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searching for new solutions to prevent its development
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Abstract. Contrast-induced nephropathy (CIN) is the main cause of acute kidney injury and worsens
the prognosis of chronic kidney disease. To evaluate the clinical risk score of CIN development, various
medical calculators are proposed. The main criterion for assessing the possible development of CIN is the
initial glomerular filtration rate presented by estimated glomerular filtration rate. Toxic effect of contrast
substances is realized through the properties of the molecule of confrast itself (ftubular cell damage) and
induced ischemia with oxidative stress and vasoconstriction. Existing methods for preventing the develop-
ment of CIN are based on reducing the toxic effect of a contrast agent and preventing hypoxic kidney
shock. The drugs currently proposed are acetylcysteine, statins, and some other approaches as well as
hemodialysis. However, the evidence base is the most informative for hydration, which should be used
before the introduction of a contrast agent, along with the minimization of the dose of confrast. Neverthe-
less, no final solution has been found to prevent the development of CIN. We have proposed the use of
edaravone, which has an evidence base for ischemic stroke, to prevent the development of CIN. Three
patients with chronic kidney disease stage 3b were given 30 mg edaravone twice a day before contrast
media infusion and during two days affter contrast administration. In two patients, CIN was avoided. The

proposed approach requires future research to evaluate its effectiveness.
Keywords: contrast-induced nephropathy; hydration; chronic kidney disease; edaravone

Contrast-induced nephropathy (CIN) is the major cause
of acute kidney injury in chronic kidney disease (CKD)
[1] and a third most common cause of acute kidney injury
(AKI) in hospitalized patients following volume depletion
and medication [2].

Contrast-induced nephropathy is defined as the im-
pairment of renal function measured as either a 25% in-
crease in serum creatinine from baseline or a 0.5 mg/dL
(44 pmol/L) increase in absolute serum creatinine value
within 48—72 hours after intravenous contrast administra-
tion [3].

For evaluation of percutaneous coronary intervention
(PCI) risk, the following calculators are recommended:
https://bmc2.org/calculators/multi and https://bmc2.org/
calculators/cin for CIN risk calculation in particular [4].

Several guidelines provide CIN patient surveillance; one
of the latest (2018) is represented by the European Society
of Urogenital Radiology (ESUR) [5] that defines post-con-

trast acute kidney injury as an increase in serum creatinine
>0.3 mg/dl (or >26.5 umol/l), or > 1.5 times from baseline,
within 48—72 h of intravascular administration of contrast
medium (CM).

The key recommendations of this guideline are the fol-
lowing:

1. Nephrotoxic medication

In CKD patients receiving CM, optimal nephrology
care involves minimizing the use of nephrotoxic drugs (level
of evidence A).

Angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers do not have to be stopped before
CM administration (level of evidence D).

There is insufficient evidence to recommend withhol-
ding nephrotoxic drugs such as nonsteroidal anti-inflamma-
tory drugs, antimicrobial agents or chemotherapeutic agents
before CM administration (level of evidence B).
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Table 1. Management of CIN prevention

Glomerular filtration rate, mL/min Management
> 60-90 Conduction of the study with preventive actions
> 45-60 Assessment of study necessity
> 30-45 According to vital signs

Less than 30

No study is conducted

2. Hydration

Preventive hydration should be used to reduce the inci-
dence of post-contrast acute kidney injury in patients at risk
(level of evidence B).

Intravenous saline and bicarbonate protocols have simi-
lar efficacy for hydration (level of evidence A).

For intravenous and intra-arterial CM administration
with the second pass renal exposure, hydrate the patient with
either: a) 3 mL/kg/h 1.4% bicarbonate (or 154 mmol/L so-
lution) for 1 h before CM; or b) 1 mL/kg/h 0.9% saline for
3—4 h before and 4—6 h after CM (level of evidence D).

For intra-arterial CM administration with the first pass
renal exposure, hydrate the patient with either: a) 3 mL/kg/h
1.4% bicarbonate (or 154 mmol/L solution) for 1 h before CM
followed by 1 mL/kg/h 1.4% bicarbonate (or 154 mmol/L)
for 4—6 h after CM; or b) 1 mL/kg/h 0.9% saline for 3—4 h
before and 4—6 h after CM (level of evidence D).

Oral hydration as the sole means of prevention is not
recommended (level of evidence D).

No other drug recommendations (acetylcysteine, statins)
and dialysis for CIN prevention were presented in the guide-
lines; it is associated with their poor evidential base. However, a
positive effect of nebivolol that is used to reduce the risk of CIN
and is prescribed before contrast study was not evaluated [6].

An important aspect is also the absence of the need to
prescribe diuretics both in CIN and in acute kidney injury
(see below) [7].

Difference in diuretics management
in AKI and CKD

1. Sudden stop of diuresis:

— acute kidney injury: diuretics are contraindicated, eu-
volemia maintenance is recommended.

2. Chronic fluid retention:

— chronic kidney disease: long-term diuretic therapy is
indicated (loop diuretics and aldosterone antagonists), vas-
cular hypovolemia should be avoided.

Before deciding to perform PCI, our clinic has chosen
the following algorithm (Table 1).

Therefore, nowadays the only method of CIN prevention
is hydration [5, 8], and risks are determined by glomerular
filtration rate and by the state of the cardiovascular system.

Toxic effect of contrast substances is realized through:

1) properties of the molecule of contrast itself (tubular
cell damage);

2) induced ischemia with oxidative stress and vasocon-
striction [9].

Serum creatinine levels peaking 2—3 days after adminis-
tration of contrast medium and returning to baseline within

7—10 days after administration are accompanied by ische-
mic changes [10].

While evaluating CIN pathogenesis, our attention was
paid to another aspect about ischemia — the successful
use of edaravone, an agent blocking the ischemic cascade;
nowadays, it is used for treatment of acute ischemic stroke
[11]. It is to be recalled some facts about edaravone:

— this agent was involved in clinical studies with a high le-
vel of evidence that have been conducted in Japan since 2001;

— every third patient having received the drug during
the first 24 hours after onset of ischemia will have no conse-
quence of stroke at all;

— this is the first drug over the past 23 years that is ap-
proved by the Food and Drug Administration in 2017 for
treatment of amyotrophic lateral sclerosis [12].

In our clinic, three patients with stage 3b CKD have re-
ceived 30 mg of edaravone (Xavron, Ukraine) intravenously
twice a day before PCI and two days after the procedure.
Development of CIN was observed in one patient; two pa-
tients have shown less than a 1.5-fold increase in serum cre-
atinine level during 5 days of monitoring.

We believe that the initiation of use of edaravone for
CIN prevention provides a clinical perspective. Neverthe-
less, future trials need to be done to prove the possibility of
preventing CIN with edaravone.
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KOHTpACT-UHAYLMPOBAHHAS HEDPONATUS: MOUCK HOBbIX PELUEHUA AAS NPEAOTBPALLLEHUS €€ PA3BUTUS

Pesiome. Kownrpacr-unnyunposannas nedponatus (KWH)
SIBJISIETCSI OCHOBHOI TIPUYMHON OCTPOTO TOBPEXICHUS TTOYeK
M YXYALIAeT TPOrHO3 XPOHUYECKO 0ose3Hr mouek. st onpe-
neJeHusl KIuHu4yeckoro pucka pasputusi KMH mpemnaraiorcs
pa3IuuHble MEIULUMHCKHUE KaJbKyasTOpbl. OCHOBHBIM KpHTe-
pueMm olileHKH Bo3MoxxHoTo pa3BuTtus KMH sBisercs HauanbHas
CKOpPOCTh KJIyOOUKOBOW (DUIBTpAllMuU, TpeACcTaBlIeHHas pac-
YETHON CKOPOCThIO KJIYOOUKOBOIl uibTpaumu. Tokcuuyeckoe
NENCTBUE KOHTPACTHBIX BELIECTB peau3yeTcsl yepe3 CBONCTBa
caMoil MOJIEKYJIbl KOHTpacTa (MMOBpPEXIECHUE TYOYISIPHBIX KIle-
TOK) ¥ TIOCPEICTBOM MHAYLIMPOBAHHOW MIIEMUN C OKUCIUTEb-
HBIM CTPECCOM M Ba30KOHCTpUKIMei. CyliecTBYIOIIME METOIbI
npenotpanieHus pazsutuss KUH ocHOBBIBAIOTCS HA CHUXKEHUU
TOKCUYECKOTO JICMCTBUS KOHTPACTHOTO BEIECTBA WM IPEHOT-
BpalIeHUM TUIOKCUYECKOTO TMOYEeYHOTo IoKa. B Hacrosiiee
BpeMS MPEUIOXKEHO MPUMEHEHUE alleTUILMCTENHA, CTaTUHOB,

IBaHOB A.A.

HEKOTOPBIX IPYTMX IMOAXOA0B, Hampumep remonuanuza. OmgHa-
KO JloKa3aTesibHasl 0asa siBisieTcss Haubosiee UHGOPMATUBHON B
OTHOLUEHWH TUApATallMK, KOTOPYIO CJEYeT UCTIOIb30BaTh Mepe
BBEJEHUEM KOHTPACTHOIO BELIECTBA Hapsly ¢ MUHUMM3ALUEN
103bI KOHTpacTa. TeM He MeHee JOCTOBEPHBIX PeKOMEHIALIMI 10
cHmxennio KMH He pazpadorano. Mbl peaioXXuiIn UCTOTb30-
BaTh 5/1apaBOH, KOTOPHIl MMEET JOKa3aTeJbHYI0 0a3y Mpu ulle-
MUYECKOM UHCYNbTE, 118 ipenoTBpatieHus pazsutuss KUH. Tpu
ralKeHTa ¢ XpOHUUYECKOI 00JIE3HBIO MoYeK cTaauu 3b rosydyanu
o 30 Mr snapaBoHa 2 pasa B IeHb nepes uHQy3ueit KOHTPacTHO-
IO BEILECTBA U B TEUEHUE ABYX IHEI MOCIie BBEAEHUsI KOHTpACTa.
V nByx nauueHToB pa3Butusi KMH ynanock uzdexats. [1pemio-
SKEHHBIH MOAXO0/ TpeOyeT qaJbHEeUINX UCCAeNOBaHMIA TSI OLIEH -
KU ero 3¢ (GeKTUBHOCTH.

KmoueBble cioBa: KOHTpPACT-UHAYIIMPOBaHHAsT HedpomnaTus;
rUApaTalus; XpoHuueckas 001e3Hb MoYeK; 30apaBoOH

HaLIOHOABHQ MEAVYHA QKQAEMIS TTICASIAMIAOMHOI OCBiTv iMeHi [1.A. LLynvka, m. Kunis, YkpaiHa

KoHTpacT-iHAYKOBAHO HedponarTia: NOLWYK HOBUX PillleHb AAS 3aNOGIiraHHS i pO3BUTKY

Pesiome. Kontpacr-inaykosana Hedponaris (KIH) € ocHOBHOIO
MPUYMHOIO TOCTPOTO YpaXkKeHHsI HUPOK i MOTIPIIY€E MPOTHO3 XPO-
HiYHO1 XBOpOOM HUPOK. 17151 BUBHAYEHHSI KJIIHIYHOTO PU3UKY PO3-
BuTKy KIH mpornoHyooTbest pi3Hi MeauuHi KaabKyiasTopu. OcHoO-
BHUM KpUTEPieM OLIHKK MOXIMBOro po3sutky KIH € nouatkosa
MIBUIKICTh KITYOOUKOBOI (hisibTpallii, TpencTaBjieHa po3paxyH-
KOBOIO IIBHUIKICTIO KIyOOUKOBOi (hinbrpaliii. ToKCuuHUil ehexT
KOHTPACTHUX PEYOBUH Peali3yeThCS Yepe3 BJIaCTUBOCTI CaMOi MO-
JIEKYJIM KOHTpAcCTY (MOLIKOIKEHHSI TYOYJISIPHUX KIIITUH) i LUISIXOM
iHIYKOBaHOI illeMii 3 OKMCIIIOBaIbHUM CTPECOM i Ba30KOHCTPUK-
mieto. IcHyroui MmeToau 3amobiranHst po3BuTKy KIH rpyHTy10ThCS
Ha 3HUKEHHi TOKCUYHOI il KOHTPACTHOI PEYOBMHH i 3aro0iraHHi
rinoKCMYHOMY HUPKOBOMY 1110KYy. Ha naHuit yac 3anpornoHoBaHe
3aCTOCYBaHHS alleTUJIIIUCTEIHY, CTATUHIB, NESKUX iHIIMX ITiIX0-

IiB, HANpuKIiIaa remomianizy. OqHaK JgoKa3zoBa 0a3a € HalOUIbIIT
iH(OPMATUBHOIO IOAO TimpaTalii, SIKy CJIiJ BUKOPHUCTOBYBATH
repea BBeAeHHSIM KOHTPACTHOI peYOBMHU Pa3oM i3 MiHiMi3alli€ro
103U KOHTpacty. OmHaK BipOTiMIHUX PEKOMEH/ALliil 11100 3HU-
xeHHs: KIH He po3pobieHo. Mu 3amporioHyBajin 3aCTOCOBYBAaTH
efgapaBoOH, II0 Ma€ JOKa30By 0a3y 3a ilIeMiYHOTO iHCYJETY, IJIs
3anobiranHs po3BuTky KIH. Tpu mamieHTH 3 XpoHiYHOIO XBOPO-
6010 HUPOK cTamii 3b orpumyBanu o 30 Mr egapaBoHy 2 pa3u Ha
NieHb Tiepesi iH(py3i€l0 KOHTPACTHOI PEYOBHUHMU i MPOTSITOM JBOX
IIHIB TTiCJIsT BBEIEHHS KOHTPACTY. Y ABOX MalieHTiB po3BuTKy KIH
BIAJIOCS] yHUKHYTH. 3aIpOITIOHOBAHUIA TTiAXil BUMArae rmoaajbIInX
TOCTIIKEHb TSI OLIHKYU MOro e(peKTUBHOCTI.

Ki0490Bi ciioBa: xonrtpacr-inaykoana Hedpomnaris; rigpata-
1IisT; XpOHiIYHA XBOpoba HUPOK; e1apaBoOH
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