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Summary: In recent years, due to increased prevalence of
cardiovascular diseases, increased life expectah@ardiac patients
and the use of interventional research methods teeatment also
increases the incidence of acute renal failure lHgwever, with the
development of medical science, it was found teaial dysfunction
often accompanies heart failure and cardiac dysiume- renal failure.
This interdependent relationship became known asartiorenal
syndrome " [1-2]. This statement was announcedirgidMa in 2004
[5], but in spite of the large number of publicasoand discussions in
thematic conferences cardiorenal syndrome has etobgcome world
deadlines, and many key questions remain unanswarddl
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Among patients with congestive heart failure reshadfunction is
very common, which negatively reflected in the istats. Data
obtained Acute Decompensated Heart Failure NatioRabistry
(ADHERE), who studied nearly 100,000 patients shbat a third of
them had renal failure [1]. Another study foundtthenong outpatients
with congestive heart failure, 39 % of patientsrmitYHA class for 4
and 31 % of patients with grade 3 had hard detgiam of renal
function (creatinine clearance less than 30 ml/rity) Prognostically
Important adverse markers on ejection fraction EY¢HA functional
class are basic kidney function [7].

Similarly, renal insufficiency is associated wititieased adverse
cardiovascular risk. Among patients with end-steggaal disease 44%
had died according to cardiovascular disease, math-analysis in
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2006 found that patients with end-stage renal diesdizely to die from

cardiac causes than from kidney failure [8]. Ddabim cardiovascular
vascular lesions in 10 — 20 times more frequepiaitents with chronic
renal failure than in the corresponding part of gemeral population.
Increased myocardial mass (left ventricular hypgty), which in turn

increases the oxygen demand of the myocardiumgsaars increasing
of stage of renal disease from mild to moderateeveen severe [9].
Treatment of renal failure can improve cardiac fiorc The study of
more than 100 dialysis patients diagnosed withtHadure who had a
kidney transplant, shows an increase in ejectiantion from 32% to
52 % and more than 2/3 of the patients had compistevery of

cardiac function [10].

Cardiorenal syndrome (CRS) — a pathophysiologiordesr of the
heart and kidneys, in which acute or chronic dysfiam of one of
these organs leads to acute or chronic dysfunctiahe other. Thus,
CRS includes acute and chronic disorders in whicl primary
affected organ can be both heart and kidney. Aiapéeature is a
declaration of fundamental heterogeneity of caehat syndrome and
highlight its five main types depending on the pres of acute /
chronic heart failure (HF), and primacy / secogdaccurrence of
heart disease or kidney disease in relation th edwer [12].

At the conciliation conference ADQI in Venice in (&) C.
Ronco and colleagues presented a classificatiorghwiias allocated
five types of cardiorenal syndrome [13].

Acute kardiorenal syndrome (CRS type 1) : acute
decompensation of cardiac function leads to acemalrfailure. This
syndrome is characterized by the deterioratiorkininey function that
often complicates acute decompensated heart fa(l@@HF) and
acute coronary syndrome (ACS ) [14]. In 7 studieported the
frequency and type of cattle in relation ADHF and-5ACS.
Depending on the population 27% — 40% of patibotpitalized with
ADHF, had developed acute kidney injury (AKI), whicwas
diagnosed by an increase of serum creatinirie3 mg / dl [15].
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Table 1

Classification system represented by C. Ronco andkeagues for
separating CRS into 5 types depending on the etiay of

dysfunction
CRS Name Description Example Markers
type
1 Acute Acute Acute coronary| Endothelin-1,
cardiorenal cardiac_ syndrome troponin,CPK-
dysfunction | caysing acute | MB
Ieadmg_to heart failure
acute kidney
injury and then renal
dysfunction
2 Chronic Chronic Congestive Endothelin-1,
cardiorenal | heart failure | cardiac failure | BNP
leading to
renal
dysfunction
3 Acute Acute Uraemic TNF-alfa, IL-
renocardiac | kidney | cardiomyopathy 1, IL-6, IL-8
Injury secondary to
leading o acute renal
acute cardiac, .
dysfunction failure
4 Chronic Chronic Left ventricular | Parathyroid
renocardiac | renal failure | hypertrophy hormone,
leading 10 | 5nd diastolic | Calcium-
cardiac : heart failure phosphate
dysfunction
secondary to | product, cys-
renal failure tatin C
5 Secondary | Systemic | Septic shock, |—
condition | vasculitis
causing
cardiac and
renal
dysfunction
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Predictors of the risk of complications includelueed basic
kidney function, diabetes and previous heart failuFhese patients
require more complex treatments, longer inpatitat and have a high
mortality rate. The study ADHF (who had complicaso in
cardiogenic shock, hypotension, cardiac arrestsisegy ACS) and an
increase in serum creatinine six month mortalitys wagher [16].
Conversely, in patients with an increase in serosatmine> 0,3 mg /
dL, but no other complications, there was a higmertality in the
hospital for 30 or 180 days. Thus, most patientd Wi type CRS died
because of complications during and ACS. It is ingo@t to note that 1
type CRS in patients with ADHF rarely diagnosedha prehospital
phase, usually after admission, because then weusansome of
hospital performance, such as diuresis, which spdedjnosis of CRS
[17]. Data from the study Evaluation Study of Costge Heart
Failure and Pulmonary Artery Catheterization Effemess
(ESCAPE) demonstrated that the use of high dosdsopf diuretics,
causing thickening of the blood, leading to mongidgorogression of
renal dysfunction ( 5 times faster) [18]. Howevier this prospective
study on hemodynamic monitoring and active diuresistality at 180
days decreased by 69%. Some studies in the premssuciated
increase in central venous pressure and renal gestagnation in the
development 1 type CRS , thus , the relative b&asfcvenous and
arterial tone and overload the kidneys are impoffactors in reducing
renal filtration that occurs during treatment inspial ADHF [19].

Another major clinical scenario in which develapid type
CRS is an urgent or elective coronary revasculaoafor patients
with acute or chronic ischemic heart disease. Arghaontrast —
induced and associated with AKI shunting occurimd5 % and 30
% of patients, respectively. Importantly, iodinenttast, which causes
renal vasoconstriction and has direct cellularditxiin renal tubular
cells, is an important factor that plays an impairtale in a couple of
days before heart surgery. This interference caresesd hypothermia,
lack of pulse for reduced perfusion at 30-90 mimj #hus represents
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an additional ischemic damage in terms of proinfteatory state [20].
It is possible that using artificial blood circutat in coronary artery
bypass grafting activates systemic factors thaticoe to cause AKI,
but attempts to limit this exposure did not lead aosignificant
reduction in the rate of AKI [21]. Thus, these taaenarios are closely
related, since almost every cardiac patient operateurgently spend
coronary angiography before surgery. As with ADHfe 4 type CRS
with acute and chronic ischemic heart disease lthseat relationship
with outcomes. Patients with complications of 1&yRS marked
increase in mortality from 3 to 4 times, despite gnesence of dialysis
in hospital [20]. In all forms of 1 type CRS arerigk of progression to
chronic kidney failure (CKF) highest stage, whidlinately leads to
the need for renal transplantation [19]. Increasing cumulative risk
of renal outcomes, according to the above descrhbattal situations
for a single patient currently stay unknown.

Chronic cardiorenal syndrome (CRS type 2): chralysfunction
of the myocardium leading to deterioration of chcorenal failure.
This subtype suggests that chronic cardiovascusmade (CVD) may
contribute to the development of CKF. 6 studiesorsa that CVD
causes excess risk of CKF [15]. Established thsk factors for
atherosclerosis  (diabetes, hypertension, and smpkinare
independently associated with the development ofF JK4]. In
addition, chronic violations of systolic and did&tdunction of the
myocardium can lead to changes in neurohormonaladicin, renal
hemodynamics, and various adverse cellular prosdesgling to their
apoptosis and fibrosis of the kidneys [15]. Appnoately 30 % of
persons with chronic CVD with CKF and numerous ®sidhave
demonstrated the independent contribution of CVDhendegradation
of CKF [16]. An important component of the epidelogy of 2 type
CRS is the acceleration of atherosclerosis, wheads$ to premature
cardiovascular disease, including myocardial intfancand stroke [5,
18]. Importantly, CKF with metabolic disorders itauses the
progression of a calcined atherosclerosis throogheral and bone
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disorders in CKF, which is characterized by a dgdagsphates [19-
21]. Phosphate retention is critical pathophysimalgcomponent that
stimulates the conversion of vascular smooth musmdds in
osteoblast-like cells that, because of Pit-1 remepstimulate the
production of extracellular calcium hydroxyapatiteystals in the
vascular smooth muscle layer of the arteries [20].

The study showed that 45.0 % — 63.6 % of patieitts chronic
heart failure have proven CKF defined by calculatihe glomerular
filtration rate (GFR ) < 60 ml / min per 1.73 m21]. Patients with
chronic renal failure and end-stage CKF have higheibrillation
thresholds don't have preferences for implantinfiodiators for the
purpose of protecting the heart compared with ptievith normal
renal function. Increased levels of left ventriculypertrophy and
cardiac fibrosis is the biological basis of thesectophysiological
results [5, 18-20].

Acute renocardial syndrome (CRS type 3): a shatprobration
in renal function, resulting in cardiac disordeffie most common
scenario for the development of 3 type CRS is AkKhding to an
overload of volume, sodium retention, neurohormaalvation and
clinical development of heart failure with pulmopaedema and
peripheral edema. This volume overload causes fahnte and 3 type
CRS is most clearly reflected in pediatric patiefit8]. However, in
adults with acute exacerbation of chronic disedisés difficult to
clearly identify cases where AKI leads to cardi@compensation.
Thus, the epidemiology of subtype 3 CRS not deteeohi for
individual CVD, such as acute coronary syndrommkst, arrhythmia,
deficiency discharge the functions of the heart @ardliiac death [15].

Chronic renocardial syndrome ( CRS type 4). cludkidney
disease leading to progression of CVD. Over thd f@s decades
there has been an independent association betweereterity and
incidence of CKF and CVD incidence [13]. In a matalysis of 39
studies (1,371,990 participants) there is a clearetation between the
degree of renal dysfunction and the risk of deabimfcardiovascular
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causes [14]. In 14 of the 39 studies describedisikeof mortality from
reduced kidney function after adjustment for otlestablished risk
factors. Although among the adjusted relative riskBos were on
average 17 % lower than in the unadjusted, theyamsed significantly
higher than the one at 71% of the cohort. The diverartality
significantly influenced significant cardiovasculamortality, which
accounted for over 50 % of cases. Specially comadutB studies on 4
type CRS, most of them in the population with etalys renal disease
[15]. It should also be noted that CKF causes CWatients with 4
type CRS, thus complicating the pharmacological asugical
treatment [16]. For example, azotemia and hypenki@erestrict the
use of drugs that provide antagonistic effectsh@rénin-angiotensin-
aldosterone system, so fewer patients with CKF faapeeference for
the use of angiotensin-converting enzyme, angiatetis receptor
antagonists and aldosterone receptor blockersblsttad that CKF is
also worsens manifestations, severity and respdosdreatment
cardiorenal effects of acute and chronic hypertanglL5].

Secondary cardiorenal syndrome (CRS type 5): systdiseases
leading to simultaneous heart and kidney failuteis| known that
systemic damage, especially in young patients witlppevious heart
disease and kidney failure can result in simultasecorgan
dysfunction. It almost always appears critical dbad, such as sepsis,
multiple trauma, burns. There are limited data loa incidence and
factors that determine 5 type CRS, particularlyhsas hypotension,
respiratory failure, liver failure and other orgdamage without the
involvement of cardiac and renal systems. Seps&ceslerator 5 type
CRS, contributes to morbidity and mortality in these is estimated at
20 % — 60 %. Approximately 11% — 64 % of septicqrdas develop
AKI, which is associated with higher morbidity amaortality [16].
Abnormalities of cardiac function are common in sgpincluding
violations of wall motion and decrease left ventlar ejection
fraction. These observations have found about 3080 % of people
with sepsis who had diagnostically significant levef troponin | or T
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levels. These elevated cardiac biomarkers were ceded with
decreased left ventricular function and increasemttatity even in
patients with established coronary heart diseagg [tlis important to
note that the volume overload as a result of agagredluid therapy
significantly determines 5type CRS . Among the 3fdffents enrolled
in the Sepsis Occurrence in Acutely Il Patient®AP), was 36 % of
the AKI and volume overload, which was the stratgaedictor of
mortality. Overload capacity increased tensionhaf walls of the left
ventricle and probably contributes to the developinod heart failure
in patients who are prone to systolic and diastodiart failure [18].

Thus, by the present time cardiorenal syndromeaiesn a
significant problem for both physicians and pateriflany aspects
remain unknown, requiring further research to dewehore effective
means of diagnosis, treatment and prevention ad-thfeatening
conditions.
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PE3IOME
CYYACHUI NOIJISI] HA KAPJJIOPEHAJTbHUM CUHIPOM
Moiiceenxo B.O., Cmaxoea A.Il., Cunuus IO 11.
(Kuis)
3a OCTaHHI POKHU Y 3B'S3KY 31 3pOCTAHHAM IOIIUPEHOCTI CEPIIEBO-
CYJMHHOI TAaTOJIOT11, 301JBIICHHSM TPHUBAIOCT1 XKUTTS KapA10JOTTIHUX
MAIEHTIB Ta BUKOPUCTAHHSM 1HTEPBEHIIIMHUX METOMIIB JIOCIIIKESHHS
Ta JIKYBaHHS 3pOCTa€ TAaKOXK YaCcTOTa PO3BUTKY TOCTPOI HUPKOBOI He-
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noctaTtHocTi. OHAK, 3 PO3BUTKOM MEIMYHOI HaykH, Oyjo 3'scoBaHO,
10 JUCQYHKINS HUPOK YaCTO CYIPOBOIKYE CEPILIEBY HEIOCTATHICTD, a
TUCc(YHKIII cepilsi — HUPKOBY HEJOCTATHICTh. llel B3aemozasiexxHUi
3B'SI30K CTaB BIJIOMHUM SIK 'KapJlopeHanbHUM cuHapoM'. Lle TBepKeH-
Ha Oyno orojnomeHo y Bipmkunii B 2004 porri, ane, He3Baxaroud Ha
BEJIMKY KUIbKICTh MyOJIiKaIliil Ta 00roBapeHh y TeMaTHYHUX KOHpepe-
HIIISIX, KapAlopeHaIbHUM CHHAPOM III€ HEe CTaB BCECBITHHO BCTaHOBJIE-
HUM TEPMIHOM, a 0araTo KJIIOYOBHMX MHUTaHb 3aJIUIIAIOTHCICS O€3 Bi-
MOBI/I.

Knwuoesi cnosa: xapniopeHalbHUNA CUHAPOM, CEplieBa HEJOCTAT-
HICTh, HUPKOBA HEJIOCTATHICTh, HAOPSIK.

PE3IOME
COBPEMEHHBI B3IJISII HA KAPAUOPEHAJIBHBIN
CHUHHJIPOM
Mouceenko B.A., Cmaxosa A.Il., Cunuya FO.I1.
(Kues)

3a mocyieaHre To/Ibl B CBSI3U ¢ POCTOM PAaCIPOCTPAHEHHOCTH Cep-
JI€YHO-COCYIMCTON MATOJIOTHH, YBEJIWYCHHEM IIPOJOJIKUTEIBHOCTH
KU3HU KapJIUOJOTHYECKUX IMAIlMEHTOB U HCIOJb30BAHUEM WHTEPBEH-
IIMOHHBIX METOJIOB UCCIICIOBAHUS M JICUCHHUS BO3pACTACT TAKKE YaCTO-
Ta Pa3BUTHUS OCTPOM MOYCIHON HemocTaTOUHOCTH. OIHAKO, C Pa3BUTH-
€M MEIMIIMHCKON HayKH, OBLIO BBIICHEHO, YTO AUCQHYHKIUS ITOYEK
4acTO CONPOBOXKJIAET CEPJCUHYI0 HEIOCTAaTOYHOCTh, a AUCPYHKIUH
cepAlia — MOYeYHYI0 HeJIOCTaTOYHOCTh. JTa B3aUMOCBsI3aHHAsI TIATOJI0-
rUsl CTaja M3BECTHA KaK 'KapJAHOPECHAIbHUW CHUHIPOM' . DTO YTBEp-
xKaeHue Obuto oObsiBieHo B Bupmkuauu B 2004 rogy, HO, HECMOTPS
Ha OOJIbIIIOE KOJIMYECTBO MyOJIMKAINi U OOCYKJIEHUN B TEMaTUYECKUX
KOH(EPEHIMAX, KapIHOPCHAIBHUN CHUHIAPOM €Ie HE CTajl BCEMHPHO
YCTAHOBIICHHBIM TEPMHHOM, a MHOTHE KIIFOUEBBIC BOIPOCHI OCTaBa-
JINCH O3 OTBeETA.

Knrouesvie cnosa. xapauopeHadbHUI CHHAPOM, CEpJAcYHas He-
JIOCTATOYHOCTh, IOYE€YHAs HEJOCTATOYHOCTD, OTEK.
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