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SAZETAK: U lijecenju kronicne angine pektoris u zadnjih
nekoliko godina, pored lijekova s antianginalnim ucinkom
(blokatori beta adrenergickih receptora, kalcijski antagonisti i
nitrati) moguce je primjeniti i ranolazin. Ovaj inovativni lijek,
djelujuci na patoloski proces koji se zbiva u vrlo ranom stadi-
ju ishemije, moze blokirati stetne posljedice koje nastaju ka-
skadnim procesom. Ranolazin je prvi antianginalni metabolic-
ki modulator koji se pojavio u posljednjih 25 godina lijecenja
angine pektoris, koji djeluje inhibicijski na sarkoplazmatske
kasne natrijske kanale bez znakovitog ucinka na srcanu frek-
venciju i arterijski tlak te disne puteve. Pored dokazanog anti-
anginalnog ucinka, ranolazin moZe predstavljati novu moguc-
nost lijecenja za bolesti srca udruzene s narusenom homeosta-
zom iona miokarda i to poglavito kod bolesnika s poremece-
nom homeostazom iona natrija kao sto se zbiva u zatajivanju
srca. Inhibicija kasnih natrijskih kanala moze predstavljati i
novi antiaritmijski pristup navlastito supraventrikulskim i ven-
trikulskim poremetnjama ritma (tahikardijama), a potencijalne
studije zatajivanja srca sa sistolickom i/ili dijastolickom dis-
funkcijom te atrijskom fibrilacijom predstavljaju buducnost is-
trazivanja moguce dobrobiti primjene ranolazina.

KLJUCNE RIJECI: angina pektoris, ranolazin, aritmije, za-
tajivanje srca.

SUMMARY: In treatment of chronic angina pectoris in the
last few years, besides the medicines with antianginal effect
(adrenergic receptor beta blockers, calcium antagonists and
nitrates) even ranolazine may be applied. This innovative drug
having effect on pathological process that occurs at a very ear-
ly stage of ischemia, may block harmful effects that occur in
cascade process. Ranolazine is the first antianginal metabolic
modulator that has appeared in the last 25 years of treatment
of angina pectoris, having inhibition effect on sarkoplasmatic
late Na channels with no significant effect on heart rate and
blood pressure as well as respiratory tract. Apart from proved
antianginal effect, ranolazine represents a new possibility of
treatment of heart diseases associated with impaired homeo-
stasis of myocardial ions, especially in patients with impaired
homeostasis of Na ions as it occurs in heart failure. The inhi-
bition of late Na channels may be a new antiarrhythmic ap-
proach to supraventricular and ventricular arrhythmias (tachy-
cardias), while potential studies of heart failure with systolic
andyor diastolic dysfunction and atrial fibrillation represent the
future of research of potential benefit of application of ra-
nolazine.
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ta, skupina sr¢anozilnih bolesti predstavlja vodeci

uzrok mortaliteta i morbiditeta te stoga i vodeci jav-
nozdravstveni problem'. Angina pektoris susrece se u goto-
vo polovice bolesnika s koronarnom bolesti srca (KBS). U
Hrvatskoj primjerice prevalencija ove bolesti kod muskara-
ca srednje dobi iznosi oko 2-5%, a u starijih mugkaraca
11-20%. Kod osoba zenskog spola do 54 godine Zivota
prevalencija je do 1%, ali u dobi od 65 do 74 godine raste
na 10-15%. Predmnijeva se da u Hrvatskoj od kroni¢ne
angine pektoris boluje oko 150.000 osoba. Prema podaci-
ma klinickih ispitivanja ucinka antianginozne terapije i re-
vaskularizacije miokarda te podacima iz registra Hrvatskog
zavoda za javno zdravstvo, godisnja stopa mortaliteta od
stabilne angine pektoris iznosi 0,9-1,4%.

U Republici Hrvatskoj, kao i diljem suvremenog svije-

Ciljevi lijecenja kroni¢ne angine pektoris su smanjenje
ucestalosti anginoznih napada, produljenje trajanja zivota
i boljitak kvalitete Zivota. Korekcija ¢imbenika rizika je bit-
na sastavnica lijec¢enja, a smanjenje broja i ucestalosti an-
ginoznih napada kao i produljenje tolerancije napora ut-
jecu na poboljsanje kvalitete zivljenja. Osnovu farmako-
loskog lijecenja ¢ine antianginozni lijekovi, a u slu¢aju da
se njima ne moze postici kontrola bolesti radi se perkutana

rary world as well, a group of cardiovascular diseases

represents a major cause of mortality and morbidity and
is therefore a major public health problem'. Angina pecto-
ris is diagnosed in almost a half of the patients with corona-
ry heart diseases (CHD). In Croatia, the prevalence of this
disease in middle-age men is 2-5%, and in elderly men it
ranges from 11-20%. In women aged up to 54 the preva-
lence is up to 1%, but at the age between 65 and 74 it ri-
ses to 10-15%. It is assumed that around 150 000 persons
suffer from chronic angina pectoris in Croatia. According
to the data on clinical testing of the effect of the antiangi-
nal therapy and myocardial revascularization and data
from the Registry of the Croatian National Institute of Pub-
lic Health, the annual rate of mortality from angina pectoris
ranges from 0.9 to 1,4°.

The aims of treatment of chronic angina pectoris are to
reduce the frequency of chest pain attacks, extension of life
and better quality of life. The correction of risk factors is an
important component of treatment, while reduction of a
number and frequency of anginal attacks and the extension
of tolerance of efforts affect the betterment of quality of life.
The basis of pharmacological treatment is the antianginal
drugs, and in case that they may not put the disease under
control, percutaneous coronary intervention (PCl) with or

I n the Republic of Croatia and a part of the contempo-
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koronarna intervencija (PCl) sa ili bez postavljanja stenta ili
pak kirurska revaskularizacija miokarda.

U konzervativnom lijecenju koriste se tri osnovne vrste
antianginalnih lijekova: blokatori beta adrenergickih re-
ceptora (beta-blokatori), kalcijski antagonisti i nitrati. Lijek
izbora za vecinu bolesnika predstavljaju beta-blokatori jer
smanjuju simptome, ali i mortalitet. Oni smanjuju potros-
nju kisika u miokardu zbog usporavanja frekvencije srca i
smanjenja kontraktilnosti te boljitka dijastolicke perfuzije.
Beta-blokatori se ne bi trebali koristiti kod bolesnika sa
znacajnom bradikardijom, atrioventrikularnim blokom vi-
Seg stupnja i tezim respiracijskim smetnjama. U racional-
noj primjeni slijede blokatori kalcijevih kanala, naj¢esce iz
dihidropiridinske skupine te verapamil, poglavito kada po-
stoji kontraindikacija za uporabu beta-blokatora ili njima
nije moguca ucinkovita kontrola anginoznih smetnji. Ni-
trati, koji su iskljucivo simptomatski lijekovi, uglavnom se
koriste kao dodatni lijek ako se drugim lijekom ne postize
ucinak. Oni smanjuju anginalne epizode i poboljsavaju to-
leranciju napora zahvaljujuci smanjenju potrosnje kisika.
U meta-analizi 90 klinickih ispitivanja stabilne angine pek-
toris, kao i u studijama IMAGE, TIBBS i TIBET nije dokaza-
na bitna razlika u smanjenju ucestalosti anginoznih napa-
da, uporabom nitroglicerina ili poboljsanju tolerancije na-
pora u bolesnika koji su upotrebljavali beta-blokatore, an-
tagoniste kalcija ili dugodjelujuce nitrate™. Premda je mo-
noterapija ucinkovita, vecini bolesnika najcesce treba dva
ili vise antianginoznih lijekova za kontrolu simptoma bole-
sti. Kako je vecina bolesnika s anginom pektoris u starijoj
Zivotnoj dobi te mogu imati i pridruzene bolesti (npr. kro-
nicnu opstruktivnu bolest pluca, perifernu arterijsku bolest,
dijabetes, zatajivanje srca), uzimanje nekih od antiangi-
noznih lijekova moze biti kontraindicirano. Planiranje i
probir antianginozne farmakoterapije zahtjeva pozornu
procjenu ucinkovitosti, suradljivosti bolesnika te mogucih
interakcija i nuspojava primjenjenih lijekova’. Sastavnice
preporucenog lijecenja stabilne KBS su i acetilsalicilna
kiselina, statini, ACE inhibitori ili sartani, navlastito kod bo-
lesnika sa sistolickom i/ili dijastolickom disfunkcijom lije-
ve klijetke, arterijskom hipertenzijom, dijabetesom i kro-
ni¢cnom bolesti bubrega’.

Revaskularizacija se primjenjuje ako se anginozni
simptomi ne mogu kontrolirati farmakoterapijom. Ipak i
nakon uspjesne revaskularizacije veci dio bolesnika nas-
tavlja uzimati antianginozne lijekove. Tako nakon kiruske
revaskularizacije miokarda ili PCI ¢ak 10-34% bolesnika
ima ponovne anginozne tegobe nakon godine dana po uci-
njenom zahvatu gotovo 80% i dalje uzima medikamentoz-
nu antianginoznu terapiju*”’.

Glede ogranicenosti postojece standardne terapije mo-
Ze se uciniti i transmiokardijalna revaskularizacija, no is-
kustva nisu posebito pozitivna. Eksterna kontrapulzacija i
genska terapija su metode jos uvijek u fazi klinickih ispiti-
vanja, a poglavito su predvidene za bolesnike s refraktor-
nom anginom kojima se standardnom farmakoloskom tera-
pijom, nakon ucinjene revaskularizacije, ne mogu kontro-
lirati simptomi bolesti®”.

Zadnjih godina imamo na raspolaganju terapiju koja
ne spada u standardnu, ali u klini¢kim je ispitivanjima po-
kazala ucinkovitost u smanjenju anginoznih tegoba i to
modificiranjem metabolizma miokarda. KBS je takoder i
metabolicka bolest. Cuvanjem energetskog metabolizma

without implantation of stent or surgical myocardial revas-
cularization is done.

Three basic types of antianginal drugs are used in con-
servative treatment: adrenergic receptor beta blockers (be-
ta-blockers), calcium antagonists and nitrates. The drug of
choice must for most of the patient be beta-blockers since
they reduce the symptoms and mortality as well. They re-
duce the consumption of oxygen in myocardium as a con-
sequence of slowdown of heart rate and reduction of con-
tractility and improvement of diastolic perfusion. Beta-blo-
ckers should not be applied in patients with significant bra-
dycardia, higher grade of atrioventricular block and more
serious respiratory disorders. Calcium chanel blockers are
rationally applied, most frequently from the dihydropyri-
dine group and verapamil, especially when there is a side-
effect for the use of beta-blocker and they may not effi-
ciently control anginal attacks. Nitrates that are only symp-
tomatic drugs are mainly used as additional drug if some
other drugs have no effect. They reduce anginal episodes
and improve effort tolerance owing to reduced consump-
tion of oxygen. In meta-analysis of 90 clinical tests of sta-
ble angina pectoris and in the studies IMAGE, TIBBS and
TIBET we proved no significant difference in reduction of
anginous attacks by using nitroglycerine or improvement
of effort tolerance in patients who used beta-blockers, cal-
cium antagonists or long-acting nitrates**. Although the
monotherapy is efficient, the most patients usually need
two or several antianginal drugs to control the symptoms of
the disease. Since the most of the patients suffering from
angina pectoris are elderly patients and may have some re-
lated diseases (such as chronic obstructive pulmonary di-
sease, peripheral arterial disease, diabetes, heart failure)
taking some of antianginal drugs may have side-effects.
Planning and selection of antianginal pharmacotherapy re-
quires due evaluation of efficacy, patient’s cooperation
and potential interactions and side-effects of applied
drugs’. The components of the recommended treatment of
stable CHD also include aspirin, statins, ACE inhibitors or
sartans, especially in patients with systolic and/or diastolic
dysfunction of the left ventricle, hypertension, diabetes and
chronic renal disease’.

Revascularization is used if anginal symptoms may not
be controlled by pharmacotherapy. Anyway, following the
successful revascularization, the major number of patients
continues to take antianginal drugs. So, following the sur-
gical myocardial revascularization or PCl even 10-34% pa-
tients again have anginal problems following one year af-
ter the operation has been performed and almost 80% con-
tinue to take medicamentous antianginal therapy*’.

Regarding the limitation of the existing standard thera-
py, transmyocardial revascularization may be done, but
experience is not very positive in connection with that. Ex-
ternal counterpulsation and gene therapy are the methods
that are still at the stage of clinical testing and are especial-
ly envisaged for the patients with refractory angina in
whom the standard pharmalogical therapy after the per-
formed revascularization cannot control the symptoms of
the disease®’.

During the last few years, we have a therapy available
that is included in the standard therapy, but in clinical tests
it has showed efficacy in reduction of anginal problems by
modifying the myocardial metabolism. CHD is also a me-
tabolic disease. Keeping energetic metabolism within cells



unutar stanica izlozenih hipoksiji ili ishemiji, sprjecava se
smanjenje unutarstani¢ne koncentracije ATP-a. Na taj na-
¢in osigurava se pravilno funkcioniranje ionskih crpki i
transmembranski protok natrija i kalija, odrzavajuci stanic-
nu homeostazu. Primjerice, kocenje oksidacije masnih ki-
selina putem inhibicije dugolancane 3-ketoacil-CoA tio-
laze (3-KAT) uzrokuje povecanje oksidacije glukoze i tako
stiti srce izlozeno ishemiji.

Predstavnik skupine tzv. djelomi¢nih inhibitora oksida-
cije masnih kiselina je trimetazidin, koji je godinama regi-
striran u Hrvatskoj. On je u kontroliranim klinickim ispiti-
vanjima dokazao (kao monoterapija ili u kombinaciji sa
standardnim antianginoznim lijekovima) ucinkovitost u
povecanju tolerancije napora, smanjenju elektrokardio-
grafskih znakova ishemije, anginoznih bolova i potrebe za
kratkodjelujucim nitratima®. Za razliku od klasi¢nih anti-
anginoznih lijekova ne djeluje na frekvenciju srca, arterij-
ski tlak (AT) ili koronarni protok tako da je ucinak izravna

posljedica modifikacije metabolizma stanica miokarda®"".

U lijecenju kroni¢ne angine moze se primijeniti i jedan
inovativni antianginalni lijek koji djelujuje na patoloski
proces koji se zbiva u vrlo ranom stadiju ishemije i koji
moze blokirati kaskadni proces stetnih posljedica. Rano-
lazin predstavlja prvi antianginalni metaboli¢ki modulator
koji se pojavio u posljednjih 25 godina lijecenja angine
pektoris i djeluje inhibicijski na sarkoplazmatske kasne na-
trijske struje bez znakovitog ucinka na sr¢anu frekvenciju i
AT. U pocetku ispitivanja ranolazina predmnijevalo se da
je mehanizam djelovanja takoder parcijalna inhibicija beta
oksidacije masnih kiselina poput trimetazidina. No, brzo je
postalo razvidno da bi koncentracija ranolazina potrebita
za tu inhibiciju trebala biti neusporedivo veca nego $to su
preporucene terapijske koncentracije, primjerice za 12%
inhibicije treba koncentracija od 100 umol/L ranolazina,
dok se boljitak sr¢ane funkcije biljezi vec pri koncentraciji
od 20 umol/L. Daljnim ispitivanjem ranolazina zabiljeze-
no je znacajno poboljsanje sr¢ane funkcije kod ishemije i
reperfuzije in vivo i in vitro, kod izlaganja vodik peroksidu,
palmitol-l-karnitinu, ali i zatajivanju srca kada u perfuzij-
skim sr¢anim otopinama nije bilo masnih kiselina. To je
potvrdilo da je mehanizam djelovanja ranolazina sasvim
drugaciji’’. Vremenom se potvrdilo da je ranolazin potent-
ni blokator (inhibitor) kasnih natrijskih kanala vec pri kon-
centraciji od 10 umol/L i da smanjuje elektricnu i meha-
nicku disfunkciju koja nastaje gomilanjem iona kalcija u
kardiomiocitima na osnovi suviska iona natrija. Poznato je
da se poremecaj otvaranja kasnih natrijskih kanala poglav-
ito zbiva kod razlicitih sr¢anih bolesti. Ta abnormalnost
uzrokuje povisenje koncentracije natrija intracelularno,
poremecaj izmjene iona natrija i kalcija, nagomilavanje
kalcija intracelularno, poremecaj repolarizacije i kontrak-
cija miokarda, elektricnu nestabilnost i mehanicku dis-
funkciju. Ranolazin koji ima terapijski ucinak samo u pa-
toloskim stanjima, omogucava prekid patofizioloskog slije-
da ishemije miokarda i disregulacije intracelularne home-
ostaze iona™™. Kao vrlo pozitivnu posljedicu mehanizma
svog djelovanja moze imati i antiaritmijski ucinak, koji se
tumaci malim, i o dozi, ovisnim porastom akcijskog poten-
cijala u stanicama miokarda. Eksperimenti i klini¢ki rezul-
tati pokazuju da ova inhibicija u najranijoj fazi ishemije
rezultira i boljitkom dijastolickog tonusa, poglavito u tezoj
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dijastolickoj disfunkciji
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exposed to hypoxia or ischemia leads to prevention of re-
duction of intracellular ATP concentration. This is how
proper functioning of ion pumps and transmembrane flow
of sodium and potassium is ensured, maintaining cellular
homeostasis. For example, halting the fatty acid oxidation
by inhibiting the long-chain 3-ketoacyl-CoA thiolase (3-
KAT) causes an increase in oxidation of glucose and thus
prevents the heart exposed to ischemia.

The representative of the group of so-called partial fat-
ty acid oxidation inhibitors is trimetazidine that has been
registered in Croatia for years. It has in controlled clinical
tests proved (as monotherapy or in combination with stan-
dard antianginal drugs) efficacy in increasing effort toler-
ance, by reducing electrocardiographic signs of ischemia,
anginal pains and need for short-acting nitrates’. Unlike the
traditional antianginal drugs, it has no effect on the heart
rate, blood pressure (BP) or coronary flow, so that the ef-
fect is the direct consequence of modification of metabo-

lism of myocardial cells™".

In treatment of chronic angina, one innovative anti-
anginal drug having effect on pathological process that oc-
curs in a very early stage of ischemia and that may block
cascade process of harmful effects may be used as well.
Ranolazine is the first antianginal metabolic modulator that
has appeared in the last 25 years of treatment of angina
pectoris, having inhibition effect on sarkoplasmatic late Na
currents with no significant effect on heart rate and BP. At
the beginning of testing ranolazine, it was assumed that the
mechanism of action is also a partial inhibition of beta oxi-
dation of fatty acids such as trimetazidine. However, it
soon became obvious that the concentration of ranolazine
necessary for that inhibition should be much greater than
what are the recommended therapeutical concentrations,
for instance for 12% inhibition, the concentration of 100
umol/L ranolazine is required, while the improvement of
cardiac function is recorded in concentration of 20 umol/L.
Further testing of ranolazine recorded a significant im-
provement of cardiac function in case of ischemia and
reperfusion in vivo and in vitro, in case of hydrogen-pero-
xide exposure, palmitoyl-I-carnitine, but even the heart fai-
lure when in perfusion heart solutions there were no fatty
acids. This confirmed that the mechanism of ranolazine ac-
tion is completely different”. With time, it was confirmed
that ranolazine is a potent blocker (inhibitor) of late Na
channels already in concentration of 10 umol/L and that it
reduces electrical and mechanical dysfunction that is
caused by accumulation of calcium ions in cardiomyocy-
tes based on the surplus of sodium ions. It is well-known
that the disorder of opening of late Na channels mainly oc-
curs in different heart diseases. This abnormality causes
higher intracellular concentration of sodium, disorder of
sodium - calcium ion exchange, intracellular accumulation
of calcium, disorder of repolarization and myocardial con-
traction, electrical instability and mechanical dysfunction.
Ranolazine that has therapeutic effect only in pathological
conditions enables an interruption of pathophysiologic se-
quence of myocardial ischemia and deregulation of intra-
cellular ion homeostasis'*'*. The antiarrhythmic effect may
have a very positive consequence of mechanism of its ac-
tion that is interpreted by small and dose-dependant rise in
action potential in the myocardial cells. Experiments and
clinical results show that this inhibition at the earliest stage
of ischemia results in the improvement of diastolic tonus,
mainly in a serious diastolic dysfunction™"*.
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Ucinkovitost ranolazina je ispitivana u nekoliko ran-
domiziranih multicentri¢nih klinickih studija. U istraZiva-
nju MARISA, dvostruko slijepoj studiji, primjenjen je rano-
lazin kao monoterapija u tri dugootpustajuce doze (500,
1.000 i 1.500 mg dva puta dnevno) naspram placeba kod
175 bolesnika sa kronicnom anginom pektoris koji imaju
anginozne smetnje i znacajnu depresiju ST-segmenta u
elektrokardiogramu. Rezultati nakon tri mjeseca su poka-
zali da sve tri doze statisticki znacajno poboljsavaju pri-
marni cilj studije — toleranciju napora (produljenje toler-
ancije napora na dozi od 750 mg 23,7s, na 1.000 mg 33,7s
i 45,95 na dozi od 1.500 mg). Rezultati sekundarnog isho-
dista takoder su pokazali statisti¢ku znacajnost i to u odla-
ganju vremena do pojave anginoznih napada (27s vs.
45,95 vs. 59,65 na dozama od 500 vs. 1.000 mg vs. 1.500
mg 2 x dnevno), kao i produljenje vremena do pojavnosti
depresije ST-segmenta od Tmm (27,65 vs. 44,55 vs. 64,6s).
Ukupno 168 bolesnika su prosli sva 4 razdoblja pracenja
(od placeba do maksimalne doze ranolazina), a pracenje
ispitanika na 1.500mg ranolazina 2x dnevno nakon 1 godi-
ne je pokazalo prezivljenje od 96,3%, a nakon 2 godine
93,6%. Nije bilo nikakovog znacajnijeg ucinka na sr¢anu
frekvenciju i AT. Ranolazin se dobro podnosio, a 8 % bo-
lesnika iz studije je prekinulo terapiju radi nuspojava i to
navlastito vrtoglavice, mucnine i astenije, od toga 3/4 ispi-
tanika koji su primali najvecu dozu lijeka. Ukupno, tri is-
pitanika su prekinuli studiju radi sinkope. Treba napome-
nuti da ranolazin kao monoterapija nije odobren u Eu-
ropi”.

Istrazivanje CARISA ukljucila je 823 bolesnika s kro-
ni¢cnom anginom pektoris koji vec¢ primaju standardnu an-
tianginalnu terapiju (atenolol 50 mg, diltiazem 180 mg ili
amlodipin 5 mg dnevno). Bolesnici su bili randomizirani u
tri paralelne dvostruko slijepe, placebo kontrolirane
skupine. Prva skupina ispitanika dobivala je 750 mg rano-
lazina 2x dnevno, druga 1.000 mg 2x dnevno, a treca
placebo. Test opterecenja proveden je po istom protokolu
kao u studiji MARISA, cetiri i 12 sati nakon uzimanja ter-
apije na pocetku studije i nakon tri mjeseca. Primarni cilj,
duljina podnosenja tjelesnog napora je bila signifikantno
veca u obje skupine ispitanika koji su dobivali ranolazin,
jednako kao i sekundarni cilj, tj. duljina vremena do po-
javnosti anginoznog napada odnosno vrijeme do objek-
tivizacije elektrokardiografske depresije ST-segmenta od
Tmm. Ucinak ranolazina je bio postojan tijekom cijele
studije sto ukazuje da se ne razvija tolerancija na lijek.
Rezultati CARISA studije su pokazali da ranolazin pruza
dodatni antiishemijski i antianginalni u¢inak kod bolesnika
sa znacajnom kronicnom anginom koji imaju simptome
unato¢ standardnoj antianginalnoj terapiji. Najcesce nus-
pojave (ranolazin vs. placebo) su bile opstipacija (7,3% vs.
0,7%), vrtoglavica (6,9% vs. 1,9%) i astenija (4,7% vs.
2,2%)". lako naknadna analiza studije CARISA nije poka-
zala razlike u toleranciji napora i kontroli angine izmedu
dijabeticara i nedijabeticara, zabiljezeni su vrlo zanimljivi
glukometabolicki nalazi. Naime, ranolazin u dozi od 750
mg i 1.000 mg statisticki je znacajno snizavao HbA1C na-
suprot placebu. Mehanizam ovog ucinka ranolazina nije
poznat i predmetom je daljnjih istrazivanja'.

Istrazivanje ERICA dalo je odgovor na upit da li ranola-
zin moZe poboljsati kontrolu anginoznih napada kod bole-
snika koji su simptomatski, unato¢ maksimalnoj standard-

The efficiency of ranolazine has been tested in several
randomized multicentric clinical studies. The MARISA re-
search, double-blind study, has applied ranolazine as a
monotherapy in three long-release doses (500, 1000 and
1500 mg twice a day) compared to placebo in 175 patients
with chronic angina pectoris who have anginous attacks
and significant ST-segment depression in electrocardio-
gram. The results after the three months have shown that
all three doses statistically greatly improve the primary goal
of the study — effort tolerance (extended effort tolerance
on dose of 750 mg 23.7s, on 1000 mg 33.7s and 45.9s on
dose of 1500 mg). The results of the secondary starting
point have also showed statistical importance in delaying
time till occurrence of anginal attacks (27s vs. 45.9s vs.
59.6s on doses of 500 vs. 1000 mg vs. 1500 mg 2 x a day),
as well as extension of time till occurrence of T mm ST-seg-
ment depression (27.6s vs. 44.5s vs. 64.6s). Totally 168 pa-
tients have undergone all 4 periods of follow-up (from pla-
cebo to maximum dose of ranolazine), while the follow-up
of patients on 1500 mg ranolazine 2X a day following 1
year has showed the survival of 96.3% and following the
period of 2 years it was 93.6%. There was no significant ef-
fect on heart rate and BP. Ranolazine was well tolerated,
and 8% of patients involved in the study interrupted the
therapy especially as a consequence of side-effects, espe-
cially dizziness, nausea and asthenia, of whom 3/4 of pa-
tients who received the largest drug dose. Totally, three pa-
tients interrupted the study as a consequence of syncope. It
should be mentioned that ranolazine as a monotherapy is
not approved in Europe".

The CARISA study involved 823 patients with chronic
angina pectoris who are already receiving standard anti-
anginal therapy (atenolol 50mg, diltiazem 180 mg or am-
lopine 5 mg a day). The patients were randomized in three
parallel double-blind, placebo controlled groups. The first
group of examinees received 750 mg ranolazine 2x a day,
another received 1000 mg 2x a day, while the third re-
ceived placebo. The stress test has been conducted accord-
ing to the same protocol as in the MARISA study, four and
12 hours after taking the therapy at the beginning of the
study and following three months’ period. The primary
goal, the length of tolerance of exercise was significantly
greater in the both groups of examinees who were recei-
ving ranolazine, the same as the secondary goal, that is,
the length of time till occurrence of anginal seizure or time
till objectivization of electrocardiographic depression of
ST-segment of Tmm. The effect of ranolazine was very sta-
ble throughout the entire study which shows that no to-
lerance to the drug is developed. The results of the CARISA
study has showed that ranolazine provides additional anti-
ischemic and antianginal effect in patients with a signifi-
cant chronic angina who have symptoms despite the stan-
dard antianginal therapy. The most frequent side-effects
(ranolazine vs placebo) were constipation (7.3% vs. 0.7%),
dizziness (6.9% vs. 1.9%) and asthenia (4.7% vs. 2.2%)".
Although the subsequent analysis of the CARISA study
showed no difference in tolerance of exercise and control
of angina between the diabetics and non-diabetics, some
very interesting glucometabolic results were recorded. Ra-
nolazine in dose of 750 mg and 1000 myg statistically great-
ly reduced HbA1C compared to placebo. The mechanism
of this effect of ranalozine is unknown and is subject to fur-
ther researches”.

The ERICA study has given an answer to the question
whether ranolazine may improve the control of anginal at-
tacks in patients which are symptomatical, despite maxi-
mum standard antianginal therapy. Totally 565 patients



noj antianginalnoj terapiji. Ukupno 565 bolesnika sa sta-
bilnom koronarnom bolesti i 3 anginozna napada tjedno
unato¢ maksimalnoj dnevnoj dozi od 10 mg amlodipina su
bili randomizirani na dvije skupine (1.000 mg ranolazina
2x dnevno i druga na placebu) tijekom 6 tjedana. Ranola-
zin je znacajno smanjio broj anginoznih napada usporedi-
vo s placebom (p = 0.028), kao i potrebu za uzimanjem ni-
troglicerina (p = 0.014). Analiza podskupina je pokazala
jos vecu korist kod bolesnika koji su imali >4,5 anginoznih
napada tjedno. Zasnovano na rezultatima studije ERICA,
FDA (Food and Drug Administration) i AHA (American
Heart Association) su u kolovozu 2007. godine preporucili
promjenu smjernica i upotrebu ranolazina u lije¢enju kro-
ni¢ne stabilne angine pektoris”. Podanaliza istrazivanja
ERICA je pokazala i druge korisne ucinke ranolazina. Uce-
stalost infarkta miokarda (5,7% vs. 7,8%) i kongestivnog
zatajivanja srca (0,7% vs. 0,45%) je bila manja u skupini
sa ranolazinom naspram placebu. Nuspojave u studiji su
bile opstipacija, periferni edemi i vrtoglavica.

Istrazivanje MERLIN-TIMI 36 je bila dvostruko slijepa,
placebo kontrolirana studija i trazila je odgovor glede
ucinkovitosti i sigurnosti ranolazina kod visoko rizi¢nih
bolesnika sa KBS. Ukupno 6.560 ispitanika s nestabilnom
anginom ili akutnim infarktom miokarda bez elevacije ST-
segmenta (NSTEMI) su bili randomizirani na skupinu koja
je dobivala ranolazin, prvo intravenozno, nakon c¢ega je
slijedila oralna doza od 1.000 mg 2x dnevno nasuprot
placebu tijekom 48 sati od pojave akutnog koronarnog sin-
droma i koja je nastavljena sljedecih 348 dana. lako rezul-
tati nisu pokazali statisticku znacajnost u kombiniranom
primarnom cilju studije, analiza pojedinacnih elemenata
pokazala je znacajno statisticko snizenje rekurentne ishe-
mije u skupini s ranolazinom (13,9% vs. 16,1%, p = 0.03).
Sukladno rezultatima istrazivanja CARISA i ERICA i studija
MERLIN je pokazala da i dugotrajno lijecenje ranolazinom
kod simptomatskih bolesnika takoder znakovito poboljsa-
va anginoznu kontrolu. Nije bilo statisticke razike u smrt-
nosti izmedu skupina, dok je u skupini ispitanika s ranola-
zinom bilo vise sinkopa nego u placebo skupini, kao i pro-
duljenja QT-intervala. Bilo je vise vrtoglavice, mucnine i
opstipacije u skupini s ranolazinom**'. Naknadne analize
MERLIN studije ukazale su na niz vrlo povoljnih ucinaka
ranolazina. Kao i u studiji CARISA, ranolazin je usporedi-
vo sa placebom takoder statisti¢ki znacajno snizio vrijed-
nost HbA1C nakon 4 mjeseca terapije®*'. Znacajno je bilo
i smanjenje atrijskih i ventrikulskih ekstrasistola. Antiangi-
nozni uc¢inak ranolazina bio je bolji kod bolesnika s povi-
$enim vrijednostima BNP. Ucinak ranolazina bio je bolji
kod zena, koje su primjerice u primarnom ishodistu studi-
je imale relativno smanjenje ishemije za ¢ak 29%. Rezul-
tati MERLIN studije potvrduju u¢inkovitost i sigurnost rano-
lazina kao antianginalne terapije podjednako u skupinama
stabilne angine i visoko rizi¢nih koronarnih bolesnika, ali
ne donosi snizenje velikih kardiovaskularnih dogadaja i
ukupne smrtnosti u skupini ispitanika sa NSTEMI, unato¢
pozitivnim antiaritmijskim svojstvima®.

Istrazivanje ROLE ukljucilo je 746 bolesnika sa znacaj-
nim funkcijskim poremecajem glede angine pektoris pre-
ma Duke Treadmill Score (DTS). Ona je nastavila pracenje
bolesnika iz studija MARISA i CARISA potvrdivsi sigurnos-
ni profil ranolazina tijekom 2,8 godina pracenja. Najcesce
nuspojave su bile vrtoglavica i opstipacija. Nije bilo preki-
da terapije radi produljenja QTc-intervala niti registririra-
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with stable coronary disease and 3 anginal attacs a week
despite the maximum daily dose of 10 mg of amlodipine
were randomized in two groups (1000 mg of ranolazine 2x
a day and the other in placebo) during the period of 6
weeks. Ranolazine greatly reduced the number of anginal
attacks comparative to placebo (p = 0.028), and the need
for taking nitroglycerin (p = 0.014). The analysis of the sub-
groups showed even greater benefit in patients who had
>4.5 anginal attacs a week. Based on the results of the ERI-
CA study, FDA (Food and Drug Administration) and AHA
(American Heart Association) recommended in August
2007 a change to the guidelines and the use of ranolazine
in treatment of chronic stable angina pectoris”. The sub-
analysis of the ERICA study also showed some other bene-
fits of ranolazine. The frequency of myocardial infarction
(5.7% vs. 7.8%) and congestive heart failure (0.7% vs.
0.45%) was reduced in the group taking ranolazine com-
pared to the group taking placebo. The side-effects in the
study were constipation, peripheral edema and dizziness.

The MERLIN-TIMI 36 study was a double-blind, place-
bo controlled study and required an answer with respect to
efficacy and safety of ranolazine in high risk patients with
CHD. A total number of 6560 patients with instable angi-
na and non ST-segment elevation myocardial infarction
(NSTEMI) were randomized in the group receiving ranola-
zine, firstly intravenously, followed by oral dose of 1000
mg 2x a day compared to placebo during 48 hours from
the occurrence of acute coronary syndrome which was
continued in the next 348 days. Although the results sho-
wed no statistical significance in combined primary goal of
the study, the analysis of specific elements showed signifi-
cant statistical reduction of recurrent ischemia in the group
receiving ranolazine (13.9% vs. 16.1%, p=0.03). Accord-
ing to the CARISA and ERICA research results, the MERLIN
study has showed that long-term treatment by ranolazine
in symptomatic patients also greatly improves the control
of angina. There were no statistical difference in mortality
between the groups, while the group of patients taking ra-
nolazine recorded more syncopes and extension of the
QT-interval than the group receiving placebo. More dizzi-
ness, nausea and constipation were recorded in the group
receiving ranolazine®”'. Subsequent analyses of the MER-
LIN study indicated a series of very favorable effects of ra-
nolazine. As in the study CARISA, ranolazine did along
with placebo also statistically reduce the value of HbA1C
after 4 months of the therapy**'. The reduction of atrial
and ventricular premature beats was significant as well.
Antianginal effect of ranolazine was better in patients with
increased BNP values. The effect of ranolazine was better
in women that for example at the primary start of the study
had relative reduction of ischemia by even 29%. The MER-
LIN study results confirm the efficacy and safety of ra-
nolazine as an antianginal therapy both in the groups of
stable angina and high risk coronary patients, but it does
not lead to reduction of major cardiovascular events and
death from all causes in the group of patients with NSTE-
MI, despite positive antiarrhythmic properties™.

The ROLE study involved 746 patients with significant
functional disorders with regard to angina pectoris accor-
ding to Duke Treadmill Score (DTS). It continued follow-up
of patients from the studies MARISA and CARISA verifying
the safety profile of ranolazine during 2.8 years of follow-
up. The most frequent side-effects were dizziness and con-
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nja aritmije “torsades de pointes”. Godisnji mortalitet je
iznosio 2,8% usporedivo sa >5% predvidivo prema DTS

Ranolazin moze biti koristan u lijec¢enju zatajivanja sr-
ca s poremecenom dijastolickom i/ili sistolickom funkci-
jom. On znakovito poboljsava poremecenu homeostazu
iona intracelularno i smanjuje porast dijastolicke napetosti.
Nekoliko eksperimentalnih modela je demonstriralo po-
boljsanje end-dijastolickog tlaka lijeve klijetke (LK), tlaka
punjenja LK, dijastolickog tlaka i dijastolickog stresa na zid
klijetke. Nije bio izrazen negativni inotropni ucinak.

Potencijalna primjena ranolazina kao antiaritmijskog
lijeka je posebito zanimljiva i vrijedna pozornosti. Naime,
poradi ¢injenice da produljuje QTc-interval u pocetku je
postojao prijepor, no nakon objavljivanja rezultata studije
MERLIN migljenje se promijenilo. Naime, unato¢ produlje-
nju QTc-intervala rezultati studije su zorno pokazali da ra-
nolazin smanjuje epizode supraventrikulskih i ventrikul-
skih aritmija kod bolesnika s ishemijom. Recentno, ispiti-
vanja su obavljena kod bolesnika sa tip 3 sindromom du-
gog QT-intervala koji je udruzen s prolongiranim otvoren-
im natrijskim kanalom za vrijeme depolarizacije membra-
ne $to znacajno povisuje mogucnost smrtnog ishoda. U toj
visoko rizi¢noj populaciji, osmosatna infuzija ranolazina
signifikantno je skratila QTc-interval za 26,3 ms (p <
0.0001) i poboljsala dijastolicku relaksaciju. U objavlje-
nom prikazu slucaja bolesnika s alkoholnom kardiomio-
patijom i malignom ventrikulskom tahikardijom refraktor-
nom na agresivhu konvencionalnu terapiju, ranolazin se
pokazao vrlo uc¢inkovit u dozi od 1.000.mg 2x dnevno. Ra-
nolazin je bio ucinkovit i u prekidanju atrijske fibrilacije i
prevenciji njegog ponavljanja na animalnim modelima i
kod bolesnika, iako se radio o maloj seriji bolesnika.

Zakljuc¢no, inhibicija kasnih natrijskih kanala predstav-
lia novi oblik lijecenja kod bolesnika sa kroni¢nom angi-
nom pektoris. Pored dokazanog antianginalnog ucinka, ra-
nolazin moze predstavljati novu mogucnost lijecenja za
bolesti srca udruzene s narusenom homeostazom iona
miokarda, poglavito kod bolesnika s poremecenom home-
ostazom iona natrija, kao sto se zbiva u zatajivanju srca. U
konacnici, inhibicija kasnih natrijskih struja moze pred-
stavljati novi antiaritmijski pristup navlastito atrijskim i
ventrikulskim poremetnjama ritma (tahikardijama). Daljnja
istrazivanja ranolazina kod zatajivanja srca sa sistoli¢ckom
i dijastolickom disfunkcijom i bolesnika s atrijskom fibri-
lacijom utvrditi ¢e moguce buduce terapijskih indikacije.
Buduci da nema ucinka na srcanu frekvenciju, AT i disne
puteve, ranolazin je primjenljiv kod bolesnika sa anginom
sa bradikardijom, AV blokom, hipotenzijom i pobolom
dignih puteva®.

U Europi preporucena pocetna doza ranolazina je 375
mg 2x dnevno. Nakon 2-4 tjedna, doza se moze titrirati na
500 mg 2x dnevno te ovisno o odgovoru bolesnika do na-
jvise preporucene doze od 750 mg 2x dnevno. Ranolazin
je indiciran kao dodatna terapija za simptomatsko lijecenje
bolesnika sa stabilnom anginom pektoris koji nisu uc¢inko-
vito kontrolirani ili imaju intoleranciju na lijekove prve li-
nije antianginoznog lijecenja. Lijek uskoro mozemo oceki-
vati i u Hrvatskoj s indikacijom kao u ostalim zemljama Eu-
rope, no vrijedi napomenuti da je FDA ranolazin vec odo-
brila i kao prvu liniju lijecenja kroni¢ne angine pektoris.

stipation. There was no interruption of the therapy due to
extension of the QTc-interval and no recording of arrhyth-
mia “torsades de pointes”. Annual mortality was 2.8%
compared to >5% according to DTS"".

Ranolazine may be useful in treatment of heart failure
with impaired diastolic and/or systolic function. It greatly
improves the impaired intracellular ion homeostasis and
reduces the increase in diastolic tension. Several experi-
mental models have demonstrated improvement of left
ventricular (LV) end-diastolic pressure, LV filling pressure,
diastolic pressure and diastolic stress. No negative inotro-
pic effect was indicated.

The potential application of ranolazine as an antiar-
hythmic drug is especially interesting and it is worth atten-
tion. Namely, due to the fact that it extends the QTc-inter-
val, it was a disputable issue at the beginning, but due to
publication of the results of the MERLIN study, the opinion
has changed. Despite the extension of the QTc-interval,
the study results clearly showed that ranolazine reduces
episodes of supraventricular and ventricular arrhythmias in
patients with ischemia. Tests have been recently conduct-
ed on patients with type 3 syndrome of long QT-interval
associated with prolonged open sodium channel during
the time of depolarization of the membrane which signifi-
cantly increases the possibility of deadly outcome. In such
risk population, the eight-hour infusion of ranolazine sig-
nificantly reduced QTc-interval by 26.3 ms (p < 0.0001)
and improved diastolic relaxation. In conducted presenta-
tion of the case of a patient with alcoholic cardiomyopathy
and malign ventricular tachycardia refractory to aggressive
traditional therapy, ranolazine proved to be very efficient
in dose of 1000 mg 2x a day. Ranolazine was efficient both
in interruption of atrial fibrillation and prevention of its re-
currence on animal models, and in patients although it was
registsred in small groups of patients.

To conclude, the inhibition of late sodium channels
represents a new form of treatment in patients with chronic
angina pectoris. Apart from proved antianginal effect, ra-
nolazine may represent a new possibility of treatment of
heart diseases associated with impaired homeostasis of
myocardial ions, especially in patients with impaired ho-
meostasis of Na ions as it occurs in case of heart failure. Fi-
nally, the inhibition of late sodium currents may represent
a new antiarrhythmic approach of especially atrial and
ventricular arrhythmias (tachycardias). Further researches
of ranolazine in case of heart failure with systolic and dia-
stolic dysfunction and in patients with atrial fibrillation will
determine possible future therapeutic indications. Since it
has no effect on heart rate, BP and respiratory tract, rano-
lazine may be used in patients with angina with bradycar-
dia, AV block, hypotension and respiratory tract morbidi-
ty”.

In Europe, a suggested initial dose of ranolazine is 375
mg 2x a day. After 2-4 weeks, the dose may be titrated to
500 mg 2x a day and subject to patient’s response, it may
be titrated to the highest recommended dose of 750 mg 2x
a day. Ranolazine is indicated as an additional therapy for
symptomatic treatment of a patient with stable angina pec-
toris who are not efficiently controlled or show intolerance
to antianginal first line drugs. The most common adverse
drug reactions with ranolazine are dizziness, headache,
and nausea. The drug may be soon expected in Croatia
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