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SAZETAK: Kroniéna bubrezna bolest (KBB) definirana
je strukturalnim ili funkcijskim abnormalnostima bubrega
u razdoblju dulijem od tri mjeseca sa znatnim utjecajem
na zdravlje. Vodeci uzroci KBB su dijabetes i arterijska
hipertenzija, stoga ne ¢udi Cinjenica kako je incidencija
ove bolesti skoro svugdje u svijetu u porastu. Bolesnici s
KBB podlozniji su sréanozilnim bolestima (SZB) vige ne-
go ostatak populacije, a zna se da su one i glavni uzrok
smrti pacijenata na dijalizi. Fibrilacija atrija (FA), kao naj-
¢esca sréana aritmija, ima veéu prevalenciju medu bo-
lesnicima s oste¢enom bubreznom funkcijom, stoga je
izuzetno vazan zdravstveni problem. Takoder, pacijenti
s progrediraju¢im oblikom KBB i prisutnom dijagnozom
FA imaju znac¢ajno visi rizik od smrti. Ne postoje jasne
terapijske smjernice za lije¢enje FA u bolesnika s KBB,
a pogotovo je upitna upotreba varfarina za sprje¢avanje
mozdanog udara, kao Ceste komplikacije ove sréane
aritmije. Potrebna su daljnja istrazivanja o KBB i SZB te
ova dva polja zahtijevaju zajedni¢ku suradnju nefrologa
i kardiologa.
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Kroni¢na bubrezna bolest

Kroni¢na bubrezna bolest (KBB) definirana je strukturalnim
ili funkcijskim abnormalnostima bubrega u razdoblju duljem
od tri mjeseca sa znatnim utjecajem na zdravlje. Vodedi
uzroci KBB su dijabetes i arterijska hipertenzija, stoga ne
¢udi ¢injenica kako je incidencija ove bolesti skoro svugdje
u svijetu u porastu. U mnogim zemljama svake se godine
javlja dvjestotinjak novih slu¢ajeva na milijun stanovnika, a u
SAD-u ¢ak cetiristo. Procjenjuje se da oko 150.000 bolesni-
ka u Hrvatskoj ima KBB." Opéi ¢imbenici rizika KBB u razvi-
jenim zemljama su prekomijerna tjelesna tezZina, hipertenzi-
ja, dijabetes, visoka dob, pusenje, tjelesna neaktivnost i poz-
itivna obiteljska anamneza. KBB je povezana s brojnim kom-
plikacijama od kojih su na prvom mjestu sr¢anozilne bolesti
(SZB).

Danas se KBB definira kao ostecenje bubrega karakterizira-
no albuminurijom i glomerularnom filtracijom manjom od 60
mL/min u trajanju duljem od tri mjeseca. Buduci da glomeru-
larna filtracija izuzetno dobro pokazuje stanje ostecenja, bu-
brezna bolest se na temelju nje klasificirala u pet stupnjeva.
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ABSTRACT: Chronic kidney disease (CKD) is defined by
structural or functional kidney abnormalities for more than
three months with a significant impact on health. The ma-
jor causes of CKD are diabetes and arterial hyperten-
sion. Therefore, the increasing incidence of this disease
in almost all parts of the world is not surprising. Patients
with CKD are more likely to develop cardiovascular di-
seases (CVD) than the rest of the population, and we
know that they are the major cause of death in dialysis
patients. Atrial fibrillation (AF), as the most common car-
diac arrhythmia, has a higher prevalence among the pa-
tients with impaired renal function, therefore it is an ex-
tremely important health issue. On the other hand, pa-
tients with progressing CKD and who present a diagno-
sis of AF show a significantly higher risk of death. There
are no clear guidelines for the treatment of AF in patients
with CKD. The administration of warfarin to prevent sto-
kes, a frequent complication of cardiac arrhythmia, is
particularly debatable. Further trials of CKD and CVD are
to be conducted and should include the close collabora-
tion of nephrologists and cardiologists.

KEYWORDS: chronic kidney disease, cardiovascular
diseases, atrial fibrillation.

CITATION: Cardiol Croat. 2014;9(3-4):134-141.

Chronic kidney disease

Chronic kidney disease (CKD) is defined by structural or func-
tional kidney abnormalities for more than three months with
a significant impact on health. The major causes of chronic
kidney disease are diabetes and arterial hypertension. The-
refore, the increasing incidence of this disease in almost all
parts of the world is not surprising. In many countries, about
two hundred new cases per one million citizens occur every
year, while four hundred such new cases occur in the United
States. We estimate that there are about 150,000 patients in
Croatia suffering from CKD'. The general risk factors for CKD
in developed countries are overweight, hypertension, diabe-
tes, advanced age, smoking, physical inactivity and a positi-
ve family history. CKD is associated with many complica-
tions, the most prominent of which is cardiovascular disea-
ses (CVD).

Today, CKD is defined as renal impairment characterized by
albuminuria and a glomerular filtration rate less than 60
mL/min lasting for more than three months. Since glomeru-
lar filtration can show the impairment very well, kidney di-
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No, ta klasifikacija nije obuhvacala ¢imbenike koji su bitni za
prognozu bubrezne bolesti, poput npr. proteinurije, pa je
uvedena nova klasifikacija koja istovremeno uzima u obzir i
glomerularnu filtraciju i albuminuriju (Tablica 1.).

sease is accordingly classified in five degrees. However, this
classification does not include the factors that are important
for the prognosis of the kidney disease, such as proteinuria,
S0 a new classification that simultaneously considers both
glomerular filtration and albuminuria has been introduced

(Table 1).
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O klasifikaciji KBB puno se raspravljalo u zadnjih desetak
godina. Pokusava se pronaci optimalan nacin kako bi se
uzeli svi ¢imbenici bolesti u obzir (osnovna bolest, glomeru-
larna filtracija i albuminurija kao pokazatelji trenutnog oste-
¢enja bubrega, druge pridruzene bolesti i stanja pacijenata,
rizik pojedinca za komplikacije itd.) te na temelju toga doni-
jele odluke o terapiji i postupanju s pacijentom.?

Osim ve¢ spomenutih najéescih uzroka KBB uzroci mogu biti
razliciti oblici glomerulonefritisa, bakterijske infekcije, kamenci
i parazitarne bolesti, §to je ¢esto u nerazvijenim zemljama.
Policisti¢na bolest bubrega, analgetska nefropatija, tubuloin-
tersticijska bolest, autoimuna bolest, vaskulitis, amiloidoza,
multipli mijelom, hemoliticko-uremicki sindrom i endemska ne-
fropatija takoder mogu dovesti do kroni¢énog bubreznog za-
tajenja.

Od velike je vaznosti $to ranije prepoznavanje pacijenata s
bubreznom bolesti jer pravodobna intervencija moze smanji-
ti izglede za kardiovaskularnim komplikacijama ili pogorsa-
njima bubrezne funkcije. Vazne su i nefarmakoloske mjere
kao Sto su prestanak pusenja, prilagodena prehrana s ogra-
ni¢enjem unosa soli, umjerena tjelovjezba itd. Jedna od klju¢-
nih mjera je dobra kontrola arterijskog tlaka (AT). Ciljne
vrijednosti AT za bubrezne bolesnike su <125-135/75-85
mmHg. Lijekovi koji djeluju na renin-angiotenzinski sustav
su lijekovi izbora za kontrolu AT u KBB zbog svog renopro-
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This CKD classification has been much discussed in the last
ten years. We are trying to find an optimal way to take all di-
sease factors into account (primary disease, glomerular filtra-
tion rate and albuminuria as indicators of current renal impair-
ment, other associated diseases and a patient’s condition,
individual risk of complications, etc.) and make decisions on
a therapy and management of patients accordingly.”

Other causes of CKD may be different forms of glomerulo-
nephritis, bacterial infections, stones and parasitic diseases,
which are common in underdeveloped countries. Polycystic
kidney disease, analgesic nephropathy, tubulointerstitial dis-
ease, autoimmune disease, vasculitis, amyloidosis, multiple
myeloma, hemolytic uremic syndrome and endemic nephro-
pathy can also lead to chronic renal failure.

Early identification of patients with renal disease is of great
importance because timely intervention can reduce the
chances of cardiovascular complications or renal function
impairment. There are some non-pharmacological measu-
res, such as smoking cessation, a tailored diet accompanied
by limited salt intake, moderate exercise, etc., that are also
very important. Another key measure is a good control of
blood pressure (BP). BP target values for kidney patients
are <125-135/75-85 mmHg. Drugs that have an effect on the
renin-angiotensin system are the drugs of choice for BP
control in CKD because of their renoprotective action and
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tektivnog djelovanja i dokazanog uc¢inka na smanjenje kom-
plikacija. U dijabeti¢ara s KBB kontrola glikemije je takoder
od iznimne vaznosti. Ciljne vrijednosti su HbA1c <7% i glike-
mija 4-7 mmol/L. Vazna je i korekcija dislipidemije. Bubrezni
bolesnici trebali bi se drzati vrijednosti propisanih za opcéu
populaciju, a kao medikamentna terapija na prvom mjestu
su statini.® Acetilsalicilatna kiselina je takoder ¢esto propisi-
van lijek u KBB zbog svog dokazanog djelovanja na preven-
ciju kardiovaskularnih dogadanja, no davanje takve terapije
mora biti individualizirano uzevsi u obzir povisen rizik od
krvarenja.* Lije¢enje bolesnika s KBB zahtjeva korekciju i
metabolickih komplikacija, od kojih su najéesce anemija i
poremecaji mineralnog metabolizma.

Fibrilacija atrija

Fibrilacija atrija (FA) je naj¢e$ca sréana aritmija u cijeloj po-
pulaciji i jedan od najvaznijih ¢imbenika za ishemijski moz-
dani udar i nezavisni prediktor smrti.® To je supraventrikular-
na aritmija koja u pocetku nastaje zbog nepravilne elektric-
ne aktivacije s ishodistem u plu¢nim venama, a kao poslje-
dicu ima nepravilnu aktivaciju i gubitak kontrakcije atrija. In-
cidencija i prevalencija rastu s dobi. U 12-kanalnom elektro-
kardiogramu se umjesto P-valova vidi nepravilna elektri¢na

aktivnost, takozvani F-valovi. Akcija ventrikula moze biti pra-
vilna, ali je znatno ¢eéce nepravilna.®

Riziéni ¢imbenici za FA uvelike se preklapaju s onima za
razvoj KBB (visoka dob, pusenje, hipertenzija, dijabetes).
FA je vrlo bitan zdravstveni problem, ne samo zbog svoje
prevalencije, nego zbog mogucih posljedica kao $to su
tromboembolijski incidenti i sr¢ano zatajivanje. Neki od
simptoma ove aritmije koji zna¢ajno smanjuju kvalitetu zi-
vota su palpitacije, zaduha, omaglice i slabost. Najéesce FA
pocinje kao paroksizmalna te bolesnici samo intermitentno
imaju simptome. Postoji vise podjela FA, a prema prepo-
rukama Europskog kardioloskog drustva’ ona se dijeli na
paroksizmalnu, perzistentnu, dugotrajnu perzistentnu i per-
manentnu. Posebnu grupu €ini prvi put zabilieZzena FA. Pa-
roksizmalna FA je rekurentni oblik s atakama koji traju krace
od sedam dana, najces¢e do 48 sati i sami prestaju. Perzi-
stentna FA traje duze od 7 dana i zahtijeva elektri¢nu ili me-
dikamentu konverziju u sinusni ritam. Dugotrajna perzistent-
nta FA jest ona koja traje dulje od godinu dana, ali i dalje
postoji namjera lijecnika i bolesnika za konverziju u sinusni
ritam. Permanentna FA ¢ini posljednju podskupinu, a radi se
o FA kod bolesnika kojih ili nije odlu¢eno za kardioverziju, ili
je ona pokusana, ali nije donijela rezultate.®

Terapijske opcije kod FA se svode na simptomatsko lijece-
nje, zatim ili na kontrolu frekvencije ili na kontrolu sré¢anog
ritma te obavezno antikoagulantnu terapiju. Opcenito, ako
FA traje duze od 48 sati, nije dozvoljeno uciniti konverziju
ritma u sinusni bez uvodenja peroralne antikoagulacijske te-
rapije. Tada su nam preostale dvije mogucnosti; iskljuciva-
nje postojanja tromba transezofagealnim ultrazvukom srca i
provodenje konverzije ili konverzija bez ultrazvu¢nog pre-
gleda nakon mjesec dana antikoagulantne terapije. Drugi
oslonac terapije FA je kontrola frekvencije. Studije nisu po-
kazale koja od ovih dviju opcija je bolja. Ukoliko medika-
mentna terapija nema uspjeha, kod odredenih skupina bo-
lesnika u obzir dolazi elektrokardioverzija, kateterska ablaci-
ja uséa pluénih vena (kod bolesnika s paroksizmalnom ili
perzistentnom FA) te implantacija trajnog elektrostimulatora
s ablacijom AV ¢vora.®
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proven effect in reducing complications. In diabetic patients
with CKD, glycemic control is also very important. The tar-
get values are HbA1c <7% and glycemia 4-7 mmol/L. The
correction of dyslipidemia is important. Kidney patients
should keep the values prescribed for the general popula-
tion, while statins also have also have a primary place as a
medical therapy.® Aspirin is commonly prescribed in CKD
because of its proven effect in preventing cardiovascular
events, but its administration must be individualized in view
of the increased risk of bleeding.* The treatment of patients
with CKD also requires correction of metabolic complica-
tions, the most common of which are anemia and disorders
of mineral metabolism.

Atrial fibrillation

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia in the general population and one of the most important
factors for ischemic stroke, and it is an independent predic-
tor of death.’ It is a supraventricular arrhythmia that is initial-
ly caused by improper electrical activation originating in the
pulmonary veins and results in an incorrect activation and
the loss of atrial contraction. Its incidence and prevalence
increases with age. The 12-lead ECG shows irregular elec-
trical activity, called the F-waves instead of P-waves. Ventri-
cular action may be correct, but it is commonly irregular.®

AF risk factors largely overlap with those for the develop-
ment of CKD (advanced age, smoking, hypertension, dia-
betes). AF is a very important public health problem not only
because of its prevalence, but because of its potential con-
sequences, such as thromboembolic incidents and heart
failure. Some of the symptoms of this arrhythmia that signifi-
cantly impair the quality of life are palpitations, shortness of
breath, dizziness and fatigue. The most common form of AF
starts as paroxysmal and patients have symptoms only
intermittently. There are several classification of AF. Accor-
ding to the recommendations of the European Society of
Cardiology,’it is classified into paroxysmal, persistent, long-
term persistent and permanent AF. AF recorded for the first
time constitutes a special group. Paroxysmal AF is a recur-
rent form with attacks that last less than seven days, usual-
ly up to 48 hours, that cease by themselves. Persistent AF
lasts more than 7 days and requires electrical or medica-
ment conversion to sinus rhythm. Long-term persistent AF
lasts longer than a year, but still there is an intention of the
doctor and patient for conversion to sinus rhythm. The last
subgroup, permanent AF, includes patients for whom no
decision has been made on cardioversion, or it has been
attempted but yielded no results.?

Therapeutic options in AF are reduced to symptomatic treat-
ment, followed either by control of frequency or control of
heart rate mandatory including anticoagulant therapy. Ge-
nerally, if the AF lasts longer than 48 hours, conversion of
rhythm to sinus rhythm is not permitted without the introduc-
tion of oral anticoagulant therapy. Then two other options re-
main: to rule out the presence of thrombi by transesopha-
geal ultrasound of the heart, and conducting the conversion
or conversions without an ultrasound examination one
month after the administration of anticoagulant therapy.
Another mainstay of AF therapy is frequency control. Stu-
dies have not shown which of these two options is better. If
drug therapy is not successful, electrocardioversion, cathe-
ter ablation of pulmonary venous confluence (in patients
with paroxysmal or persistent AF) and implantation of a per-
manent pacemaker with an AV node ablation is an option to
be considered in certain groups of patients.’
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Kardiovaskularne komplikacije kroni¢ne
bubrezne bolesti

Bolesnici s KBB podiozniji su SZB vise nego ostatak popu-
lacije, a zna se da su one i glavni uzrok smrti pacijenata na
dijalizi. Dokazano je da su niska glomerularna filtracija i po-
viSena albuminurija povezane s povisenim rizikom od kar-
diovaskularnih incidenata, bilo novih ili ponavljajucih.”
Mortalitet od SZB medu pacijentima u zavrsnom stadiju
bubrezne bolesti je 15-30 puta veci nego u opcoj populaciji
iste dobi." Ova je razlika jo$ izrazenija medu mladom dob-
nom skupinom, od 25 do 34 godine, u kojoj je mortalitet ¢ak
500 puta veci nego medu zdravim pacijentima iste dobi.”
Pacijenti u trecem i cetvrtom stupnju KBB ¢ak ce prije umri-
jeti od SZB nego progredirati u zavrs$ni stadij bubrezne bole-
sti.”

Brojni su razlozi povecanog rizika kardiovaskularnih doga-
daja u bolesnika s KBB. Pored tradicijskih rizicnih ¢imbeni-
ka kao Sto su debljina, pusenje, arterijska hipertenzija, dis-
lipidemija i sli¢no, u bolesnika s KBB prisutni su i mnogobro-
jni netradicijski ¢imbenici rizika kao Sto su anemija, poreme-
¢aj mineralnog metabolizma, malnutricija, oksidativni stres,
proteinurija, odnosno albuminurija. Ovu potonju je bitno od-
redivati i pratiti u pacijenata s pove¢anim rizikom za bubrez-
nu bolest, ne samo zbog dokazivanja i klasifikacije bolesti,
vec i zbog njene prediktivne vrijednosti u terapiji."

Cilj ovog rada nije detaljno objasnjenje svih kardiovasku-
larnih ¢imbenika rizika u KBB. Zelimo, naime, upozoriti sa-
mo na tri vrlo zna¢ajna: anemiju, poremecaj mineralnog me-
tabolizma te proteinuriju, odnosno albuminuriju.

Anemija je u populaciji bolesnika s KBB gotovo pa redovita
pojava. Najvazniji uzrok je nedostatak eritropoetina. Ukra-
tko, anemija je uzrok smanjene oksigenacije tkiva; poveca-
va se rad simpatikusa i samim time rad miokarda. Takoder,
zbog smanjene viskoznosti povecan je venski priliev u srce
§to posljedi¢no dovodi do hipertrofije lijeve klijetke.

Vec u pocetnim stadijima KBB razvija se poremecaj mine-
ralnog metabolizma, koji se manifestira poremecajem me-
tabolizma kalcija i fosfora, parathormona, vitamina D te FGF
23 (engl. Fibroblast growth factor 23) hormona koji medu os-
talima regulira promet fosfora. Posljedica navedenih pore-
mecaja je ubrzana kalcifikacija krvnih Zila te ostalih tkiva
npr. miokarda.

Postoje brojni eksperimentalni i klinicki dokazi o povezanos-
ti proteinurije, odnosno albuminurije i kardiovaskularnih do-
gadaja.” Prema Kanadskoj studiji Hemmelgarn et al, prisut-
stvo proteinurije je povezano s povecanim rizikom od smrti,
infarkta miokarda i progresije bubrezne bolesti (povecan ri-
zik od aterosklerotskih dogadaja u perifernoj vaskularizaciji).
Kod hipertenzivne populacije albuminurija ¢ak ¢etiri puta po-
vecava rizik od ishemijske bolesti srca. Takoder, kod pacije-
nata s hipertenzijom i dijabetesom, albuminurija dovodi i do
zadebljanja lijeve klijetke. Pacijenti s dijabetesom tip 1 i al-
buminurijom imaju devet puta veéi kardiovaskularni mortali-
tet nego normoalbuminuriéni pacijenti. Studija Svjetske zdrav-
stvene organizacije Multinational Study of Vascular Disease
in Diabetics je dokazala povezanost proteinurije i ishemijske
bolesti srca i kod pacijenata s dijabetesom tip 2. Albumi-
nurija je povezana i s kroni¢nim zatajivanjem srca te su stu-
dije pokazale kako ne samo da je ¢imbenik rizika zatajivanja
srca, nego daje i prognosticke informacije.”

Postoji vise na¢ina na koje su povezane proteinurija i SZB.
To su upala, endotelna disfunkcija i trombogenicki faktori.
“Steno” hipoteza govori kako proteinurija dovodi do endo-
telne disfunkcije. Tome ide u prilog povecanje adiponektina,
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Cardiovascular complications of chronic
kidney disease

Patients with CKD are more likely to develop CVD than the
rest of the population, and we know that they are the major
cause of death in dialysis patients. It has been shown that
low glomerular filtration rate and elevated albuminuria are
associated with an increased risk of cardiovascular events,
regardless of whether they are new or recurring ones.”Mor-
tality caused by CVD among patients in end-stage kidney di-
sease is 15-30 times higher than in the general population
of the same age."" This difference is even more pronounced
among the younger age group, from 25-34, in whom the
mortality is 500 times higher than among the healthy pa-
tients of the same age.” Patients in the third and fourth
stage of CKD are even more likely to die of CVD than to pro-
gress to end-stage kidney disease.”

There are many reasons for the increased risk of cardiovas-
cular events in patients with CKD. In addition to traditional
risk factors such as obesity, smoking, hypertension, dyslipi-
demia, etc., patients with CKD also show many non-traditio-
nal risk factors such as anemia, disorders of mineral meta-
bolism, malnutrition, oxidative stress, proteinuria or albuminu-
ria. This latter is to be diagnosed and monitored in patients
at increased risk for kidney disease not only because of evi-
dencing and classifying the disease, but also because of its
predictive value in the therapy.™

The aim of this paper is not a detailed explanation of all car-
diovascular risk factors in CKD. However, we only wish to
warn about three very significant risk factors: anemia, mine-
ral metabolism disorder and proteinuria or albuminuria.

Anemia is almost a normal event in the population of pa-
tients with CKD. The most important cause is the lack of ery-
thropoietin. In short, anemia is the cause of reduced tissue
oxygenation. It increases sympathicus activity, and conse-
quently, myocardial activity. Reduced viscosity results in an
increase in venous return to the heart, which consequently
leads to left ventricular hypertrophy.

Mineral metabolism disorder develops in the early stages of
CKD. lt is reflected in a disorder of the metabolism of calci-
um and phosphorus, parathyroid hormone, vitamin D and
FGF 23 (Fibroblast growth factor 23) hormone, which inter
alia regulates phosphorus circulation. The consequence of
these disorders is an accelerated calcification of blood ves-
sels and other tissues such as the myocardium.

There is abundant experimental and clinical evidence about
the association between proteinuria or albuminuria and car-
diovascular events.” According to the Canadian study, Hem-
melgarn et al, the presence of proteinuria is associated with
an increased risk of death, myocardial infarction, and pro-
gression of renal disease (increased risk of atherosclerotic
events in peripheral vascularization). In the hypertensive
population, albuminuria increases the risk of ischemic heart
disease by four times. Also, in patients with hypertension
and diabetes, albuminuria leads to a thickening of the left
ventricle. Patients with type 1 diabetes and albuminuria show
cardiovascular mortality that is nine times higher than in
normoalbuminuric patients. The World Health Organization
(WHO) Multinational Study of Vascular Disease in Diabetics
has also proven the association between proteinuria and
ischemic heart disease in patients with type 2 diabetes.
Albuminuria is associated with chronic heart failure and
studies have shown that it is not only a risk factor for heart
failure but also provides prognostic information.*

There are several ways in which proteinuria and CVD are
associated, including inflammation, endothelial dysfunction
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vrijednosti CRP, ADMA (engl. Asymmetric dimethylarginine)
i VWF-a (von Willebrandov faktor). Povezanost preko trom-
bogenickih faktora dokazana je korelacijom ekskrecije pro-
teina i koncetracije VWF, adhezivnih molkeula, fibrinogena i
tkivnog aktivatora plazminogena, a to bi sve moglo dovesti
do povecanog rizika tromboze."

Povezanost kroni¢ne bubrezne bolesti i
fibrilacije atrija

Prema REGARDS studiji kod 26.917 ispitanika u SAD doka-
zana je povecana prevalencija FA kod bolesnika s KBB i to
najvise medu pacijentima u tre¢em i ¢etvrtom stupnju bole-
sti. Prevalencija FA medu ispitanicima bez KBB iznosila je
1%, medu pacijentima u 1. i 2. stupnju KBB iznosila je 2,8%,
u 3. stupnju 2,7%, a u 4. i 5. stupnju 4,2%. Bolesnici u prva
dva stupnja KBB imaju 2,67 puta veci rizik za razvoj FA, bo-
lesnici u trecem 1,68 dok je taj rizik u ¢etvrtom i petom stup-
nju 3,52 puta veéi."”

FA i KBB dijele zajednicke ¢imbenike rizika; hipertenzija, di-
jabetes, postojeca SZB, pretilost, metabolicki sindrom.™ Re-
trospektivne studije su pokazale da je KBB nezavisni ¢imbe-
nik rizika za pojavu FA te da je pojava FA u KBB povezana
s povecanom stopom smrtnosti.™

Provedena istrazivanja su uputila na to da bi FA mogla biti
¢imbenik koji ubrzava progresiju KBB u terminalni stadij te
je kasnije i dokazano da je FA povezana sa 67% visom rela-
tivnom stopom progresije do zavrénog stupnja bubrezne bo-
lesti. Novija istraZivanja potvrduju da FA moze doprinijeti br-
20j progresiji KBB do terminalnog stadija. Takoder, FA po-
spjesuje sustavnu upalu koja pogoduje pogorsanju bubrez-
ne funkcije. Buduci da FA inducira fibrozu miokarda moguce
je da je isti proces fibroze potaknut i u bubregu, mozda kroz
sustavnu profibroti¢ku teznju u organizmu. FA pridonosi si-
stolickoj i dijastolickoj disfunkciji sto moze pogorsati KBB
zbog promijenjene hemodinamike, venske kongestije i akti-
vacije RAAS.? Isto tako je poznato da je FA povezana s du-
goroc¢nim losijim klinickim ishodima u pacijenata s terminal-
nim stupnjem KBB.*

Vise je hipoteza koje objasnjavaju vezu izmedu KBB i FA.
Neurohormonalna aktivacija je upletena u progresiju bu-
breznog ostecenja i njegovih kardiovaskularnih posljedica.
Takoder, aktivacija sustava renin-angiotenzin-aldosteron u
pacijenata s KBB uzrokuje porast proliferacije sréanih fibro-
blasta i sréane hipertrofije. Ovaj efekt bi mogao biti dokazan
povecanom sekrecijom profibrotickog faktora TGF-p1.% To
nam potvrduje ¢injenica da se spironolakton pokazao kao
djelotvoran u reduciranju FA zbog blokade mineralokorti-
koidnog receptora i antifibrotickog ucinka.”® Aritmogenezi
pridonosi i aktivacija simpatikusa koja je, kao i povecanje
koncentracije adrenergi¢nih hormona u serumu, prisutna u
pacijenata s KBB.? Sistemna upala prisutna u bubreznoj
bolesti takoder ima ulogu u patogenezi FA, a marker CRP je
poviden u KBB i FA. Ova pretpostavka je potvrdena anali-
zom uzoraka biopsije srca u pacijenata s FA gdje su pro-
nadene upalne promjene.* Takoder je hs-CRP identificiran
kao dobar marker za prognozu kardiovaskularnih incidena-
ta, ukljuéujuci smrt zbog svoje povezanosti sa sistemnom
upalom, disfunkcijom endotela i rizikom za tromboemboli-
jske incidente.”® Nadalje, strukturalne abnormalnosti na sr-
cu, otprije povezane s KBB, kao $to su hipertrofija lijeve kli-
jetke i pretklijetke jednako tako povecavaju rizik aritmijskih
dogadanja.** Metabolicke abnormalnosti koje su prisutne u
KBB kao sto su metabolicka acidoza, poremecaj prometa
kalija i kalcija takoder vode do povecanog rizika za razvoj
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and thrombogenic factors. "Steno" hypothesis suggests that
proteinuria leads to endothelial dysfunction. This hypothesis
is reinforced by an increase in adiponectin, CRP, ADMA
(Asymmetric dimethylarginine) and vWF (von Willebrand
factor). The association via thrombogenic factors has been
proven by the correlation of protein excretion and vVWF con-
centration, adhesive molecules, fibrinogen and tissue plasmi-
nogen activator, all of which may lead to an increased risk
of thrombosis."

Association of chronic kidney disease and
atrial fibrillation

The REGARDS study conducted on 26,917 patients in the
US demonstrated the increased prevalence of AF in pa-
tients with CKD, mostly among the patients in the third and
fourth stage of the disease. The prevalence of AF among the
subjects without CKD was 1%, among the patients in the
first and second stage of CKD it was 2.8%, in the third stage
the prevalence was 2.7%, and in the fourth and fifth stage it
was 4.2%. Patients in the first two stages of CKD show a
2.67 times greater risk of AF, patients in the third stage
show a 1.68 times greater risk, and the risk in the fourth and
fifth stage is 3.52 times higher."”

AF and CKD share some common risk factors, such as hy-
pertension, diabetes, current CVD, obesity, and metabolic
syndrome."® Retrospective studies have shown that CKD is
an independent risk factor for the occurrence of AF and that
the occurrence of AF in CKD is associated with an increa-
sed mortality rate.”

The investigations suggested that AF could be a factor that
accelerates the progression of CKD in the end-stage, and it
was later proven that AF is associated with a 67% higher re-
lative rate of progression to the end-stage renal disease.
Recent studies confirm that AF may contribute to a faster
progression of CKD to the end-stage. AF also stimulates sy-
stemic inflammation that contributes to the impairment of re-
nal function. Since AF induces myocardial fibrosis, it is pos-
sible that the same process of fibrosis is stimulated in the
kidney, perhaps through the systematic profibrotic tendency
in the body. AF contributes to systolic and diastolic dysfunc-
tion that can impair CKD due to altered hemodynamics, ve-
nous congestion and activation RAAS.* AF is also known to
be associated with long-term impaired clinical outcomes in
patients in end-stage CKD.”'

There are several hypotheses that explain the association
between CKD and AF. Neurohormonal activation is involved
in the progression of renal impairment and its cardiovascu-
lar consequences. The activation of the renin-angiotensin-
aldosterone system in patients with CKD causes an increa-
se in the proliferation of cardiac fibroblasts and cardiac hy-
pertrophy. This effect could be proven by an increased se-
cretion of profibrotic factor TGF-p1.? This is confirmed by
the fact that spironolactone proved to be effective in redu-
cing AF due to blocking of the mineralocorticoid receptor
and its antifibrotic effect.”® Arrhythmogenesis is also stimu-
lated by the sympathetic activation that, like the increase in
the concentration of adrenergic hormones in serum, is pres-
ent in patients with CKD.?* Systemic inflammation present in
renal disease also plays a role in the pathogenesis of AF,
while the marker CRP is elevated in CKD and AF. This as-
sumption is confirmed by a cardiac biopsy sample analysis
in patients with AF where inflammatory changes are found.*
Hhs-CRP was identified as a good marker for the prognosis
of cardiovascular events, including death, due to its associa-
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FA.? Oksidativni stres igra vaznu ulogu u patogenezi FA, a
on se povecava s pogorsanjem renalne funkcije. Na primjer,
u lijevom atriju je povecana ekspresija nikotinamid adenin
dinukleotid fosfata oksidaze.”

Terapija

Pacijenti s progrediraju¢im oblikom KBB i koegzistirajucom
dijagnozom FA imaju znacajno visi rizik od smrti.” Dokaza-
no je da je proteinurija povezana s 50% viSim rizikom za
tromboembolijske incidente. Terapija FA u bolesnika s KBB
je doista kompleksna. Prije svega jer pacijenti koji boluju od
KBB imaju znatno visi rizik od krvarenja za vrijeme antikoag-
ulacijske terapije, sto takoder pridonosi visoj stopi smrtnosti.
Varfarin u pacijenata s KBB dovodi do povecanog rizika od
krvarenja, a dokazano je da moze doprinijeti i kalcifikaciji
krvnih Zila i sréanih zalistaka te povecati uremi¢nu arteri-
olopatiju.?® Korist, odnosno rizik uporabe varfarina u pacije-
nata s KBB, ostaje nerazjasnjen.” Istrazivanje iz 2012. go-
dine pokazuje kako bi noviji oralni antikoagulantni lijekovi
poput dabigatrana, apixabana i rivoroxabana, mogli u bu-
ducnosti zamijeniti zamijeniti varfarin kod pacijenata u tre-
¢em i Cetvrtom stupnju bubrezne bolesti, koji uz to boluju i
od FA®

Kod pacijenata na dijalizi sli¢na je situacija. Prevalencija FA
medu pacijentima na hemodijalizi je 11-27%, za razliku od
opce populacije u kojoj iznosi 1%. Kako znamo da je FA
povezana s mozdanim udarom, u op¢oj se populaciji koristi
varfarin kao prevencija mozdanog udara, a stopa krvarenja
je zanemariva. No, to nije slu¢aj s pacijentima na dijalizi.
Zadnja istrazivanja pokazala su kontradiktorne rezultate o
smanjenju cerebrovaskularnih dogadaja pri upotrebi varfari-
na kod pacijenata na hemodijalizi. Ipak, definitivno je doka-
zana veca ucestalost krvarenja pri njegovoj upotrebi u paci-
jenata s KBB, nego kod populacije bez ostecene funkcije
bubrega. Samim time izgledno je da opasnost upotrebe var-
farina kod ovih pacijenata nadilazi njegov pozitivan utjecaj.”'

Uporaba antiaritmika koji se koriste u terapiji FA je uvelike
ograni¢ena u pacijenata s KBB jer se vecina njih eliminira
kroz bubrege te njihova upotreba moze lako podi¢i serum-
ske vrijednosti kreatinina i dovesti do $tetnih ucinaka.® L’Al-
lier i surizvjeséuju o smanjenoj incidenciji FA u 10.926 paci-
jenata s hipertenzijom lije¢enih ACE inhibitorima.*

Jedna od terapijskih opcija jest i kateterska ablacija. Paci-
jenti s KBB imaju vece vjerojatnosti od ponovnog vracanja
FA nakon jednog provedenog zahvata, pa je vrijednost i tog
terapijskog postupka upitna.** Neke studije ukazuju na pot-
puno nezadovoljavajuci ishod kateterske ablacije u pacije-
nata s KBB i s nizom glomerularnom filtracijom,” dok je u
drugim studijama pokazano da uspjesna eliminicija aritmije
kateterskom ablacijom, pobolj$ava bubreznu funkciju u paci-
jenata s blagim do umjerenim bubreznim o$te¢enjem.* Sve
u svemu, tesko je predvidjeti i prevenirati relaps FA nakon
kateterske ablacije u pacijenata s terminalnom KBB i veca je
vjerojatnost da ¢e se postupak morati ponoviti.”

Zaklju€ak

Kroni¢na bubreZna bolest je veliki javnozdravstveni problem
u razvijenom dijelu svijeta, a postaje sve veci i u zemljama
u razvoju. Ucestalost kardiovaskularnih komplikacija u bole-
snika s KBB je velika. Postoji brojni dokazi kako je FA u bo-
lesnika s KBB ¢eSc¢a nego u ostaloj populaciji.
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tion with systemic inflammation, endothelial dysfunction and
the risk of thromboembolic incidents.” Cardiac structural ab-
normalities associated with CKD from an earlier date, such
as left ventricular and atrial hypertrophy, increase the risk of
arrhythmic events in the same way.* Metabolic abnormali-
ties that are present in CKD, such as metabolic acidosis, im-
paired potassium and calcium circulation, can also lead to
an increased risk of the development of AF.? Oxidative stress
plays an important role in the AF pathogenesis, and it in-
creases with the impairment of renal function. For example,
the expression of nicotinamide adenine dinucleotide phos-
phate oxidase is increased in the left atrium.”

Therapy

Patients with a progressing form of CKD and a co-existing
AF diagnosis have a significantly higher risk of death." It has
been proven that proteinuria is associated with a 50% hig-
her risk of thromboembolic incidents. AF therapy in patients
with CKD is indeed a complex therapy primarily because pa-
tients suffering from CKD have a significantly higher risk of
bleeding during anticoagulant therapy, which also contribu-
tes to a higher rate of mortality. Warfarin in patients with CKD
leads to an increased risk of bleeding. It has also been pro-
ven that it can contribute to calcification of blood vessels and
heart valves and increase uremic arteriolopathy.” The bene-
fit or the risk of administering warfarin in patients with CKD
is still debatable.”® A 2012 trial shows that more recent oral
anticoagulant drugs such as dabigatran, apixaban and rivo-
roxaban might replace warfarin in the future in patients in the
third and fourth stage of renal disease, who are also suffe-
ring from AF.%

We see a similar situation in dialysis patients. AF prevalence
among hemodialysis patients is 11-27%, as opposed to that
in the general population, which is 1%. Since we know that
the AF is associated with stroke, warfarin is administered in
the general population to prevent it, while the bleeding rate
is negligible. However, this is not a case in dialysis patients.
Some recent trials have shown contradictory results on the
reduction of cerebrovascular events when administering
warfarin in patients on hemodialysis. However, a higher inci-
dence of bleeding during its administration in patients with
CKD has been definitely proven compared to the population
without impaired renal function. Thus, it is likely that the risk
of administering warfarin in these patients outweighs its pos-
itive impact.”

The administration of anti-arrhythmic drugs used in the treat-
ment of AF is severely limited in patients with CKD because
most of them are eliminated through the kidneys and their
administration can easily raise serum creatinine values and
have adverse effects.” L'Allier et al report a decreased inci-
dence of AF in 10,926 patients with hypertension treated
with ACE inhibitors.*

Another treatment option is catheter ablation. Patients with
CKD are more likely to have recurring AF after one proce-
dure is performed, so the value of this therapeutic procedure
is open to question.* Some studies suggest a completely
unsatisfactory outcome of catheter ablation in patients with
CKD and with a lower glomerular filtration rate,” while other
studies have demonstrated that the successful elimination of
arrhythmias by catheter ablation improves renal function in
patients with mild to moderate renal impairment.*® Overall, it
is difficult to predict and prevent a relapse of AF after cathe-
ter ablation in patients with end-stage CKD and there is a
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NaZalost, postoji manjak dokaza o ucinkovitosti, odnosno
nuspojavama lijekova i ucinkovitosti razli¢itih intervencija u
bolesnika s KBB. Novi lijekovi i nove metode dolaze u klini¢-
ku praksu nakon strogih klinickih studija na ispitanicima s
ocuvanom bubreznom funkcijom, bez da su ukljuceni paci-
jenti s ostecenom bubreznom funkcijom, kao i oni na dijalizi.
Sve ¢esce se istice vaznost ukljucivanja i ove grupe bolesni-
ka u sva klinicka istrazivanja, kako bi se definirale jasne
smjernice, indikacije kao i kontraindikacije.” Jednako tako
ne postoje ni jasne terapijske smjernice za lije¢enje FA u bo-
lesnika s KBB, a pogotovo za uporabu varfarina za spreca-
vanje mozdanog udara, kao ¢este komplikacije ove sréane
aritmije. Zbog ¢esceg krvarenja pri upotrebi varfarina kod
pacijenata s KBB nego kod opce populacije, njegova korist i
dalje ostaje upitna. Potrebna su daljnja istrazivanja o kro-
ni¢noj bubreznoj bolesti i SZB, a u svakodnevnom klinickom
radu neophodna je uska suradnja nefrologa i kardiologa. Na
taj nacin ce se uspjesno sprijeciti i lijeciti mnogobrojne kom-
plikacije u bolesnika s KBB.
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