUM mepedir xBopoOu (rocmiTaiizoBaHi Ta JIeTallbHi BU-

nmaaku). BctaHoBneHO MeHII 3HAYMMMIA BIIUB Ti0OKCUIY
cipku (p =0,01-0,024), cipkoBonHio (p = 0,006—0,009) ta
cyrreBuii — caxi (p = 0,001 — < 0,0001) Ha aKTUBHI BU-
nangku COVID-19. BriiuB BUCOKOI KOHIIEHTpaLlii OKCUILY
BYIJIELIIO Ha MposiBU enifemiuHoro npouecy COVID-19 He
BCTaHOBJICHUH, a MpoBeeHi nociimkeHHs B Kurai moka-
3yI0Th, 1110 BUcOoKa KoHleHTpallist CO € pakTopoM pU3UKY
[23]. BogHouac mis BUCOKOI KOHIIEHTpALIil JiOKCUIY CipKH
MOB’sI3aHa i3 3HMKEHHSIM pu3uKy 3apaxkeHHss COVID-19
[23], a MU BCTaHOBWJIM He3HAYHMII BIUIMB HA aKTUBHI BU-
nagky. ToxX HeoOXiaHi OiLIbII AeTabHI TOCTIIKEHHS I
BUBYEHHSI OCHOBHUX MEXaHi3MiB.

Ananiz 355 nocnimxeHs [24] y OinblIoOCTi BUNaaKiB
MPOAEMOHCTPYBaB HETOUHOCTI, MOMWJIKM BUMipIOBaHHS
pe3yJIbTaTiB, BOMHOYAC 3pO0JICHI BUCHOBKH ITiATBEPANIN
YaCTKOBO Hallli TaHi 100 BIJIMBY KOHKPETHUX 3a0pyI-
HIOBauiB Ha 3axBopiloBaHicTh Ha COVID-19. Tak, NO,
OB’ SI3YIOTh i3 3aXBOPIOBAHICTIO, 30KpeMa 3 TSDKKUMU Ghop-
MaMH Ta JIeTAIbHUMU BUTIaAKaMM, TIPY 1IbOMY HE BUSIBUIIA
3B’s13Ky i3 SO,. M1 oTpuMaiu Taki X pe3yJibTaTh, BUSIBUIN
3Haunmuii BruiuB NO ta NO, Ha aKTUBHI, MiATBEPIKEHI,
rOCITiTajIi30BaHi Ta jeTajabHi Buanku. CyKyIHicTh (pak-
TUYHMX IaHUX 3a JOTIOMOTOI0 MeTaaHali3y mokasaja BIUIMB
3a0pYyIHIOIOUMNX aTMOC(EpPHE MOBITPsI PpeYOBUH (TBEp/i pe-
yoBuHU, NO, Ta CO) Ha enigemiosnorito COVID-19, npu
1IbOMY HayKOBIIi HE BUKJIIOYATU CUCTEMATUUHOI TOMUIKHA
B iICHYIOUMX TOCTiIKEHHSIX [9].

Binomo, mo arMocdepHi TBepai YaCTUHKM, 30Kpe-
Ma caxa, MOXYTb BUKOHYBaTH pojb (hakTopa Iepenadi
30ynHrka COVID-19 yepes noBiTps, aje 11bOMY MOBUHHI
CHPUSTH IIBUAKICTh BiTPY, HU3bKa BiTHOCHA BOJIOTICTh Ta

19
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TeMIiepaTtypa [25—27]. MoxHa 3 UMM NOTrOTUTHUCS, 3Ba-
JKalo4UM Ha Te, 110 eMiJeMiuyHi MiJAOMH1 3aXBOPIOBAHOCTI Y
MicTi BimOyBaJlMcs IpU KIiMaTUIHUX YMOBAX, SIKi Bimmo-
BimaloTh BuIle3a3HaueHUM MeTeodakTopaM. Caxa € cKia-
JI0OBOIO YaCTMHOIO 3a0pyaHEHb aTMOC(hEPHOro IMOBIiTPsI.
HaiimeHmii yactku (40 5 MKM) CIIPOMOXHI MPOHUKATH
ra11uOOKO B JIEreHi, BUKJIMKAIOUM 3arOCTPEHHS pecHipa-
TOPHUX 3aXBOPIOBaHb, a Y HiTell — acTMy Ta ITHEBMOHIIO
[25, 28]. Ha mopesi 6ys10 moka3aHoO 3B’SI30K MiX IIOJICH-
HUM KOJMBaHHSIM 3a0pyIHIOBAaYiB ITOBITPSI Ta CMEPTHIC-
110 Big COVID-19 [29], 110 miaTBepaXeHo pe3ysibraTaMu
HalIuX AoclaigkeHb. BinoMo, 110 aBTOMOOiIi 3 1U3eIb-
HUMM ABUTYHAMU Ta eHEPTEeTUYHI CcTallioHapHi JKepesa
BUKUIAIOTh B aTMOCGepHe MOBITPsI HAOUIbINY KiIbKiCTh
caxi. ¥ XapkoBi uepe3 BUCOKY LiHy Ha 6eH3uH 30—40 %
aBTOMOOIJIiB Ta IPOMaJChKMX aBTOOYCiB BUKOPUCTOBYIOTh
NM3eJIbHE MaJMBO, a TEIJIOeIEKTPOMEPEXi — MaauBo, SIKe
Mpu 3ropaHHi yrBoproe caxy. CriajtoBaHHs BYTiJLISI Ha
TEIJIOBUX €JIEKTPOCTAHIIISIX CYTTPOBOIKYETHCS BUKUAAMU
UMY, IKA MiCTUTb TaKOX TIOKCHUJI CIPKK Ta OKCHUJI a30TY,
1110 MOXe BUKJIMKATH 3BYKEHHSI AUXaJIbHUX IUISXIB Ta 3a-
TOCTPEHHST XPOHIYHUX 3aXBOPIOBaHb.

Coim 3a3HaYNTH, 11O He OYJI0 BCTAHOBJIEHO BIUTMBY BH-
COKOIi KOHIIEHTpAIllil 3aBUCIMX PEUYOBUH Ha IIPOSIBU €ITiIe-
MIYHOTO TIPOLIECY, 110 MOXKe OyTH OB’ SI3aHO 3 KPYITHOAMC-
MEPCHUMU YaCTUHKAMMU, SIKi IIBUIKO Majaiu, Ha BiIMiHY
Bim caxi. Xoua PHK SARS-CoV-2 0yB BusiBJIcHUIA y TBEp-
JIMX yacTMHKax atMmocdepHoro nositps B Itauii [30].

Bucoki mokasHuku cmeptHocti Bigx COVID-19,
MOXKJIMBO, MalOTh MPSAMUN 3B’ 30K 3 KOHLIEHTpalli€l0
NO, B armocdhepHOMY MOBITPi, MPO 1110 CBiAYATH Hallli
pe3yJbTaTU OOCJiIXEeHb i BACHOBKM HiMeIbKUX BYe-
HUX yHiBepcuTeTy MaprtiHa JltoTepa, sIKi BUBYAIM Liei
3B’930K B ITanii, ®panuii, Icnanii ra Himeuunni [31], a
TaKoX MpoBeaeHi gocaiaxenHs y Kurai ta CIIA [29].
Kpim 1poro, B Itanii BCTAaHOBIEHO CUJIbHY KOPEJISIIiI0
MiX CMEpPTHICTIO Ta TO3UTUBHUMM pe3ysabraTaMu SARS-
CoV-2 i TpuBaolo nier 3adpyaHoBadiB aTMOC(HepHOTo
MOBITPSI, IPUUYOMY CepeJi pisHOMaHITHUX (pakTOpiB (cO-
HiaJbHUX, EKOHOMIYHUX, KJIIMAaTUYHUX TOIIO) SIKiCTh
HOBIiTps, 3a JaHUMU OOCHITHUKIB [32], Bimirpae Haii-
BaXJIMBIlly POJIb.

3a0pynHIoBavi aTMOC(EPHOro MOBITPS MOXYTh TaKOXK
3MiICHIOBATH OMOCEPEKOBAaHWI BIUIMB Ha TMOIIUPEHHS
COVID-19. OgHum 3 daxkTopiB, 1110 BIUIMBAE Ha 310POB’s
HaceJIeHHSI, € SIKiCTb aTMOoc(hepHOTO ToBITPs. BcTaHOBIEHO
3B’S130K MixX 3a0pyaHIOBaYaMU TOBITPSI Ta XPOHIYHUMMU 3a-
XBOPIOBAHHSIMU IMXaJIbHUX LIIAXIiB [26]. Crionyku cipku
Ta a30Ty, 3aBHUCJIi pEYOBMHU Ta caka Haue HaxkKIauyHUI Tma-
ip, TOCTIHO MOAPA3HIOIOTh TKAHUHM, 1110 IIPU3BOIAUTH 10
XPOHIYHMX 3amajeHb, Ta 30UIbIIYIOTh PU3UK iH(hEKIIITHO-
ro ypaxkeHHs. [1ix yac maHaeMii KopoHaBipycHOI iH(eKIil
OpraHi3M JIfoJieil 3 TAKUMM BaJlaM¥ He 31aTeH MPOTUCTOSTH
iHdekIiltHoMY 3axBoploBaHHI0. [locnabaeHuil Ta ypaxe-
HUI1 OpTaHi3M JIeTIIe «aTaKyBaT» iH(PEKIIHUM areHTaM,
aHix 3nopoBuii. Toxx 6araropiuHe 3a0pyaHEHHS HABKOJIUIII-
HBOI'O CepeaoBUIIA TIPU MMAHAEMil MOXe CYTTEBO BILUIMBATU
Ha TOLIMPEHICTh Ta HACTIIKM iH(PEKUIMHUX 3aXBOPIOBaHb
cepell HaceJIeHHsI, 1110 i crioctepiranocsa y Kurai Ta Irauii,
nie 6arato pokiB BiiMiuajiyd BUCOKUI PiBeHb 3a0pyTHEHHS

atmocdepu [23, 33]. B Ykpaini, yacrimie B IMpOMUCIOBUX
perioHax, CroCTepiraeThCsl aHaJIOriyHa CUTYallis i3 3a0py-
HEHHSIM aTMOC(EPHOTIO IOBITPSI, 110 € YMOBOIO IJIsI 10~
IUPpEeHHs iHDEeKILill 3 aepo30IbHO-aCTipalliiHUM HIISIXOM
rnepenavi 30ya1HuKa.

BucHoBKM

1. BctaHoBUIM HAMOIIBII CYTTEBUI BIUIUB BUCOKOI
KOHIIEHTpALLil 1IOKCUILY a30Ty, OKCUY a30Ty Ta (hopMaibie-
oy Ha aKTUBHI, MiATBepIKEHi, TOCITITaIi30BaHi Ta JIeTaJbHi
Bunagku COVID-19, npuyomy 1nipu pisHUX iHKyOaLiitHUX
nepiogax (3—4 aui, 6—7 ta 10—14 nHiB).

2. 36inbmieHHs aktuBHUX BunankiB COVID-19 cro-
cTepiranaocs NMpu 3poCTaHHI KOHIEHTpaLii JIOKCUIY CipKU
Ta cipkoBOAHIO. Brcoka KoHIleHTpallis heHOoIy Ta caxi
YUHUJIA BIUIMB Ha TSDKKi (hopMu Tiepebiry (rocritaaizoBaHi
Ta JeTaJbHi BUITAAKN).

3. OTxe, 3a0pyIHEHHS MOBITPS MOXKE CIPUSITH IO~
peHHio COVID-19 Ta npusBoauTu a0 TSKKUX GOPM Te-
peOiry, 1o HeoOXiqHO MaT! Ha yBa3i IpU IIPOrHO3yBaHHI
eMiIeMiyHO1 cUTyallii Ha Pi3HUX PiBHAX (HaLliOHAIbHOMY,
perioHaIbHOMY, JIOKAJIbHOMY) IIPOBEIECHHS €ITiAeMiOJIoTid-
Horo Harsiay. JIiss BcTaHOBJIEHHST TPUYMHHO-HACIIKOBUX
3B’s3KiB MiX 3axBoptoBaHicTio Ha COVID-19 ta 3a6pyn-
HIOBaYyaMM aTMOC(EPHOTo MOBITPSI CJTiJi BAKOPUCTOBYBATU
OiNbII HAMIHMI MU3aliH NOCTiIKeHb Ta BpaXOBYBaTHy BILJIUB
IHIINX (paKTOPIB PU3UKY.

Ilonaka. ABTopu BASYHI HAYaIbHUKY XapKiBCHKOTIO 00-
JIJAaCHOTO LEHTpY 3 rizpoMeTteopoJiorii TetsiHi MuxaiiniBHi
Kyninosiii Ta criBpoOiTHMKAM IIbOTO LIEHTPY 3a JOIIOMOTY
B 300pi iHGopMallii Tpo METEOPOJIOTiUHI Ta €KOJIOTIYHi IT0-
Ka3HUKH.

KondurikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BifICYTHICTh
KOHIIIKTY iHTepeciB Ta Bi1acHO1 (hiHaHCOBOI 3alliKaBIeHOC-
Ti IIPM HiATOTOBLI JAHOI CTATTI.

Indopmanis npo dinancysannd. Enigemionoriyne gocii-
I>KeHHS € (hparMeHTOM HayKOBO-IOCIiAHOI poootn MO3
Ykpainu «HaykoBe oO0rpyHTYBaHHS €Ti1eMiOJIOTiYHOTO Ha-
sy 3a COVID-19 ta miisixu oro BAOCKOHAJIEHHS B afl-
MiHICTPaTUBHO-IIPOMUCIOBOMY PETiOHI» (HOMED AepKaBHOL
peectpauii 0121U107484).
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The influence of air pollutants on COVID-19 severity in the administrative
and industrial city of Kharkiv

Abstract. Background. Despite the official statement by the World
Health Organization regarding the end of coronavirus disease
(COVID-19) pandemic, the risk of an epidemic rise in morbidity
remains due to the active circulation of the pathogen and its muta-
tion. Social, natural, environmental, and other factors can con-
tribute to the spread of COVID-19. Air pollutants are extremely
dangerous for humans, and a mixture of acrosols and dust particles
in the air can serve as factors for the severe acute respiratory syn-
drome coronavirus 2 transmission. So, the purpose of the study
was to reveal the impact of air pollutants on COVID-19 severity in
Kharkiv. Materials and methods. The influence of environmental
factors on the manifestations of COVID-19 epidemic was assessed
for 425 days. 16,723 cases of hospitalizations, 1,883 deaths, and
15,146 confirmed cases of COVID-19 in various age groups were
studied. There were on average 4,663 active cases every day. Sta-
tistical analysis on assessing the impact of environmental factors
on COVID-19 morbidity with different degrees of severity was
performed using the non-parametric Kruskal-Wallis test in the
IBM SPSS Statistics software package, and the normality of the
distribution was checked using the Kolmogorov-Smirnov test.

Microsoft Office Excel 2016 spreadsheet tools were used for some
auxiliary calculations and graphing. Results. The influence of sul-
fur dioxide, nitrogen dioxide, nitrous oxide, hydrogen sulfide, phe-
nol, soot, and formaldehyde on COVID-19 morbidity in different
severity of infection course with incubation periods of 3—4, 6—7,
and 10—14 days was revealed. The effect of high concentrations
of nitrogen dioxide, nitrogen oxide, and formaldehyde was most
significant on active, confirmed, hospitalized, and fatal cases of
COVID-19. At the same time, a rise in active cases of COVID-19
was observed with increasing concentrations of sulfur dioxide and
hydrogen sulfide, and high concentrations of phenol and soot had
an impact on severe forms. Conclusions. Air pollution can con-
tribute to the spread of COVID-19 and lead to its severe forms,
which should be considered when predicting morbidity at different
levels (national, regional, local) of epidemiological surveillance.
Further research is needed to reveal causal relationships between
the incidence of COVID-19 and air pollutants, considering the
influence of social and natural factors.

Keywords: severity of the course; hospitalized people; fatal cases;
COVID-19; air pollutants
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AOCAIAXXEHHS BAUBY Pi3HUX KOMOIHALIN
HenponpPoOTeKTOpIB HO 6GiOXiMiYHI MOPKepU 3aNAaAeHHS,
NOKA3HUKUN €HAOTEAIOABHOT AUCHYHKLIT TO ANONTO3Y
B MNALIEHTIB 3 iLLeMiYHUMU IHCYABTOMMU

Pe3tome. Akmyaavnicmo. 36epescenns ma 6i0OH06AeHHS HEUPOHIE Y 30HI IWEMIYHOT HANIEMIHI WAAXOM PO3POOKU
HOBUX Memo0dié HeUponpomeKuyii € 00HUM i3 AKMYANbHUX NUMAHb cy4acHoi meduyunu. Mema: susuumu eniug piz-
HUX KOMOIHayill Hellponpomekmopie, wo 8i0pI3HAMbCA 3a MEXAHIZMOM Oii, WASXOM AHANI3Y MAapKepie 3anaieHHs.,
eHdomenianbHoi ducyrKyii ma anonmosy 8 cupoeamuyi Kposi nayicHmie 3 iwemiunum incysomom. Mamepiaau
ma memoodu. Pandomizoearne npocnekmuene KOHMPOAbOBAHE 00CAIONCEHHS 3ACMOCY8AHHS HEUPONPOMEKMOPHUX
xomnaekcie (HIIK): HITK No 1 (yepebponizun + mexcudon) ma HITK No 2 (yepebponizun + yumukonin) — npo-
800UAU Y NAUIEHMIB 3 [UEMIYHUM [HCYAbIMOM CePeOHbO20 CIYNEHs. MANCKOCHI Ma MANCK020 CMYNeHs, SKI 0yau
PAHOOMHO nOOineHi Ha epynu: 1) epyna NOpieHAHHI — OMPUMYBAAU MPAdUyiliHy mepanito; 2) nayicHmu nopso 3
mpaduyitinum aikyeanusm ompumyeanru HIIK No 1; 3) nayicumu Ha mai mpaouyiiino2o Aiky8anHs Ompumyeau
HIIK No 2. Jlabopamopui docaioxcents 3 eusHavenHs inmepaelkiny-6 (IL-6), endomeniny-1 ma kacnasu-8y
cuposamuyi Kposi npoeoduau 6 ounamiyi: na 1-wy, 4-my ma 7-my 0o6y. Pezyabmamu. 3a npomu3zanaibHor ax-
mueHicmio cxema mepanii, ska exaouanra npusnavenus HIIK No 2, nepeseputysana 6 1,6—2,1 pasa (p < 0,01)
cmandapmue nikyeanHs, a maxodc 8 1,2—1,4 paza (p < 0,05) mpaduyiiine 2iKy8aHHs, NOEOHAHE I3 3ACMOCYBAHHIM
HIIK No 1. Cxema mepanii, ska exarouara HITK No 2, 3a endomenionpomeKmopHor aKmueHicmo ma anmu-
anonmomu4HuM epekmom nepesepurygana 8ionosiono é 1,8—3,5 ma 1,5—2,3 pasza (p < 0,01) auwe cmandapmue
Aikysanhs, a makoxc 6 1,2—1,5ma 1,2— 1,3 paza (p < 0,05) mpaduuyiiine aiKysanus, noeOHame i3 3acmocy8aHHiIM
HIIK Ne 1. Bucnosku. 3acmocysanns HITK No 2 (uepebponizun + yumukonin) onsa AiKy8anHs itdeMivHUX iHCyAb-
mie cepedHb020 ma MANCK020 CMYNEHI8 Y NOEOHAHHI 3 MPAOUUIHIHON Mepaniero NOKA3an0 Hallbinbl 8UPAICEHY
ma 6ipoeioHo eghekmuegHy HetiponpomexmopHy diio (p < 0,05).

KnrouoBi ciioBa: iwemiunuii incynom; inmepaeiikin-6; endomenin- 1; kacnaza-8

Bctyn

lmemiunmiit Mo3koBuii iHcynsT (IMI) € TpeTboro ripu-
YHUHOIO JIETAIbHOCTI Y BCbOMY CBiTi Ta TOMiHYIOYOIO MaToJI0-
Ti€l0, 110 CIIPUYMHIOE CTIMKY iHBaliaM3aiito namieHTa [1].
[1poBiqHMM €TiONOTiYHMM BapiaHTOM FOCTPOTO MOPYIIEHHS
MO3KOBOTO KpOBOOOIry 3a illleMiYHUM TUIIOM € TPOMOOEM-
OOJIIYHMIA iHCYJIBT OHiET a00 JIEKITbKOX MO3KOBUX apTepiid.
®opmMyBaHHS 0OCTPYKIIil IO X0y apTepii MPU3BOAUTH A0
3HIDKEHHS TTep@y3ii TOJIOBHOTO MO3KY B IUISIHII KPOBO-
MoCTayaHHs ypaKeHOoi apTepil, 3HMKEHHST OKCUIeHallii ro-
JIOBHOTO MO3KY, 1110 B pe3yJibTaTi MpU3BOAUTD 10 3aruderi

HEMpPOHiB Ta BUKJIMKAE HU3KY KJIIHIYHUX MPOSIBIB (ITapatiui,
mapesu, agasiio Tomro) [1, 2].

JocnimKkeHHs TPOAEMOHCTPYBaIM, 1110 HAaAMipHEe Ha-
KOIMMYEHHS B KJIITUHAX iOHIB KaJIBIIiIO i pi3Ke MOCHICHHS
OKHUCHOTO TIPOIIECY BUKJIMKAE CUHTE3 OKCUILY a30Ty, a I10-
PYLIEHHS 0aJlaHCy MiXK IMPOAYKIIE€I0 aKTUBHUX (DOPM KMCHIO
(ADK) i 3maTHICTIO CMCTEeMHW aHTHOKCUIAHTHOTO 3aXUCTy
iX eJiMiHyBaTH MPU3BOAUTH 10 PO3BUTKY OKCUIATUBHOIO
ctpecy [3, 4]. JoseneHo, 1o BupobieHHs ADK ctumyio-
IOTb illIEeMiYHi KJIITUHU, MPOAYKYIOUM 3aMajibHi LIUTOKiHU
i XeMOKiHU, SIKi 301/IbIIYIOTh KiJIBKiCTh MOJIEKYJ aaresii i
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BUKJIMKAIOTh pEKPYTMEHT NepudepnIHNX JISUKOLUTIB [3, 5,
6]. HaykoBuii iHTepec CTAHOBJISITh Pe3yJbTaTH JOCiIKEH-
Ha 2020 poky, mpoBeaeHoro D.F. Alfieri, M.F. Lehmann,
T. Flauzino et al., siKi mpoieMOHCTPYBaJIU POJIb 11iJI0i HU3KK
nposanaiabHux (Ieiikountn, CPB, iHTepneiikin-6), okuc-
HIOBaJIbHUX (TiPOKCUTIEPEKMCH JIiMi/iB) Ta HITPO3ATUBHUX
(MeTaboiT oKCuay a3oTy) GiomapKepiB cTpecy sIK Ipe-
IUKTOPiB TSLKKOCTI nmepediry IMI [7, 8]. 3amydeni 3amanb-
Hi KJIITUHYU BUBUIBHSIOTH OiJIbIIIE [TUTOKIHIB, MATPUKCHUX
Metajonpoteinas (MMIT), okcuay azoty i 6inbiine ADK [3,
9]. MMII BUKJIMKAIOTh TOPYIIEHHS reMaToeHIedaTivHOTO
6ap’epa (I'EB), akTuBallito MiKporii i peKpyTyBaHHSI Iepy-
eprnyHMX 3anaaTbHUX KJIiTUH |5, 10].

V3araapHeHO MaTo@i3ioaoriyHi mpolecu MalTh TaKy
yacoBy opranizamito [11, 12]: 1) 0—3 rog — HapocTaounit
eHeproaediuuT; 2) 3—6 roa — TIyTaMaTHa eKCaUTOTOKCUY-
HicTh, mopyueHHs Ca’" roMeocTasy, HapOCTalUMIi JaK-
Tataunno3; 3) 12—36 rog — OKHMCHUIA CTpec, 3amnaJeHHs;
4) 48—72 ron — rnepeBaXkaHHSI IIPOLIECiB arloITo3y; 5) Oib-
11e Hix 72 rog — HeoOopoTHI MOphodyHKITIOHATBHI 3MiHU
B PEYOBMHI MO3KY.

HoseneHuM (HakTOPOM BTOPUHHOTO TOIIKOJXKEH-
HSI TOJIOBHOTO MO3KY B TOCTPOMY Mepioji 1epedpaibHUX
YIIKOIKEHb € 301IblIIeHHS BUBLIbHEHHSI HEipoMeaiaTopiB,
ninuiieHHs mpoHrkHocTi ['EB, iHaykiiis anonTo3y Ta 3a-
naneHHs [13].

36epexkeHHsT PYHKIIOHATBHOI 3MIaTHOCTI Ta BiTHOBICH-
HsT HEMPOHIB y 30Hi ilIEMiYHOI HaITiBTiHi LIJISIXOM PO3POOKM
HOBUX METO/IiB HEMPOIIPOTEKIIii € OMHUM i3 TIEPCIIEKTUBHUX
nigxomi [1—3]. Tak, moegHaHHS Pi3HUX 3a MEXaHI3MOM il
HEWPOMPOTEKTOPIB Ta MOIIYK (hapMaKOJIOTiuHO e(heKTUB-
HUX KOMOiHalliii, IKi MOTJIM O 3aCTOCOBYBATHUCS Y TAIIIEHTIB
3 illIeMiYHUM iHCYJIBTOM, € OJHUM i3 CyJaCHUX HaIpsIMKIB,
Ha SIKi Opi€EHTOBaHI TOCTITHUKHY IIPHU PO3p001Ii e(heKTUBHIX
MeToniB JikyBaHHs IMI y mauieHTiB, SKMM He TTOKa3aHi
TpoMOOJIi31C Ta TPOMOEKTOMIisI.

MeTta: BUBYUTH BIUIMB Pi3HUX KOMOiHaIIiil HEHPOIIPO-
TEKTOPiB, 110 BiIPi3HSIOTHCS 32 MEXaHi3MOM [Iii, IILISIXOM
aHaJi3y MapKepiB 3amajeHHs, eHA0TeTialbHOT AUCHYHKIIIT
Ta aronTo3y B CUPOBATLi KPOBi MALiEHTIB 3 ilIEMIYHUMU
iHCYJIBTaMMU.

MaTepiaAn Ta MeToAmn

PanngomizoBaHe MpoCIeKTHBHE KOHTPOJbOBAaHE TOCTi-
JIDKeHHS i3 3aCTOCYBaHHS HAlOIbI e(heKTUBHUX HEHPO-
npotekTopHux komruiekcis (HITK) mpoBoawin y naiieHTiB
3 TOCTPUM MOPYIIEHHSIM MO3KOBOro kpooobiry (I'TIMK)
3a imeMiunum turnom Ha 6a3i KHIT «BinHHubka micbka
KJTiHIYHA JIiIKapHSI IIBUAKOI MEIUYHOI JOIMOMOTH». Y 10-
crimkenHi 3acrocoByBanncss HITK Ne 1 (uepebposizun +
mekcunoi) ta HITK Ne 2 (iepe6postizuH + HMTUKOIMIH), SIKi
Oy/1 BU3HAUYEHi MOMNEPEeIHbO B EKCIIEPUMEHTI SIK HallOiJIbIII
eeKTUBHI cepel iHIIMX CKPUHIHTOBUX TPYIT. XBOpi Ha iIlre-
MiYHUI IHCYJIBT CEPEIHBOTO CTYTEHS TSKKOCTI Ta TSXKKOTO
CTyTIeHsT OyJIM paHAOMHO TIOIiJICHI HA TPYITH, 3aJIe3KHO Bi
XapakTepy JiKyBaHHs: 1) rpyria mopiBHSIHHSI — OTPUMYBaJIN
TpadulliiiHy Teparniio; 2) opsia 3 TPAAULIMHUM JTiKyBaHHSIM
OoTpUMYyBaIM KoMOiHallito HeiiporiporekTopiB — HITK No 1;
3) Ha 1l TpaguuiliHOro JiKyBaHHS oTpuMyBai HITK No 2.
JlocnimKyBaHi rpyrnu nauieHTiB (TalieHTH 6e3 MPOBeACHHS

TpoMOOJIi31Cy Ta TPOMOEKTOMIl) He BiIpi3HSUINCS 3a cTap-
TOBUMMU MOKa3HUKAMHU, SIKi 6 MOIJIM BIUTMHYTH Ha KiHIIEBi
pe3yJibTaTu MPOBEIEHOTO AOCIIIXKEHHS.

Hocnimxysani HITK BBonuau oapasy mpu miaTBep-
mkeHHi giarHo3y I'TIMK 3a imemMiyHUM TUIIOM i 1aJli yepes
KOXHi 24 Ton BpoaoBxk 7 1i0. 3a KOHTPOJIbHY TpyITy Opa-
JIUCh TALliEHTH, 1110 OTPUMYBAJIHU JUILE TPaIULiiiHy Tepa-
miro. TpamuiiiiHa Tepalrist BU3Havanach 3rimHo 3 Hakazom
MO3 VYkpainu Big 03.08.2012 Ne 602 Ta He cymnepednia
BKa3aHOMY JOKYMEHTY.

Ilin yac mpoBeneHHS TOCTIIKEHHSI BUKOHYBAJIUCS BCi
3ax0/u i3 3a0e3reueHHs1 6e3MeKu 1151 3M0POB’ sl MalliEHTIB 3
I'TIMK 3a imeMiyHUM TUTIOM, TOTPUMAHHS iX TIpaB, JIO/I-
CbKOI TiTHOCTI Ta MOPAJIbHO-ETUYHUX HOPM BiTIOBiTHO 10
npuHIuIiB [enbciHChKOI AeKIapallii mpaB qoauHu, KoH-
BeH1ii Pagu €Bpornu mpo rpasa JIIOAUHY i 6ioMeIULIMHY Ta
BiIIMOBiNHMX 3aKOHIB YKpainu. [1ix yac maHOro gocmimkeH-
HSI He BUKOPUCTOBYBAJIMCh HOBiI HEMOCi/IXKeHi JIiKapchKi
3aco0M, METOJIM JiarHOCTUKU, HEOOOB I3KOBI METOAMU 10~
CJTIKEHHST 1T BUPIILIEHHS JIWIIIe HAyKOBUX MUTAHb.

JlaGopaTopHi gocCaiAKeHHs MMPOBOAMIM B TUHAMIIli:
1) mo mowatKy JiKyBaHHS; 2) yepe3 3 400U JIiKyBaHHS —
cTaHOM Ha 4-Ty 100y; 3) yepe3 6 i JiKyBaHHS — CTaHOM
Ha 7-My 100y.

JocniakyBaHi MapKepy BUBUYaJIM iMyHO(EPMEHTHUM
METOIOM Ha aBToMaThuyHOMY aHaiizatopi STAT FAX 303/
PLUS: ywmicr inTepneiikiny-6 (IL-6) y cupoBaTii KpoBi
BHU3HAYAIM 3 BUKOPUCTAHHIM CTaHIapTHOro Habopy IL-6
ELISA (Diaclone, ®@paHiiist); piBeHb eHIOTEJiHY- 1 B CUpO-
BaTIli KpOBi BU3HAUYaIM 3a fornomoroto Habopy Human ET-1
(Endothelin 1) ELISA Kit (Elabscience Biotechnology Inc.,
CILIA); piBeHb Kacna3u-8 y cupoBariii KpoBi BU3HAYaIU
3a nmoroMoroio Habopy Human CASP8 (Caspase 8) ELISA
Kit (Elabscience Biotechnology Inc., CILIA) BinmmoBimHO 10
IHCTPYK1i#l pipMU-BUPOOHMKA.

CraTtucTuyHy 00pOOKY pe3yabTaTiB JOCTiIKEHHS IIPO-
BOJMJIM B JIillEH30BAHOMY CTaHAAPTU30BAHOMY MaKeTi
Statistica 13.3 for Windows i BKJII04Yaiu aHaiisz Xxapakrepy
po3moiny XapakTepucTuk 3a kputepiem Lllamipo — Binka
W Tta aHaii3 po30ixkHocTel 3a KputepieM MaHHa — BitHi
IJISI HeTlapaMeTPUYHUX JaHUX, KPUTEPiii 3iCTaBHUX PaHTiB
BilkKokcoHa [ij1s OLiHKY 3MiH Yy BHYTPIillIHbOTPYMOBIM 11-
HaMini, p < 0,05 BBaxkanu 3HaYYIINM.

PesyAbTaTH

[meMiuHi iHCY/IBTH CYNTPOBOIXYIOTHCSI PO3BUTKOM 3a-
MaJbHOI peakKllii, Mpo 110 CBITYUTh CTATUCTUYHO BiporiaHe
3pOCTaHHSI B KPOBI Mpo3anajabHoro HUTokiny IL-6. Y rpy-
i 3M0pOBUX OCi0 CMPOBATKOBUIA piBeHb IL-6 KomuBaBCs
B Mexax 2,95-9,19 nr/mn (P;-Pys), meniana craHosuia
6,36 Tir/mu1, a iHTepKBapTUIbHUM iHTepBas (P,—P,) —
4,48—7,38 nr/mii. 3a ileMiyHOTO iHCYJIBTY CEPEIHbOIO
CTYIIEHS TSIKKOCTI IMTOKA3HUK CUPOBATKOBOTO BMicTy 1L-6
0yB BiporigHo BuiuM B 3,0 paza (p < 0,001) mopiBHsIHO 3i
3[I0POBUMHU OcOOaMU: MeiaHa nopiBHIoBaia 18,4 nir/mi,
a iHTepkBapTUIbHUil iHTepBan (P,;—P,;) 3Haxonuscs B
nianasoHi 14,1—-24,4 nir/mi. Y rpyni naui€HTiB 3 ilemiy-
HUM iHCYJIBTOM TSIXKKOT'O CTYIIEHSI CEpPeHiil MOKa3HUK
IL-6 y cupoBaTiii KpoBi BiporigHo repesuiiyBaB y 4,8 pasa
(p < 0,001) Taknit y 3mopoBux oci6 ta Ha 55,0 %
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(p <0,01) — y mamieHTiB 3 ilIeMiYHAM iHCYJIETOM Cepel-
HBOTO CTYMEHS TSKKOCTI.

3acTocoBaHa Tepallisl BUSBJIsLIA IPOTU3aIalbHy Iil0
3a iIeMiYHOTO IHCYJIBTY CEPEeIHBOTO i TSXKKOTO CTYIEHIB,
OIHaK i1 e(heKTUBHICTb 3ajiexkaja Bi 00paHOro METOIy Jii-
KyBaHH# (Ta6. 1). [Ipu3HaueHHs TpanUIiiHOTO JiKyBaHHS
CYMPOBOIXKYBAJIOCh HAIMEHIII BUPAKEHOIO MPOTU3analb-
HOIO aKTHUBHICTIO 3a iIIEeMIiYHOTO iHCYJBTY. 3a IIUX YMOB Y
TpyMi MAI€HTIB 3 ilIEMiYHUM iHCYJBTOM CEPEIHBOTO CTY-
MEeHS TSKKOCTI cTaHOM Ha 4-Ty Ta 7-My 100y 3HUKEHHS
cupoBaTKoBoro piBHs [L-6 craHoBmiI0 BimmosigHo 27,0 Ta
37,8 % (p < 0,05) mono mokasHuKa a0 JiKyBaHHS. Y XBO-
pUX Ha illIeMiYHUI THCYJIBT TSIKKOTO CTYTIEHS TpaaulliiiHe
JIIKYBaHHS CYMPOBOIXKYBAJIOCh 3MEHIIIEHHSAM piBHS [L-6
CTaHOM Ha 4-Ty Ta 7-My 100y BianosigHo Ha 32,6 ta 44,4 %
(p <0,05).

TloennaHHS TpaguLiitHOTO JIiKYyBaHHS i3 3aCTOCYBaHHSIM
HITK Ne 1 ynHMI0 BipOoTigHO OiJIBIIY TPOTU3AIIaIbHY Iil0,
HIX y TpYIIi MOPiBHSAHHS. 3a LIUX YMOB Yy TPYMi Malli€HTiB
3 iIeMIYHUM IHCYJITOM CEPEIHBbOTO CTYTEHS TSIKKOCTI
yepe3 3 Ta 6 1i6 JiKyBaHHSI CUPOBATKOBUIA piBeHb 1L-6 OyB
BiporigHo MeHIINUM BignosigHo Ha 43,4 1a 55,5 % (p < 0,01)
111010 MMOKa3HMKa J0 JIiIKyBaHHSI. Y Malli€HTiB 3 illleMiYHUM
iHCYJIBTOM TSIKKOTO CTYIMEHS Ha TJIi IIPOIIOHOBAHOTO JIiKY-
BaHHS 3HMXKEHHSI CMPOBAaTKOBOTO piBHS IL-6 ctaHOM Ha
4-ty Ta 7-My 000y cTaHOBWIIO BimmosigHo 44,2 Tta 58,2 %
(p <0,01). 3a mpoTu3amnaabHOIO aKTUBHICTIO IIPOIIOHOBaHA
cxeMa Teparrii, sika Bkirovasia npusdHayeHHss HITK Ne 1,
nepesepiryBaia B 1,3—1,6 pasa (p < 0,05) TpaguiiiiiHe Ji-
KyBaHHSI.

Haii6inpin BupaxkeHa mpoTu3amnajibHa aKTUBHICTb 3a
imeMivyHOro iHCY/IbTY OyJ1a 3aikcoBaHa 3a yMOB BUKOPUC-
TaHHS IIPOMIOHOBAHOI Tepallii, sIKa BKJIIoYaJia Ipru3HauYeHHs
HITK No 2. 3a uiux yMOB y IpyTi Mali€HTIB 3 illIeMiYHUM
iHCYJIBTOM CEepeHbOTO CTYTEHS TSDKKOCTI yepes 3 Ta 6 1io
JIIKyBaHHSI CUPOBATKOBUIA piBeHb IL-6 OyB BiporiqHO MeH-
MM BiamosigHo Ha 55,5 1a 65,1 % (p < 0,01) momo nmokas-
HHUKAa 10 JIiKyBaHHS. Y MAL€HTIB 3 illIeMiYHUM iHCYJIBTOM

TSDKKOTO CTYTIeHS Ha TJIi JTiKyBaHHSI 3HVUKEHHST CUPOBATKO-
Boro piBHs IL-6 ctaHoM Ha 4-Ty Ta 7-My 100y CTAHOBUJIO
BignoBimHo 59,7 12 69,0 % (p < 0,01). 3a npoTU3anaabHOIO
AKTUBHICTIO TIPOTIOHOBaHA CXeMa Tepallii, IKa BKJIIoYajia
npusHadyeHHss HITK Ne 2, mepesepiunysana B 1,6—2,1 pasa
(p < 0,01) crannaptHe JikyBaHHsI, a TakoxX B 1,2—1,4 pa3a
(p <0,05) — TpaauliiitHe JIiKyBaHHS, TTIOEIHAHE i3 3aCTOCY-
BanHsiM HITK No 1.

[ocTpi mopylIeHHsT MO3KOBOTO KPOBOOOIry 3a ilemid-
HUM THUIIOM aCOIIiI0IOThCS 3 PO3BUTKOM €HAOTEeIiaabHOI
IUCOYHKILT, J0Ka30M 40To OyJI0 CTaTUCTUYHO BipoTrinHe
3pOCTaHHS B KPOBi eHI0TeaiHy-1. ¥ 3m10poBux ocid cupo-
BaTKOBUI piBeHb EHIOTEJiHY- 1 KOIuBaBcs B Mexax 4,44—
8,01 rir/mut (Ps—P,,), Memiana cranoBwia 6,01 rir/mi, a iH-
TepkBapTuibHUii inTepBan (P,—P,) — 5,43—7,17 nir/ma.
Y XBopMX Ha illIEMiYyHi iHCYJbTH CEpPEeaHbOTO CTYIEHS
TSIKKOCTI TTOKAa3HUK CHPOBAaTKOBOIO BMICTy €HIOTEiHY- 1
0yB BiporigHo BuiuM B 1,5 paza (p < 0,001) mopiBHsIHO 3i
370pPOBMMM OCOOaMM: MefiaHa qopiBHIoBasa 9,27 mnr/mi,
a iHtepkBapTwibHuil iHTepBan (P,,—P,,) 3HaxonuBcs B
niamasoHi 7,90—10,3 nr/ma. ¥ rpymi XBopux Ha imemiu-
HUU 1HCYJIBT TSIKKOTO CTYIEHS CEpeHill MOKa3HUK €H-
IOTeJIiHy-1 B cupoBaTLi KPOBi BipoOTiIHO MEpPEeBUIIyBaB B
2,0 paza (p < 0,001) Takuii y 3mopoBux ocio6 ta Ha 32,1 %
(p <0,01) — y nauieHTiB 3 illIeMiYHUM iHCYJIETOM cepejl-
HbOTO CTYIEHS TSKKOCTI.

3acTocoBaHi CXeMU JIIKyBaHHSI 3 pi3HOIO0 e(peKTUBHICTIO
KOPUTYBAJIM €HAOTETiaIbHY AUCPYHKIIIIO 3a illeMiqyHuX
iHcynbTiB (Tabiu. 2). Ha Tii ctanmapTHOTO JIiKyBaHHS Bi-
porijHe ToJjinieHHs (GyHKIIOHATbHOTO CTaHy €HIOTEiI0
peecTpyBajocs Juilie CTaHOM Ha 7-My 100y. Tak, y naiieH-
TiB 3 iIEMiYHUM iHCYJIETOM CEPeIHbOTO Ta TSIXKKOTO CTY-
reHs yepe3 6 mi0 JTiKyBaHHS 3HMKXEHHSI CUPOBATKOBOTO
piBHS eHIOTeliHy-1 craHoBuMIIO BianosigHo 13,7 ta 21,1 %
(p <0,05) 11070 MOKA3HMKA J10 JIIKyBaHHSI.

IMporoHoBaHa Teparist 3 BukopuctanHsM HITK No 1
CYyMpOBOJIXXYBaach OUIbIII BUPAXEHOIO €HIOTETi0Npo-
TEKTOPHOIO Ji€10, HiXX y IPYIIi MOPiBHSIHHSI. 3a IIMX YMOB

Ta6bnuuys 1. YmicTt IL-6 B cupoBatLi KpoBi y naLieHTIB 3 iLLeMiYHUMU iHCYIbTaMy Pi3HOro CTYMeHs TAXKOCTi
Ha Tni nikyBaHHs (M = m; n = 15)

IL-6, nr/mn

TepmiH

Fpynu naudieHTiB

[OCTipKEeHHSA
TpapuuinHa Tepanis

TpaauuinHa
Tepanis + HIMK Ne 1

TpaauuinHa
Tepanis + HIMK Ne 2

ILLiemiyHW iHCYnbT cepenHboro CTYNeHs TAXKOCTI

o nikyBaHHs 18,50 + 2,26 19,00 + 2,17 19,30 + 1,98
Yepes 3 0obu nikyBaHHs 13,50 = 1,06™ 10,70 = 0,82** 8,59 + 0,63*#
Yepes 6 ai6 nikyBaHHs 11,50 + 0,99 8,45+ 0,77* 6,74 + 0,34*#

ILLIeMiYHW IHCYIIBT TSXKKOro CTYreHs

[o nikyBaHHsA 28,80 + 2,57 29,40 + 2,50 29,80 + 2,44
Yepes 3 gobu nikyBaHHs 19,40 = 1,08 16,40 = 0,95* 12,00 + 0,79**
Yepes 6 ai6 nikyBaHHs 16,00 + 1,01* 12,30 + 0,89** 9,24 + 0,64**

TMpumitkn: TyT i B Tabn. 2, 3: * — BiporigHicTe BigmiHHOCTe (p < 0,05) wWo0[O NMoka3HUKa [O JiKYBaHHSI;
* — BiporigHicTb BigmiHHOCTeV (p < 0,05) LWo[0 NOKa3HUKA y rpyni NayieHTIB, ki oTpuMyBanu TpaguuiiHy Teparnito;
& — BiporigHicTb BigmiHHOCTeH (p < 0,05) LWoao noka3Huka y rpyni nauieHTIB, IKi OTpuMyBanu TpaguuiHy Tepariito,

noegHaHy 3 HIK Ne 1.
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y IMali€HTIB 3 ilIeMiYHUM iHCYJIETOM CEPEeIHbOI0 CTYIICHS
TSDKKOCTI Yepe3 3 Ta 6 1i6 JTiKyBaHHSI CHPOBAaTKOBHI PiBEHb
eHAoTeliHy-1 OyB BiporimZHO MEHIIMM BiAmoBiZHO Ha 17,3
Ta 26,9 % (p < 0,05) momo moka3HUKa 0 JiKyBaHHS. Y
MALi€HTIB 3 illIEMiYHUM iHCYJIBTOM TSIKKOTO CTYMEHS Ha TJIi
MPOITOHOBAHOTO JIIKYBaHHSI 3HUXXEHHSI CUPOBAaTKOBOT'O PiB-
HSI eHJIOTeJIiHY- 1 cTaHOM Ha 4-Ty Ta 7-My 100y CTaHOBUJIO
BinmosigHo 24,2 Ta 31,9 % (p < 0,01). 3a eHmoremionpo-
TEKTOPHUMM BJIACTUBOCTSIMU ITPOTIOHOBAaHA CXeMa Tepaltii,
sika BKtouasia mpusHadeHHs HITK Ne 1, mepesepiyBaia B
1,5—-2,4 paza (p < 0,05) TpanuiiiiHe JTiKyBaHHS.

dapmakorepariis illIeMiYHOTO iHCYJIBTY, sIKa BKJIHOYajia
npusHadueHHs1 HITK No 2, BusBisiyiia HaftGiap1 mOTYXKHY
€HJI0TeJIIONMPOTEKTOPHY 1it0. 3a 11X YMOB Y XBOPHMX Ha illie-
MIYHMI iHCYJIBT CepeaHbOTO CTYIEHS TSKKOCTI yepe3 3 Ta
6 1i6 JiKyBaHHSI CUPOBATKOBUIA PiBeHb eHIOTENiHYy-1 OYB
BipOTigHO MeHIIMM BimmosinHo Ha 25,3 1a 32,9 % (p < 0,01)
IIOJ0 IMOKAa3HMKA 0 JIiIKyBaHHs. Y MAIli€HTIB 3 illleMiYHUM
iHCYJIBTOM TSI3KKOT'O CTYII€HS Ha TJi JiKyBaHHSI 3HVXKEHHS
CUPOBATKOBOTO PiBHSI €HIOTENiHY-1 cTaHOM Ha 4-Ty Ta 7-My
o0y cTaHOBMJIO BimmosigHo 28,7 Ta 37,6 % (p < 0,01). 3a
EHIOTEJIIONMPOTEKTOPHOIO aKTUBHICTIO ITPOITOHOBAHA CXeMa
Tepartii, sika BkiIrodasna npusHadeHHs HITK Ne 2, nepeep-
mryBajia B 1,8—3,5 paza (p < 0,01) cranmapTHe JiKyBaHHS, a
Takox B 1,2—1,5 paza (p < 0,05) — TpaguuiiiHe JikyBaHHSI,
noenHaxe i3 3acrocyBanusM HITK Ne 1.

3a IMeMiYHOTO iHCYJIBTY PEECTPYETHCS iHAYKIIIST aTloI-
TO3Y, JOKa30M YOT0 OYJIO CTATUCTUYHO BipOTiTHE 3pDOCTaHHS
CHPOBAaTKOBOTO PiBHS Kacmasu-8.

BusiBUIOCH, 1110 B CUPOBATLI KPOBi 30pOBUX OCi0 Cu-
POBATKOBUI piBeHb Kacra3u-8 OyB HU3bKUM, 1Oro Meli-
aHa cranosuia 0,417 (95% M1 0,355—0,471) ur/mi, a iH-
TepKBapTUiIbHUI iHTepBan P,,—P,; — 0,389—0,444 ur/mi.
V xBopux Ha ilIeMiYHMUI iHCYJIBT CEPEeIHBOTO CTYIICHS
TSDKKOCTI BiIMivaJIoCh BipOoTiiHE 3pOCTaHHS CEPEeIHbOTO
MOKa3HMKAa CHUPOBATKOBOIro piBHS Kacma3u-8 B 4,1 pasa
(p < 0,001) mopiBHSIHO 3i 3I0pOBUMU OcOOaMU: MeiaHa
craHoBwia 1,74 (95% A1 0,91-2,48) Hr/mi, a iHTepKBap-
TuabHUM inTepBai P,s—P,s — 1,23—2,27 ur/mi. Y naiiieHTiB
3 iIEMIYHUM i1HCYJIBTOM TSI3KKOTO CTYIEHSI BMICT Kacrasu-8
y cupoBarii KpoBi 0yB Oinbinum B 1,4 paza (p < 0,001) mo-

PIBHSIHO 3 TAKMM Y TALIIEHTIB i3 CEPeIHIM CTYIIEHEM TSKKO-
cTi iHCcynbTy. Tak, y XBOpMX Ha illIeMiYHUI iHCYJIBT TSKKOTO
CTyNeHS MeliaHa piBHS Kacra3u-8 B CMPOBATII KPOBi CTa-
HoBmia 2,52 (95% A1 1,32—3,63) Hr/Mi1, a iHTepKBapTUITb-
Huii intepsan Py—P,; — 1,89—2,94 ur/mu.

3actocoBaHa (papmakoTepariisi BUSIBJIsia pi3HY aHTH-
arnoInTOTUYHY il y MAaLli€HTIB 3 ilIeMiYHUMU iHCYJIbTaMU
(ta6u. 3). TpagumiiiHa Teparist Maja HaliMEHIIIMI BIUTMB Ha
MPOILIECH allONTO3Y 3a illIeMiYHOro iHCYIbTY. BcTaHOBIIEHO,
110 Yy MAalli€HTIB 3 ilIeMiYHUMU iHCYJIbTaMU CEPeIHbOIO
CTYTICHSI TSDKKOCTI BUKOPUCTAHHS TPAIUIIIHHOTO JIiIKYyBaH-
HsI cTaHOM Ha 4-Ty Ta 7-My 100y CyIpOBOIXYBaJIOCh Bi-
POTiTHUM 3MEHIIEHHSIM CUPOBATKOBOTO PiBHS Kacma3u-8
BimmosinHo Ha 20,0 ta 36,4 % (p < 0,05) MoOpiBHSIHO 3 TTO-
Ka3HMKOM [0 JIiKyBaHHS. 3a ilIeMiTHOTO iHCYJIBETY TSKKOTO
cTyrneHs yepe3 3 Ta 6 1i6 TpaaWLIiitHOTO JTiKyBaHHS BMiCT
Kacmasu-8 B CUpOBaTIli KPOBi BipOTriTHO 3MEHIIIyBaBCsI Bifl-
noBigHO Ha 29,1 ta 44,7 % (p < 0,01).

Bxitouennst HITK Ne 1 go TpaguiuiitHOro JjikyBaHHSI
BipOTiTHO 30i1bIIYBaJIO €(PEKTUBHICTH KOPEKIIii altionTo3y.
VY nmaui€eHTiB 3 illeMiYHUMU iHCYJIBTaMU CePEeIHbOTO CTyTIe-
HSI TSDKKOCTI BUKOPMCTAHHS 1Ii€1 CXeMMU JIIKyBaHHS CYIIPO-
BOJIXKYBaJIOCh BipOTiTHUM 3MEHIIIEHHSIM PiBHSI Kacla3u-8
B cupoBariii KpoBi Ha 35,5 % (cTtaHoM Ha 4-Ty 100Yy) Ta
45,8 % (ctaHOM Ha 7-My 100Y) 111010 TTOKa3HMUKA JI0 JiKY-
BaHHs. Y XBOPUX Ha illIeMiuyHi iHCYJBTU TSKKOT'O CTYIIEHS
BkumoueHHs1 HITK No 1 BUKIMKano ctaTUCTUYHO BipoTriHe
3HIDKCHHSI CUPOBATKOBOTO PiBHS Kacmasu-8 yepe3 3 Ta 6 i
JIIKyBaHHS BinnosinHo Ha 43,6 Ta 58,0 % (p < 0,01). Edex-
TUBHICTh ITOETHAHHS TpaauLiiiHoro JikyBaHHs 3 HITK Ne 1
3a CTYIeHeM aHTHAIoNTOTUYHOro edekry B 1,3—1,8 paza
nepesuiryBaia (p < 0,05) TpanuitiiiHe JTiKyBaHHS.

3acrocyBanHs HITK No 2 y KoMITIEKCHiii Tepartii Haii-
OLTBIIIOI0 MipOIO CTPMMYBAJIO TilIepaKTUBAIIiIO alIOITO3Y 3a
IIIEMIYHOTO IHCYJIBTY CEPEIHBOTO Ta TSIXKKOTO CTYIEHIB. Y
IPYIIi XBOPUX Ha ilIeMiYHi iHCYJIBTU CepeIHbOr0 CTYIEeHS
TSIKKOCTI BAKOPUCTAHHS TpaAULIiiiHOI Tepallil B MOEAHAHHI
3 HITK Ne 2 aco11itoBanoch 3 BipOTrigHUM 3HKEHHSIM PiBHSI
Kacmasu-8 y cuposatii Kposi Ha 45,1 % (ctaHoM Ha 4-Ty
no6y) ta 53,1 % (craHom Ha 7-My 100Y) LIOIO ITOKa3HUKA
o JTikyBaHHS. 3a ymMoB BuKopuctanHs HITK Ne 2 y xBopux

Tabnuys 2. Ymict eHgoTteniHy-1 B cupoBaTtLi KpoBi y NayieHTIB 3 iLueMiYHUMMU iHCYIbTaMu Pi3HOro CTyneHs
TSDKKOCTI Ha Tn1i nikyBaHHsA (M £ m; n = 15)

EHpoTeniH-1, nr/mn

TepmiH

Fpynu naudieHTiB

[OCHiAXEHHSA
TpapuuivHa Tepanis

TpaguuinHa
Tepanis + HIMK Ne 1

TpaguuinHa
Tepanis + HIMK Ne 2

ILLemMiYHW IHCYIbT CepPERHLOro CTYNEHs TSXKOCTI

o nikyBaHHs 9,10+ 0,43 9,22 + 0,40 9,17 £ 0,34
Yepes 3 pobu nikyBaHHSA 8,45 + 0,37 7,62 + 0,32** 6,85 + 0,19*#
Yepes 6 gi6 nikysaHHsA 7,85 + 0,29% 6,74 + 0,25™ 6,15 + 0,28*#

ILLIeMIYHWI IHCYTIBT TSXKKOro CTYNeHs

o nikyBaHHs 12,10 + 0,54 12,40 + 0,58 11,80 + 0,55
Yepes 3 pobw nikyBaHHsA 10,80 + 0,43 9,40 + 0,35** 8,41 + 0,30**
Yepes 6 fi6 nikyBaHHsA 9,565 + 0,31* 8,45 + 0,28 7,36 + 0,38*#
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Ta6bnuys 3. YmicT kacna3u-8 B cupoBaTyi KpoBi y NayieHTiB 3 iLueMiYHUMM iHCYNIbTamMun Pi3HOro CTYneH s TSXKOCTI
Ha Tni nikyBaHHs (M £ m; n = 15)

Kacnasa-8, Hr/mn

TepmiH

Mpynu nauieHTiB

AOCHiAXEeHH:A
TpapguuinHa Tepanis

TpaauuinHa
Tepanisa + HMK Ne 1

TpapuuiniHa
Tepanis + HIMK Ne 2

ILLemMivYHW IHCYIBbT CepenHbOro CTYNeHs TSKKOCTI

[o nikyBaHHs 1,65 +0,14 1,72 + 0,13 1,76 £ 0,15
Yepes 3 0o6u nikyBaHHs 1,32 + 0,08* 1,11 + 0,06** 0,966 + 0,013**
Yepes 6 gi6 nikyBaHHSA 1,05 + 0,04* 0,932 + 0,011** 0,825 + 0,008*#

ILLIEMIYHWI IHCYTIBT TSXKKOro CTYreHsi

[o nikyBaHHs 2,44 + 0,19 2,50+0,18 2,47 £ 0,19
Yepes 3 0o6u nikyBaHHs 1,73+ 0,12* 1,41 £0,11* 1,12 £ 0,09**
Yepes 6 gi6 nikyBaHHSA 1,35 +0,10* 1,05 + 0,08* 0,811 + 0,008*#

Ha ilIeMiYHi iHCYJIBTU TSKKOTO CTYIIeHS 3HVXKEHHSI CUPO-
BaTKOBOTO PiBHS KacIta3n-8 cTaHOM Ha 4-Ty Ta 7-My J00y
JIIKyBaHHST CTaHOBWIIO BimmosinHo 54,7 1a 67,2 % (p < 0,01).
dapmakoTeparist ileMiqHOTO iHCYJIBTY 3 BAKOPUCTAHHIM
HITK Ne 2 3a aHTHAnonToTUYHUM e(peKTOM MepeBUIIyBaia
B 1,5-2,3 pa3a (p < 0,01) TpaguiiiiHe JiKyBaHHS Ta B 1,2—
1,3 paza (p < 0,05) — TpanuiliiiHe JiKyBaHHs, TOEAHAHE i3
3actocyBaHHsM HITK Ne 1.

O6rosopeHHs

OnHUM i3 HAROUTBII BaXXTMBUX MEXaHi3MiB BTODUHHOTO
MOIIKOMIXKEHHS TIPU illleMiYHOMY iHCYJIBTi B 30Hi ypaXeH-
Hs € peakilis JJOKaJIbHOTo 3anaieHHs [3]. JoMiHyounm
dakropoM y po3BUTKY iMyHHOI Bignosiai npu 'MIMK 3a
ilIeMiYHUM TUIIOM € €KCIPECis LIMTOKIHiB, IIPO- Ta IPOTH-
3anajabHUX areHTiB, 1110, Y CBOIO Yepry, 3aIlyCKae HU3KY Mpo-
11€CiB, IKi MPU3BOAATH 1O MOUIKOIKEHHS TKAHUHU MO3KY,
a caMe: aKTUBallii MiKpOITiaJlbHUX KJIITUH, iHGIbBTpalil
BOTHUIILA YpaxKeHHs JieikouuTaMu Toio [5]. 3a naHuMu
IeSIKUX aBTOPiB, 30LIBIISHHS BMIiCTy IIPO3allaibHUX 1M~
TOKiHiB (iHTepJIeiiKiHy-6) MOXe KOPeTIoBaTH 3 KIiHIYHUM
repe0iroMm ileMiuHOro iHCYJIBTY, a caMe MiIBUILIEHHS BMic-
Ty 1J1-6 € paHHIM YMHHUKOM HEBPOJIOTIYHOTO TOTipIIEHHS
y Takux xBopux [8, 14, 15]. [o, y cBOIO 4epry, KOperoe 3
HAIIUM TOCHTIKEHHSIM, Y IKOMY YiTKO TTPOCTEXKYETHCS T10-
3UTHMBHA IMHaMiKa BIUIMBY nociimkyBanux HITK Ha piBeHb
Mpo3anajJbHUX UUTOKIiHIB [15—17].

[TpurHiueHHs ekcripecii KanbliiitzanexxHoi NO-cuHTazn
MPU3BOJIUTH 10 TAJIbMyBaHHSI PO3BUTKY €HIOTEiaIbHOT
nuCchYHKIIT, MApKEPOM YOTO € 3HUXKEHHS TUTPIB eHII0Te-
JIIHY YIIPOIOBXK YChoro TepMiHy JiikyBanHs HITK No 1 ta 2
[18, 19]. CnpomoxkHicTs nociimkysanux HITK nmosutusHo
BIUIMBATU Ha Mepedir eHaoTeaiaabHOl IUCOYHKIIII B yMO-
Bax IMI mposiBisieTbest 301LIBIISHHSIM €HIO0TEei3aIesKHO1
Ba3oQMJIATALLil, 110 A€ 3MOTY ITiATPUMYBATH CTaH nepude-
pUYHOrO cyauHHOro onopy [18, 19].

3HaHHS nmarodizioorivHUX MexaHi3MiB po3BUTKY IMI
BKpaii BaXKJIMBE [IJ151 TOTO, 11100 BiTHOBUTU TKAHUHU MO3KY,
110 3a3HaJIN iIIeMiYHOro YIIKomIkeHHs. HeiiponporekTopHi
Tpernaparu, siKi 3HeIKOIKYIOTh aKTUBHI (POPMU KUCHIO, iH-
riOyIoTh eKCaTOTOKCUYHI HelipoMeaiaTopy, BIUIMBAIOTh Ha

aromnTo3 Ta iHIIIi LepeOpPOYIIKOIKYIOUi IIPOLIeCH a00 ITOTeH-
LiIOIOTh BJIACHI MeXaHi3MU BiIHOBJIEHHS TTiCJIs illIeMiYHOTO
yikomkeHHs [3, 20, 21], MOXyTb JOIIOMOITH Y TOCSITHEHHI
iei metu. Tak, 3acrocyBaHHs nociimkysanux HITK maro-
¢i3i0IOriYHO KOPUTYE HACTIAKHY iIEMiYHOTO YIIKOIKEHHS
LIJISIXOM TIPOTU3AIAIbHOT, €HI0TETIONPOTEKTOPHOI Ta aH-
TUAMIONTOTUYHOI Ail AOCTIAXYBAHUX KOMILIEKCIB.

BucHoBku

3acrocyBanHsi HITK Ne 2 (uiepeOposizuH + HUTUKO-
JIiH) 1S TiKyBaHHSI ilIeMiYHUX iHCYJBTIB CEPeIHbOTO Ta
TSKKOTO CTYTEHIB Y MOENIHAHHI 3 TPAAULIIITHOIO TepaItielo
II0KAa3aJI0 HalOiIbIl BUpaXkKeHy Ta BipOTiZHO e€(PEeKTUBHY
HEHPOIPOTEKTOPHY [Iit0, sIKa acollifoBajacs 3 MOTYKHUM
MPOTHU3aNaIbBHUM, €HIOTETIONPOTEKTOPHUM Ta aHTUATIOTI -
TOTUYHUM edeKkTaMu. 3a BKa3aHUMU e(heKTaMU IMPOIOHO-
BaHa Tepamnis 3 BKodeHHsIM HITK Ne 2 (uepebposnizun +
LIMTUKOJIiH) BipOTiIHO TIepeBepIlyBasia CTaHAAPTHY Tepartiio
Ta cxemy JIikyBaHHsI, sika Bkmovana HITK Ne 1 (uepedpouti-
3uH + Mexcunon) (p < 0,05).

KondumikT inTepeciB. ABTOpH 3asIBISIOTH ITPO BiICYTHICTh
KOHJTIKTY iHTepeciB Ta BlacHOI (hiHaAHCOBOI 3alliKaBJIEHOC-
Ti IIPpM MiATOTOBLI JaHOI CTATTi.

Indopmania npo ¢dinancysanns. Poborta nposeneHa B
paMKax JAMcepTalifHOro AociakeHHs Ta hiHaAHCYEThCS 3a
KOIIITH TACEPTAHTA.
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Studying the effect of different combinations of neuroprotectors on biochemical markers of inflammation,
endothelial dysfunction and apoptosis in patients with ischemic stroke

Abstract. Background. Preservation and restoration of neurons in the
ischemic penumbra by developing new methods for neuroprotection
is one of the urgent issues of modern medicine. The purpose was to
study the effect of different combinations of neuroprotectors with dif-
ferent mechanisms of action by analyzing markers of inflammation,
endothelial dysfunction, and apoptosis in the blood serum of patients
with ischemic stroke. Materials and methods. A randomized prospec-
tive controlled study was conducted on the use of neuroprotective
complexes (NPC): NPC 1 (cerebrolysin + mexidol) and NPC 2 (cere-
brolysin + citicoline), in patients with moderate and severe ische-
mic stroke. They were randomly divided into groups: 1) comparison
group — standard therapy; 2) NPC 1 along with standard treatment;
3) NPC 2 against the background of standard treatment. Laboratory
studies on assessing interleukin-6, endothelin-1 and caspase-8 in

blood serum were performed in dynamics, on days 1, 4 and 7. Results.
In terms of anti-inflammatory activity, the therapy scheme, which
included the administration of NPC 2, was 1.6—2.1 times (p < 0.01)
ahead of standard treatment, as well as 1.2—1.4 times (p < 0.05) — of
standard treatment combined with NPC 1. The regimen, which in-
cluded NPC 2, in terms of endothelium protection and antiapoptotic
effect exceeded standard treatment alone by 1.8—3.5 and 1.5-2.3
times (p < 0.01), respectively, as well as by 1.2—1.5 and 1.2—1.3 times
(p < 0.05) — standard treatment combined with the use of NPC 1.
Conclusions. The use of NPC 2 (cerebrolysin + citicoline) for the
treatment of moderate and severe ischemic strokes in combination
with standard therapy showed the most pronounced and reliable
neuroprotective effect (p < 0.05).

Keywords: ischemic stroke; interleukin-6; endothelin-1; caspase-8
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