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Summary

Background: Coronary artery ectasia (CAE) is the diffuse or localized enlargement of the epicardial coronary arteries
without any particular symptoms. Cell-free DNA (cfDNA) is defined as the DNA originating from nucleated cells which
circulates freely in circulatory system. In our study, we aimed to measure the cfDNA levels, an indicator of ischemia at
cellular level, which is shown to be elevated in non-invasive exercise tests and perfusion scintigraphies.

Methods: 41 patients with isolated CAE and 39 patients with normal coronary angiograms (NCA) were included in the
study. Coronary angiography was performed in case of typical angina or a positive exercise test. The amount of cfDNA was
determined by centrifugation of peripheral blood samples from both groups.

Results: Plasma cfDNA levels were 5.86 + 4.41 ng/ul in isolated CAE patients and 2.36 + 1.32 ng/ul in NCA group
(p=0.000). When angiographic types were evaluated based on Markis Classification, cfDNA levels were found as follows:
type I (n=7) 10.15+5.25, type II (n=5) 6.42+3.91, type III (n=4) 5.15+3.74 and type IV (n=25) 4.66+3.78. The level of cfDNA
was found significantly higher in type I CAE group when compared to other groups based on the Markis Classification
(p=0.028).

Conclusion: High levels of ¢cfDNA in patients with CAE suggest that impaired myocardial perfusion and the resulting
ischemia cause myocardial cell lysis or rapid apoptosis that leads to earlier programmed cell death. High levels in cfDNA in

these patients might be used as a marker of increased cardiovascular risk.
Key words: coronary angiography, myocardial ischemia, cell-free nucleic acids, coronary aneurysm, exercise test.

Introduction. Coronary artery ectasia (CAE) is the
luminal dilation of epicardial coronary arteries up to 1.5 times
of the normal coronary arteries without any specific symptom
[1, 2]. It may be acquired or congenital and the incidence is
between 0.3—-5% [3]. Some studies have reported that isolated
CAE is rare and angiographic measurements have revealed
that it occurs in 0.1 — 0.79% of all patients [3; 4]. A majority
of the patients with CAE present various symptoms including
atypical and exercise-induced angina and myocardial
infarction (MI) [5; 7]. Many studies have investigated
myocardial ischemia using either invasive or non-invasive
methods and it has been shown that myocardial ischemia was
significantly higher in patients with CAE.

A number of factors such as congenital factors,
atherosclerosis, inflammatory or connective tissue disorders
may influence the development of CAE; however, despite
the advances in technology and the previously published
reports, the mechanism of action of this disease is still
unclear [3]. CAE can be differentially diagnosed with
coronary angiogram by measuring the slow coronary
filling, phenomenon of segmental backflow, and stasis in
ectatic segments [5]. It has been shown that activation of
interleukin — 1P, tumor necrosis factor-a and enhanced
thrombogenicity is associated with CAE [8].

Markis et al. have grouped CAE in four different types
as Type L, II, IIT and IV [3]. Type I is diffuse ectasia in 2-3
arteries, type Il is diffuse disease in a single artery and local
disease in another, type III is diffuse disease in a single
artery, and type IV is localized or segmental ectasia [3].

Cell-free DNA (cfDNA) is a DNA type which circulates
freely in blood after being released from nucleated cells
[9; 10]. The origin of the cfDNA has not been elucidated
yet, but it has been proposed that cfDNA is released after
a cell dies with mechanisms such as necrotic cell death,
apoptosis, cell lysis, and active release [11]. In 1948,
Mandel et al. have reported circulating nucleic acids in
human blood [12]. In several studies conducted shortly after
this study, it was suggested that the cfDNA may occur as a
result of metastasis. Studies with quantitative measurement
of cfDNA isolated from the plasma and serum samples
of patients with leukemia, systemic lupus erythematosus,
chronic glomerulonephritis, rheumatoid arthritis and cancer
have revealed that levels of cfDNA were generally higher
than the levels of normal individuals and ¢cfDNA could be
used as a marker in diagnosis of these diseases [13; 17].
Literature review shows that the quantitative values of the
cfDNA are investigated in many other diseases with the
developing technical methods and it is also investigated
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whether genetic analyses including the next generation
sequencing can be performed using the cfDNA [18; 19].

There was diffused or localized vasodilation in the
CEA coronary arteries and its pathogenesis could not be
determined clearly. Previously we found relations of the
cfDNA levels and coronary slow-flow phenomenon [38].
In present study, we aimed to show whether there is an
increase in levels of ¢fDNA, an indicator of ischemia at
cellular level, especially in CEA cases.

Materials and methods. Study population. 41 patients
with isolated CAE and 39 patients with normal coronary
angiograms (NCA) who underwent coronary angiography
between August 2016 and January 2019 were enrolled.
The indications for coronary artery were typical angina
or atypical chest pain and a positive exercise test. The
patients’ clinical data such as gender, age, dyslipidemia,
diabetes mellitus, hypertension and smoking status
were recorded. The patients with percutaneous coronary
intervention, congenital heart disease, moderate to severe
valvular heart diseases, left ventricular hypertrophy,
previous history of myocardial infarction, rhythms other
than sinus, left ventricular dysfunction (Ejection fraction
(EF) lower than 50%), active infection, chronic obstructive
pulmonary disease, renal failure, cor pulmonale, chronic
systemic illness and neoplastic disease were not included
in the study. The patients with (STeMI or nSTeMI) acute
coronary syndrome or unstable angina pectoris were
also excluded. The ethics and medical committee of the
institution approved the study. The written consent of the
patients was obtained before the study.

Coronary angiography. Selective left and right coronary
angiography was performed using the standard techniques
with radial or femoral arterial approach and a blind expert
analyzed the angiographic data. Iohexol was used as opaque
substance in all patients. Isolated CAE was accepted as the
dilation of at least one epicardial coronary artery by 1.5

folds in diameter when compared to the normal vessel and
lack of critical stenosis (more than 50%) in any coronary
artery. The NCA was accepted as the lack of angiographic
atherosclerosis during routine coronary angiography.

c¢fDNA measurement. Approximately 10 mL of
peripheral blood samples were drawn in tubes and the
samples were centrifuged for 10 min at 2500xg and then
the supernatant was transferred into a new sterile tube
which was centrifuged for 10 min at 16,000xg. The new
supernatant was kept at -80 Co in a sterile tube. The Plasma/
Serum Cell-Free Circulating DNA Purification Micro Kit
[Norgen Biotek, Thorold, ON, Canada, Cat no: 55500] was
employed for extraction of DNA. The amount and purity
of the DNA was calculated using the Nanodrop ND1000
spectrophotometry (Thermo Fisher Scientific, Waltham,
MA, USA).

Statistical analyses. SPSS 16 was used for all statistical
analyses (SPSS for Windows, v. 16.0, Chicago, USA).
Percentage and mean values were calculated with standard
deviations. Tukey post hoc and ANOVA tests were used to
compare the parametric variables between the groups. The
non-parametric values and percentages were compared using
Chi-square test. p<0.05 showed statistical significance.

Results. In this study, 41 patients with isolated CAE and
39 patients with NCA who underwent coronary angiography
were recruited. The mean age of CAE patients was 58.7+8.3
years and 57.3£8.1 years for the NCA patients. The patients
in both groups had no statistically significant difference in
terms of smoking status, age, hyperlipidemia, family history
of coronary artery disease (CAD), hypertension and diabetes
mellitus. Both groups had similar number of patients using
drugs such as antidiabetics and antihypertensives (Table 1).
Serum glucose, urea, triglycerides, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), creatinine, total
cholesterol, thyroid stimulating hormone (TSH) and
hematocrit levels were similar in both groups (Table 2).

Table 1. Clinical characteristics of patients with CAE and NCA.

Age (years) CAE (n=41) NCA (n=39) p-value

58.7+8.3 573 +8.1 NS
Gender (M/F) 28/13 22/17 NS
Hypertension (n) 33 (%80) 26 (%67) NS
Diabetes mellitus (n) 12 (%29) 10 (%27) NS
Hyperlipidemia (n) 16 (%39) 11 (%28) NS
Family history of CAD (n) 14 (%34) 10 (%27) NS
Smoking (n) 30 (%73 22 (%56) NS
B-blocker (n) 11 7 NS
Ca channel blocker (n) 9 8 NS
Diuretic (n) 16 12 NS
ACE inhibitor (n) 12 11 NS
ARB (n) 8 8 NS
Alfa blocker (n) 3 2 NS
Oral antidiabetic drug (n) 9 9 NS
Insulin (n) 3 1 NS
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Table 2. Laboratory data of the patients with CAE and NCA.

Fasting blood glucose CAE (n=41) NCA (n=39) p-value

(mg/dI) 107211 10610 0.528
Urea (mg/dl) 34.74£9.6 34.2+8.4 0.794
Serum creatinine (mg/dl) 0.88+0.19 0.88+0.23 0.906
Total cholesterol (mg/dl) 19141 189+35 0.891
Triglycerides (mg/dl) 147443 142+47 0,668
LDL cholesterol (mg/dl) 124428 115424 0,153
HDL cholesterol (mg/dl) 40+9 4248 0.569
TSH (mIU/) 1.37+0.80 1.43+0.81 0.746
Hematocrit 43.943.5 44.14+3.7 0.823

The indication for coronary angiography was demonstrat-
ed by the positivity of the treadmill exercise test (Symptom
or ST depression) or the presence of ischemia in the
myocardial perfusion scintigraphy (MPS). In the CAE
group, 31 patients had positive treadmill exercise test and
10 patients had ischemia in MPS. However, in NCA group,
the numbers were 28 and 11, respectively. According to
the results of the treadmill exercise test and the ischemia
in MPS, there was no significant difference between the
groups.

Plasma cfDNA levels were 5.86+4.41 ng/ul in isolated
CAE patients and 2.36+1.32 ng/pl in NCA group (p=0.000).
When angiographic types were evaluated based on Markis

Classification, cfDNA levels were found as follows: type
I (n=7) 10.15+5.25, type II (n=5) 6.42+3.91, type III
(n=4) 5.15£3.74 and type IV (n=25) 4.66+3.78. cfDNA
was highest in type I CAE group and it was statistically
significant among the four types based on Markis
classification (p=0.028) (Figure 1). When patients with
NCA were compared to the patients with CAE (type I, II
and IV) one-by-one, a statistically significant difference
was found between the groups (p=0.000, 0.44 and 0.31,
respectively). The difference between type III and NCA
was not statistically significant. A possible explanation for
this could be the low number of patients in type III group
(Table 3).

Table 3. Treadmill exercise test, myocardial perfusion scintigraphy and cfDNA measurement.

Treadmill exercise test (n) CAE (n=41) NCA P value
(n=39)
31 28
Ischemia in myocardial perfusion 10 11
scintigraphy (n)
cfDNA 5.86+4.,41 2.36£1.13  0.000
Angiographic types accordingto  Typel  10.15£5.25 P value 2.36+1.13  0.000
Markis classification for CAE and 0.028
cfDNA measurement Type Il 6.42+3.91 2.36+1.13 0.044
Type III |5.15£3.74 2.36+1.13  0.398
Type IV |4.66+3.78 2.36£1.13  0.031
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Figure 1. Distribution of Cell-Free DNA in ng/ul by CAE Type.

(1, 2, 3, 4 — Types of CAE; 0 — NCA Group)
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Discussion. The cfDNA can be detected in the plasma
after particular events such as ischemia and apoptosis. In
the present study, we found that the levels of cfDNA were
increased significantly in patients with isolated CAE.

CAE is dilation of the coronary arteries up to 1.5 folds
of the normal artery diameter and the main reasons of this
situation are deposition of collagen instead of elastin and
the loss of musculo-elastic layers of the arterial tunica
media which leads to thin arterial walls [1; 3; 20]. As the
intraluminal pressure increases, the media is injured, the
vessel dilates and ectasia forms [20; 21]. In a study by
Yilmaz et al. more than 50% of patients have been detected
with atherosclerosis, however, vacuities of large vessels
and connective tissue disorders can also be present [21].

CAE has similar histopathological characteristics like
coronary artery disease but the underlying cause of luminal
dilation is still unclear [3]. While stenotic CAD is presented
with negative remodeling, CAE is presented with positive
remodeling [3]. These findings suggest that positive
remodeling in the vessel wall, an uncommon feature of
the atherosclerotic process, plays an important role in the
etiopathogenesis of the CAE [3].

Some of the most important flow characteristics of CAE
can be attributed as stasis in ectatic segments, slow forward
coronary filling, phenomenon of segmental backflow which
all become even more important as the diameter of the
coronary artery [3; 22].

In studies performed with stable isolated CAE patients,
it has been shown that the coronary flow dynamics is
impaired and myocardial perfusion is defected. In addition,
different studies have shown that coronary ischemia in
these patients can be measured using noninvasively and
invasively with various stress tests. Recent studies using
coronary arteriography have listed the possible symptoms
of myocardial ischemia as segmental back flow, impaired
coronary blood flow or deposition of dye in the coronary
artery [22; 23; 24]. Papadakis et al. have measured the
coronary flow velocity using the TIMI frame count method
and they have found that the velocity was lower in patients
with CAE when compared to the patients in obstructive
CAD and control groups [24; 25].

Huang et al. have performed the treadmill test in
angiographically detected isolated coronary ectasia patients
and they have shown that the effort test for these patients
had significantly become positive compared to the control
group with NCA [26].

In a group of 30 patients with isolated CAE of the
proximal left anterior descending (LAD) coronary artery,
it has been shown that total and diastolic coronary flow
volume have decreased significantly after intravenous
glycerin administration when compared to the control
group [27].

Ismail et al. have used 99mTc-sestamibi scintigraphy
imaging technique and they have shown that basal and
mid segments of the myocardium could be affected by
the defects of reversible myocardial perfusion in patients
with isolated CAE [22]. It has also been reported that
patients with reversible myocardial perfusion defects had
diffuse CAE more frequently than those who underwent
normal myocardial perfusion scan [22]. 99mTc-sestamibi
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myocardial perfusion imaging has revealed reversible
myocardial perfusion defects in 62.9% of patients with
isolated CAE [22].

In a study using an invasive method such as coronary
Doppler flow wire in 17 consecutive patients with
isolated CAE, hyperemic average coronary blood flow
was significantly slower and the coronary flow reserve
was significantly lower when compared to the controls
[28]. Another similar study using coronary Doppler flow
wire in 19 patients with isolated coronary aneurysms, the
coronary flow reserve has been found to be significantly
lower and the coronary vascular resistance was higher than
the controls [29]. In another study, coronary sinus lactate
measurement under incremental atrial pacing method
has been used to detect the myocardial ischemia and the
patients with isolated CAE were found to have myocardial
ischemia more frequently [23]. In a retrospective study
recruiting 45 patients with isolated CAE who underwent
elective coronary angiography, it has been reported that
54% and 29% of ectatic arteries had grade 3 TIMI flow and
myocardial blush, respectively [30]. Same study reports
that myocardial blush rate has reduced in 45% of ectatic
arteries with TIMI flow grade 3 which suggests that normal
epicardial coronary flow continues even though tissue-level
perfusion is impaired [30].

Circulating cfDNA occurs after acute cellular injury or
apoptosis and it can be used as a marker of cellular damage.
The serum or plasma of healthy individuals can be used
to assess the level of cfDNA even at low concentrations
due to apoptosis [31; 32]. Recent studies have reported high
concentrations of cfDNA in autoimmune diseases, sepsis,
trauma and infection [31; 32].

It has been shown that the average concentration of
cfDNA in patients with myocardial infarction is up to 10
times higher than the concentration levels of the control
subjects [33; 34; 35]. In another study, DNA-based Alu
assay have revealed the plasma cfDNA concentrations
have increased significantly in patients with acute coronary
syndrome when compared to the healthy people [36].

The etiopathogenesis of the CAE, the aneurysmatic
dilatation of the coronary arteries, has not been clarified
yet. Different studies on myocardial infarction revealed that
the cfDNA released from myocardium exposed to ischemia
was statistically significantly high. Different invasive and
noninvasive studies conducted on patients with the CAE
have also shown myocardial ischemia. In the present study,
it was determined that the significance of cfDNA, which is
an indicator of the ischemia and the damage at the cellular
level, was high in isolated CEA patients. cfDNA amounts
in all 4 types of CAE were found higher than the patients
with NCA. This difference was statistically significant in
the patients with type I, II and IV when compared to the
ones with NCA. cfDNA was also high in type III, but since
the number of patients with type III was low, that difference
was not statistically significant. In addition, it was found
that the elevation in type I was statistically significant
according to the comparison between all 4 types. Type I
CAE is the diffuse dilatation of 2-3 coronary arteries and
high levels of cfDNA has been found to be related to the
size of the ectatic segment. Markis et al. and Timir et
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al. have stated that the presence of CAE means a higher
cardiovascular risk [2, 37].

Conclusion. High levels of ¢fDNA in patients with
CAE suggest that impaired myocardial perfusion and the
resulting ischemia cause myocardial cell lysis or rapid
apoptosis that leads to earlier programmed cell death. The
high levels in cfDNA in these patients might be a marker of
increased cardiovascular risk.

Limitations. Although the present study provides some
significant results, it also some limitations. First, the number
of patients could be more to represent the population better.
Second, correlation coefficient for the parameters such
as ectatic coronary artery localization and ectasia size or
volume cannot be calculated.
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> CanbiMOexoB YHuBepeuteti, Kpiprbisctas, bimkex
8Our memJieKkeTTiK yHuBepcuteTi, Kpipreiscran, O
7 «Kasakcran-Peceit meauiunansik yausepceureti» MEBBM, Kazakcran, AnMatst

Tyitinai

O3zexriniri: Koponapneik aprepust Oxrasumsacsl (KAD) - Oyn KockiMmna Oenrijiepi KOK 3NUKapIHANIBIBI KOPOHAPIIBIK
aprepusutapabiH anddysasr Hemece xepriikti keneroi. XKacymanan teic JJHK (x1/IHK) Kan aiiHanbsiMbl sxy#ecinie epkin aifHa-
JaTHIH AAPOJBIK Kacywanapiaan ainsiarad [{HK peringe anbikranansl. bizain 3eprreyimiszie 013 HHBa3UBTI €MeC JKaTThIFyJIap MEH
nepdy3usuIbIK COUHTUrpadus ChIHAKTapbIH A KOFapbliIaraHbl KOPCETUITeH KaCYIIaJbIK eHrei1eri umemMust nHaukaropsl xR TJHK
JICHTeHiH OJIIIeyTe THIPBICTHIK.

9aicrepi: 3eprreyre okmaynanran KAD 6ap 41 marnuenT xaHe KaJblnThl KopoHapiblk anrnorpammacsl (KKA) 6ap 39 nanuent
enri3ingi. Koporaporpadus ogerTeri cTeHOKapIus HEMECe OH XKYKTEME ChIHAFBI YIIiH kacainsl. kTJIHK Mmenmepi eki TONTHIH
nepudepusIbIK KaH YIriIepiH HeHTpugyranay apKbuIbl aHBIKTaIIbI.

Hormkenep: Ilnasmanarst x1/IHK nenreiti oxmaynanran KAD nanuenrrepinge 5,86 + 4,41 ur/mki sxone KKA nanuentrepinne
2,36 + 1,32 ur/mki (p = 0,000) xypagsl. Mapkuc knaccuUKaMsAChHA HETI3AENTEH aHTHOTrpadusUIbIK THIITEpi Oaranay Ke3iHne
BKJIHK JeHreinepi kenecigeit 6omsl: [ tun (n=7) 10,15+5,25, I tun (n=5) 6,42+3,91, III Tun (n=4) 5,15+3,74 xone IV tun (n=25)
4,66+3,78. Ccdna nenreiti | tunti CAE ToObiHAa Mapkuc kiaccu(uKkanuschiHa HETI3AENTeH 0acKa TONTapMeH CabICThIpFaH/Ia
e/1ayip JKoFapbl eKeHairi ansiKTanasl (p = 0,028).

Kopsiteinasr: KAD 0Gap emzaenyminepae ccdna-HbIH JKOFapbl JIGHTeHi MHOKapa MNepQy3HsACHIHBIH Oy3bUIybl JKIHE
HOTIDKECIH/IE Maiiia 00NaThIH UIIEMHST MHOKap/L JKacyIIaJapblHbIH JU3UCIH HEMECe JKbIIIaM aronTo3/1bl TYABIPaIbl, Oy epTepek
OarnapiamanaHraH jKkacylla ejliMiHe okeieai aen Oospkakabl. byn Haykacrapyia ccdna skorapbl JIeHTeHi KypeK-KaH TaMbIpiIapbl
KayMiHiH )KOFapbUIayBbIHBIH Oeirici peTiHje maijataHblTybl MYMKiH.

Kinm co3dep: xoponapozpaghus, mMuokapo uwemuscyl, dHcacyuaoan moic HYKIeuH KblWKbLIOapyl, KOPOHAPIbIK AHe8pU3MA,
JCyKmeme ColHAazbL.
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BHEKJIETOUYHASI THK KAK HOBbI HHIUKATOP KJIETOUHOM UIIIEMAHA
PU U30JIMPOBAHHOM SKTA3UHA KOPOHAPHOM APTEPUH

“TM. Yolcu, ' A. Dogan, >V. S. Hancer, > M. Gurbuzel,
45T, Barbipanues, ' H.T. [Ixaiinak6aes, %’ U.B. [lepuykos
"'Vuusepcurer HoBoro Beka, Typuus, CtamOyn

2Vuusepcuret Uctunbe, Typuus, CtamOyn

3 DP3UHKAHCKUIA YHUBEPCUTET, Typuus, Dp3uHIKaH
*Vuusepcuret Canko, Typuus, ['aznanren

S Vuusepcuter CanpimbekoBa, Keipreizcran, buikex

¢ Omckuii rocyqapcTBEHHBINH YHIBEpCUTET, Kbiprei3cran, O
"HYO «Kazaxcrancko-Poccuiickuii MeTUIMHCKUI YHUBEpCUTET», Kasaxcran, AIMaThl

AHHOTANMA

AKTyaJIbHOCTB: DKTa3ust KopoHapHbIX aprepuil (KAD) mpencrasnser coboii auddysHoe mim JI0KaIbHOE pacuIMpeHHe
SMHUKapAUAIbHBIX KOPOHAPHBIX apTepuii 6e3 JoNOoIHNUTENBHBIX cuMnToMoB. BHeknerounast JIHK (Bk/IHK) ompenensiercst kak
JHK, nmpoucxonsmas n3 sIepHBIX KIETOK, KOTOpasi CBOOOTHO LUPKYJIUPYET B CHCTEeME KpoBooOpamieHus. B Hamewm uccie-
JIOBaHMM MBI CTPEMUINCH U3MepUTh ypoBHU BK/IHK, nHaukaTopa uieMnn Ha KJI€TOYHOM ypOBHE, KOTOPBIH, Kak MOKa3aHo,
TIOBBIIIICH NTPY HEMHBA3UBHBIX TeCTaxX ¢ PU3NUECKON Harpy3koi u nepy3moHHON CUUHTHTpaduu.

Metonabl: B nccnenoBanue 0bU1 BKIItOUCH 41 manueHT ¢ u3oaupoBanHoi KAD u 39 manueHToB ¢ HOpMaJIbHOM KOpOHAPHOI
anruorpammoit (HKA). Koponaporpaduio BRINOTHSIIN IPYU TUITMYHON CTEHOKApANN MIIH MOJI0XKHUTEIBHONW HArpy304HOH Mpo-
6e. Kommuecto Bk/IHK onpexnensuin nentpudyrupoBannemM oopasnos rneprudepudeckoil KpoBU 00enX IpyTiil.

PesyasTaTel: Yposuu Bk/IHK B mna3sme cocrasuimm 5,86 + 4,41 HI/MKI y M30JUPOBAHHBIX nManueHToB ¢ KAD u 2,36 +
1,32 ur/mxan y nanmentoB ¢ HKA (p = 0,000). ITpu onenke anruorpauueckux TUIOB HAa OCHOBE Kiaccudukanun Mapkuca
yposuu BK/IHK oxazanuce cnenyrommumu: tum I (n=7) 10,15+5,25, tun II (n=5) 6,42+3,91, tun Il (n=4) 5,15+3,74 n IV tun
(n=25) 4,66+3,78. Yposenb Bk IHK Obu1 00HapysxeH 3HaunTesnbHO BhilIe B rpynne KAD tuna I mo cpaBHEHHUIO ¢ IpyruMu
rpynnamMu Ha OcHOBe Kiaccudukanuu Mapxkuc (p = 0,028).

3akuiouenue: Beicokuii yposens Bk/IHK y mannentos ¢ KAD npennonaraer, 4To HapyleHue neppy3un MUOKapaa v BO3-
HUKAIOIIasl B Pe3yJIbTaTe UIIEMHUSI BBI3BIBAIOT JIM3HC KJIETOK MHOKAp/1a WM OBICTPBII alloNTO3, YTO MPUBOAMT K O0oJIee paHHEH
3arporpaMMHpOBaHHOM rudenn kierok. Beicoknit yposens Bk/IHK y 3THX manueHToB MOKET OBITH HCIOJIB30BaH B KAYECTBE
MapKepa MOBBIILIEHHOTO CEPAEYHO-COCYAUCTOTO PUCKA.

Kniouegvie cnosa: koponapoepadus, uwiemus Muoxapod, 6HeKiemoyHvle HyKIeuHogble KUCI0myl, KOPOHAPHAS AHe8PU3-
Ma, Haz2py304HbLIL mecm.
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