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Annotation

An analysis of the current state of the problem of studying biomarkers of human
cardiovascular ageing was carried out based on an analysis of international experience.
Ageing is an inevitable, constantly progressive systemic process, which is a significant
risk factor for the development of most common chronic human diseases, including
cardiovascular diseases. Therefore, studying markers of early cardiovascular ageing
is a logical goal for developing measures to prevent the development of cardiovascular
disease and toimprove the quality of life and prolong active longevity. the intensive care
unit. The application of a multidisciplinary approach to diagnose and treat a life-threat-
ening complication as tracheal rupture in a short time allowed us to stabilize the pa-
tient’s condition and avoid the development of further complications.
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Tyinpeme

Xanbikapanblk Taxipubere cyineHe oTbIpbIN, afaMHbIH XXYpPeK-KaHTaMblpaapbl Kap-
TaloblHbIH B1oMapKkepnepiH 3epTTey AiH Kasipri >karAanbiMeH MacenenepiHe Tangay xa-
cangbl. Kaptato-bynagaMHblH co3binManbl aypynapblHblH, COHbIH iLiHAE XYPeK-KaHTa-
Mblpnapbl aypynapbliHblH AaMyblHAAMaHbI3AbIKa yindgakTop 6onbin TabbnaTteiH, epikcis,
YHeMI yaeMeni XypeTiH xyrneni npouecc. XXypek-KaHTaMblpapblHbIH epTe KapTatobliHbIH
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AHHOTaLMA

Ha ocHoBe MexxayHapoLHOro onbiTa, bbin NPoBEAEH aHaNN3 COBPEMEHHOMO COCTO-
SAHWS 1 npobrieM U3yyeHUss BoMapKepoB CEPAEYHO-COCYLMUCTOr0 CTapeHns YenoBeka.
CtapeHne — HensbeXxHbI, MOCTOSHHO MPOrpPeCcCUpYOLLMIA CUCTEMHBIN NpoLecc, SBAs-
OLLMIACS 3HAYMMbIM GaKTOPOM pUcka pa3BUTUS BONbLUIMHCTBA pPacnpoOCTPAHEHHbIX XPO-
HMYeckux 3abosieBaHWi YenoBeka, B TOM YuChe CepAeYHO-COCYAUCThIX 3aboneBaHu.
M3yyeHne MapkepoB paHHero cepAeyvHO-COCYAUCTOro CTapeHus fBNSEeTCS OOHUM W3
3HaYMMBbIX Lenel onsg pa3paboTkm Mep NpoduUNakTMKN pasBUTUSA CEPAEUYHO-COCYANCTbIX
3aboneBaHUi, ynyyleHUs KayecTBa >KU3HW U NPOAJIEHUS aKTUBHOMO LOJITOSIeTUS.

Introduction

According to World Health Organi-
zation (WHO) data from October 1, 2022,
the number of people aged 60 years and
older surpassed the number of children
under 5 years of age in 2020. This trend
highlights the urgent need to identify and
determine the most significant biomark-
ers of ageing, which will hold immense
value in assessing the health status of
older and senescent individuals.Over
the past few centuries, the global pop-
ulation has experienced a progressive
shift towards ageing. In 2017, the num-
ber of individuals aged 60 years and old-
er reached 962 million worldwide, more
than doublingthe number from 1980. By
2050, the elderly population is projected
to double again, reaching approximately
2 billion."

Old age is recognized as the most
significant risk factor for chronic age-re-
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lated diseases. According to Zhendong D.
Zhang et al., over 90% of individuals over
65 years of age have at least one chronic
disease, such as cardiovascular disease,
cancer, dementia, diabetes, osteoarthri-
tis, or osteoporosis, and more than 70%
have at least two of these conditions.
These data highlight the substantial so-
cioeconomic burden that will be placed on
healthcare systems. Therefore, studying
the ageing process, maintaining health in
older individuals, and developing meth-
ods for preventing and treating age-re-
lated diseases is crucial for extending the
period of healthy ageing.'

Ageing is a systemic process that
affects various levels of biological orga-
nization. It is characterized by gradually
inhibiting fundamental bodily functions,
including regenerative and reproductive
capabilities, leading to decreased adapt-
ability to environmental conditions.? This
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decline in adaptability makes individ-
uals less resilient to stress, diseases,
and injuries, which ultimately makes
death inevitable. Ageing is an inherently
emerging, naturally developing, and de-
structive process that limits the body’s
adaptive capabilities, increases the like-
lihood of death, reduces life expectancy,
and contributes to the development of
age-related pathologies.

Currently, there are over 130 the-
ories of ageing, among which the most
studied are autointoxication, telomeric,
free radical, genetic, and epigenetic the-
ories.? Particular attention is focused on
ageing and longevity's genetic and epi-
genetic mechanisms.*

In recent years, there has been a
growing surge in scientific meetings, ar-
ticles, and books dedicated to anti-age-
ing methods, reflecting the widespread
interest in this topic among the general
public. Consequently, the search for bio-
markers of ageing continues unabated,
as such biomarkers would offer several
advantages:

1. Predicting Ageing Rate: Biomark-
ers would provide a precise indication of
an individual's position within their lifes-
pan, allowing for accurate predictions
regarding their ageing trajectory.

2. Monitoring Ageing Processes: Bio-
markers would enable monitoringof the
underlying mechanisms driving the age-
ing process rather than simply assessing
the effects of age-related diseases.

Ageing and risk of cardiovascular
diseases

Ageing is a significant risk factor for
most chronic diseases and functional
impairments, and age-related diseases
are the leading cause of death. Approx-
imately 60% of all deaths are attributed
to cardiovascular diseases, followed by
oncological diseases, which account for
14% of all deaths.?

Over the last four decades, medicine
has shifted from treating diseases as
“patient care” to further identifying and
preventing risk factors before they man-
ifest as diseases, a concept referred to
as “health care”. For instance, high cho-
lesterol and high blood pressure are not
diseases themselves but increase the
risk of heart attacks and strokes. Sim-
ilarly, ageing is not a disease but a sig-
nificant risk factor for various diseases,

including heart attacks, strokes, certain
cancers, macular degeneration, osteo-
arthritis, neurodegeneration, and many
more. The risk of cardiovascular disease
doubles every 10 years after age 40, even
after adjusting for other risk factors -
similar to adding a new significant risk
factor (smoking, hypertension, etc.) ev-
ery decade.* Decades of cardiovascular
research have shown that treating risk
factors, even in patients without symp-
toms, prevents harm. ldentifying bio-
markers of ageing and associated health
consequences will allow early detection
of individuals at high age-related risk
throughout their lifespan and in different
clinical settings.®

Even within the same age group, in-
dividuals exhibit varying disease risks
and functional decline, highlighting the
need for reliable biomarkers to track
ageing processes and stages. The di-
versity of biological factors, lifestyles,
and treatments further challenges bio-
marker identification. Therefore, no sin-
gle biomarker can definitively assess
healthy ageing.*

Cardiovascular diseases are the
leading cause of death and disability
worldwide (as per the WHO]), including
Kazakhstan. The ability to reach the cur-
rent maximum lifespan (2110 years) in
low-mortality countries is attributed to
protection from cardiovascular disease,
as this system is particularly suscepti-
ble to oxidative stress and inflammation
and plays a crucial role in maintaining
oxygen and metabolite delivery to vital
organs.” These findings emphasize the
need for specific cardiac markers that
predict premature ageing and prevent
adverse outcomes during ageing.

Centenarians (390 years) extend the
human lifespan by evading or surviv-
ing major illnesses. Identifying specific
biomarkers associated with exceptional
longevity may provide insights into com-
bating ageing-related diseases.?

According study published in “Na-
ture Communications” by Japanese re-
searchers Hirata A. et al., 2020, examined
the association of cardiovascular bio-
markers and plasma albumin with ex-
ceptional survival to the highest ages.’
They selected nine circulating biomark-
ers representing distinct cardioprotec-
tive and pathogenic pathways:
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1. N-terminal pro-B-type natriuretic
peptide (NT-proBNP)

2. Erythropoietin

3. Adiponectin

4. Extracellular superoxide
mutase (EC-SOD or SOD3)

5. Interleukin-6

dis-

6. Tumor necrosis factor-alpha
(TNF-alpha)

7. Angiopoietin-like protein 2 (Angpt(2)

8. Cystatin C

9. Cholinesterase

We comprehensively analyzed rele-
vant scientific literature to understand
better and assess healthy and patho-
logical ageing indicators to identify risk
markers for early involutional changes
in the cardiovascular system and the
development of age-associated cardio-
vascular diseases. We focused our lit-
erature search on peer-reviewed arti-
cles published in PubMed, Scopus, and
Google Scholar, excluding non-peer-re-
viewed publications. We prioritized me-
ta-analyses, systematic reviews, cohort
studies, and cross-sectional studies, as
these provide the most robust evidence.
Our review summarizes current data on
potential ageing biomarkers that are
early predictors of cardiovascular age-
ing.”" These include:

1. Biochemical markers: NT-proBNP

2. Oxidative stress

3. Cystatin C

4. Cholinesterase

5. Inflammatory and Immunological
markers

B-type natriuretic peptide

A biologically active analogue of
NT-proBNP, causes natriuresis and di-
uresis, dilation of arteries and antag-
onism of the renin-angiotensin-aldo-
sterone system, thereby counteracting
hemodynamic disturbances in heart
failure. The underlying mechanisms re-
sponsible for the association between
low circulating NT-proBNP levels and
exceptional survival are currently un-
clear, but a potential explanation can be
considered. In the present review, cen-
tenarians and (semi-Jsupercentenarians
showed a low prevalence of clinical and
subclinical cardiovascular disease de-
tected by ECG and low cardiometabolic
risk profiles, except for a relatively high
prevalence of chronic kidney disease.
However, median NT-proBNP levels in-
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creased consistently with age regardless
of cardiovascular status, reaching 1530
pg/mL in individuals aged >110 years.
In addition, 42.9% of centenarians had
NT-proBNP levels >1800 pg/ml, which is
the threshold value for diagnosing heart
failure in people over 75 years of age.'""?

The study found that NT-proBNP,
interleukin-6, cystatin C, and cholines-
terase were significantly associated with
increased survival to super centenary
age, while adiponectin and erythropoie-
tin were not significantly associated.”?810

Furthermore, combined data from
three prospective cohort studies: the
Tokyo Centenarian Study (TCS), the Jap-
anese Semi-supercentenarian Study
(JSS]), and the Tokyo Oldest Study of Gen-
eral Health (TOOTH). Theanalytic cohort
included a cohort of 1427 older adults
of 36 centenarians (3110 years), 572
semi-centenarians (105-109 years), 288
centenarians (100-104 years) and 531
very old people (85-99 years).” The con-
cordance index (C-index) was calculated
using Cox proportional hazards models
to assess each biomarker’s prognostic
performance.

The finding suggested that adding
each predictive biomarker (NT-proB-
NP, interleukin-6, cystatin C, and cho-
linesterase) to the baseline model sig-
nificantly improved risk prediction with
minimal optimism in the entire cohort.
When stratified by age, the predictive
power of the models decreased signifi-
cantly, suggesting that age itself is the
primary predictor.”

Thus, the base model weakly predict-
ed mortality over age 105 (C-index 0.617
95% CI[0.577; 0.656], optimism-adjusted
C-index = 0.588). However, NT-proBNP
increase, and to a lesser extent, cholin-
esterase, significantly improved progno-
sis at older ages, NT-proBNP: C-index,
0.653 95% CI [0.615; 0.691], P = 0.001,
C-index adjusted for optimism = 0.625;
cholinesterase: C-index = 0.636 95% Cl
[0.596; 0.676], P = 0.019, Optimism-ad-
justed C-index = 0.609, respectively.'

Oxidative Stress

Oxidative stress is when the body
produces excess free radicals, which
can damage cells.” This process in-
volves the pathogenesis of various dis-
eases, including chronic heart failure
(CHF)."> Studies have shown that peo-
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ple with CHF have lower levels of an en-
zyme that helps protect cells from free
radicals.”

CHF is a significant health problem
due to its high prevalence and mortality
rates among working-age adults. Free
radicals, produced in large quantities
during oxidative stress in CHF patients,
primarily damage the vascular endo-
thelium and cardiomyocytes. They can
also promote the activation of cytokines,
which contributes to disease progres-
sion and often determines the prognosis
in CHF patients.’™

According study by Russian scien-
tists Polunina et al, 2018, investigated
280 CHF patients and 60 healthy con-
trols."”” The patients were divided into
groups depending on their left ventricu-
lar ejection fraction and the stage of their
disease. The researchers found that the
activity of superoxide dismutase (SOD),
an antioxidant enzyme, was significant-
ly lower in CHF patients compared to
healthy individuals.'” This suggests that
oxidative stress plays a significant role in
CHF pathogenesis.

Cystatin C

Accurate and early detection of ne-
phropathy is crucial for timely interven-
tion with nephroprotective and cardio-
protective therapies, thereby reducing
the risk of cardiovascular diseases and
mortality.® Cystatin C, a novel biomark-
er, holds promise as a more sensitive
indicator of reduced glomerular filtra-
tion rate (GFR) compared to traditional
methods like serum creatinine.

Cholinesterase

As the prevalence of heart failure
(HF) among older adults rises, it is in-
creasingly important to consider not
only the pathophysiology of HF but also
the overall decline in health associated
with ageing.’®"” Nutritional status plays
a crucial role in the prognosis of HF
mortality, necessitating proper assess-
ment and intervention.®'® In this regard,
serum cholinesterase (ChE] levels have
emerged as a potential new biomarker
for nutritional status.ChE is a protein
produced in the liver and is associated
with prognosis in patients with HF.

Serum ChE levels as a potential
biomarker for myocardial ischemia in
stable coronary artery disease (CAD). A
study involving 559 consecutive patients

with suspected stable CAD and no prior
cardiovascular history, investigated the
relationship between myocardial isch-
emia and serum cholinesterase (ChE)
levels.??' The findings revealed that:

1. Myocardial ischemia incidence
significantly increased as serum ChE
levels increased (p < 0.001).

2. Higher ChE levels were associ-
ated with higher body mass index (BMI)
(p < 0.001), dyslipidaemia (p < 0.001),
including elevated low-density lipopro-
tein cholesterol (LDL-C) (p <0.001), tri-
glycerides (TG) (p < 0.001), and serum
albumin (p < 0.001), as well as younger
age (p < 0.001).

3. Ata ChE level of 286 IU/L, the spec-
ificity and sensitivity for myocardial isch-
emia were 0.599 and 0.658, respectively.

4. Elevated serum ChE levels (OR
= 1.66, p < 0.001) were an independent
risk factor for myocardial ischemia in
patients with suspected stable CAD.

These findings suggest that serum
ChE levels may be a valuable diagnos-
tic biomarker for myocardial ischemia in
patients with suspected stable CAD.202!

Other Inflammatory and immuno-
logical biomarkers

In a prospective cohort study known
as the Study of Ageing and Longevity in
the Sirente Geographical Area, research-
ers investigated whether interleukin-6
(IL-6), C-reactive protein (CRP), and tu-
mor necrosis factor-alpha (TNF-a) pro-
tein levels could predict all-cause mor-
tality in older adults.?” The study included
362 participants aged 80 years or older
living in @ mountain community in Italy.
Participants were categorized based on
the mean of three inflammatory mark-
ers: IL-6 (2.08 pg/mL]), TNF-a (1.43 pg/
mL), and CRP (3.08 mg/L). Additionally,
a summary inflammation score was cal-
culated. The primary outcome was the
risk of death after four years of follow-up.
During the four-year follow-up period,
150 deaths occurred.?

Unadjusted analyses revealed that el-
evated levels of each of the three markers
were associated with increased mortality.
After adjusting for potential risk factors,
high levels of IL-6é hazard ratio (HR) =2.18,
95% CI [1.29; 3.69] and CRP, HR = 2.58,
95% Cl [1.52; 4.40] remained significant-
ly associated with a higher risk of death.
However, the association between TNF-a
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protein levels and mortality was no lon-
ger significant, HR = 1.26, 95% CI [0.74;
2.15]. Thus, a composite summary score
of inflammation demonstrated a strong
association with mortality, with the high-
est risk estimated for those with all three
inflammatory markers above the median.
This study suggests that lower levels of
inflammatory markers are linked to im-
proved survival in older adults, indepen-
dent of age and other clinical and func-
tional variables.??%

Older adults exhibit a higher level of
lymphoproliferation, characterized by
increased CD10+, CD25+ T-lymphocytes,
and CD16+ natural killer [NK) cells com-
pared to middle-aged individuals.?* In
the peripheral blood of elderly individu-
als, up to 95% of NK cells express high
levels of CD16 but low levels of CD56.
These NK cells exhibit high cytolytic ac-
tivity but impaired secretion of TNF-q,
[FN-y, IL-5, IL-8, and colony-stimulat-
ing factors. Consequently, the reduced
NK cell concentration in the peripheral
blood of elderly individuals may diminish
their ability to combat intracellular in-
fections effectively.”

Recent studies have highlighted the
role of immune inflammation in athero-
sclerosis development. Cytokines, critical
mediators of immune inflammation, can
be produced by altered endothelial cells
and modulate vascular wall functions.
TNF-a activates leukocytes involved in
inflammatory reactions and induces the
expression of adhesion molecules on en-
dothelial cells, facilitating the adhesion
of neutrophils, monocytes, and lympho-
cytes, leading to inflammatory infiltration
of the vascular wall. IL-6, acting down-
stream of TNF-a, contributes to endo-
thelial dysfunction and may trigger acute
coronary events. Elevated IL-6 levels in
arterial walls correlate with markers of
endothelial dysfunction and signs of insu-
lin resistance, which are associated with
an increased risk of vascular damage and
atherosclerosis progression.?

C-reactive protein (CRP) is another
marker of cardiovascular risk. Inflam-
mation, as reflected by increased CRP
levels, contributes to the development
of vascular atherosclerosis. Addition-
ally, under experimental conditions,
CRP has been shown to upregulate the
expression of type Il AG receptors on
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vascular smooth muscle cells.”"6-20.2425,
[8,17,22,25-27].

A study by Niki Murtziet al., discov-
ered that a genetic predisposition to
downregulating IL-6 signaling, weight-
ed by CRP levels, was associated with a
lower risk of frailty.?” IL-6, a pro-inflam-
matory cytokine implicated in various
age-related ailments, including frailty,
plays a significant role in this finding.
Frailty is a syndrome characterized
by physical weakness, fatigue, slow-
ness, and unintentional weight loss,
increasing the risk of hospitalization,
institutionalization, and death. This
finding supports a potential causal link
between IL-6 signalingand frailty, sug-
gesting that reducing IL-6 levels may
lower frailty risk.?

Conclusion

A review of the available literature
suggests that survival to the current
highest age in low-mortality countries
is supported by protection from car-
diovascular disease, given the inherent
susceptibility of this system to oxidative
stress and inflammation and its central
role in maintaining oxygen and metab-
olite delivery to major organ systems.
These findings underscore the need to
identify specific cardiac markers that
can effectively predict premature ageing
and prevent adverse outcomes during
ageing.”

Median NT-proBNP levels increase
consistently with age, regardless of car-
diovascular status. Serum ChE levels
may be a valuable diagnostic biomarker
in patients with suspected stable CAD.

In the context of inflammatory mark-
ers, centenarians exhibited fewer signs
of inflammation. Inflammatory peptides
were either absent or present in low-
er abundance than in younger cohorts,
while levels of anti-inflammatory cyto-
kines such as IL-10 and transforming
growth factor B were elevated in cente-
narians.

Currently, the primary objectives in
the review of ageing predictors are as
follows:

1. To determine the characteris-
tics of healthy and pathological (early)
ageing, identifying risk factors (clinical,
immunological, lifestyle-related, and
functional state of the cardiovascular
system, among others).
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2. To assess the state of T-cell im-
munity in different types of ageing
(healthy and previously pathologicall
and to investigate the population pro-
file of lymphocytes, expression of acti-
vation markers, and functional state of
immune cells (based on the expression
of cytokines, primarily IL-6 and TNF, as
the most significant markers of ageing)
in different subtypes of ageing.
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Annotation

Background. Pulmonary complications are the second most common complication
after cardiac surgery with cardiopulmonary bypass. Pulmonary atelectasis can occur
from various intraoperative causes such as prolonged operation, time of anaesthesia
more than 3-4 hours, use of a thoracic artery, use of cardiopulmonary bypass during
surgery, lack of ventilation, haemotransfusion of 4 or more units of packed red blood
cells in the perioperative period. Impact of mechanical venatilation during cardiopul-
monary bypass still unknown.

Methods. Prospective, randomised study at one centre. Adult patients undergoing
cardiac surgery with a pump by sternotomy for coronary artery disease were included.

Patients were randomised into two groups - one group receiving mechanical venti-
lation and one group receiving no ventilation during cardiopulmonary bypass. The main
endpoint was Pa02/Fi02 as a marker for the quality of ventilation and perfusion mea-
sured. Secondary endpoints were postoperative pulmonary complications such as atel-
ectasis and prolonged mechanical ventilation of more than 72 hours.

Results. 190 consecutive patients were included, 92 and 98 in each group. No sig-
nificant difference was found in the Pa02/FiO2 ratio in the groups, p=0.591. A significant
difference was found in the number of atelectasis during ultrasound investigation of the
lungs in the non-ventilated group, p = 0.0001.

Conclusion. On-pump cardiac surgery without mechanical ventilation can lead to
atelectasis of the lungs.
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O3ekTifiri. Tyhi HXacaHLbl KaH alHanbiM Ke3iH4eri KonAaHbINaTbiH Kapauoxupyp-
rMsiNbIK NpoLeaypanapAaH KeviH ekne ackblHynapbl eKiHWi opbiHAa Typ. Bkne atenekTa-
3bl onepauns cebentepiHeH TybIHAAYbI MYMKiH, MblCalibl, y3ak onepaLus XKaHe aHecTesuns
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yakplThl 3-4 caFaTTaH acaTblH Xaffangaa, Keyae apTepusicbiH KonigaHy, onepauuns kesiHge
acaHAbl KaH alHanbIMblH KOJGAHY XoHEe MeXaHWKasnblK XenaeTyaiH MyMKiH eMecTiri,
COHAaN-ak nepuonepaTUBTI Ke3eHA4e 4 HeMece ofiaH fa Ken KyTbl 3pUTPOLUTTEPIHEH KaH
Kytobl. )Kypek-eKkne aHanbIMbl Ke3iHAe MexaHUKanbIK XXenneTyaiy acepi ani benricis.

daictepi. bip opTanbiKTa NnepcnekTUBanblk paHLoMuM3aLMaNaHfFaH cbiHak. 3epTTeyre
KYPEKTIH MLWEMUSbIK aypybl YLLIH CTEPHOTOMUS apKblfibl COPFbIHbI MainfanaHblm XXypeK-
Ke omepauus acaraH epecek nalyeHTTep eHrisingi.

NaumeHTTep eki Tonka beniHai aFHW paHaoMuM3aLmanaHabl BipiHLWi Tonka MexaHuKanbIK,
XengeTy KonaaHblgbl Aa, af eKiHLi TONKa XacaHabl KaH aiHanbIMbl Ke3iHae MexaHuKanblK
xenpeTy 6epinmepi. Herisri coHfbl KepceTKill KenaeTy xaHe nepdy3uns canacblHbIH K8pCceT-
Kiwi peTinoe Pa02/Fi02 6onapl. ExiHLIi COHFbI KepceTKiliTe onepauuaaaH KeriHri ekne ac-
KblHYynapbl 6oAfbl, Mblcasbl, aTesiekTas XaHe 72 caraTTaH acTaM yakbIT 60/bl MexaHMKanblK
XenpeTy KesiHaeri ackplHynap.

Hatumxenepi. katapbiHaH 190 nauneHTTi, 9p TonTa 92 »aHe 98 HayKac KaTbICTbl. Ton-
Tapaa Pa02/Fi02 kaTbiHacbliHAa anTap/biKTal ablpMallbiibik TabbinFaH xok p=0.591.
BKneHiH ynbTpafblbbICTbIK 3epTTEeYiHEH KENIH MeXaHUKaNbIK XeNaeTyCci3 eTKeH TomnTafbl
p = 0.0001 kepceTin aTenekTasfap caHblanTapfiblKTam xofapbl bongbl.

KopbITbIHAbI. XacaHAbl KaH alHanblM Ke3iHAeri onepawms, eKNeHiH MexaHuKanblk,
XKenpeTyiHCI3 8TKEH XaFaanha ekne aTenekTasblHbIH XWiNiri efayip xofapbl bonagbl.

CTpaTterns MexaHu4eckon BeHTUNALMU Nerkux Bo
BpeMsl CKYCCTBEHHOIro KpoBoobOpaLLeHUs Kak

ﬂpOFHOCTI/I‘-IeCKVIﬁ (I)aKTOp NIeroYHbIX OCJI0XKHEHUN
B OTAENIEHUN UHTEHCUBHOM Tepanuu

TyiiHai ce3pep:
MeXaHu1KasblK XenBeTy, XacaHabl
KaH anHasbIMbl, aTesekTas

Baxpywes WU., Jin T., Kyanbiwbek A., TynereHos LL., XKainayoBa A.

LleHTp Cepaua KO UMC, ActaHa KasaxcTaH

AHHOTaLuA

BBepeHue. JlerouHble 0CMIOXKHEHUS 3aHMMAOT BTOPOE MeCTO Mo pacrnpocTpaHeH-
HOCTUMOC/Ie KAapANOXMPYPIrUYECKMX OMepaLnii C MPUMEHEHNEM UCKYCCTBEHHOMO KPOBO-
obpalyeHuns. ATenekTas NeroYHoM TKaHW MOXET BO3HWKHYTb B pe3ysbTaTe pasfinyHbIX
MPUYMH, TaKUX KaK OAAMTeNbHas ornepauus v aHecTe3dus, bonee 3-4 yacos, BblgeneHune
FPYLHOW apTepum, NCKYCCTBEHHOr0 KPOBOODOpALLEeHUSAN OTCYTCTBMUE UCKYCCTBEHHOW BEH-
TUNALNUW NIEFKUX, @ TaKXKe MacCUBHble reMoTpaHcdysum bonee 4 eanHUL, 3pUTpOLUTap-
HOW B3BECW B MepuonepaLoHHOM neprofe. BnusiHme nckyccTBeHHOM BEHTUNSALMM Nier-
KMX BO BPEMS MUCKYCCTBEHHOI0 KPOBOOOpaLLeHMs Ha 0CI0XHEHMWS NOCeonepaLoHHOro
nepuoga A0 CUX NMOP HEACHO.

Marepuanbl u MeToabl. PaHpoMU3MpoBaHHOE OHOLEHTPOBOE McCefoBaHue. B uc-
cnefoBaHue OblIN BKJIKOYEHbI B3POC/Ible NaLMeHThbl, NepeHecLlre OTKPbITYo onepaLmio Ha
cepLe C NpoBefeHNeM UCKYCCTBEHHOI0 KpoBOODpaLLeHUs.

MauneHTbl 6blIM paHLOMU3MPOBaHbI B BE FPYNMbl — OfHA rPynna ¢ MCKYCCTBEHHON
BEHTUNSAILMEN NIerKMX BO BPeMSI UCKYCCTBEHHOI0 KpoBoobpalleHus, BTopas 6e3 BeHTU-
NALMM BO BPEMS UCKYCCTBEHHOrO KpoBoobpalleHus. OCHOBHOM TOYKOM M3MepeHUs bbin
nHgekc Pa02/Fi02 kak mokasaTefib KayecTBa BeHTUAALMM U Nepdy3un B nerkux. Bro-
PUYHBLIMW MOKa3aTeNsaMW OLEHKM Bblan mocreonepaLMoHHble JIeroYHbIE OCI0XHEHUS,
TaKue KaK aTeflekTas v ANUTeNbHas UCKYCCTBEHHAs BEHTUNALMS nerkux bonee 72 yacos.

PesynbraTtbl. B nccnepgosanue 6biam BratoyeHsl 190 nocnegoBateNibHbIX NaLmneHToB, 92
1 98 B KaxaoM rpynne. He 6b110 06Hapy>KeHO CyLLLECTBEHHOM pasHuLbl B oTHoLeHUM Pa02/
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FiO2 nHpekca B rpynnax, p=0.591. [Npu ynsTpa3BykoBOM MccnenoBaHumM nerkux boina BbisiB-
JIeHa [OCTOBepHas pa3HuLa B KOJIMYECTBE aTeslekTa3oB, bonblueB rpynne 6e3 nckyccTBeH-

Hol BeHTUnALMKM nerkux, p = 0.0001.

3akntoueHume. Onepau,Mﬂ Ha OTKPbITOM cepALle C NpuMeHeHneM NCKYCCTBEHHOIo Kpo-
BOOGpaLLI,EHMﬂ, be3 ,D,J'IMTEJ'IbHOVI BEHTUNALNN NNETKNX MOXKET NMPUBECTU K aTesIeKTa3dy JIerknx.

Introduction

Cardiac surgery with cardiopulmo-
nary bypass (CPB] is highly associated
with complications.! Acute lung injury is
the second most common complication of
CPB after the heart injury and ranges from
mild pulmonary dysfunction to fatal acute
lung injury.?2 Following cardiac surgery,
more than 30% of patients are reported
to have significant respiratory impairment
for at least one week after surgery.®

CPB is a mandatory component of
cardiac surgery and enables the main-
tenance of adequate body perfusion and
oxygenation. Physiologically, the cardio-
pulmonary system should be partially
bypassed during CPB and completely
bypassed under aortic cross-clamping to
create a bloodless and immobile surgical
field.#> On pump heart surgery, factors
such as CPB, hypothermia, the surgical
intervention, anaesthesia, medications,
massive transfusions can cause diffuse
lung injury.® During CPB, the lungs re-
ceive less blood from bronchial arterial
flow, which leads to ischaemia.” The ab-
sence of pulsatile flow during CPB caus-
es several changes in the lungs that lead
to increased severity of inflammation.®
There are several methods to prevent
lung injury, improve gas exchange and
reduce the increase in inflammatory re-
sponses during CPB, but the role of me-
chanical ventilation is still unclear.”'

Atelectasis is a common pulmonary
complication in patients undergoing car-
diac surgery with cardiopulmonary by-
pass and an important cause of postoper-
ative hypoxaemia." Various reasons have
been put forward to explain why patients
undergoing on-pump cardiac surgery ex-
perience alveolar collapse. These include
a relaxed diaphragm compressing the
caudal parts of the lower lobes, surgical
manipulations of pulmonary structures
and depressurisation of the respiratory
system during CPB to enable better vi-
sualisation of the surgical field. Although
most of the mechanisms causing intra-
operative lung collapse disappear when

patients wake up and begin spontaneous
breathing, postoperative atelectasis and
hypoxemia may persist for several days.®
Recent publications have shown that
the best mechanical ventilation strategy
during open-heart surgery with a pump
is still unclear.’”? While some studies sug-
gest a positive impact on oxygenation and
systemic inflammatory response, the ac-
tual clinical effect of ventilation during
cardiopulmonary bypass is controversial.
Moreover, the results of these studies
can't be consistently interpreted due to
literature biases.™

Materials and methods

This is a prospective, randomised
study conducted in patients undergoing
elective on-pump CABG due to coronary
arteries disease (CAD) from September
till December 2023. Method of random-
ization:simple computer-generated ran-
dom numbers (odd and even numbers).

Patients were recruited from a sin-
gle regional healthcare centre in Ka-
zakhstan. The study included all adult
patients aged >18 years that underwent
cardiac surgery with CPB. Patients were
randomised into two groups - one group
receiving low tidal volume (LTV] mechan-
ical ventilation and one group receiving
no ventilation during CPB.

Mechanical ventilation strategy: Im-
mediately after intubation, mechanical
ventilation was started in volume-con-
trolled ventilation mode with initial param-
eters VT 5-7 ml/kg, PEEP - 5-10 cmH20.
Immediately after initiation of CPB modes
of mechanical ventilation in the LTV group
- VT 3-5 ml/kg, PEEP - 5-8 mm H20, fre-
quency - 7-10 per minute. In the second
Non-ventilated (NV] group, ventilation was
stopped in standby mode. The original
ventilation parameters were restored af-
ter weaning from CPB.

The main endpoint was Pa02/Fi02 as
a marker for the quality of ventilation and
perfusion measured in the ICU in the im-
mediate postoperative period. Secondary
endpoints were postoperative pulmonary
complications such as pulmonaryatel-
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ectasis and prolonged mechanical ven-
tilation of more than 72 hours. Atelecta-
sis was diagnosed using the US method
(more than 3 B-lines in the lateral pro-
jection), and the shunt was measured in
the arterial blood gases (ABG]). Patients in
both groups were comparable in terms of
primary parameters.

ABG were measured several times
just before intubation on spontaneous
breathing with atmospheric 02, during
CPB (they were not included because
of extracorporeal oxygenation), imme-
diately after admission to the ICU after
surgery and 24, 48, 72 hours after sur-
gery in the ICU.

Chest X - ray were conducted routine-
ly (not more than 10 days before surgery).
COPD, emphysema, fibrosis was combined
in the meaning - pulmonary pathology.

Ethicalapproval.

This study was conducted in strict
accordance with the principles outlined
in the Helsinki Declaration. Before com-
mencing the research, approval was
obtained from the Local Bioethics Com-
mittee of the Corporate Fund “University

Medical Center.”

Statistical analysis

For continuous variables, the arith-
metic mean, standard deviation (SD),
median and range were calculated.
For binary or categorical variables, ab-
solute and relative frequencies (n, %]
were calculated. To assess the differ-
ences between the groups, standard
independent-samples t-tests were per-
formed using pooled analyses for equal
variances and Satterthwaite analyses
for unequal variances. P values of <0.05
were taken to indicate significance. To
determine whether the means of two
datasets are different from each other
the Z test was used. The Z score is used
to assess the significance of an individu-
al data point within a distribution, while
the Odds Ratio and the Chi-Square test
are used to analyse the association be-
tween variables in different contexts.

Results

A total of 190 patients were enrolled
to the study, 92 of them were included
in the LTV group and 98 patients in the
NV group.

NV group, N=98 LT\LZ;OZUP' sq(t:xglr-e d zt;::i:- P value
Age, years]) 59+11.40 62+9.63 - 1.953 0.052*
Gender, n (%)
Female 44 (44.9%) 52 (56.5%] 1.270 - 0.260
Male 54 (55.10%]) 40 (43.48%) 1.228 - 0.268
BMI, m? 27.4+3.56 29.7+ 412 - 4,125 | 0.0001*
Comorbidity, n (%)
Stroke 27 (27.55%) 22 (23.91%]) 0.082 - 0.775
Ml history 42 (42.86%) 34 (36.96%) 0.268 - 0.604
Diabetes 31 (31.63%) 32 (34.78%) 0.069 - 0.792
Surgery timings, median (range), minutes
CBP time 88.5+£38.2 92.0+£27.56 - 0.38 0.56
é&% cross 59.5+25.92 61.0£27.44 - 0.50 | 0.54
Baseline levels, median (range)
Pa02/Fi02 422.6 £164.6 409.53+£170.12 - 0.538 0.591
F shunt 0.15£0.05 0.12 £0.03 - 4.975 | 0.0001*
Haemoglobin 139.0£11.6 132.0+£8.54 - 0.632 0.09
Haematocrit 42.0£6.71 39.0£5.12 - 0.174 0.32
gg‘tﬁflﬁg@ay 17 (17.36%) 14(15.21%) | 0.025 - 0.874
* z test statistical significance P<0.05. LTV - Low tidal volume, NV - non ventilated, MBI -
body mass index, CBP - cardiopulmonary bypass, Ml history - myocardial infarction history
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Table 2.
Primary and

secondary outcomes in the

intensive care unit

The demographic data is shown in
Table 1. The characteristics were gener-
ally similar in both groups.

Before surgery, Pa02/Fi02 and
F-shunt parameters were numerically in
the normal range. Chest X-ray before sur-
gery had revealed pulmonary pathologies

due to chronic lung disease in 14 (15.21%)
of patients. More than 1/3 of the patients
had a history of comorbidity conditions
such as type 2 diabetes, ischemic stroke
and acute myocardial infarction.The post-
operative ICU data with primary and sec-
ondary outcomes are shown in Table 2.

NV group LTV group z-sta-

(n=98) (n=92) OR | fistic | P value
PEEP intraop. period ) ) )
(cmH20) 0 7.38 £2.12
Pa02/Fi02 312+155.4 | 328.64+170.6 - 0.704 0.482
PCO2 45.8+19.2 39.5+£12.54 - 2.659 | 0.008*
F shunt 0.450.1 0.19+0.06 - 21.558 | 0.0001*
Pulmonary complications (%)
Atelectasis signs (US) 30 (32.61%) 6 (6.52%) 6.32° | 3.877 | 0.0001*
Recruitment manoeuvre 35(38.04%) | 11(11.96%) | 4.09° | 3.667 | 0.0002*
Mechanical ventilation 15(15.3%) | 12(13.04%) | 1.20 | 0.446 | 0.655
more than 72 hours
* 7 test statistical significance P<0.05
°0OR - Odds ratio; OR>1 means that the event is directly related and has a chance of
occurring in the first group
PEEP intraoperative period - Positive end-expiratory pressure intraoperative period,
LTV - low tidal volume, NV - non-ventilated, US - ultrasound.

No significant difference was found
between the groups for the primary end-
point Pa02/Fi02 ratio (p=0.482).

A significant difference was found
for the F-shunt indicator 0.19+0.06 vs
0.45+0.1 with a p-value < 0.0001.

Mean paCO2 level in the immediate
postoperative period was higher in the NV
group although without significant statisti-
cal difference. In the non-ventilated group,
there were more detected signs of pul-
monary atelectasis during US30 (32.61%)
vs.6 (6.52%), OR=6.32, 95%ClI [2.49;16.07],
z-statistic 3.877, P value <0.0001. The re-
cruitment manoeuvre shortly after ICU
admission was performed in 11 (11.96%)
of patients in the LTV group and in35
(38.04%) of patients in the NV group, which
was a significant difference between the
groups, OR=4.09, 95%Cl [1.92,8.68], z-sta-
tistic 3.667, P value 0.0002. In addition, the
importance of the F-shunt was signifi-
cantly higher in the NV group 0.450.1 vs
0.19+0.06 (p value <0.0001), substantiating
the presence of venous blood shunt in the
lung due to pulmonary atelectasis.

The need for prolonged mechanical
ventilation for various reasons was ap-

proximately the same in both groups at
12 (13.04%) and 15 (15.3%) and was not
significant, P value 0.655.

Discussion

The issue of mechanical ventilation
has been a subject of debate for over
three decades. The MECANO study by
Nguyen, Lee S., et al, a single-center ran-
domised clinical trial conducted on pa-
tients undergoing cardiac surgery, found
no significant difference in the primary
endpoint, which was a composite mea-
sure of postoperative mortality and pul-
monary complications. In our study, the
Pa02/Fi02 index also did not differ be-
tween groups.'

The same opinion was in the study
conducted by Zhang et al., 413 adult pa-
tients undergoing elective cardiac sur-
gery with CPB were observed. The study
examined non- ventilation or low tidal
volume (VT] ventilation at 30% or 80%
FiO2. The study concluded that the con-
tinuation of low VT ventilation did not
offer any significant advantage over no
ventilation during CPB, in relation to the
incidence of PPCs during hospital stay
after the surgery. However, due to the
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limitations in the study’s design, the au-
thors were unable to draw a strong con-
clusion on the effects of the application
of low VT ventilation at 30% on the sever-
ity of pulmonary complications.'

However, according to the recently
conducted systematic review and me-
ta-analysis, Chi et al, 2017, continued
ventilation during CPB showed a prom-
inent increase of Pa02/Fi02 index in
patients receiving ventilation support
versus the patients whose ventilation
support was turned off. This discrepancy
could be explained from the standpoint
of a reduced number of patients partici-
pating in the current research. Moreover
there was some data in favour of me-
chanical ventilation during CPB.'®

There is evidence from studies that the
use of continuous mechanical ventilation
during CPB can have significant clinical
benefits. These benefits include improved
oxygenation and reduced inflammation,
which ultimately leads to less lung injury.
A recent meta-analysis of 16 clinical trials
also showed that mechanical ventilation
during surgery resulted in a reduced shunt
fraction and an increase in oxygenation
immediately after weaning from CBP. The
analysis also concluded that maintaining
MV throughout the entire duration of ex-
tracorporeal circulation could reduce the
CPB-related inflammatory response and
tissue damage.'

In our study we have obtained data
that the strategy of low tidal volume ven-
tilation with a PEEP of more than 5 cm
H20 during CPB may be beneficial to
avoid the formation of atelectasis in the
lung tissue. In addition, we were forced to
apply strict ventilation parameters with
high inspiratory pressure in the ICU due
to pulmonary atelectasis in the postoper-
ative period. In this study, we observed a
correlation between preserved mechani-
cal ventilation with PEEP and atelectasis
formation in the postoperative period.

Limitations.

There are some limitations to this
study. Small number of patients, a sin-
gle-centre study, all of the perioperative
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Abstract

Background. Currently, in Kazakhstan, the issue of chronic heart failure is be-
coming increasingly relevant, with high mortality from the terminal stage of chronic
heart failure, especially in patients with IllI-IV functional class. Heart transplantation
represents the "gold” standard of surgical treatment for terminal chronic heart failure,
but endomyocardial biopsy, used for monitoring the transplanted heart, is an invasive
and inconvenient procedure.

Aim of this study is to generate data which can aid in more precise antibody-mediated
rejection diagnosis, assisting in distinguishing between antibody-mediated rejectionand
acute cellular rejection and helping us determine the appropriate treatment strategy

Materials and Methods. This article explores the potential of safe and accurate
monitoring of acute transplant rejection using circulating donor-derived cell-free
DNA(dd-cfDNA]. The study included 40 patients who underwent heart transplantation.

Results. It was found that 60% of them had a repeat operation, while 40% had
a primary one. Various cardiomyopathies, predominantly dilated and ischemic, were
the cause of terminal chronic heart failure. The donor-derived cell-free DNA method
demonstrates potential in differentiating T-cell-mediated and antibody-mediated rejec-
tion, with different patterns donor-derived cell-free DNA elevation. These differences
have high clinical significance for diagnosis and treatment tactics.

Conclusion. Despite the prospects of using donor-derived cell-free DNA, further
research is needed to establish threshold values and confirm its effectiveness in clin-
ical practice.
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TyiiHai ce3gep:

Co3biniManbl Xypek XeTKiniKci3Airi,
JKypek TpaHcnaaHTaumscl,
SHaomuokapanangibnoncus,
aviHanbiMgarsl 6oc goHopabik JHK.

JKypek TpaHcnnaHTaumnsacbl TEPMUHANAbI CO3bIIMabl XXYPEK XETKINIKCI3AIri YLUiH X1upyp-
rUANbIK eMAEYLIH «anTblH» CTaHAapThIH bingipesi, bipak TpaHCMNaHTaLMANaHFaH XypeK-
Ti bakbinay yLWiH KongaHblNaTblH 3HAOMUOKApA brMoncuackl MHBA3UBTI K9HE bIHFANCHI3
npouenypa bonbin Tabbinagb.

Byn 3epTTeyniH MakcaTbl aHTULEHE apKblibl KabbinfgaHbay AnarHoCcTUKachbiH Aanipek
aHblKTayFa KeMeKTeCeTiH, aHTuAeHenep apkblabl KabbingaHbayobl XaHe xefen >acyla-
NIbIK Kabblngamaynbl axbipaTyra KeMeKTeCeTiH XXaHe TUIiCTi eMAey CTpaTernsachbiH aHbIK-
Tayfa KeMeKTeceTiH fepekTepai xacay bonbin Tabbinagbi.

MaTepuangap MeH agictep: byn Makanaga anHanbiMparsl 6oc goHopablik JHK (dd-
cfDNA] kemeriMeH xefen TpaHcnnaHTaumMaaaH 6ac TapTyabl Kayincis xasHe gan bakbinay
MYMKIHZIri KapacTbipblaagbl. 3epTTey HblcaHAapbl XYPeK TpaHChAaHTaUUACbIHAH 6TKEH
40 nauueHT bonpgbl.

Hatmxenep. OnapabiH 60% - kantanama onepauus bonfanbiH, an 40% - 6actankb!
onepauus bonraHbiH kepceTTi. Co3blnManbl Xypek XeTKinikci3giri cebebi apTypni, Heri-
3iHEH KeHeto XaHe ULWeMUsbIK KapavoMuonatusnap bongbl. AiHanbiMaarsl boc joHop-
nblk DNA apici anHanbiMpaarbl 6oc foHopabik DNA xofapbinaybiHblH 9pTypAi yarinepiMeH
T->kacywanblk XaHe aHTUAEHe apKkbinbl bac TapTyabl capanay aneyeTiH kepceTegi. byn
avblpMallblbIKTap AMArHOCTUKa MeH eMAey TaKTUKACblHAA >KOFapbl KAWMHWUKANbIK Ma-
HbI3AbINbIKKA Ne.

KopbiTbiHAbIL. [lereHMeH, aiHanbiMaarbl 6oc goHopabik DNA KongaHy MyMKiHAiKTe-
piHe KapaMacTaH, LWeKTi MaHAepAi benriney >kxaHe OHbIH KIUHUKaNbIK TaXipubene TuiM-
LiNiriH pacTay yLWiH KoCbIMLLA 3epTTeynep Kaxer.
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AHHOTaUusa

®oH. Ha cerogHsWwHWI feHb B KazaxctaHe npobneMa XpoHUYeCKoW cepaeyHom He-
[L0CTaTOYHOCTW CTaHOBUTCS BCce bonee akTyanbHOW, C BbICOKON CMEPTHOCTbIO OT TEPMU-
HanbHOW CTafUMN XPOHMYECKON CepLeyYHON HeLoCTaToOYHOCTH, ocobeHHO y nauneHTos Il1-
[V dyHKUMOHaNbHBIX KlaccoB. TpaHcnnaHTauns cepalua npeacrasnseT cobon “3onoton”
CTaHZapT XMPYPrMyeckoro Je4eHUs TEPMUHANBHON XPOHMYECKON CepAeYHON HepocTa-
TOYHOCTW, HO AHAOMMOKApAManbHas buoncmsa, ncnonb3yemas A MOHUTOPMHIA TPaHC-
NJaHTMPOBAHHOMO CEPALA, ABNASETCA MHBA3MBHOM 1 HeyRobHOM npoLenypon.

Llenbto aToro nccnefoBaHns ABASETCS NOAYYEHWE AAHHbIX, KOTOPbIE MOTYT MOMOYb
B Boslee TOYHONM OMArHOCTUKE aHTUTEN0-0MOCPEeA0BaHHOIO OTTOPXKEHWS, NOMOras pas-
SIM4aTb aHTUTEN0-0MOCPEefOBaHHOE OTTOPXKEHME W OCTPOE KJIETOYHOE OTTOPXKEHMe, a
Tak>Ke NoMorasi HaM onpeAennUTb COOTBETCTBYIOLLYIO CTPATErMI0 EYEHMS.

Martepuanbl u MeTogbl. B faHHoOW cTaTbe nccnepyetcs noteHumnan besonacHoro u
TOYHOrO MOHWUTOPMHIA OCTPOr0 OTTOPXKEHWS TPAHCMaHTaTa C UCMOJb30BaHMEM LMPKY-
nupytouten csobopaHon AHK goHopa (dd-cfDNA). O6bektamm uccneposaHms 6binu 40 na-
LIMEHTOB, NEPEHECLUMX TpaHCMAaHTaLm o cepaLa.

Pesynbrtatbl. Boigsuau, uto y 60% v3 Hux onepauus beina nostopHon, a y 40% -
nepBUYHON. [pUYMHOM TEPMUHANBHOW CTafWNM XPOHUYECKOW CEPAEYHOM HEeA0CTaTOYHO-
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CTW BbIIM pasanyHble KapaAMOMMONaTUM, NMPEeUMYLLLECTBEHHO AMaaTaLMOHHAsA U UWEeMM-
yeckas. Meton onpenenexnus umpkynupytollen ceobogHon IHK noHopa meMoHcTpupyeT
noTeHunan B guddepeHumaumm T-kneTo4yHO-0NOCPeA0BAHHOMO U aHTUTENI0-0MOCPEeno-
BAHHOI0 OTTOPXEHUS, C PasfIMYHbIMU MATTePHaMMW MOBbLILIEHUS LUPKYIMPYIOLLMXCBO-
6ogHbix JHK pnoHopa. 3Tu pa3nuuma MMerT BbICOKYH KIMHWYECKYH 3HAa4YMMOCTb NS

ONArHOCTUKUN N TaKTUKKN NTeHYeHU4d.

3akntoyeHme. HecMoTps Ha MepcnekTUBbl MCMOSIb30BAHUSA LUPKYINPYIOLLMX CBO-
6ogHbix AHK noHopa, TpebytoTcs foNoNHUTENbHbIE UCCNef0BaHUSA O1S YCTaHOBEHUS
MOPOroBbIX 3HAYEHWI 1 NOATBEPXKAEHUS ero 3 dEeKTUBHOCTU B KINMHUYECKOM NpakTUKe.

Introduction

As of today, the problem of chron-
ic heart failure is highly relevant in Ka-
zakhstan, with annual mortality from the
terminal stage of chronic heart failure
significantly higher than in the general
population, reaching 12% among pa-
tients with heart failure in functional
classes IlI-1V, even under treatment in a
specialized hospital. The primary meth-
od of treating the terminal stage of heart
failure, when optimal medical therapy is
ineffective, is surgical treatment - heart
transplantation.'?

According to the Republican Center
for Coordination of Transplantation and
High-Tech Medical Services of the Minis-
try of Health of Kazakhstan, more than
3 thousand Kazakhstanis are in need of
organ transplantation, and 10 patients
per 1 million population require heart
transplantation. In recent years, not
only has the number of transplantations
worldwide increased significantly, but
also the indicators of quality and dura-
tion of life for heart transplant recipients
have improved.'?

Heart transplantation is considered
the “gold” standard for the surgical
treatment of terminal heart failure. Ac-
cording to the International Society for
Heart and Lung Transplantation (ISH-
LT) data from 2019, the overall median
survival is 12.5 years, and the condition-
al survival is 14.8 years for those who
survive the first year. Successful heart
transplantation improves the quality
of life and increases the survival of pa-
tients.*®

One of the most serious complica-
tions, both in the early and late periods
after transplantation, remains acute
cellular and humoral antibody-medi-
ated rejection (AMR]. The probability of
developing rejection of the heart trans-
plant and coronary artery disease per-

BULLETIN OF SURGERY IN KAZAKHSTAN

sists in patients after heart transplanta-
tion throughout their lives, necessitating
continuous monitoring and correction of
immunosuppressive therapy and early
detection of signs of rejection.

Aim of this study is to generate data
which can aid in more precise AMR di-
agnosis, assisting in distinguishing be-
tween AMR and acute cellular rejection
(ACR) and helping us determine the ap-
propriate treatment strategy.

Material and methods

This is a cross-sectional analysis of
a single-center, retrospectiveand pro-
spective, observational clinical study-
from 2023 to 2025. The study included
40 patients who had previously under-
gone orthotopic heart transplantation at
the National Scientific Cardiac Surgery
Center in the conditions of the Repub-
lic of Kazakhstan. The sample size was
calculated from the 58 surviving patients
after the orthotopic heart transplan-
tation. Accordingly, a sample size of 40
adult patients (confidence level: 95%,
margin of error: 5%) was determined.
Clinical material samples (venous blood)
were collected from participants aged
18 and older who had undergone heart
transplantation. Patients who refused
to undergo diagnostic procedures spec-
ified in the study protocol were exclud-
ed from the research. Participants pro-
vided questionnaire data, and informed
consents for study participation were
obtained. Inclusion criteria for study
participants were adults after heart or
kidney transplantation:

e Age over 18 years

e Both male and female gender

e Presence of transplanted heart,
kidney, or liver

e Patients who signed informed
consent to participate in the study.

e Exclusion criteria for study par-
ticipants were:
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e Refusal to undergo diagnostic
procedures as specified in the study pro-
tocol

e Participation inanother study

Presence of anatomical or concom-
itant diseases, or other medical, social,
or psychological conditions that, in the
researcher’s opinion, could limit the sub-
ject’s ability to participate in the clinical
study or meet the requirements of subse-
quent observation or affect the scientific

validity of the results of the clinical study.

The assessment of the donor’s do-
nor-derived cell-free DNA (ddcfDNA])
fraction relative to the total cell-free
DNA in the recipients’ blood is a non-in-
vasive diagnostic method for acute re-
jection in patients after heart transplan-
tation. Below are the interim results of
the study, and all calculations were per-
formed using Excel, presenting average
statistical values.

Figure 1.
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Table 1. o
Schedule of diagnostic Criteria 0 day 6 12 24 30
procedures and studies month | month | month | month
Signing of informed consent +
Blood for sensitization + +
CBC with differential + + +
Glycated hemoglobin, glucose + + +
AST, ALT + + +
Urea, Creatinine, Total Bilirubin, Direct + + +
Bilirubin, Total Protein, High-Sensitivity
C-Reactive Protein (hs-CRP), Ferritin,
Uric Acid, Total Cholesterol.
Fibrinogen, D-dimer + + +
Expanded lipid profile (TC, LDL-C, + + +
HDL-C, TG, apoB)
ApoA, Lipoprotein(a) +
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Markers for hepatitis +

NTproBNP + + +
coronary angiography +

echocardiogram with myocardial + + +
deformation assessment

24-hour Holter monitoring of ECG, blood + + +
pressure

Duplex ultrasound of brachiocephalic + + +
vessels.

12-lead electrocardiogram (ECG]) + + +
ultrasound of the liver + +
EMG + +
bioinformatic analysis + +

Ethical approval

This study was conducted in strict ac-
cordance with the principles outlined in the
Helsinki Declaration. Before commencing
the research, approval was obtained from
the Local Bioethics Committee of the Cor-
porate Fund “University Medical Center.”

Statistical analysis

Data were analyzed using IBM SPSS
Statistics software (IBM SPSS Inc.). Nu-
merical variables were expressed as
mean + SD and categorical variables as
numbers and percentages. Nonparamet-
ric statistics were performed for dataset
analysis. Between-group comparisons
were assessed for numerical variables,
and the Chi-square test was used for cat-
egorical variables. P value <0.05 was con-
sidered statistically significant.

Results

A representative sample was col-
lected based on the National Scientific
Cardiac Surgery Center in Astana. The
sample included 40 patients who had
previously undergone orthotopic heart
transplantation. The total sample size
was 40 patients, of themsignificant more
males 32 (80%) than 8 (20%) females,
Chi-squared 10.32, 95%Cl [21.6:78.2],
p= 0.0013. The age range was 17 to 59
years. Of the patients, 24 (60%) had
undergone previous surgeries, and 16
(40%) had heart transplantation as their
primary surgical intervention, p=0.221.

The terminal stage of heart failure
was primarily caused by dilated cardio-
myopathy in 19 cases (47.5%), ischemic
cardiomyopathy in 7 cases (17.5%]), hy-
pertrophic cardiomyopathy in 4 cases
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(10%), non-compaction myocardium in 2
cases (5%), familial forms of cardiomy-
opathies in 4 cases (10%]), and valvular
cardiomyopathy in 4 cases (10%).

The echocardiography data were
characterized by a pronounced decrease
in left ventricular myocardial contrac-
tility - left ventricular ejection frac-
tion (hereinafter - LVEF) of 17.6 + 4.9%
(8-27%]), cardiomegaly (left ventricular
end-systolic dimension 71.3 £ 9.8 mm
(35-95 mm), left ventricular end-dia-
stolic volume 273.25 + 84.2 ml (52-524
ml), high pulmonary hypertension [mean
pulmonary artery pressure 55.6 + 13.27
mmHg (range 25-82 mmHg), laboratory
data CRP 1.05 £ 0.95 mg/dl (normal 0.5
mg/dl), NT-ProBNP (B-type natriuretic
peptide) 6000.8 + 1699.2 pg/dl (normal
range 125-700 pg/dl depending on age).

In the interim result of this clinical
study, a positive cross-match reaction
between the donor and the recipient was
recorded in 5%. In 40 patients, the post-
heart transplant survival duration at the
time of the study ranged from 6 months
to 11 years (average 6.9+4.07 years). All
patients reported an improvement in
their quality of life. Echocardiographic
data showed a left ventricular ejection
fraction (LVEF) of 56.6 + 6.2% (range
49-61%), left ventricular end-systolic
volume of 39.6 + 17.9 ml (23-58.8 mm),
left ventricular end-diastolic volume of
92 +53.3 ml (60-129 ml), and laboratory
data CRP 0.63 % 0.56 mg/dl (normal 0.5
mg/dl}, NT-ProBNP (B-type natriuret-
ic peptide) 1001.8 + 866.25 pg/dl (nor-
mal range 125-700 pg/dl depending on
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age).The average age of patients was
38.85+13.23 years, and dilated cardio-
myopathy (47.5%) was the predominant
cause of the terminal stage of heart fail-
ure in most cases.

Discussion

Endomyocardial biopsy (EMB] is the
standard for monitoring and assessing a
transplanted heart. Despite its increas-
ing prevalence and widespread recogni-
tion, EMB is an invasive procedure prone
to errors and may be associated with
both procedural complications and long-
term consequences.”®

Furthermore, EMB, routinely used
for monitoring during the first year after
heart transplantation, is a costly medical
procedure that is inconvenient for pa-
tients. Additionally, about 25% of biopsy
samples are deemed unsuitable for use.
In light of these limitations, extensive ef-
forts have been made to develop non-in-
vasive monitoring methods that could
reduce the need for subsequent EMB.
This emphasis is on monitoring the re-
cipient’'s immune response to detect
the onset of rejection. Currently, there
is ongoing development of an analysis
that directly assesses the health of the
transplanted heart.”'

Considerable efforts have been
made to develop non-invasive diagnostic
biomarkers that could replace or reduce
the need for endomyocardial biopsy.

Episodes of acute rejection are most
common in the first weeks after trans-
plantation and can be categorized into
T-cell-mediated and AMR. During acute
cellular rejection, lymphocytes infiltrate
and proliferate in the interstitial space.
The adaptive immune system plays a
central role in ACR. Direct allorecogni-
tion involves the interaction between the
T-cell receptor (TCR) on recipient T cells
and mismatched human leukocyte an-
tigens (HLA) on donor antigen-present-
ing cells.”®%1% |ndirect allorecognition
also plays a role. The interaction of HLA/
peptide-TCR and co-stimulatory signals
promotes the proliferation and differenti-
ation of T cells. CD8+ T cells release per-
forin and granzyme B, inducing apoptosis
of target cells. Monocytes and myeloid
dendritic cells (DCs) also infiltrate the
graft and contribute to acute rejection.?

AMR can occur within the first year
after transplantation. AMR is mediated

by donor-specific antibodies targeting
HLA or non-HLA antigens on the donor’s
endothelium. The antigen-antibody in-
teraction leads to antibody-dependent
cellular cytotoxicity and complement
activation, causing lysis of target cells.
Damage to endothelial cells results in
platelet aggregation and recruitment of
leukocytes through cytokines, chemok-
ines, and chemo attractants, ultimately
leading to acute rejection.*

Biomarkers are categorized into two
groups: those reflecting allograft inju-
ry and those reflecting inflammatory
and alloimmune processes underlying
allograft rejection. Given the potential
consequences of not diagnosing and
treating acute rejection of a cardiac al-
lograft, these biomarkers must be high-
ly sensitive to rejection, even at the ex-
pense of low specificity.®"

Non-invasive methods include Allo-
Map, detection of dd-cfDNA, microRNAs,
extracellular vesicles, and donor-specif-
ic antibodies. Despite dozens of prom-
ising studies and potential biomarkers,
only two have been approved by the Food
and Drug Administration (FDA) and are
used in everyday clinical practice: Allo-
Map and dd-cfDNA. 671213

Cell-free DNA of donor origin (dd-cf
DNAJ is present ubiquitously in biologi-
cal fluids and various environments, in-
cluding soil and water biotopes. Recently,
studies have shown that certain types of
extracellular DNA can play a significant
role in living organisms and indicate
pathological conditions. Cell-free DNA
refers to all non-encapsulated DNA in
the bloodstream and was first detected in
the blood plasma of healthy individuals in
1948. Cell-free DNA consists of approxi-
mately 150 base pairs of double-stranded
DNA released from nucleosomes during
apoptosis and necrosis. cf-DNA mole-
cules exist as monomers, dimers, and
trimers. Most cf-DNA circulates as nu-
cleosomes or chromatosomes, as free
DNA is vulnerable to rapid degradation by
nucleases. An important characteristic of
cf-DNA is its half-life in the bloodstream
(30 minutes to 2 hours), indicating contin-
uous release from apoptotic or necrotic
CeuS_MJS,‘I‘I

There are various types of cf-DNA,
with the most important being cell-free
mitochondrial DNA, tumor DNA, and fe-
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tal DNA, all possessing similar proper-
ties. Concentrations of cfDNA vary under
both normal physiological conditions (7-
18 ng/ml in healthy individuals) and di-
agnosed diseases (800 ng/ml in patients
with esophageal cancer]. The initial dis-
covery of cell-free DNA in 1948 by Mandel
P.and Metais P. led to numerous studies
assessing the role of cfDNA in various
diseases. Initially used to study onco-
logical markers in cancer patients, the
most successful application of cf-DNA
as a clinical biomarker is non-invasive
prenatal testing (NIPT) for detecting fe-
tal pathologies, showing higher accura-
cy compared to biochemical screening.
Recently, interest in cell-free DNA has
increased in the field of transplantation.
Determining the quantity of donor-de-
rived cell-free DNA in a patient’s blood
plasma can aid in early detection of or-
gan rejection after transplantation.s”.213

Non-cellular DNA serves as a mark-
er for transplant viability. During graft
rejection, caused by the breakdown of
its cells, dd-cfDNA is released into the
bloodstream, leading to increased levels
in the recipient’s body. Early elevation of
dd-cfDNA levels is observed in patients
during acute graft dysfunction, suggest-
ing potential use of quantitative dd-cf
DNA levels as an alternative rejection
marker. Some studies report temporary
elevation of dd-cfDNA levels in the ear-
ly post-transplant period; however, in
stable patients receiving immunosup-
pressive therapy, this indicator decreas-
es to baseline levels around 7-10 days
post-transplantation. Overall, research
indicates that donor non-cellular DNA
levels demonstrate high accuracy and
can predict acute rejection of the trans-
planted organ, with consistent predic-
tive ability across all organ types. High-
est cf-DNA levels are observed during
acute antibody-mediated graft rejection.
Several studies have compared dd-cf
DNA with other markers of graft inju-
ry."%"* Methods for quantifying recipient
dd-cfDNA in plasma include real-time
PCR, droplet digital PCR (ddPCR), and
massively parallel sequencing, also
known as next-generation sequencing
(NGS). ddPCR and NGS require donor
genotyping, evaluating the presence of
a single nucleotide polymorphism where
the recipient is homozygous for a specif-
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ic allele and the donor is not.”

As a non-invasive quantitative mark-
er of allograft injury, dd-cfDNA prom-
ises to become a safe, accurate, and
feasible method for monitoring acute
rejection in heart transplant recipients.
Although further research is necessary
to confirm specific threshold values for
routine clinical use, dd-cfDNA current-
ly demonstrates the greatest potential
as a monitoring tool, screening patients
who would benefit most from preemp-
tive biopsy. Advancements in rejection
monitoring using dd-cfDNA further
our efforts towards developing precise
medicine methods for heart recipients.
Patterns of dd-cfDNA elevation also
vary between AMR and ACR, which can
facilitate diagnosis and have different
fragment lengths of cfDNA with shorter
fragments. These unique data can aid in
more precise AMR diagnosis, assisting
in distinguishing between AMR and ACR
and helping us determine the appropri-
ate treatment strategy.”®"

The diagnosis of acute and chronic
rejection of cardiac allograft remains a
complex task, as rejection often occurs
asymptomatically, impacting short-term
and long-term transplant outcomes.
Significant progress has been made in
molecular diagnostics for non-invasive
monitoring of acute rejection after heart
transplantation over the last decade. Al-
ternative non-invasive biomarkers may
replace or reduce the need for endomyo-
cardial biopsy. The effectiveness of this
rejection diagnosis method has been ac-
tively studied over the last 10 years.

Cell-free DNA is widely used as a
prognostic and predictive biomarker, en-
tering the bloodstream due to cell death
and being present in much higher con-
centrations in diseased individuals com-
pared to healthy ones. Each fragment of
cfDNA carries molecular characteristics
of the cell it originated from, such as
DNA methylation status.’ Donor-de-
rived cfDNA detected in transplant re-
cipients’ blood has been proposed as a
potential biomarker for organ rejection
or cell transplant damage."

The first method of detecting cfDNA
involved genetic differences, such as do-
nor-recipient sex mismatch, where the
Y-chromosome was detected in a female
recipient.” cfDNA data were evaluated
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based on HLA donor-recipient mismatch
in the HLA-DRB1 locus using optimized
droplet digital PCR. Another method of
cfDNA detection involves a quantitative
approach using PCR and genomic se-
quencing."%

According to De Vlaminck et al, by
comparing endomyocardial biopsy re-
sults and cfDNA fraction, the latter
was significantly elevated by 5 months
post-transplantation, whereas biopsy re-
sults were negative. Their results indicate
that determining the amount of cfDNA
may replace endomyocardial biopsy and
that these measurements can be used
for other aspects of patient management,
such as rejection event prediction and
immunosuppressant dosage manage-
ment. As explained by Zangwill, a higher
overall level of cfDNA in the early stages
post-transplant predicted death.?

This method will allow differentiation
between acute cellular and antibody-me-
diated rejection, which have different
therapeutic approaches, and has high
clinical significance. At the same time,
this method requires further study: first,
new clinical trials are needed to obtain
compelling evidence for this method;
second, to determine its clinical effec-
tiveness compared to invasive approach-
es (transplant biopsy); third, by study-
ing the sensitivity and specificity of the
method, to determine threshold values
at which clinicians could diagnose acute
rejection. Moreover, current approaches
to ddCF-DNA determination have several
limitations, including the labor intensity
and high cost of these methods.

Limitation

During the course of this study, sev-
eral limitations were encountered. First-
ly, patient refusal posed a challenge as
some individuals declined to participate,
potentially introducing selection bias and
impacting the generalizability of the find-
ings. Secondly, the scope of the research
was confined to primary investigation re-
garding cell-free DNA as a biomarker for
detecting acute rejection in heart trans-
plant recipients. Further exploration in-
volving larger cohorts and diverse clinical
settings is imperative to validate and ex-
tend the results. Lastly, the external va-
lidity of the findings may be constrained
by the specific population and context in
which the research was conducted, lim-

iting their applicability to broader patient
populations and clinical settings.

Conclusion

The study highlights the potential
of cell-free DNA as a non-invasive bio-
marker for detecting acute rejection in
heart transplant recipients. The findings
underscore the importance of early re-
jection detection and differentiation be-
tween acute cellular and antibody-me-
diated rejection for tailored therapeutic
interventions. However, further research
is needed to address methodological
limitations, validate the clinical utility of
cfDNA testing, and establish threshold
values for accurate rejection diagnosis.
Despite these challenges, cfDNA testing
holds promise for revolutionizing rejec-
tion monitoring post-heart transplanta-
tion, potentially enhancing patient out-
comes and quality of life.

What is already known on this top-
ic: Values of non-invasive diagnostic
biomarkers of organ transplant rejec-
tion. AlloMap method and determina-
tion of donor-derived cell-free DNA. The
quantitative marker of allograft damage
donor-derived cell-free DNA is a safe,
accurate method for monitoring acute
rejection in heart transplant recipients.

What this study adds: For the first
time in Kazakhstan, donor-derived cell-
free DNA was assessed as an early pre-
dictor of heart transplant rejection.
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Annotation

Background. In most cases, the reduction in pain and clinical manifestations is as-
sociated with a decrease in the size of the hernia or its resorption, which is the natural
process of reduction or complete disappearance of the hernia without the need for sur-
gical intervention. Currently, there are several intensive physical therapy methods that
influence the process of hernia resorption, making conservative treatment preferable.

Materials and methods. At the «Expert Neuro» clinic, as part of a prospective ob-
servational study from 2023 to 2024, 30 patients with a confirmed diagnosis of “herni-
ated intervertebral discs of the lumbar spine” were analyzed based on the results of
magnetic resonance imaging. The main group of patients received conservative treat-
ment using modern high-intensity physiotherapy methods, the control group received
classical methods of conservative treatment.

Results. According to magnetic resonance of the spine, 3 patients developed re-
sorption of a herniated intervertebral disc. In all patients, radiculopathy symptoms im-
proved after 1 month and lower back pain symptoms improved after 2 to 3 months.

Conclusion. According to our clinical experience and relevant literature, seques-
tered disc herniations have a high rate of resorption. Pathophysiological processes of
inflammation and regeneration are the main mechanisms of this phenomenon. Con-
servative management of such patients in the absence of definitive surgical indications
should not be underestimated.
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TyiHpeMe

©3eKTigiri. ben oMbIpTKAChIHbIH AUCKINEpiHiH rpbixkanapbl [kapblk) TeMeHri apkana-
fbl aybIpCbIHYAbIH eH Ken TapanfaH cebenTtepiHiH bipi 6bonbin Tabbinagbl, ken xarpanaa
aybIpCblHY MEH KIUHWKaNbIK KepiHiCTepAiH TOMeHAeYi rpbiXkKaHblH Killipetoi MeH pe3opb-
unacbiMeH bainaHbICTbI.

[pbixka pe3opbuunsicbi-byn XMpYprusnbik eMci3 rpbixka MeslepiHiH e34iriMeH Men-
LepiHiH a3atobl HeMece ToJblFbIMEH X0ty npoueci.ByriHri KyHi rpbiXka pe3opbunsicel-
HblH NaTopuU3noNorusanbIK npoLeciHe acep eTeTiH bipkaTap KapkblHAbl GU3MoTepanus-
nblK aficTep bap, byn KoHcepBaTUBTI eMAaeyai Konawmsbl eTesi.

Matepuanpap MeH Tacinpep. "Expert Neuro” knuHukacblHbIH ba3acbkiHaa nepcrnek-
TUBanblK bakbinay 3epTTeyiHiH asgcbiHaa 2023-2024 xbinpap apanbifbiHAa MarHUTTi-pe-
30HAHCTbIK ToMorpadus HaTuxenepi bonbiHLWa “"ben oMbIpTKAChbIHbIH OMbIPTKa-apasiblk
Auck rpbikackl” anarHossl pactanfaH 30 Haykacka Tangay xacangbl. HaykactapablH He-
ri3ri Tobbl 3aMaHaym xofapbl KapKblHAbI GU3N0TEPaNUANbIK 3AICTEPAI KONAAHA OTbIpbIM,
KOHCEpPBATMBTI eM anpbl, an bakblaay Tobbl KOHCEPBATUBTI eMAeYLiH KacCuKanblk afic-
TepiH angbl.

Hatme. OMbIpTKaHbIH MarHUTTi-pe30HAHCTbIK TOMOrpadus ManiMeTTepi bonbIHLWA
3 HayKkacTa rpbixa gUcKiHiH pe3opbuunsicbl faMblabl. bapnbik HaykacTapha pagukynona-
Tna benrinepi 1 afaH KemiH, an TeMeHri apkagarbl ayblpcbiHy benrinepi 2-3 angaH Kenin
TeMeHaen,.

KopbITbIHABI. 6i3MiH KNMHMKaNbIK TaXKipubeMisre xxaHe THIiCTi agebueTtepre cankec
CeKBECTPJIEHIEH ANCK FpbiXXanapbl XKofapbl pe3opbuuara ne. KabbiHy MeH pereHepauus-
HblH naTtoduanonornsanbik npouectepi byn KybbINbICTbIH HEri3ri MexaHuamaepi 6obin
Tabbinagbl. HakTbl Xnpyprusnbik KepceTkilTep bonMaraH Xarfanaa, MyHaam Haykactap-
[lbl KOHCEPBATUBTI 3AiCTEpPIMEH eMey >KoNAapblH KapacTblpFaH XeH.
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AHHOTaLMA

BBepeHue. [pbikM MOSCHUYHBIX AMCKOB MpencTaBnatoT cobon ofHy n3 Hambonee
YacTbiX NPUYMH Boseil B NosICHMLE, B DONbLUMHCTBE ClyYaeB yMeHblueHne 60au 1 Kaun-
HUYeCKUX NPOSBIIEHWUI CBA3aHbl C YMEHbLUEHWEM TPbIXXM UK ee pe3opbunein. Pesop-
BUMSA TPbIXM — 3TO MPOLECC ECTECTBEHHOI0 YMEHbLUEHUS pa3MepoB UMK MOJHOIO UC-
Ue3HOBEHMUS rpblku 6e3 xupypruyeckoro BmellaTesnbcTBa. CerofHs CyLlecTBYWOT psf
MHTEHCUBHbIX GU3NOTEpaneBTUYECKUX METOLOB BAUSAIOLWMX Ha NAaTOGU3NOA0rUYECKUN
npouecc pe3opbLmm rpbiXku, 4To fenaeT KOHCepBATUBHOE SlevyeHne NpeanoYTUTEeSIbHbIM.

MaTepuanbl u Metopbl. Ha baze knuHukm «ExpertNeuro» B pamkax npocnekTuBs-
Horo obcepBaunoHHoro nccnepoBanmsa ¢ 2023 no 2024 roppl 6b110 NpoaHanM3npoBaHo
30 6osibHbIX C NOATBEPXKAEHHBIMU AUFHO30M «rpbi>ka MEXM03BOHKOBbIX JMCKOB MOSC-
HWYHOIO OTAENa NO3BOHOYHMKA» MO pe3ybTaTaM MarHUTHO-Pe30HAHCHO ToMorpaduu.
OcHoBHas rpynna nauueHToB MnoJsiyyanu KoHCepBaTUBHOE JieYeHWE C MPUMEHEHWNEM CO-
BPEMEHHbIX BbICOKOMHTEHCUBHbIX GU3MOTEPANEBTUYECKUX METOLOB, KOHTPOJIbHASA rpyn-
Ma nonyyana KjlacCuyeckme MeTofbl KOHCEPBATUBHOIO JIEYEHUS.

PesynbtaTthbl. [10 AaHHbIM MarHWTHO-PE30HAHCHON MO3BOHOYHMKA Yy 3 MaLMEHTOB
pasBuiachk pe3opbuns rpbiXkn MEXXMNO3BOHKOBOr0 AMCKA. Y BCEX MaLMEHTOB CUMMTOMbI
pafiuKynonaTMm yMeHbLIMAUCh Yepe3 1 Mecsl, a cUMNTOMbI B0NM B MosicHULLe — Yepes
2-3 Mecdua.

3akntoveHue. CornacHo Hallemy KJIMHWMYECKOMY OMbITy U COOTBETCTBYHOLLEN NU-
TepaType, CEKBECTPMPOBAHHbIE TPbIXM LUCKOB UMEIT BbICOKYIO CTerneHb pe3opbuumu.
MaTodusnonormyeckme npoLLecchbl BoCMaseHUs U pereHepaLumn sBASTCS 0CHOBHbIMM
MeXaHW3MaMu 3Toro siBfieHns. He cnepyeT HefoOLEeHWBATb KOHCEpPBATUBHbIE METOAbI
NleYeHUs TakMxX NaLneHTOB MpU OTCYTCTBUM OKOHYATESIbHbIX XMPYPrMYeCcKmX rnokasaHui.

Introduction

Accordingtoforeignauthors, the prev-
alence of general pain ranges from 30 to
78.6%. The definition of the International
Association for the Study of Pain (IASP),
«pain is an unpleasant sensory and emo-
tional experience associated with existing
or possible tissue damage or described in
terms of such damage»."?34 Lower back
pain is the most common health prob-
lem among the population aged 30 to 65
years.568

Herniated lumbar discs are one of the
most common causes of lower back pain,
in most cases, pain reduction and clinical
manifestations are associated with a de-
crease in herniation or its resorption."2%8

Thanks to the improvement in the
quality of neuroimaging research meth-
ods, especially MRI, it has been demon-
strated that with conservative treatment
of this category of patients, as symp-
toms alleviate, a decrease in the size
of the hernial protrusion is sometimes
observed. This phenomenon has been
called “resorption of intervertebral disc
herniation.” According to a meta-analy-
sis, the frequency of this phenomenon is
62.5-82.9%.8%¢

The purpose of the study is to
demonstrate the results in the use of
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high-intensity physiotherapeutic meth-
ods of influencing the process of resorp-
tion of herniated intervertebral discs of
the lumbar spine.

Materials and methods

The cross sectional analysis of the ob-
servation study was conducted on the ba-
sis of the Expert Neuro clinic, 30 patients
with confirmed diagnoses of «herniated
discs» were analyzed and examined as
part of a dissertation study from 2023 to
2024 according to the results of magnetic
resonance imaging (MRI).

The sample size of 30 patients was
calculated based on the number of pa-
tients among the adult population who
came to our center over the past year
with a diagnosis of lumbar interverte-
bral disc herniation. Accordingly, a sam-
ple size of adult patients was calculated
(confidence level: 95%, margin of error:
5%). Patients were recruited from clinics
in urban areas of Almaty with the sup-
port of local medical staff.

The control (I} group received 1-2
courses of treatment with classical meth-
ods of conservative treatment: nonsteroi-
dal anti-inflammatory therapy (NSAIDs),
B vitamins, electropharesis, low-intensi-
ty magnetic therapy, acupuncture No. 10
doses 1 time per day.

N21.+2024
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Table 1.
Patients’ characteristics in
groups

The main (I} group of patients re-
ceived 1-2 courses of treatment using:
HIL therapy (high-intensity laser treat-
ment), SIS therapy (High-intensity mag-
netotherapy), acupuncture No. 10 doses
1 time per day. Groups were formed by
continuous sampling method.

The clinical and neurological status of
patients, the assessment of the severity
of pain syndrome using a visual analog
scale (VAS), as well as the results of MRI
(or CT) before the start of treatment and
after 3 months were taken into account.

Inclusion criteria: patients aged 30 to
65 years, the presence of a clinical diag-
nosis of «herniated intervertebral discs
in the lumbar spine» in accordance with
ICD-10, confirmed by MRI (or CT) results,
the duration of pain up to 6 weeks, the in-
tensity of painin the leg is at least 6 points
on the visual analog scale, VAS.

Exclusion criteria: epilepsy, serious
mental disorders, significant cognitive
impairment, severe, uncontrolled so-
matic diseases, pregnancy or lactation,
absolute indications for surgery; a his-
tory of herniated discs, participation in
other clinical studies.

Ethical approval. This study was
conducted in strict accordance with the

principles outlined in the Helsinki Dec-
larationof the World Medical Association
«Ethical Principles of medical research
with human participation». Before com-
mencing the research, approval was ob-
tained from the Local Bioethics Commit-
tee of the Syzganov National Scientific
centre of surgery (as amended in Octo-
ber 2013).

Statistical Analysis

Data were analyzed using IBM SPSS
Statistics software version 17.0 (IBM
SPSS, USA). Numerical variables were
expressed as meanzSD and categori-
cal variables as numbers and percent-
ages. Nonparametric statistics were
performed for dataset analysis. Be-
tween-group comparisons were as-
sessed for numerical variablesand the
Chi-square test was used for categorical
variables. P<0.05 was considered statis-
tically significant.

Results

Participants in both groups under-
went CT scanning of the lumbar spine.
Spinal CT was performed in 1 (3.3%)
patient in each of the groups. In the re-
maining 28 (93.4%) patients with lum-
balgia, MRl of the lumbar spine was
most widely used.

I group Il group Chi- P value
squared
Patients 15(50.0%) 15 (50.0%)
Male | 8(26.67%) 9 (30.0%) 0.021 0.883
Female | 7(23.33%) 6 (20.0%) 0.019 0.890
Statistically not significant difference P>0.05
Statistically significant difference P<0.05

Before starting treatment, the charac-
teristics of patients in group | were as fol-
lows: all 15 (100%) patients had lumbalgia,
lumbar muscle defiance was detected in
4 (26.7%) patients, 5 (33.3%) patients had
sharp pain when bending, and 9 (60.0%)
patients were found to have soreness
of spinous processes and paravertebral
points. In 1 (6.7%) patient, lumbosacral
syndrome was observed, with radiating
pain in the lower limb, decreased or re-
vived tendon reflexes, as well as with sen-
sitive disorders.

In group Il, before the start of treat-
ment, the characteristics of patients
looked somewhat different: all 15 (100%)

patients had pain in the lumbar spine,
tenderness of spinous processes and
paravertebral points. Lumbar mus-
cle defiance was detected in 11 (73.3%)
patients, in 8 (53.3%) patients, lumbo-
sacral syndrome, radiating pain to the
lower limb with a decrease or revival of
tendon reflexes, as well as with sensi-
tive disorders was detected. Sharp pain
when bending only in 3 (20.0%) patients.
Therefore, statistical difference was in-
significant in both groups.

As a result of treatment of patients
in both groups, regression of neurolog-
ical symptoms was observed, but it was
more pronounced in group Il.
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After treatment Table 2. .
Symptoms and Before Regresspn of clinical an.d
N P neurological symptoms in
syndromes treatment | 1 month | Pvalue | 3 months
value | group!
Sharp pain when 0 10 7
" | bending over 15050.0%) | (33 3305) | 0417 | (23,330 | 0248
p | Lower back muscle 4(13.33%) | 2(6.67%) | 0.823 | 2(6.67%) | 0.823
defense
3 Esi'r:‘e'” the lumbar 5(16.67%) | 3(10.0%) | 0.807 | 2 (6.67%) | 0.748
Pain in the spinous
4 | processes and 9(30.0%) | 4(13.33%) | 0.537 | 3(10.0%) | 0.507
paravertebral points
5 | Lumbosacral syndrome | 1(3.33%] - - - -
6 Radlatl_on of pain to the 1(3.33%) ) . ) )
lower limb
7 Decreased or increased 1(3.33%) ) ) ) )
tendon reflexes
8 | Sensory disorders 1(3.33%) 1(3.33%) | 1.000 - -
Statistically not significant difference P>0.05
Statistically significant difference P<0.05
After treatment Table 3. .
Symptoms and Before Regresspn of clinical an.d
Ne P neurological symptoms in
syndromes treatment | 1 month | Pvalue | 3 months
value group Il
1 | Sharp pain when 3(10.0%) | 1(3.33%) | 0.856 . .
bending over
p | Lowerbackmuscle | 1434 g704) | 7(23.33%) | 0.564 | 1(3.33%) | 0.519
defense
Pain in the lumbar 0 10 0
3 spine 15 (50.0%) (33.33%) 0.419 | 1(3.33%) | 0.381
Pain in the spinous 10
4 | processes and 15 (50.0%) 0.419 | 1(3.33%) | 0.381
. (33.33%)]
paravertebral points
5 | Lumbosacral syndrome | 8(26.67%) | 4(13.33%) | 0.616 - -
g |Radiationofpaintothe | g (o0 4700} | 4(13.33%) | 0.616 . -
lower limb
7 | Decreasedorincreased | g o0 g00) | 4 (13.33%) | 0.616 - -
tendon reflexes
8 | Sensory disorders 8(26.67%) | 4(13.33%) | 0.616 - -

Statistically not significant difference P>0.05
Statistically significant difference P<0.05

We conditionally divided the visual

analogue scale (VAS) as follows: ¢ 0

no pain; ¢ 1-2 mild pain; ¢ 3-6 average
pain; ¢ 7-10 severe pain

VAS 0 no pain 1-2 mild pain | 3-6 average pain | 7-10 severe pain
| - group N 17 - 5 10 -
[l - group N 13 - - 12 3
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Table 4.

Results of the VAS
questionnaire before
treatment
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Table 5.
Results of the VAS VAS 0 no pain 1-2 mild pain 3-6 average 7-10 severe
questionnaire after pain pain
treatment after 3 months | -
group i
N 15 1 13 1
[l - group
N 15 3 12 - -
Table 6.
Results of control MRl and CT N2 Before After 1 month After 3 months Before
images of the lumbar spine treatment treatment
| — arou Intervertebral Transient Persistent Resorotion
l\?’IS P disc herniation reduction of hernia reduction ) n%
15 (100%) hernia 5 (33.3%) 6 (40%)
Intervertebral disc
Il - arou herniation Transient Persistent Resorption -
Ng15 P 12 (80%) reduction of hernia reduction 3 [2%0/]
Sequestrated hernia 1 (6.6%) 12 (80%) °
hernia 3 (20%)

Figure 1.

A 39-year-old man, followed
for 3 months, herniated L5-51,
there is a partial restoration of
the MR signal and the height of
the disc on thebackground of a
decrease in herniation.

Based on the presented data, it
can be concluded that the treatment of
herniated discs can cause a temporary
increase and change in the structure of
the hernia, possibly due to an inflam-
matory reaction and infiltration of her-
niated tissue by immune cells. These
changes can affect clinical manifes-
tations and neurological symptoms. It
is important to note that such chang-

BECTHUK XUPYPITUN KA3SAXCTAHA

es should not be considered solely as
a negative trend, since in most cases
they will be followed by a decrease in
the size of the hernia and an improve-
ment in clinical manifestations. Figure
- 1,2,3 shows MRI images of 3 patients
before and after inclusion in the study,
observed from 1 to 3 months, with
spontaneous resorption of a herniated
intervertebral disc.

N21° 2024



EXPERIENCE OF RESORPTION OF LUMBAR
SPINE HERNIAS

~ EX: 3506
| 20210731
| 19:18142 %
| Se: 12/18

N SE WSS

il' TR:331410°TE105.2
4.0thi/5 0s1p
UsLs456.

20.0 TE:
01.04.2021 1:47:07

Discussion

The phenomenon of lumbar disc her-
niation resorption following nonsurgical
interventions has been extensively doc-
umented since its initial observation in
1984. These reports describe lumbar disc
herniations diminishing or disappearing
gradually over time. The non-surgical
treatment cited in these reports encom-
pass a range of approaches, including
rest, lumbar support, pain relievers, oral
steroids, non-steroidal anti-inflammato-
ry drugs, epidural steroid injections, cau-
dal epiduralinjections of local anesthetic,
manipulation, heat therapy, ultrasound,
electrotherapy, traction, exercises, Tradi-
tional Chinese Medicine, and integrative

T: 4.0mm L: -7.7mm*

Korean medicine. However, the specific
treatments crucial for facilitating resorp-
tion and the timing of the resorption pro-
cess remain uncertain. 701

The North American Spine Soci-
ety has suggested that the possibili-
ty of resorption should be considered
when treating lumbar disc herniation.
Although it is known that sequestered
and large lumbar disc herniations have a
greater likelihood of resorption, it is still
impossible to accurately predict resorp-
tion in individual cases. Even the possi-
bility of resorption cannot be predicted
for individual cases. *¢1°

The frequency of resorption varies
in different reports due to the varying
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Figure 2.

A 31-year-old man, followed
for 3 months, herniated L5-S1,
there is a partial restoration of
the MR signal and the height of
the disc on the background of a
decrease in herniation.

Figure 3.

A 45-year-old man, followed
for 3 months, herniated L5-S1,
there is a partial restoration of
the MR signal and the height of
the disc on the background of a
decrease in herniation.
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durations of observation. Lee et al., doc-
umented the highest resorption rate at
96%, with an average observation peri-
od of 341.38 + 306.83 days. Converse-
ly, two studies showed no resorption
over shorter observation periods (45
days and 20 days), suggesting that re-
sorption typically does not occur too
quickly following nonsurgical interven-
tions_12,13,14,15

Physical therapy can play an im-
portant role in helping the resorption of
lumbar disc herniation. Although it is not
possible to directly stimulate resorption
using physiotherapy, the use of high-in-
tensity physical influences in our case
made it possible to do this.

Limitation.

The limitations were mainly associ-
ated with cases of breakdown of diag-
nostic equipment, lead to minor chang-
es in control testing schedule. Also, all
diagnostic studies were carried out only
by the same doctor and equipment.

Conclusion

To date, there are many ways to
treat herniated discs, but the levels
of evidence of various methods cre-
ate many questions, with the improve-
ment of medical technology, planned
therapeutic and diagnostic tactics lose
their relevance in the 5-year period.
Prognostic criteria have not yet been
identified for the phenomenon of her-
nia resorption, which is important for
choosing treatment tactics for patients
with this pathology. In addition, the
stages of resorption are not entirely ob-
vious. Further research in this area is
needed to identify imaging markers and
more accurately allocate patients at the
outpatient stage to choose conservative
or surgical treatment.
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Annotation

Background. DiGeorge syndrome is a rare congenital disease associated with a
deletion of chromosome 22q11.2, which is characterized by the occurrence of various
anomalies, such as hypo/aplasia of the thymus and parathyroid glands, which leads to
T-cell immunodeficiency and hypoparathyroidism; this syndrome is also characterized
by congenital heart disease (tetralogy of Fallot]), anomalies in the development of cra-
niofacial structures are observed, in the form of non-fusion of the hard palate and upper
lip (cleft palate and cleft lip).

Results. This article will examine a clinical case of DiGeorge syndrome in a child,
with the classic triad characteristic of this condition (immunodeficiency, hypoparathy-
roidism and congenital heart disease). The patient underwent the first stage of correc-
tion of a combined heart defect against the background of constant (monthly) immuno-
correction. Due to the COVID-19 pandemic, our patient was unable to receive scheduled
hospitalization for blood replacement and immunocorrective therapy in a timely man-
ner. The key to increasing the survival rate of patients with DiGeorge syndrome is pre-
natal screening, timely correction of the anomaly and immunoreplacement therapy,
which are actively used in foreign countries. Also, incomplete treatment of DiGeorge
syndrome can subsequently lead to various other manifestations, such as autoimmune
diseases, infectious diseases, etc.

Conclusion. The prognosis of DiGeorge syndrome is that this disease has various clin-
ical manifestations, is combined with other variants of the anomaly that are incompatible
with life and lead to delayed psychomotor development and have an unfavorable prognosis.

OAv bxopa)ku CUHAPOMbBIH BipiKTipinreH emaey

Mcmaunosa N H."?, Xamugynna A.K.", ikynosa U.A.",
OmMmapkpbi3bl bl.", Temipxanos A.[."

"A. H. Cbi3raHoB ATbiHafbl YATTbIK FbiSIbIMU XMPYPrus opTanblifbl,
Anmartbl, KasakcTtaH

2 9n-OapabunatbiHparbiKasakynTTbikyHUBEPCUTETI,

Anmartbl, KasakcTtaH

Tyinpeme
©3exTigiri. [y [DKOPLKM CUHAPOMbI — 22q11.2 XPOMOCOMACHIHbIH, XXO0WblTybIMEH OaiNaAHbICTbI
CUpeKTya OiTKeH aypy, 011 TUMYC aHe K/IKaHLLIaMaHbl Oe3aepiHiH rMno/anaasuscbl CUSKTbI apTYp-
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i aybITKyAAp/bIH naiaa 6onybiMeH cunatTanagbl, 6y T-Kacyllanblk MMMYHTAMLLbIIbIFbIHA XaHe
rMnonapaT1peosFa skenefi; by CMHAPOM COHbIMEH KaTap TyaliTKeH Xypek akaybiMeH (Pano TeT-
PaNorUAChl) cMNaTTANAAbl, U1 0aC-KAKKYPbUIbIMAAPbIHbIH, JAMY aHOMAIMSIAPb! KATTbITAHAAA MeH
KOFAPFbl epiHHIH GipikTipinmeyi Typitae 6aiikanafpl (kapblKTaHAAA XaHE epiH XbIPbIFbl).

Hatmxenep. Makanaga ocbl JKarganFa ToH KNACCUKANbIK TpMAta (MMMYHWUTET TanLbl/iblfbl,
rMNONapaT1peos xoHe Tya OiTKeH Xypek akaybl) 6ap banagarbl An [KOPAXM CUHAPOMbIHbIH, KK~
HMK/IbIK JKAFOAVibl KApaCTbipbliadbl. Haykacka TypakTbl (ail CaiblHFbI) MMMYHOKOPPEKLMS (o-
HbIHAQA KATAP XKYPETIH XYpeK aypyblH Ty3eTyAiH GipiHLi KeeHi eTTi. COVID-19 nanaemuscbiHa baii-
JIAHBICTbI Oi3MiH MALMEHT KaH AIMACTbIPY X8HEe MMMYHOKOPPEKLMSIbIK Tepanus YLUiH Xocnap/bl
rOCMUTaIN3ALMAHBI YaKTbUlbl AN AIMafbl. Ay [DKOPMKM CUHAPOMbI 0ap HayKacTap AblH emipcypy
JEeHTevii HAPTTbIPY/AbIH KiATi - NpeHaTanabl CKPUHWHT, HOMANVAHbI iep Ke3iHAe Ty3eTy xaHe LweTes-
nepae bencenpi Typae KoMAAHbIIATBIH MMMYHOPbIHAIMACTbIPY Tepanuscbl. CoHpaii-ak, Qv [xopa-
XM CUHOPOMbIH TO/bIKEM [leMey KeWiHHEeH ayTOMMMYHABIK aypynap, XyKnajbl aypyiap >eHe T.0.
CUAKTbI 6acka Aa KepiHicTepre akenyi MyMKiH.

KopbITbiHAbL. [V [DKOPIKN CUHAPOMbIHbIH, O0/KaMbl — Oyl aypyablH SpTYpPAi KIMHUKANbIK
KepiHicTepi 6ap, aHOMaAMsHbIH, BMipre COMKeC KeMENRTIH 6acka HyckanapbiMeH GipikTipinin, ncu-

XOMOTOP/Ibl AAMY/bIH, KeLLiryiHe 9KeNeTiH xoHe Halap bo/mkamra akenesi.

KoMbuHupoBaHHoe neyeHue cuHapoma [in Hkoxxam

Ucmaunosa IN.H."2, Xamnpgynna A.K.", fikynosa U.A.", Aerop anesoppecromenian
Omapkbisbl U.', TemupxaHoB A.LL. pesuent AO "HatonarsHei

Hayu4HbIA LeHTp Xupypriv
uM. A.H. CbiraHoBa”
Email: Khamidulla.aiymgul@gmail.com

" AO «HaumoHanbHbIN HayYHbIN LEHTP XMPYPrum

M. A.H.CbizraHosa, r. AnmaTbl, KazaxcTtaH Koknukr nirepecos:
2 Ka3axCKuil HaLlMOHanbHbIM yHuBepcuTeT anb-Papaby, S G

Anmarsbl, KazaxctaH

KnioyeBbie cnosa:
cuHapom [u [xopaxu, runo/annasns
TuMyca, Tetpaga ®@ano,

AHHOTaU,VISI TpaHcnnaHTaums umyca, COVID-19.

CunpgpoM [Ou xopaxu — pepkoe BpoxaeHHoe 3abonieBaHue, CBs3aHHoe C fe-
neumen xpomocoMbl 22q11.2, koTopoe XapakTepu3yeTcsl BOSHUKHOBEHMEM Pa3fIUYHbIX
aHOManuit, TakMx Kak rumno/annasus TMMyca v napaluToBUAHbIX XeJles, YTo MPUBOAUT K
T-KneTo4yHOMy UMMYHOLEDULMTY U FMNONapaTUpeo3y; AaHHbIN CUHAPOM acCoLMMPOBaH
C BPOXAEHHbIMU MopokaMu ceppua, Takumu Kak Tetpaga Panno, HabnogatoTcs aHoma-
JINN Pa3BUTUS YEPEMHO-JINLEBLIX CTPYKTYP B BUAE HecpalleHus TBepaoro Heba n Bepx-
Hew rybbl (pacuiennta Heba 1 3aa4bs ryba).

B cTatbe npepctaBneH kavHuyeckui ciydan cuHgpoma Ou Dxkopoxu y pebeHka
2 NeT, 1 paccMOTpeHa MpeanoXeHHas cxemMa KOMBUHMPOBAHHOrO XMPYpPruyeckoro se-
YeHUs U MMMYHOKOpperunpymwLlen Tepanuun. Y naymeHTa ¢ KnaccMyeckon Tpuagon, xa-
pakTepPHOM [JA 3TOr0 COCTOAHUA (MMMyHOZedMUNT, rMnonapaTMpeos M BPOXAEHHbLIN
nopok cepaual. BepuduumposBaH cuHApoMoM [u [xopaxku, NoaTBep>KaeHHbIn nabo-
PaTOPHbIMW U UHCTPYMEHTaNlbHbIMW MeTogaMu guarHocTUkn, OcobeHHOCTbI0 AaHHOro
KIIMHWYECKOro cliy4yast SBUI0Ch To, YTo pebeHKy bbiny ycnelwHo npoBefeHbl ABa 3Tana
OTKPbITON XUPYPrMYeckon KoppekLum coyeTaHHOro Nopoka cepaLa Ha doHe NoCTOSHHON
(exxeMecaYHOM) MMMYHOKOPPEKLMM, OfHAKO, B CBA3M OrpaHUYeHHbIM LOCTYMOM K FOCMu-
TanbHOW MEAMLMHCKOW MOMOLUM MaumeHTaM ¢ UMMyHOLedULMUTHBIMU COCTOSHUAMU B
nepuopn naHgemun COVID-19, nauneHT He CMOr CBOEBPEMEHHO MOJIYyYUTb MIAHOBY UM-
MYHOKOPPEeKLMI0 B YCNOBMAX CTauMoHapa. [1o MHEHWIO aBTOPOB, AaHHbIE OrpaHUYeHNs
CMpPOBOLMPOBaaN pa3BUTUE TAXKENbIX MHDEKLMOHHbIX OCJTOXKHEHW, MPUBELLLINX B UTOrE
K neTanbHOMY Mcxopdy. 3ai0roM MOBbILEHMS BbIXKMBAEMOCTU BONbHBIX CMHAPOMOM [u
[>xoppxxu aBNatoTCA NpeHaTalbHbI CKPUHUHE, @ Takxke KOMBWHaLWMS CBOEBPEMEHHOMN
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COMBINED TREATMENT OF DIGEORGE SYNDROME

XUPYPruyeckoin KOppekLMm aHoManmin 1 UMMyHO3aMeCTUTENIbHOM Tepanuu, KoTopble ak-
TUBHO NPUMEHSIOTCS B 3apybeskHbIX cTpaHax. Takxke HEMOMHbINA KypC eYeHnst CUHAPOMa
O [>xopa>kn MoxeT bbITb acCOLMMPOBaH C Pa3BUTUEM CEPbE3HbIX OCIOXKHEHUIA.

Introduction

DiGeorge syndrome, or velocardio-
fascial syndrome, is associated with a
deletion of chromosome 22q11.2 and
is one of the most common deletions
in the human genome, second only to
Down syndrome, which is associat-
ed with a trisomy on chromosome 21.
The prevalence of DiGeorge syndrome
ranges from 1:1000 to 1:4000 - 1:6000
newborns according to different liter-
ature data. The chromosomal deletion
22911.2 results in impaired develop-
ment of the pharyngeal gut, which gives
rise to the posterior part of the oral
cavity, tongue, salivary glands, palatine
tonsils, glands derived from the epithe-
lium of the pharyngeal pockets (thyroid,
parathyroid, thymus) and the cardiac
outflow tract.

Clinically, full DiGeorge syndrome
can be observed, which includes the full
range of typical manifestations, namely
congenital anomalies and severe immu-
nodeficiency. It is also possible to ob-
serve partial DiGeorge syndrome, which
includes only some of the manifestations
without evidence of marked immunode-
ficiency. A diagnostic criterion to distin-
guish between complete and incomplete
DiGeorge syndrome is the determination
of the number of native T cells (CD4+C-
D45RA+ T cells). T-cell deficiency is of-
ten associated with B-cell deficiency and
hypogammaglobulinemia.

DiGeorge syndrome was first de-
scribed as a clinical triad: immuno-
deficiency, hypoparathyroidism and
congenital heart disease (conotruncal
anomalies). Further study of DiGeorge
syndrome has led to the identification
of a variety of clinical manifestations of
the disease, including many congenital
anomalies and pathological conditions,
such as non-enlargement of the hard

palate and upper lip (wolf's mouth and
harelip), as well as later manifestations,
such as gastrointestinal or renal anom-
alies, autoimmune diseases, and various
manifestations of cognitive retardation.

Objective: To discuss the complex-
ities of combination treatment of Di-
George syndrome within the constraints
of the COVID-19 pandemic.

Case presentation

A child, a boy aged 4.5 months, G4P4
uncomplicated pregnancy, with a birth
weight of 2500g, with no family history of
facial dysmorphism and other congenital
anomalies, was admitted to a children’s
city clinical infectious disease hospital
in September 2019 with signs of respi-
ratory failure, rapid breathing, increased
body temperature, cough, runny nose.
The initial physical examination revealed
skin cyanosis, decreased skin turgor,
increased body temperature to 37.4°C,
tachycardia 146 per minute, tachypnea
54 per minute. The child's weight at
the time of the examination was 3500
g, which is below the age norm, and he
was artificially fed, sucking weakly. The
child's psychomotor development was
also delayed.

In the cardiac region, a “heart hump”
type bulge was visualized, and systol-
ic tremor with widening of the cardiac
borders in the cross section was noted
on palpation. Auscultation of the lungs
revealed dyspnea and dry wheezing
rales. Auxiliary muscles were involved
in breathing. Heart sounds were muffled
and a coarse systolic “machine murmur”
was noted at all sites. On initial physi-
cal examination, oxygen saturation was
85%, blood pressure was 72/46 mmHg,
and heart rate was 150 beats/min. On
the ECG, the cardiac axis was 100° to the
right and there was evidence of hyper-
trophy of both ventricles.
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Figure 1.

X-ray shows signs of bilateral
focal pneumonia.
Cardiomegaly. Hypo/aplasia
of the thymus gland.

Figure 2.

Reconvalescence in dynamics
after 10 days. Cardiomegaly,
heart waist is smoothed.

The patient was referred to a pe- tricular septal defect and left ventricular
diatric cardiac surgery center, where wall hypertrophy.
EchoCG revealed a wide open aortic Echocardiography revealed a com-
duct, atrial septal aneurysm with an atri- bined congenital heart defect (CHD] - Te-
al septal defect, as well as an interven- tralogy of Fallot.
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Figure 3 and 4. 2 =
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Open ductus arteriosus.
Signs of pulmonary
hypertension.

Additive papillary muscle
group. Aneurysm of the
sinuses of Valsava. Mitral and
tricuspid valve insufficiency.
Myocardial contractility

is satisfactory.
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Discussion being coarctation of the aorta, common

DiGeorge syndrome is caused by a arterial trunk and tetralogy of Fallot.
chromosomal microdeletion 22q11.2 Lesions of the nasopharyngeal appa-
and is characterised by a wide range ratus occur in about 70% of cases and
of clinical manifestations. Congenital manifest as velopharyngeal anomalies,
heart disease occurs in 80% of cases, cleft palate, cleft lip, cleft frenulum of
with the most common manifestations the palate, nasal tone of voice, olfactory
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dysfunction and hearing loss. There may
be various signs of dysembryogenesis
stigma, characteristic facial features
such as elongated face, macrognathia,
broad nasal bridge, small teeth. Delayed
physical, speech and psychomotor de-
velopment is observed in 70-90% and
manifests itself with age. Immunological
disorders occur in 77% of cases. Infec-
tions due to immunodeficiency occur not
from birth but throughout the course of
the disease. T-cell deficiency may pre-
dispose to autoimmune disease, which
may be as high as 8.5%, especially in pa-
tients with CD4+ deficiency.?

DiGeorge syndrome is not uncom-
mon in adults in the form of various
variants of CHD: Tetralogy of Fallot, uni-
lateral absence of the pulmonary artery,
and others. Among patients with CHD,
55% had chromosomal abnormalities,
71% of patients with chromosomal ab-
normalities had cardiac CHD, four of
whom had the triad: congenital larynge-
al membrane, deletion of chromosome
22911 and congenital cardiovascular
anomalies.®

Surgical correction and complete
repair of Tetralogy of Fallot consists of
repair of the interventricular septal de-
fect by patch placement, dilation of the
right ventricular outflow tract by muscle
resection, pulmonary valvuloplasty and,
if necessary, enlargement of the pulmo-
nary trunk patch. If there is significant
hypoplasia of the pulmonary valve annu-
lus, a transannular patch is placed. Sur-
gery is usually elective at 2-6 months of
age, but can be performed at any time if
symptoms are present or if there is se-
vere right ventricular outflow tract ob-
struction.*

Prophylaxis against infection is rec-
ommended for most patients with Di-
George syndrome who are incompletely
immunodeficient, and thymic transplan-
tation (TT) is recommended for those
who are fully immunodeficient.’

Therefore, the next important treat-
ment tactic for DiGeorge syndrome is TT.
TT is a promising treatment strategy for
complete DiGeorge syndrome. Accord-
ing to the literature, 71 infants with com-
plete DiGeorge anomaly were identified,
of which 59 infants underwent TT. After
TT, 12 (20%) infants required emergen-
cy admission to the intensive care unit

(ICU). Of these, 7 (58%) of the 12 infants
survived to discharge from ORIT and six
survived 6 months after TT. 42 (71%) of
the 59 infants who underwent TT had
CHD, of whom 9 (75%) were treated in the
ORIT. There was a correlation between
days without mechanical ventilation and
age at transplantation (R 0.17; p = 0.423).
Age at transplantation and the presence
of CAD were not associated with the risk
of ORIT hospitalisation (odds ratio 0.95;
95% CI 0.78-1.15 and odds ratio 1.27;
95% ClI 0.30-5.49, respectively) or ORIT
mortality (odds ratio 0.98; 95% CI 0.73-
1.31 and odds ratio 0.40; 95% CI 0.15-
1.07, respectively).t

The causes of early post-transplant
mortality were viral infections in the ab-
sence of thymopoiesis and late death
due to autoimmune thrombocytopenia,
septic shock with graft rejection and the
need for repeat TT. Signs of thymopoie-
sis developed in 5-6 months, also at 12
and 24 months after TT in 10 patients
there was observed a dynamic increase
in the level of circulating naive CD4 and
T cells. Although the age norm is not al-
ways reached, the risk of new infections
is reduced. On average, prophylactic
antimicrobials and immunoglobulin re-
placement therapy are discontinued af-
ter 49 months. Histological confirmation
of thymopoiesis has been observed in
patients who have undergone biopsy of
the transplanted tissue, with complete
maturation to the formation of terminal
Hassall's corpuscles and expression of
autoimmune regulators.”®

However, autoimmune complica-
tions have occurred after TT. Untimely
therapy, namely correction of cardiac
CHD and TT of the thymus gland, may
lead to an unfavourable outcome, as oc-
curred in our clinical case.’

Recent studies following the
COVID-19 pandemic have shown that
many respiratory viruses are more se-
vere in people with T-cell immunode-
ficiency. Patients with 22911.2 dele-
tion syndrome were at risk for a severe
course of COVID-19.

Conclusion

Patient A underwent the first stage of
surgical correction of CHD. The present-
ed clinical case coincided with the period
of COVID-19 pandemic. Restrictive mea-
sures were introduced during the period
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of disease incidence (May-June 2020),
including limited planned hospitalisation
of immunocompromised patients. As a
result, Patient A was unable to receive
planned monthly immune-replacement
therapy to correct primary immunodefi-
ciency, which led to the development of
infectious complications of viral infection
of unclear genesis during the COVID-19
outbreak and ultimately to death.
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Annotation

A 46-year-old woman, withheight 161 cm and weight 75 kg, underwent endoscopic
resection of the esophagus with reconstruction of the gastrointestinal tract with a gas-
tric tube (McKeown procedure). During the surgery a tracheal injury with a rupture of the
membranous part revealed, which was considered as a complication regarding a dou-
ble-lumen endotracheal tube installation. Clinically, the rupture remained asymptom-
atic during two hours of single-lung ventilation of the left lung and was visualized during
the thoracoscopic stage of the surgery. The tracheal rupture was promptly repaired. In
the postoperative period, the patient required prolonged lung ventilation through a la-
ryngeal mask. Frequentbronchial fibroscopy was performed to verify the condition of
the tracheal suture, its continuity, and to provide tracheobronchial sanitation in the in-
tensive care unit. The application of a multidisciplinary approach to diagnose and treat a
life-threatening complication as tracheal rupture in a short time allowed us to stabilize
the patient’s condition and avoid the development of further complications.
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neTyiHoe b6ankanManbl XoHe oTaHblH TOPAaKOCKOMUAMbLIK Ke3eHiHAe BU3yasbAbl aHblK-
Tangbl. KeHipaekTiH XbipTbiFaH beniri kannbiHa kenTipingi. OTagaH KemiHri keseHge
HayKacka lapuMHreanbibl Macka apkblJibl y3apThliFaH ekne XenaeTyi kaxeT 6onabl. Kap-
KblHIbl eMaey beniMiHae KeHipAeK TIriCiHIH KYNiH, OHbIH ThbifbI3[blfblH XX9HEe TpaxeobpoH-
xnangpl arawTbi (TBA) caHauuschl ywiH GipHele peT pnbpobpoHxockonus xacanbl.
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KnroyeBeie cnoBa:

ATporeHHoe noBpexaeHne Tpaxeu,
AYXMPOCBETHasAIHA0TpaxeasbHas
TpybKa, NeyeHne paspbiBoB Tpaxeu,
UCKYCCTBEHHAs BEHTUNIALMS JIErKMX,
JlapuHreanbHas Macka,
¢ubpobpoHxockonus npu
MOBPEXAEHNUSX TPaXeu.

AHHOTaLuA

Y xeHwuHbl 46 net, poctoM 161 cM n mMaccon Tena 75 Kr BO BpeMs 3HA0CKOMUYe-
CKOM pe3eKkuMu nuLieBofa C BOCCTAHOBAEHMEM LLeJIOCTHOCTU XKeslyLOoYHO-KULWEeYHOro
TpakTa xenygouHoit Tpybkon (onepauus McKeown) npousowwno noepexgeHve Tpaxeu
C pa3pblBOM MeMbpaHO3HOM YacTu, KOTOPOe pacLeHEeHO KaK OCIIOXHEHME B pe3ynbraTte
YCTaHOBKM [BYXMPOCBETHOMIHAOTPaxeanbHon Tpybku. KnuHnyeckn paspbiB He nNposiB-
NANCS B Te4eHUe ABYX YaCOB OAHOIEr0YHON NEBOCTOPOHHEN BEHTUNALUM Nerkmx, 1 6bin
BbISIBIEH BM3YyaslbHO BO BPEMSi TOPAKOCKOMMYECKOro atana onepauuun. Pa3pbiB Tpaxeu
Bbin ywwnt. B nocneonepauoHHOM nepuoge nauuveHTy bbina HeobxoanMa nponneHHas
BEHTUNALMSA Nerkmx, KoTopas OCyLLeCTBAANACh Yepe3 NapuHreanbHylo Macky. HeogHo-
KpaTHas ¢ubpobpoHxockonuns nposoAunach Ans BepuduKaLUM COCTOSIHUS Tpaxeasb-
HOro LUBa, €ro repMeTMYHOCTU M caHaLuu TpaxeobpoHXManbHOro AepeBa B OTLENIEHUM
WHTEHCUBHOM Tepanuu. [prMeHeHe MyNbTUANCLUMIMHAPHOIO NOAX0AA K AMArHOCTUKe
M NIeYeHMI0 Takoro >KM3Heyrpo>XKatoLLEero 0CN0XHEHNS KaK pa3pbiB Tpaxeu, NO3BOAUI B
KopoTKoe BpeMs fobutbcs ctabunmnsaumnm coctosHua n nsbexkatb pasBUTUS AanbHen-
LUNX OCNOXKHEHWN.

Introduction

The double-lumen endobronchi-
al tube is often used for a single-lung
ventilation method in thoracic surgery.
However, its use can lead to tracheal
rupture due to large external diameter
and the frequently used stylet."? Tra-
cheal rupture after intubation is a rare
complication, but it is a life-threatening
condition, and the prognosis directly de-
pends on the timeliness of diagnosis and
treatment. It is important to ensure air-
way patency before and after treatment.

In addition, early extubation is rec-
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ommended to prevent complications due
to increased airway pressure. However,
in most cases, mechanical ventilation is
required after surgery for tracheal rup-
ture.’

Using the example of a 46-year-old
female patient who had a tracheal rup-
ture caused by intubation with a dou-
ble-lumen endobronchial tube during
esophageal extirpation, the authors
discuss the management of a tracheal
rupture discovered during surgery, the
use of a laryngeal mask airway as an al-
ternative for prolonged ventilation in the
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postoperative period and the role of fi-
beroptic bronchoscopy to verify the res-
toration of tracheal rupture.

Clinical case

A female patient, 46 years old, height
161 cm and body weight 75 kg, was pre-
scribed extirpation of the esophagus for
squamous cell keratinizing cancer of
the middle third of the esophagus, an
infiltrative-ulcerative form with inva-
sion into the muscle layer. A McKeown
operation is planned - in which resec-
tion of the esophagus and formation of
a gastric tube is performed using lap-
aroscopic and thoracoscopic methods,
and esophagogastroanastomosis s
performed through a cervical approach.
During the preoperative examination,
including blood tests, electrocardiogra-
phy, chest CT (computed tomography)
and bronchoscopy, we identified non-
specific cardiomyopathy, endometriosis
of the uterine body and varicose veins of
the lower extremities without circulatory
disorders in them, and no other specific
abnormalities were found. According to
clinical lab results: total protein levels
were reduced - 55.9 g/l, minor microal-
buminuria - 30 mg/l, leukocyturia - 14
cells/ml, erythrocyturia - 15 cells/ml
were detected in the urine.

The patient was examined by an an-
esthesiologist before the surgery, ASA
risk class 2 was determined, and gener-
al multicomponent endotracheal anes-
thesia was planned.

The patient was taken to the operat-
ing room without premedication wearing
compression stockings on the lower ex-
tremities. Basic monitoring has been es-
tablished. Initial vital signs were stable:
blood pressure 135/65 mm Hg, heart
rate 78 per minute, blood oxygen satu-
ration 97%. A peripheral venous cannula
was inserted into the cubital vein.

Induction of anesthesia was per-
formed intravenously: Propofol 150 mag,
fentanyl 0.2 mg. Myoplegia with pipecu-
ronium 4 mg and suxamethonium 100
mg. The trachea was intubated with a
double-lumen left-directed endotra-
cheal tube, size 35Fr, without a stylet.
Intubation proceeded without technical
difficulties using the classical technique.
The tube was passed into place without
resistance. The position of the tube was
verified by auscultation, and complete

isolation of both lungs was achieved.
Two-lung ventilation was established
by volume mode with a tidal volume of
450 ml, respiratory rate 14 per minute,
inhalation-exhalation ratio 1:2, Fi0O2
45%. In this case, the peak pressure in
the respiratory tract was 14 cm H20, the
plateau pressure was 10 cm H20, and
the end-expiratory pressure was 3 cm
H20. Compliance was 55-60 ml/cm H20,
EtC0O2 32-37 mmHg, Sp02 99-100%.

Maintenance of anesthesia: Sevoflu-
rane 0.6-1 MAC, fentanyl 1 mg. The du-
ration of the operation was 425 minutes,
the duration of anesthesia was 495 min-
utes.

Monitoring of the patient’s vital func-
tions was expanded, and the radial ar-
tery and internal jugular vein on the right
were cannulated. Invasive monitoring
of blood pressure and central venous
pressure was started. A thermistor is
installed in the nasopharynx to contin-
uously monitor core body temperature.
The bladder was catheterized with a
Foley catheter to monitor hourly urine
output. To prevent induced hypother-
mia, infusion of warm (39°C) infusion
solutions was used using the EnFlow
infusion media warmer, as well as con-
vection air heating of the patient’s torso
using the Equator device. The antibiotic
ceftriaxone 1 g was administered. and
pantoprozole 40 mg.

The patient was placed in a prone po-
sition, and single-lung ventilation of the
left lung was started. FiO2 increased to
60%, tidal volume decreased to 300 ml,
respiratory rate increased to 20 per min-
ute. At the same time, the peak pressure
in the respiratory tract was 17 mmHg,
the plateau pressure was 14 cmH20,
and the end-expiratory pressure was 0
c¢cmH20. Compliance was 22-30 ml/cm
H20, EtC02 35-40 mmHg, Sp02 97-98%.
The thoracoscopic stage of the operation
began in the conditions of right-sided
carbothorax and carbomediastinum. Af-
ter opening the mediastinal pleura along
the esophagus, the esophagus is grad-
ually mobilized using sharp and blunt
routes with the intersection of the azygos
vein. At the 115th minute of the opera-
tion, during mobilization of the esopha-
gus in the upper thoracic region, there
was a sudden decrease in Sp02 to 79%,
anincrease in heart rate to 128 per min-
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ute, a decrease in peak pressure to 10
cm water column, plateau pressure to 7
cm water column, etCO2 increased to 99
mm Hg, a leak appeared in the anesthe-
sia machine circuit to 700 ml/min. Both
channels of the double-lumen endotra-
cheal tube were sanitized, and a small
amount of blood-streaked mucus was
aspirated from the right channel. Arteri-
al and venous pressure werestable.

During inspection of the mediasti-
num, surgeons identified a linear rupture
of the membranous part of the trachea,
which began 1 cm above the tracheal bi-
furcation and continued proximally; the
tracheal cuff of the tube was visualized
in the lumen of the trachea. The trachea
and esophagus were separated. A longi-
tudinal rupture of the membranous part
of the trachea over 10 cm was detected.

Ventilation parameters were ad-
justed based on the patient’s condition
and the leak. The patient resumed dou-
ble-pulmonary ventilation with a tidal
volume of 600 ml, respiratory rate 20 per
minute, inhalation-exhalation ratio 1:2,
Fi02 100%. In this case, the peak pres-
sure in the respiratory tract was 17 cm
H20, the plateau pressure was 14 cm
H20, and the end expiratory pressure
was 3 cm H20. Compliance was 45-50
ml/cm water column. The leakage was
580-720 ml/min. Gradually, within 4 min-
utes, EtCO2 decreased to 42-49 mmHg,
and Sp02 increased to 93-95%. Blood
pressure was 100/60 mm Hg, heart rate
decreased to 100 per minute.

After a multidisciplinary intraopera-
tive consultation, it was decided to close
the tracheal rupture endoscopically
and intensify antibacterial therapy with
meropenem, which was administered
intravenously at a dose of 1 g. The defect
in the membranous part of the trachea
was sutured with a continuous suture,
and a hydrotest was performed, which
showed complete tightness of the tra-
chea. The operation continued.

The thoracic stage was completed
after complete stabilization of respira-
tory function. In dynamics, the ventila-
tion parameters were changed taking
into account the eliminated leak, the
tidal volume was reduced to 450 ml, the
respiratory rate was reduced to 14 per
minute to achieve normal ventilation at
EtCO2 35-38 mm Hg. After suturing the
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trachea, gas exchange was stabilized
and improved in dynamics. Tachycardi-
aregressed.

At the end of the thoracic stage, the
patient was rotated to the “supine” posi-
tion and the endoscopic abdominal stage
of the operation began, which went with-
out any complications. After the abdom-
inal stage of the operation, against the
background of the relative stability of the
patient’s vital functions, the operation
was completed with the application of
esophago-gastroanastomosis from the
cervical approach.

At the end of the operation, the pa-
tient in medicated sleep with stable vital
signs was transported to the intensive
care unit.

Upon admission to the intensive care
unit the patient was examined, including
chest x-ray, blood tests for acid base,
gas composition, electrolytes, coagu-
lation status and standard biochemical
composition. A consultation was held to
determine further tactics of the patient’s
management, at which it was decid-
ed to continue double-lung ventilation
through a double-lumen endotracheal
tube with deep sedation. If respiratory
function is stable and there are no other
complications from the airway, lungs or
chest frame, after 6-8 hours it was rec-
ommended to remove the double-lumen
endotracheal tube and replace it with a
supraglottic airway to continue venti-
lation. A disposable #4 laryngeal mask
was chosen as the supraglottic airway.
In case of difficulties in providing venti-
lation through the supraglottic airway, it
was suggested to replace it with a sin-
gle-lumen endotracheal tube.

6 hours 40 minutes after the pa-
tient’s admission to the intensive care
unit against the background of deep se-
dation with dexmedetomidine and fen-
tanyl, prolonged artificial ventilation, the
patient’'s condition was stable, gas ex-
change was satisfactory, there were no
accumulation of mucus in the respira-
tory tract, there were no pneumothorax
or pneumomediastinum. A double-lu-
men endotracheal tube was removed
from the trachea under the influence of
an ultra-short-acting muscle relaxant
(suxamethonium). Laryngeal mask No.
4 was installed, the cuff was inflated
until a tight seal was achieved. Artificial
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ventilation of the lungs was continued
through the laryngeal mask using the
same parameters. Oxygenation was sat-
isfactory. A diagnostic and sanitation fi-
brobronchoscopy was performed, which
revealed that the suture on the mem-
branous part of the trachea is intact, no
defects were found, no accumulations
of mucus and blood were detected, and
there was no bronchial obstruction.

Subsequently, the depth of sedation
was reduced, spontaneous breathing
restored, and the ventilation mode was
changed to auxiliary with pressure sup-
port. At the same time, the parameters
of respiratory support were dynamical-
ly selected so that the peak pressure in
the respiratory tract did not exceed 12-
15 cm of water column, and at the same
time, Pa02 was not lower than 70 mm
Hg, and PaC02 was within 35-45 mm Hg.
The patient was gradually awakened. A
state of wakefulness of 10 points on the
Aldreth scale has been achieved.

5 hours 30 minutes after installa-
tion of a laryngeal mask airway and pro-
longed assisted ventilation, the patient
was gradually adapted to spontaneous
breathing, and pressure support was re-
duced to zero. In this case, the respirato-
ry rate was 18 per minute, up to 300-450
ml. Sp02 94-97% with Fi02 35%. The la-
ryngeal mask was removed, and the pa-
tient was inhaled with humidified warm
oxygen through nasal cannulas with a
flow of 4 |/min. Sp02 after removal of
the laryngeal mask was 96%, respiratory
rate was 18 per minute.

Subsequently, the patient received
complex intensive therapy, including en-
hanced antibacterial therapy, pain relief,
parenteral nutrition, infusion therapy, mu-
colytic inhalations, sanitation fibrobron-
choscopy, verticalization and activation.
The medical staff of the intensive care unit
was highly suspicious of infectious compli-
cations in the form of mediastinitis.

The course of the early postoperative
period passed withoutany complications.
The patient experienced mild respiratory
failure and a systemic inflammatory re-
sponse. Respiratory failure was mild and
regressed within 3 days after surgery.
Signs of the systemic inflammatory pro-
cess completely regressed on the fifth
day. On the sixth postoperative day, the
patient was transferred to a specialized

surgical department in stable condition.
On the 14th postoperative day, the pa-
tient was discharged from the hospitalin
satisfactory condition.

Discussion

In pulmonary and mediastinal sur-
gery, the double-lumen endotracheal
tube is widely used for lung separation
because of its ease of placement and the
ability to quickly switch between single-
and double-lung ventilation. Its correct
position during single-lung ventilation
can be verified by auscultation without
the use of a fiberoptic bronchoscope,
and if it is positioned correctly, its inad-
vertent dislocation is quite rare during
surgical interventions. However, intu-
bation and positioning may be difficult
because the length and outer diameter
of this type of tube are relatively large.
Long-term artificial ventilation using
such tubes is impractical.*® In addition,
tracheal intubation with a double-lumen
tube may resultin tracheal injury, as well
as tracheitis, pharyngitis, and some-
times tracheal or bronchial rupture. Ac-
cording to the literature, the incidence of
tracheal rupture due to intubation with a
double-lumen tube is less than 1%.2 This
mainly occurs in the form of a longitudi-
nal rupture of the membranous part of
the trachea and left bronchus.®

The main risk factors for tracheal
rupture are the inexperience of the spe-
cialist performing tracheal intubation
with a double-lumen tube, repeated at-
tempts at intubation, incorrect use of the
stylet, excessively inflated cuff, incorrect
choice of tube size, incorrect placement
of the tube, sudden movements of the
patient, severe cough, impaired struc-
ture of the membranous part of the
trachea due to for steroid or radiation
therapy, chronic obstructive pulmonary
disease and tracheomalacia. In addition,
risk factors include short stature, obesi-
ty, patient age over 50 years, and much
more. In addition, tracheal injuries are
more common in women.”® The choice of
35Fr double lumen tube can be consid-
ered appropriate, due to the height and
gender of the patient.’

Although tracheal rupture is a rare
complication, it is a life-threatening con-
dition. Mortality due to tracheal ruptures
can reach, according to some authors,
up to 40%." Immediate detection and
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adequate treatment are very important
in such a situation. A high level of suspi-
cion based on clinical manifestations is
important in diagnosis.? If the rupture is
caused by tracheal intubation, after the
start of mechanical ventilation, clinical
symptoms of subcutaneous emphyse-
ma, pneumomediastinum and pulmo-
nary hemorrhage reveal quickly, and if
the pleura is damaged, pneumothorax
may develop. However, in this clinical
case, clinical symptoms appeared 2
hours after the start of anesthesia and
mechanical ventilation during the surgi-
cal phase, which may also be associated
with damage to the membranous part of
the trachea.

Fiberoptic bronchoscopy is one of the
main methods for diagnosing tracheal
rupture, with which it is possible to deter-
mine the depth and extent of the lesion,
in addition, it is necessary in a treatment
plan development for verifying complica-
tions after treatment, such as granulation
or tracheal stenosis.” In our example,
before clinical signs of tracheal damage
appeared (subcutaneous emphysema,
pneumothorax, pulmonary hemorrhage),
the surgeon directly noticed the trache-
al rupture itself, from which an air leak
was observed. In addition, deterioration
of gas exchange, increased leakage from
the breathing circuit, decreased tidal vol-
ume, and decreased saturation during
mechanical ventilation also indicated tra-
cheal rupture.

Maintaining a patent airway during
tracheal rupture repair requires safe
ventilation and adequate surgical ac-
cess. First of all, there should be no ad-
ditional damage to the trachea by the
tidal volume during inspiration. There
are several methods of ventilation, in-
cluding manual jet ventilation, high-fre-
quency positive pressure ventilation,
high-frequency jet ventilation, distal tra-
cheal intubation, spontaneous breathing
and cardiopulmonary bypass.”'?"* When
suturing tracheal defects, the technique
of placing the tube distal to the rupture
is recommended. The tube is advanced
distal to the rupture site with the cuff
minimally inflated, which will not create
pressure on the damaged tissue. At this
time, a small air leak is acceptable."’
However, in our case, because the rup-
ture site was located directly above
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the bifurcation and extended to almost
the entire trachea, we were concerned
about additional damage that could oc-
cur when removing the double-lumen
tube and reintubating the trachea with
a single-lumen endotracheal tube and
passing it distally. Thus, we came to the
conclusion that it was necessary to de-
flate the tracheal cuff of the tube to pro-
vide surgical access and the ability to su-
ture the damaged membranous part of
the trachea without removing the tube.
At this time, respiratory acidosis was ob-
served due to air leakage, but vital signs,
oxygenation, and end-tidal gas concen-
trations remained acceptable. It should
be noted that anesthesia was maintained
with the inhalational anesthetic sevoflu-
rane. Since we did not use the bispec-
tral index monitoring device during the
operation, we could not check the depth
of anesthesia using electroencephalog-
raphy data, but we did not observe any
signs of awakening during the operation.

Because the tracheal rupture was
discovered during the thoracoscopic
phase of the operation, we were able to
visually record the level and extent of
the injury. To check the tightness of the
tracheal suture, we performed a hydro-
static test. No air leaks into the medias-
tinum were detected. Since the sutured
trachea wrapped the endotracheal tube
quite tightly, there was no air leakage
into the oral cavity; therefore, we left
the tracheal cuff of the tube in a deflated
state.

After surgery for tracheal rupture,
early extubation with spontaneous ven-
tilation is recommended, as there is a
possibility of damage to the tracheal
mucosa due to movement of the endo-
tracheal tube and cuff pressure. Howev-
er, in many cases, prolonged mechani-
cal ventilation is required after surgery?®
and patients remain intubated. Because
this patient’s respiratory acidosis pro-
gressed during surgery, we could not
ignore the possibility of reintubation in
the early postoperative period. In addi-
tion, we were concerned about re-rup-
ture during emergency intubation in the
intensive care unit, so we decided to
perform prolonged ventilation through
a double-lumen endotracheal tube with
dynamic monitoring of the patient in the
intensive care unit.
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After stabilizing the patient’s vital
functions, taking into account the pos-
sibility of tracheal rupture in the lar-
ynx, the next day we replaced the en-
dobronchial double-lumen tube with a
laryngeal mask No. 4 and performed a
fiberoptic bronchoscopic assessment.
The laryngeal mask airway did not in-
crease airway resistance and provided
adequate ventilation. During fiberoptic
bronchoscopic examination, the larynx
and trachea were visually intact.>'s Sub-
sequently, the laryngeal mask was also
removed, while spontaneous breathing
remained adequate.

Conclusion

Tracheal rupture after intubation with
a double-lumen endobronchial tube is
rare but a life-threatening complication.
The clinical picture of tracheal rupture can
appear after quite a long time. Timely and
accurate diagnosis of this kind of com-
plications with immediate restoration of
the integrity of the trachea is necessary.
If prolonged ventilation of the patient is
necessary in the postoperative period, a
laryngeal maskof the appropriate size can
be used. Frequent and careful fibrobron-
choscopy allows timely identification of
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Mpodeccop TokcaHbaeBKa 9. T. 85 xkac
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KasakcTaH obnbickl, Knpos aymaHbl, XKeHic aTblHAafbI
opTa MekTenTi BiTipreHHeH KewiH, Ka3zak MeMnekeTTikK
MeAMLMHA MHCTUTYTbIHbIH eMaey dakynbTeTiHe Tycim,
oHbl 1964 >xbinbl BiTipai. MeguumHanbiK UHCTUTYT-
Tbl biTipreHHeH KeliH OHTycTik KasakcTtaH obnbicel,
LLlapnapa ayaaHablk aypyxaHacblHAa Xupypr-gapirep
Bonbin xymeic icteqi. 1965 xbinbl KazOxPF3U - kiwi
FbIIBIMW KbI3METKepi Jlaya3biMblHA KOHKYypCreH eTi,
oHoa KasakctaH PecnybnukacbliHblH >KeTeKwi OHKO-
NlorTapbl MEH pafmnonorTapbiHbIH XXeTeKLWiiriMeH, fbi-
NbIMU-TIPAKTUKaNbIK KbI3MEeTrNeH aiHanbica bactanbl.
Mpodeccop M. T. TaykeHoB neH poueHT A. C. Epmo-
NeHKOHbIH XeTekwinirimeH, 1971 xbinbl “Kyblk kaTep-
niicirinperi YpetepoumncTtoHeocToMns” TakblpblbbiHAA,
KaHAMAATTbIK AMccepTaums Kopragbl.

1972 xbinpad bactan 1973 XbingblH COHbIHA fe-
MiH, AnMaTbl KanacbiHblH 2 KananblK KIWHUKaNbIK
aypyxaHacblHblH yponorusanblk beniMweciHi{ MeHre-
pywici 6onbIn »XyMbic icTefi, cOHbIMeH kaTap AMMU
YPONOrusl XxaHe onepaTuBTi Hedposiorna kadenpacoi-
HblH aCCUCTEHTI peTiHAe, XapTbl CTaBKafafrbl XyMblC-
Tbl Koca aTkapgabl. 1974 xbinablH KaHTapbiHga AMMA

yponiorus xxaHe onepaTtuBeTi Hedponorua kadenpachl-
HblH accucteHTi bonbin cannaHabl, 1991 Xbiabl KOH-
KYPCTbIH KOPTbIHAbICHI BoMbIHIWaA goueHT bongbl. 1999
XKblbl "ATporeHAi Hecenm->XbIHbIC XblNaHKe3i" Takbl-
pbibbiHAA [OKTOpAbIK AuccepTauma kopfagbl. 2004
XbinpgaH bactan Ka3YMY yponorusa >xaHe onepaTtuBTi
Hedponorms kadpenpacbiHbiH Npodeccopbl bonbin Ta-
ravbiHpanabl. KoHKypcTbiH HaTmxkeci bonbiHwa 2008
XKbINAbIH KplpkyneriHeH bactan, C.OK AcheHanspos
atbiHparbl KasYMY yponorus >kaHe onepatuBTi Hed-
ponorus KapenpacblHblH MEHrepyLLiCi aTaHAb.

Yponorua wmacenenepi bonbiHwa npodeccop B.
T. TokcaHbaeBTblH nepcrneKTUBanblK 3epTTeynepiH-
Ci3 OTaHAblK OMepaLusanblK YpoJOrUsHbIH 3aMaHayu
XKETICTIKTePiH enecTeTy KWbIH: OHKOYPOJOrUSANbIK ay-
pynaphbl LuarHocTvKanay MeH emieyhiH 3amMaHayu
Macenenepi, capbl dochopabliH XXaHe oHbIH belopra-
HWMKanblK KOCbIIbICTapbIHbIH XbIHbIC XXYMeciHe ace-
pi, anenpepheri 3ap LWbIFapy >XYMWeCiHiH ATPOreHmaiK
KapakaTTapblH AMarHoCTMKanay >KaHe eMAey, LUyFbin
ypoJsiorms wapTblHAafbl Kyblk acTbl 6e3iHiH KaTepcis
rMnepnnasvsceblHa 6annaHbICThl XKeLes afeHOMIKTo-
MWUSIHbI 93ipJiey XaHe eHri3y. Kybik iciriHiH nanga bony
cebebrepi MeH maMy bapbicbiHAaFbl KYpPbIIbIMbIH, CO-
HbIMeH kaTap capbl docdopiblH epKeKTePLIH XKbIHbIC-
XyWeciHe acepiH 3eppTeynepiHiH MafbiHackl 30p. Ochbl
KYMbICTapblHbIH HaTUXenepi boMbiHIWa TepT AOKTOp-
NbIK >KHe Ceri3 KaHAWAAaTTbIK AuccepTauns Kopfan-
abl. Exi MoHorpadusacel «Hecen->bIHbIC XKblTaHKe3-
nepi» 1988-xbinbl; «dnennephiy Hecen XYMeCiHHIH
aTporeHai xapakaTrapbl» 2003 Xbinibl, OH Bip oKy Ky-
panpapbl, Xy3 KbipblkTaln fbiibiMu eHbekTepi bacna
BeTiHAe >apuanaHpbl. BHepTabbicTapbl yponorusana-
Fbl KannblHa KeNTipy, KaWTa Kypay oTanapbiHblH 63eKTi
cayanpapblHa apHanfaH.

Mpodeccop TokcaHbaeB Dwim TokcaHbamynbl Ka-
3aKkcTaH PecnybnukacblHbIH yponor-xmpyprrap Mek-
Tebi KypywsbinapbiHbiH b6ipi 6onbin caHanagbl, on Tek
eniMi3fie faHa eMec, OfaH TbIC Xepfiepfe e TaHbl-
man. lpodeccop B. T. TokcaHbaeBTbIH >XXeTeKLWiniri-
MeH Ka3ak TiNiH4e anfalkpl gucceprauuns >Kasbingbl
(npodeccop CeHrnpbaes [O.U.- 2002 x.). Mpodeccop
9. T. TokcaHbaeB Ka3ak TiniHgeri "Yponornsa"™ okynbi-
FbIHbIH aBTOpNapbiHbIH bipereni. MMpodeccop 3. T. Tok-
caHbaeBTbIH AapicTepi MeH bagHmaManapbl FblibiMK
npakTukanblk MeauMuMHaga Kasak TifiHiH capkelaMac
MYMKIHLIKTEPIH alNKblH KOPCETTI.

Mpodeccop 3. T. TokcaHbaeB KasakcTaHga Aky-
LWepAiK >KaHe TMHEKONOrusanblK apanacy KesiHae aT-
POreHAiK Hecemn->bIHbIC XblJaHKe3[epiH, CoOHAan-akK
39p LWbIFapy >KYMeCiHiH eTKip >apakaTTapblH empey
TaKTUKACbIH 93ipneyaiH HerisiH Kanaywbl. Xupypr-y-
posnor peTiHAE 0N HeCeM-XbIHbIC XXylne MyllenepiHe
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11000-HaH acTaM onepauns >acambl, COHbIH iWiHAe:
KanTa Kypay, KannbiHa KenTipy oTanapblH >acagbl.
Onap 6yriHri KyHi — faMy xaHe Taxipubere >aHa Tex-
HoNorManapabl KeHiHeH eHri3y aayipiHge e3ekTi 6o-
Nbin Tabblnagbl.

dwWiM TokcaHbamynbIHbIH, FanbiM XaHe neparor Ka-
BineTi XMpyprus >kxaHe yposiorns canacbiHa yiakeH ynec
KOCTbl, eMAeyaiH, CTyLeHTTepAi OKbITyAblH nporpec-
CWBTI 9ICTepiH EeHri3fi XKaHe oKy-aficTeMenik a3ip-
nemeneppi xetingipai. EpeH kabineTiHiH apkacbiHza
OKy-aAicTeMenik Kypangaphbl Kbl CalbiH eMipAiH
TanabbiHa calt Ma3MyHbIH XeTiNgipin TepeHAeTIn oKbl-
TyAbIH apKacbiHLa, KenTereH papirep-yponorrap 6a-
3anblK XaHe kypgeni, TepeH 6ifiM anbin, AeHcaymbIk
cakray canacbliHAa TabbicTel eHbek eTin xyp. Kenxbin-
OblK [apirepnik ycrasgblk Kol3MeT bapbiCbiHAA OKy-
Wbilap MEeH >ac fhapirepnepre KOHCepBaTUBTI XKaHe
onepaTMBTI YPOSIOrUSHbIH HEri3flepiH urepyre kemek-
TEeCTI, )Kac aCCUCTeHTTepAl ycTasablk webepikke Tap-
buenepi. Kasipri TaHaa WwakipTTepi eniMi3giH betke yc-
Tap a3amaTTapbl. [1podeccop 3. T. TokcaHbaes bepreH
HOpPMeH cycblHAan, CiHipreH eHberiH akTan ><ofapbl
OKY OpblHAapbIHAA, FbIIbIMU OpTanbikTapaa, KINMHMKa-
nappa xeMicTi eHbek eTyge.

KenTereH >bingap 6oiibl Yponorus fbiibiMu opTa-
NbIfbl XXAHbIHAAFBI KAHAUAATTbIK XXaHe LOKTOPAbIK AnC-
cepTaumsinapfbl Kopfay >KeHiHoeri guccepTauusinbik
keHecTiH myweci, C.[0. Acdenamapos aTbiHLaFbl KasY-
MY fbinbiMu KeHeciHiH, Eyponanbik yponortap KaybiM-
JacTbIfbIHbIH MyLleci, Ka3akcTaH yponortapsl £blibiMU
KOFaMblHbIH KypMeTTi MyLleci. ¥3ak Xbiigap borbl aHa
MeH bana leHcaynblfblH KopFay pecnybnukanbik fbiibl-
MW-3epTTey OpTasibIfblHbIH KeHecLwici bonabl.

lNpodeccop 3. T. TokcaHbaeBTbIH XeTeKLwiniri-
mMeH 2009 Xbinbl "OHKOYpPONOrMANbIK aypynapabl auar-
HOCTMKanay MeH eMAeyniH 3amMaHayu Macenenepi”
aTTbl «Xanblkapanblk fblabIMU-TaXipnbenik kKoHde-
peHums» eTKi3inai, koHdpepeHumnsa agcelHaa oTaHAWbIK
(B. Y. WanekeHos, A. W. I136acapos, C. M. KycbiMxa-
HoB) xaHe weTtengik (A. 3. BuHapos, H. A. Mpuropbes,
M. A. Masumues) npodeccopnapbiHbiH KaTbiCybIMeH
"Yponorusafa a3 MHBa3nBTI IHLOCKOMUANBIK apanacy-
nap” MacTep-KaacchliH 6TKi3fi.

[Mpodeccop 3. T. TokcaHbaesTbiH Kaz¥YMY ypono-
rMsi >KaHe onepaTuBTi Hedponorus kadenpachbiHbiH
MeHrepywici 60fbIN XyMbIC iCTereH KeseHiHAe, Ka-
denpa KasakctaH PecnybnukaceiHgna faHa emec, TMJ]
enfepiHie ae 63iHiH fblbIMU-3epTTey XKaHe OKy-afic-
TeMenik XyMblcTapbiMeH TaHbingel. Kadeppa kypa-
MblHa 18 MaMaH Kipai, OHblH iWwiHge 4 npodeccop, 2
FbIIbIM LOKTOPbI, 2 foLeHT xaHe 10 accuCTeHT.

[Mpodeccop 3. T. TokcaHbaeB ackak TanaHTbIMeH,
eHbeKKOopAbIFbIMEH, KaXbIpfbl Kyw-XirepiMeH 6inim
FbIIbIM canacbiHa bepreHi a3 emec. MamaHablkka ge-
reH CymicneHWinik apkbiibl ©3iHAEN NapacaTTbl, pyXbl
6uik i3bacapnapbiH (npodeccop Kycbimxaros C.M.,
npodeccop Cenrupbaes [.W.[npodeccop Xamaun
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A.Al., M.f.n XKaHTennesa J1.A., afa FblibIMU KbI3METKep
M.F.k EpembaHy [A., MeguuUMHA FbINbIMbIHbIH KaH-
anpatel banpgysanves A.M  TypkicTaH 0b65bICbIHbIH
LeHcaynblK cakTay AenapTaMeHTiHiH bacwbicbl , ac-
cucTeHT M.f.k [Nepenenuua B.B., accucteHT M.f.K Hu-
caHbaes A.[l., accucteHt McnocyHosa A, xaHe T.6.)
Topbuenegi.

Kemxxbingblk gapirepnik ycrasfblk Kbl3MeT bapbl-
CblHAA LWaKipTTepi MeH i3bacapnapbiHa KOHCEPBATUBTI
>KaHEe XKefenN yPonorusaHblH Heri3fepiH urepyre kemMex-
TEeCTI, )Kac acCUCTEHTTepAl Negarormkanblk Webepnik-
ke ynpeTTi. Kasipri yakpiTta npodeccopiblH OKyLbI-
napbl XOfapfbl 0Ky OpblHAAPbIHAA, FblbIMU-3epTTey
opTanblKTapblHAA XaHe KIWHWKanapha TabbiCTbl Xy-
MbIC icTen Xyp.

[Mpodeccop TokcanbaeB Owim TokcaHbamynbl-
HblH BapnblK >KapKblH >XaHEe XXaH->KaKTbl Kacibu Kpbi3-
MeTi FbIbIMHbIH 3aMaHayu >XeTIiCTIKTepPiH npakTuKa-
NbIK ypoornsiFa eHrisyre apHanfaH. Kepemert xupypr,
KfaccuKanblk KIMHUKaHbIH Bapblk akCbl MPUHLAM-
TepiH XaHe MeAuLUMHanNbIK NpakTUKagafbl 3amMaHayu
FbINbIMU-TEXHWKANbIK MPOrpecTi kepeMeT OBipikTipai.
Yponorusa >xaHe onepaTuBTi Hepposiorns, ypormHeko-
florns canacblHfa TaHbiMan api bepenai mamaH. Me-
OVLMHa apKallaH >ofapbl >kayankepLiaikTi, TapTinTi
KaHe apangbikTel Oinfipefi, COHbIMEH KaTap YKeH
3MoLMOHanabl XxaHe GU3MKanbIK KYLWTi KaxXeT eTefi.
MNpodeccop 3. T. TokcaHbaeBTbIH eMipi MeauLmMHara
WwabbIT bepreH KbI3MeTTiH XXapKblH yarici 6onbin Tabbi-
napbl. DpinTecTepiHiH KypMeTTiniri, cTyneHTTepi MeH
isbacapnapbiHblH apacblHAafbl Xofapbl begeni npo-
deccopablH Kacibuniri MeH MaMaHAbIKKa AereH agan-
ObIfbl YLWIH MapanaTblHa anHangbl. YcTa3gblk LaMy ca-
TbICbIHbIH KE3eHAepiH Tyrennen eTkeH. XKannel eHbex
8TiMi-53 XbIN,FbINbIMU-YCTa3ablK 6TiMi-50 Xbin, ycTas-
OblK 6TiMi-43 Xbli.

MepunumHa xypTwbinbiFel npodeccop 3. T. TokcaH-
BaeBTbl KEPHEKTI FafblM, TaNlaHTTbl YCTa3 XaHe TaMa-
La xmpypr peTiHge binegi.

KypmeTTi dwimM TokcaHbanynbl, 85 xacka Tosybl-
Hbl3Fa opaW, 30p AeHcaynblk, 6akbIT,6agHabl y3aK eMip
Tinenmis!

C.K. AcheHpuspoB aTbiHAaFbI
Kasak ¥nTTbiKk MeguuuHa
YHuBepcuTeTiHIH

Mpodeccopnbl Me6apunbpuH A.C



