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Abstract. Prevention of contrast-induced nephropathy during interventional treatment of acute coronary
syndrome. Miakinkova L.O., Yarmola T.I., Pustovoit G.L., Kostrikova Iu.A., Pysana B.O., Talash V.V. The aim of
the work was to determine the risk factors of contrast-induced nephropathy in patients with acute coronary syndrome
and to evaluate the effectiveness of methods of its prevention. There were examined 62 patients admitted to the
interventional cardiology department during 9 months of routine practice with a diagnosis of acute coronary syndrome
and concomitant chronic kidney disease. Among them, 56.45% have diabetic nephropathy, 21% — hypertensive nephro-
pathy, 19.35% — chronic pyelonephritis, 3.2% — gouty nephropathy. According to the stages of chronic kidney disease:
1 stage — 8.1%, II stage — 46.8%, 11l A stage — 30.6%, Il B stage — 14.5% of patients. The control group consisted of
32 patients with acute coronary syndrome without kidney pathology. All patients underwent urgent percutaneous
coronary intervention with a water-soluble low-osmolarity radiocontrast medium. The risk of contrast-induced
nephropathy was determined according to the Mehran scale. Contrast-induced nephropathy was diagnosed by an
increase in serum creatinine by >25% over 24-48 hours. Prevention of contrast-induced nephropathy according to
existing recommendations was carried out by prescribing early statin therapy and diuresis-controlled combined
hydration in 22 patients with concomitant chronic kidney disease. Mathematical processing was performed using
Statistica 8.0 software (StatSoft Inc, USA). Patients with chronic kidney disease had a high and very high risk of contrast-
induced nephropathy in 19.4% and 3.2% of cases, among them in 91.6% high, and in 100% — very high-risk contrast-
induced nephropathy developed. Patients in the control group had a low to moderate risk, none of them developed
contrast-induced nephropathy. It has been shown that the risk of contrast-induced nephropathy depends on the stage of
chronic kidney disease and is associated with a decrease in the ejection fraction of the left ventricle (<40%,), acute left
ventricle failure of the III and 1V classes according to Killip, a decrease in diuresis up to <0.6 ml/h/kg in the first 12-
24 hours after urgent percutaneous coronary intervention, taking metformin 6-12 hours before the administration of the
X-ray contrast medium and the glomerular filtration rate <45 ml/min./1.73 m°. In patients who underwent prevention of
contrast-induced nephropathy in its entirety, its development was not registered.

Pedepar. IlpodinakTuka KoOHTpacT-iHAyKoBaHOI Hedpomnartii nmpu iHTepBeHUiiiHOMY JiKyBaHHI TrocTpPOro
KOpPOHApHOro cunapomy. M’skinbkoBa JI.O., SIpmona T.I., Ilycrosoiir I'.JI., Koctpikosa FO.A., IIucana B.O.,
Tanam B.B. Memorw pobomu 6yno susnavumu ghaxmopu puzuxy KoHmpacm-iHOyko8anoi Hegpponamii' é nayienmis iz
20CMPUM KOPOHAPHUM CUHOPOMOM mMa OyiHUmMuU epexmugHicms memodis ii npoghinakmuxu. Obcmedsicero 62 nayienmu,
wWo Haodiiuu y 8i00ineHHs iHmepeeHYiliHOI Kapdionozii npomsazom 9 Micayie pymunHoi npakmuxu 3 0iazHO30M 20CMputl
KOPOHAPHUU CUHOPOM MA CYNYMHbOIO XPOHIuHO0I0 X60poboto nupok. Ceped mux 56,45% xeopux ma Oiabemuumy
Heghponamiio, 21% — einepmenszusny negponamiio, 19,35% — xponiunuii nicnonegppum, 3,2% — nodazpuuny neghpo-
namiio. 3a cmadiamu xpouiunoi xeopoou nupoxk: I cmaodis — 8,1%, Il cmadis — 46,8%, Il A cmadis — 30,6%, Il B cma-
0is — 14,5% xeopux. Konmponvuy epyny cxkranu 32 nayieHmu 3 20CMpum KOPOHAPHUM CUHOPOMOM 6e3 Namoiozii HUPoK.
Vceim nayienmam nposoounocv ypeenmmue uepeswiKipHe KOpOHAPHE GMPYYAHHA 3 GUKOPUCMAHHIM B0OOPO3HUHHOZO
HU3bKOOCMOSIPHO20 DEHM2EHOKOHMPACMHO20 npenapamy. Puzux eunuxuenns xowmpacm-inoykosanoi negponamii
susnayanu 3a wxanoro Mehran. Konmpacm-inoykosany neghponamiio diaznocmyeanu 3a niOGUWEHHAM CUPOBAMKOBO20
KpeamuHiny npooosoic 24-48 cooun na >25%. Ilpoginakmuxa Kkonmpacm-inoyKkosanoi nepponamii 32i0H0 3 YUHHUMU
PEKOMEHOAYiamMYU NPOBOOUNACH WIIAXOM NPUSHAYEHHS PAHHbOI CMAmuHOmepanii ma KOHMpPOIbO8aHOi 3a Oiype3om
Kombinosanoi ciopamayii 22 nayienmam i3 CynymHv0r XPOHIYHOIO X80po0oI Hupox. Mamemamuuna o6podOKa 8uxo-
HY8aNAcs 3 BUKOPUCMAHHAM NpocpamHozo 3abesneuenns Statistica 8.0 (StatSoft Inc, CILA). Ilayicumu 3 XpoHiuHOW0
X60p0o00I0 HUPOK MANU GUCOKULU Ma O0ydice BUCOKUL PUSUK KOHmMpacm-inoykosanoi negponamii ¢ 19,4% ma 3,2%
sunaokis, ceped nuxy 91,6% eunaodxis sucoxozo ma 100% — dyosce 8UCOK020 pU3UKY PO3BUHYIACH KOHMPACH-IHOYKOBAHA
Heghponamis. Tlayienmu KOHMPOILHOI epynu Maau HU3bKULL ma ROMIDHULL PUSUK, Y JCOOHO20 3 HUX HE PO3GUHYIACS
KOHmpacm-indykogana nepponamis. Iloxazano, wjo pusux UHUKHEHHs. KORMPAcm-iHOYKO8anoi neghponamii 3anescums
8I0 cmaodii XpPOHIUHOI X60pPOOU HUPOK MA ACOYIUOBAHUL 3i 3HUNCCHHAM @paxyii euxudy aigoeo wiyHouxka (<40%),
20CmpoI0 NisouyHOUK06010 Hedocmamuicmio Il ma 1V knacy 3a Killip, smenwennsm diypesy 6 nepwi 12-24 200unu
NiC/sL YP2EHMHO20 HePe3wKiPHO20 KOPOHapHo2o smpyuants 00 <0,6 mi/200/ke; nputiomy memgopminy 3a 6-12 2ooun
nepeo 66edennAM peHm2eHKONMPACHO20 Npenapamy ma weuoKicmio kiybouxoeoi girempayii <45 mn/xe/1,73 m>. YV
nayienmia, akum 0yna npogedeHa npo@iiaKmuxa KOHMpacm-iH0yKoearoi Heponamii @ NOGHOMY 00C31, it pO36UMOK He
3apeecmposanuil.

Cardiovascular disease (CVD) is the leading cause
of mortality in Ukraine (67.3%), with dominating
coronary heart disease (68.8%) [1]. The prognosis for
patients with coronary artery disease depends mainly
on the progression of coronary atherosclerosis [2].
Acute coronary syndrome (ACS) is a form of co-
ronary heart disease (CHD) that usually develops as a
result of occlusion of coronary vessels and leads to
loss of viable myocardium. The use of urgent
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percutaneous coronary intervention (PCI) in the first
72 hours after the onset of ACS increased from 9% in
1995 to 60% in 2015, which reduced 6-month
mortality from 17 to 6.3% [3, 4]. It is known that renal
dysfunction (estimated glomerular filtration rate
(GFR) <30 ml/min/1.73 m?) is present in approxi-
mately 30-40% of patients with ACS and is asso-
ciated with a worse prognosis and increased risk of
hospital complications [5, 6].

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

High-risk ACS necessitates urgent PCI with the use
of high doses of radiocontrast agents (RCA) in a very
short period of time (2—24 hours), often before obtaining
the results of a biochemical examination and making a
final diagnosis [7]. Taking into account the fact that the
calculation of the amount of contrast agent should be
carried out in accordance with the GFR, is an urgent
issue of studying the risk factors of contrast-induced ne-
phropathy (CIN) and methods of its prevention in pa-
tients with ACS and concomitant chronic kidney disease
(CKD) [6, 7]. The most frequent manifestation of CIN
is an asymptomatic transient impairment of kidney
function, which in a certain percentage of patients can
cause irreversible structural changes in the kidneys with
the progression of renal failure and is associated with an
increase in in-hospital mortality of patients [6, 8].
Patients with severe CKD, acute kidney injury (AKI)
and the use of the intra-arterial route of RCA admini-
stration are considered vulnerable to the development of
contrast-associated nephropathy [9, 10]. In view of cur-
rent recommendations, important steps in minimizing
the risk of CIN are ensuring adequate hydration and
limiting the dose of contrast agents, among which low-
osmolality agents are preferred [7, 11, 12]. Regarding
the effectiveness of prescribing other drugs to prevent
CIN, such as N-acetylcysteine, ascorbic acid, statins,
febuxostat, etc. the data are either not convincing
enough or do not have a sufficient evidence base [13].

The purpose of this work was to identify risk
factors for the development of contrast-induced ne-
phropathy in patients with ACS during urgent percu-
taneous coronary intervention and to investigate
methods of its prevention.

MATERIALS AND METHODS OF RESEARCH

The study took place on the basis of the depart-
ment of interventional cardiology with the resus-
citation and intensive care unit and the X-ray surgical
unit of the Communal Enterprise "Poltava Regional
Clinical Medical Cardiovascular Center of the Pol-
tava Regional Council" within 9 months.

62 patients with ACS (within 24 hours) and
concomitant CKD (studied group (SG) were se-
lected for investigation. The study did not include
patients with symptoms of acute left ventricular
failure (LVEF), left ventricular ejection fraction
(EF) less than 30%, known CKD stage [V-V and/or
GFR less than 30 ml/min/m?. The group included
43 male patients (69.3%) and 19 female patients
(30.7%), whose average age was 66.7+1.2 and
74.7+1.8 years, respectively. The percentage
distribution of CKD among patients by stages was:
I stage — 6.5% (n=4), 1I stage — 46.8% (n=29), 111
stage —46.7%, of which 30.6% (n=19) patients with
IIT A stage and 16.1% (n=10) — I1I B stage (Fig. 1).

m]stage mII stage

III A stage

u ]II B stage

Fig. 1. Percentage distribution of patients with acute coronary syndrome
and concomitant chronic kidney disease by stages

Distribution of patients by CKD etiology: diabetic
nephropathy (DN) — 56.45% (n=35); hypertensive
nephropathy (HN) — 21% (n=13); chronic pyelo-
nephritis (CP) — 19.35% (n=12); gouty nephropathy
(GN) - 3.2% (n=2) (Fig. 2).

23/ Tom XXVIIl/ 4

Patients were divided into 2 groups. The first
group consisted of 40 patients who refused to perform
in full scope contrast-induced nephropathy pre-
vention algorithm.
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19.35%

H Diabetes melitus = Hypertension

Pyelonephritis = Gout

Fig. 2. Percentage distribution of patients by etiology of chronic kidney disease

It included 29 men (72.5%) and 11 women (27.5%),
whose average age was 64.3+£2.1 and 73.5£1.7 years,
respectively. 10% (n=4) of patients were diagnosed with
stage I CKD, 45% (n=18) — with stage Il CKD, 22.5%
(n=9) with stage [Il A CKD, and in 22.5% of patients
(n=9) stage [l B CKD was detected; distribution by
etiology: 62.5% (n=25) of patients had CKD of diabetic
origin, 20% (n==8) had hypertensive nephropathy, 15%
of patients (n=6) had pyelonephritis, in 2.5% (n=1) —
CKD was associated with gout.

The second group consisted of 22 patients who
gave informed consent to the implementation of the
preventive treatment algorithm in its entirety. This
group included 14 men (63.6%) and 8 women
(36.3%), whose average age was 65.1+1.1 and
71.241.4 years, respectively. 50% of patients in the
second group (n=11) had Il stage, 45.5% (n=10) —
III A stage and 4.5% (n=1) — III B stage of CKD;
distribution by etiology: 45.5% (n=10) of patients had
CKD of diabetic origin, 22.7% (n=5) — hypertensive
nephropathy, 27.3% of patients (n=6) had pyelo-
nephritis, 4.5% (n=1)— CKD associated with gout.
They provided for the use of early statin therapy
(Rosuvastatin in a single dose of 40 mg) with sub-
sequent scheduled intake in accordance with existing
recommendations and early controlled (by diuresis)
combined hydration.

For this purpose, an intravenous infusion of 0.9%
sodium chloride solution was performed at the rate of
1 ml/kg/hour from the moment the patient was
hospitalized, during urgent PCI and after its com-
pletion, which was at least 4 hours on average, fol-
lowed by combined intravenous and oral hydration by
alkaline mineral water with hourly diuresis control.
At the time of the study, all patients had no symptoms
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of acute left ventricular failure and signs of hypo-
perfusion, BP — 90/60 mm Hg, SpO — 90%, respira-
tory rate did not exceed 25 per minute, central venous
pressure (CVP) did not exceed 15 mm Hg, and did
not require inotropic support.

The control group (CG) consisted of 32 patients
with ACS without concomitant CKD, of which
20 were men (62.5%) and 12 were women (37.5%),
the average age was 65.9+2.1 and 72.8+1.5 years,
respectively, which were comparable according to the
main indicators.

All patients underwent general clinical exami-
nation within two hours after hospitalization. Deter-
mination of serum creatinine (sCr) was carried out
during the hospitalization, 24, 48 and 72 hours after
performing urgent PCI. The sCr level was used to
determine the estimated GFR using the CKD-EPI
formula and to verify the stage of CKD [7]. The
diagnostic criterion for CIN after primary PCI was an
asymptomatic increase in sCr within 24-48 hours
after urgent PCI using RCA by >25%, compared to
the previous value, provided that other, alternative
causes of its increase were excluded on the
background of a decrease in the level of
diuresis <0.6 ml/h/kg.

Verification of ACS was carried out by deter-
mining the level of troponin I by immunofluorescence
analysis on a chemiluminescence analyzer CL-1000
from Mindray using reagents from Mindray. A 12-
lead ECG was performed in all patients during
hospitalization, immediately after urgent PCI, 1 and
6 hours later. In order to assess the contractility of the
myocardium, all patients underwent an echo-
cardiographic examination (EchoCS) in the first
24 hours on a Vivid S60N scanner, according to the

Ha ymosax niyensii CC BY 4.0
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recommendations of the American Society of
EchoCS and the European Association of Cardio-
vascular Imaging Specialists.

The ejection fraction (EF) of the left ventricle
(LV) was determined by the method of Simpson
discs. The risk of CIN was determined according to
the Mehran scale [14].

All patients underwent urgent PCI using a water-
soluble, low-osmolarity nephrotropic radiocontrast
agent with an average volume of 289+9.9 ml and
received basic ACS therapy in accordance with
European recommendations (double antiplatelet the-
rapy with loading doses (aspirin 375 mg and
ticagrelor 180 mg), low-molecular-weight heparin
enoxaparin in therapeutic and prophylactic doses,
rosuvastatin, beta-blocker bisoprolol according to th
indications) [4], the appointment of angiotensin-
converting enzyme inhibitors was carried out taking
into account rGFR according to the CKD-EPI
formula on the first day.

Mathematical processing of the results was carried
out using Statistica 8.0 software (StatSoftlnc, USA,
license number STA862D175437Q). The average
value (M), variance, average standard deviation and
median (m), significance level (p) were calculated.
The method of logistic regression was used. Proces-
sing of the obtained results was carried out using the

35
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25 22
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calculation of the statistical Student's t-test. A dif-
ference of p<0.05 was considered statistically
significant [15].

Written informed consent for the study was
obtained from all patients, in accordance with the
requirements of the Tokyo Declaration of the World
Medical Association, the International Recom-
mendations of the Helsinki Declaration on Human
Rights, the Council of Europe Convention on Human
Rights and Biomedicine. Our research complies with
moral and ethical standards and the main provisions
of the Council of European Convention on Human
Rights and Biomedicine and relevant legislative
documents of Ukraine. The Commission on Ethical
Issues and Biomedical Ethics of Poltava State Medi-
cal University (protocol No. 215 dated 04.20.23) did
not detect any violations of moral and ethical norms
during the scientific research work performance.

RESULTS AND DISCUSSION

The distribution of patients with CKD and ACS
according to the Mehran scale was as follows: 30.6%
(n=19) of patients had a low risk of CIN, 46.8%
(n=29) — moderate risk, 19.4% (n=12) — high risk,
3.2% (n=2) — very high risk. At the same time, in CG,
68.75% (n=22) of patients had a low risk, 31.25%
(n=10) had a moderate risk of CIN (Fig. 3).

12
2
0 m
high risk very high risk
CG (n=32)

Fig. 3. Distribution of patients in the control group and group with CKD and ACS (SG),
according to the risk of developing contrast-induced nephropathy on the Mehran scale

After urgent PCI with the introduction of RCA, CIN
was diagnosed in only 21% (n=13) of patients with
CKD and ACS based on an increase in the level of sCr,
compared to its initial level during the first 24—
48 hours after urgent PCI (31.5 to 75.4% (on average

23/ Tom XXVIIl/ 4

55.143.35%)) and a decrease in diuresis in the first 12—
24 hours (diuresis was <0.6 ml/h/kg). 85% (n=11) of
these patients were assigned to the group of high risk of
developing CIN, according to the Mehran scale, and
15% (n=2) — to the very high risk group (Fig. 4).
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Fig. 4. The number of patients in CKD and ACS (SG) group
with contrast-induced acute kidney injury (CIAKI) according to risk groups on the Mehran scale

Among 12 high-risk patients with CKD in combina-
tion with ACS, CKD III-A stage was diagnosed in 4 pa-
tients and CKD III B stage in 7 patients, which is 91.6%.

In 2 patients of the studied group with CKD III B
stage, who were stratified into a very high risk group
according to the Mehran scale, CIN developed in both
patients, which is 100%. Therefore, if the eGFR
is <30 ml/min/1.73 m?, the risk of CIN is directly
dependent on the stage of CKD. In 49 patients (79%)
of studied group with CKD and ACS, there was no
significant increase in the level of sCr during the first
24-48 hours after urgent PCI (from 9.9 to 18.7%
(on average — 14.3£2.47%)) and changes in diuresis.

In 100% of CG patients (n=32), an increase in the
level of sCr during the first 24—48 hours of PCI was
from 5.7 to 12.5% (on average — 16.4+0.9%), which
is not a diagnostic criterion for CIN.

In addition, changes in the volume of diuresis
were also not detected. That is, not a single case of
CIN development was recorded in this cohort
of patients.

Among patients diagnosed with CIN (n=13), the
cause of CKD in 69.2% (n=9) was diabetic nephro-
pathy, in 15.4% of patients (n=2) — hypertensive nephro-
pathy, in 15.4% (n=2) — chronic pyelonephritis (Fig. 5).

u Chronic pyelonephritis = Hypertensive nephropathy = Diabetic nephropathy

Fig. 5. Percentage distribution of patients in the group with CKD in combination
with ACS (SG) and contrast-induced nephropathy, according to the etiology of chronic kidney disease
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CIN developed in 9 patients with CKD I1I-B stage
of diabetic genesis who took metformin in a dose of
500-1000 mg in the period from 6 to 12 hours before
the introduction of RCA. The mean initial level of
GFR in these patients was 37+2.5 ml/min/1.73 m?. In
the remaining 26 patients with DN contrast-induced
nephropathy did not develop.

It should be noted that 10 of them also took
metformin in a dose of 500-1000 mg, but their mean
initial eGFR was 57+4.1 ml/min/1.73 m2. Thus, the
combination of eGFR <45 ml/min/1.73 m? and met-

44

LVEF in CG patients, %

formin increases the risk of CIN. In the group of
patients with diagnosed CIN (n=13), LVEF was from
34 to 40% (on average — 38.2+1.8%), in the group of
CKD and ACS without CIN (n=49) — from 43 to 57%
(on average —45.2+1.8%), in CG (n=32) — from 44 to
61% (on average — 44.7+1.5%) (Fig. 6).

In 7 out of 13 patients of the SG (53%) after
urgent PCI, a complication of acute myocardial
infarction developed — acute left ventricular failure
(ALVF).

40
34

LVEF in SG patients without LVEF in SG patients with CIAKI,

CIAKI, % %

H min

B max

Fig. 6. Range of the left ventricle ejection fraction in of the group
with CKD and ACS (SG) and control groups

Killip class III ALVF (pulmonary edema) was de-
tected in 31% (n=4), Killip class IV ALVF (cardio-
genic shock) — in 23% (n=3). There were 2 cases of
in-hospital death in patients with ALVF of IV class
according to Killip and diagnosed CIN, the percen-
tage of mortality was 15.4%. In the remaining 79%
(n=49) SG patients without CIN and CG patients, cli-
nically significant signs of ALVF were not observed.

In all 22 patients of the second group, who under-
went prevention of CIN, its development was not
diagnosed. In 40 patients of group, who refused a full-
fledged algorithm of preventive therapy, contrast-
induced nephropathy developed in 13 (32.5%) cases.
That is, the effectiveness of early statin therapy and
controlled (by the level of diuresis) combined hydra-
tion in the prevention of CIN in patients with ACS
and CKD stages I-11I of various etiologies was 100%.

Urgent PCI is the leading method of treatment for
patients with acute coronary artery disease.

Despite the benefits, certain categories of patients
often develop CIN associated with the use of modern

23/ Tom XXVIIl/ 4

RCA. In order to reduce the risk of CIN, it is recom-
mended to use water-soluble, low-osmolar nephrotropic
iodine-containing substances and to adhere to the
estimated volume of administration of RCA. But, even
if these recommendations are followed, according to a
number of studies in high-risk groups (elderly age,
diabetes mellitus (DM), CKD, anemia, heart failure),
the prevalence of CIN reaches 30%, and the frequency
of acute kidney injury (AKI) among patients with DM
and symptomatic CKD may reach 50% [6, 9].
According to the results of our study, CIN was
diagnosed in 91.6% of patients hospitalized with a
diagnosis of ACS, and with a concomitant CKD and,
according to the Mehran scale had a high risk of CIN.
We observed an increase in sCr by 55.1£3.35%
compared to the initial level during the first 24-
48 hours after urgent PCI, and a decrease in diuresis
in the first 12-24 hours (<0.6 ml/h/kg), which was
considered to be the development of CIN. We also
showed that the risk of CIN in patients with ACS is
directly dependent on the stage of CKD. A special
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cohort of patients consists of patients with type
2 diabetes. CIN in them is one of the significant risk
factors of death. The use of a potentially nephrotoxic
drug metformin in this category of patients con-
tributes to the development of lactic acidosis, which
also increases the risk of contrast-induced acute
kidney injury [13]. The data of our study confirm
that the  combination of reducing GFR
to <45 ml/min/1.73 m? with metformin significantly
increases the risk of CIN. Therefore, the refusal to
take this drug 24-48 hours before the introduction of
RCA is recommended for patients with severe CKD
and chronic coronary disease, or ACS with a low risk
of in-hospital and 6-month death.

A number of authors express an opinion regarding
the increased risk of CIN in patients with reduced LVEF
[11]. Reduction of LVEF below 40% in patients with
ACS and CKD was associated with diagnosed CIN. In
patients with ACS and CKD without CIN, the LV
contractile function was higher (43-57%) than in the
previous group. During our study, 53% of patients with
ACS and CKD developed ALVF. Among them,
pulmonary edema was diagnosed in 31%, and
cardiogenic shock in 23%. In patients with ALVF class
IV according to Killip and diagnosed CIN, the mortality
rate was 15.4%. Thus, a decrease in LV contractile
function, a decrease in minute volumetric blood flow,
and the development of ALVF in patients with ACS and
CKD stages I-11I involves prerenal mechanisms in renal
perfusion disorders, potentiating the risk of CIN. This
gives reason to consider ALVF as one of the most
powerful predictors of CIN, the development of which
aggravates the course of the underlying disease and
worsens its prognosis. New definitions of CIN have
appeared in the literature, the authors of which separate
"contrast-associated", which may include other causes,
and "post-contrast", which indicates only the chrono-
logy of events, and not the cause of the development of
acute kidney injury. At the same time, AKI induced by
RCA is considered an extremely rare phenomenon with
an unproven cause-and-effect relationship [10].

Thus, the risk of CIN development is determined
by a set of factors, which in our study consisted of:
degree of CKD severity (stage of CKD); decreased
contractile capacity of the left ventricle; the develop-
ment of ALVF symptoms and oliguria in the first 12-
24 hours after urgent PCI, metformin administration.

In the recommendations on myocardial revascu-
larization for the prevention of CIN, the use of
hydration in patients with moderate and severe CKD
with the level of evidence I A, as well as short-term
courses of statin therapy in high doses, with the level
of evidence Il A, is proposed [3, 4, 7]. According to
other researchers, there is no proven benefit from the use
of statin therapy for the prevention of CIN, without

56

additional indications. In our study, in patients with
ACS and CKD who were treated with early statin
therapy in targeted doses for the prevention of CIN with
the aim of treating ACS (renoprotective mechanism
cannot be isolated) and controlled (by diuresis level)
combined hydration, the development of CIN was not
observed in 100% cases, which shows the effectiveness
of this technique. It should be noted here that the
development of ALVF requires a regimen of water load
restriction and does not allow recommending hydration
in target doses. Unfortunately, patients with refractory
cardiogenic shock have an extremely high risk of
developing CIN and often require the use of additional
hardware methods of treatment.

CONCLUSIONS

1. The Mehran scale is a universal tool that should
be used in routine practice in order to determine the
risk of development and timely prevention of
contrast-induced nephropathy in patients with acute
coronary syndrome and chronic kidney disease
during percutaneous coronary intervention.

2. Significant risk factors for the development of
contrast-induced nephropathy in patients with acute
coronary syndrome and concomitant chronic kidney
disecase of stages I-III are: a decrease in LVEF
(£40%); the development of acute left ventricular
failure of the III and IV classe according to Killip;
decrease in the volume of diuresis to <0.6 ml/h/kg in
the first 12-24 hours after percutaneous coronary
intervention; metformin taking 6-12 hours before the
administration of the radiocontrast agents with
GFR <45 ml/min/1.73 m?.

3. A prognostically unfavorable clinical scenario
for the development of contrast-induced nephropathy
during urgent coronary angiography occurs in pa-
tients with acute coronary syndrome, complicated by
the development of acute left ventricular failure of the
III-IV class according to Killip and concomitant chro-
nic kidney disease of stage III B associated with
diabetic nephropathy, with the initial level of
eGFR <45 ml/min/1.73 m? and metformin taking 6-
12 hours before the administration of the radio-
contrast agent.

4. Prevention of contrast-induced nephropathy with
the use of early controlled (by the level of diuresis),
combined hydration therapy and early statin therapy in
target doses is recommended for patients with acute
coronary syndrome and chronic kidney disease.
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