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Pregledni ¢lanak/Review article

Hiponatrijemija u kronicnom zatajivanju srca

Hyponatremia in chronic heart failure

Alen Ruzi¢*

Medicinski fakultet Sveucilista u Rijeci, Klinicki bolni¢ki centar Rijeka, Rijeka, Hrvatska
University of Rijeka School of Medicine, University Hospital Centre Rijeka, Rijeka, Croatia

SAZETAK: Hiponatrijemija je bilieg povec¢anog rizika za
nezeljeni ishod u bolesnika s kroni¢nim sréanim zatajiva-
njem i klinicki parametar koji u rutinskom radu zahtjeva
posebnu paznju. Uz terapijske opcije medu kojima raspo-
lazemo restrikcijom unosa tekucine, primjenom hiperto-
ni¢ne otopine NaCl, diuretika Henleove petlje, ACE-inhi-
bitora, antagonista AVP-receptora i njihovim kombinaci-
jama te uz mnogobrojna otvorena pitanja, sada se kljuc-
nim namece detaljna procjena bolesnika i individualna
prilagodba terapijskog pristupa. Hipovolemijska hiponatri-
jemija samo je jedna od znacajnih inacica ovog klinickog
stanja o kojoj moramo voditi racuna pri lijec¢enju. O¢ekuju
se rezultati novih prospektivnih, dvostruko slijepih i place-
bom kontroliranih studija za konaéno definiranje otvore-
nih pitanja unutar ovog iznimno znac¢ajnog podrucja su-
vremene kardioloske prakse.

KLJUCNE RIJECI: sréano zatajivanje, hiponatremija.

SUMMARY: Hyponatremia is a marker of increased risk
for adverse outcome in patients with chronic heart failure
and a clinical parameter that requires special attention in
routine practice. In addition to the treatment options inclu-
ding the restriction of fluid intake, by administering hyper-
tonic saline, loop diuretics, ACE-inhibitors, antagonists of
AVP-receptors and combinations thereof, in addition to
numerous open questions, now the detailed assessment
of patients and individual adaptation of the therapeutic
approach is imposed as a crucial issue. Hypovolemic hy-
ponatremia is just one of the most significant versions of
this clinical condition which we have to take into account
during the treatment. The results of new prospective,
double-blind and placebo-controlled studies are expected
as to finally define the open issues within this extremely
important area of contemporary cardiology practice.
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Kroni€no srcano zatajivanje — nova epidemija
razvijenog svijeta

Sr¢ano zatajivanje (SZ) je klinicki sindrom koji nastaje kao
posljedica razli¢itih strukturnih i funkcionalnih poremecaja
koji dovode do narusavanja sré¢ane sposobnosti dostavljanja
oksigenirane krvi i zadovoljavanja metaboli¢kih potreba tki-
va unato¢ normalnom tlaku punjenja ili samo pri zna¢ajno
povisenom tlaku punjenja. Obzirom na napredak koji je tije-
kom posljednijih desetljeca postignut u lijecenju akutnih kar-
dioloskih stanja, u prvom redu akutnog infarkta miokarda te
dijelom zbog opéeg produljenja o¢ekivanog trajanja Zivota,
prevalencija SZ je sve veca u razvijenim zemljama te ono
kao kompleksan i progresivan neuroendokrini klinicki sin-
drom predstavlja sve vece socijalno i financijsko optereéenje
kroz utjecaje na kvalitetu Zivota i visoke zahtjeve u lije¢enju.
Danas 1%-2% ukupne odrasle populacije ima SZ, a njego-
va je prevalencija >10% kod osoba starijih od 70 godina'.
Multicentricna hrvatska studija Polica i sur. koja je obu-
hvatila 226 bolesnika sa SZ navodi prosje¢nu dob ovih bo-
lesnika od 67 godina, zastupljenost muskog spola s 59%,
ishemijsku etiologiju u 30% te kronicni tijek bolesti u 68%
svih hospitalizacija zbog SZ°. Ista je skupina autora 2011.
god. objavila petogodisnju analizu Hrvatskog registra za za-
tajivanje srca koja je na uzorku od 1868 bolesnika hospita-
liziranih zbog SZ utvdila udio muskaraca od 54,7% i pro-
sje¢nu dob 71+11,9 god., dok su Zene bile stare 77+9,9
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Chronic heart failure — a new epidemic in the
developed world

Heart failure (HF) is a clinical syndrome that occurs as a
result of various structural and functional disorders that lead
to the impairment of cardiac capability of delivering oxy-
genated blood and satisfying the metabolic needs of the tis-
sue despite normal filling pressure or only at significantly
elevated filling pressure. Given the significant progress that
has been made over the past decade in the treatment of
acute cardiac conditions, primarily acute myocardial infarc-
tion, and partly because of the general extension of life ex-
pectancy, the prevalence of HF is increasing in developed
countries, and as a complex and progressive neuroendo-
crine clinical syndrome it represents ever greater social and
financial burden by affecting the quality of life and the high
demands of the treatment. Today 1% to 2% of the adult po-
pulation has a HF, and its prevalence >10% in people older
than 70 years'. The Croatian multicentric study Polic et al.
which included 226 patients with HF reports a median age in
these patients of 67 years, presence of males with 59%, is-
chemic etiology in 30% and a chronic course of the disease
in 68% of all hospitalizations for HF?. The same group of
authors published a five-year analysis of the Croatian Regi-
stry of Heart Failure in 2011, which on a sample of 1868 pa-
tients hospitalized for HF reported a frequency of men of
54.7% and a median age of 71+11.9, while the women were
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god., a smrtnost tijekom analizirane hospitalizacije iznosila
je 13,6%. Navedena je studija ukazala na usporedivost hr-
vatskih s europskim podacima'®.

Znanstvena podrucja koja se bave pojedinim aspektima SZ
i njihovim dodirnim temama su vrlo dinami¢na. Rutinska kli-
nicka praksa, usprkos kontinuiranom napretku istice neka
od iznimno vaznih podru¢ja kojima se ne polaze dovoljna
paznja i unutar kojih tek o¢ekujemo velike, randomizirane,
dvostruko slijepe prospektivne studije’. Jedno od njih je hi-
ponatrijemija u bolesnika sa SZ koja predstavlja svakodnev-
nu dilemu klini¢ara.

Hiponatrijemija u kroniénom popustanju srca

Hiponatrijemija je definirana kao serumska koncentracija Na
niza od 136 mmol/L. Ona predstavlja najces¢i elektrolitski
poremecaj u nehospitaliziranih i hospitaliziranih bolesnika
sa SZ i prema dosadasnjim saznanjima, iznimno je znaca-
jan Klinicki problem s jasnim utjecajem na tijek i prognozu
bolesti. Sama prevalencija hiponatrijemije u SZ kreée se
oko 35% iako podaci u literaturi Siroko variraju i u prvom re-
du ovise o vrijednostima koje su pojedina istrazivanja od-
redila pri probiru®. Bez obzira na potrebu za dodatnim defini-
ranjem navedenog, nedvojbena je visoka zastupljenost nis-
kih vrijednosti Na i snazna negativna prognosticka vrijed-
nost u ovih bolesnika‘. Osobe s manifestnim SZ i hiponatri-
jemijom imaju znacajno poviden rizik od ranog nezZeljenog
ishoda. lako su hiponatrijemija i prate¢a smanjena osmolar-
nost plazme povezani sa sklono$c¢u izazivanja edema moz-
ga i neuroloskim smetnjama, ¢ini se da ovo nije vodeca
opasnost u bolesnika s SZ. U ovisnosti o tezini i brzini na-
stanka, hiponatrijemija je u ovoj populaciji povezana sa
smrtnoscu unutar mjesec dana od 5% do 50%. Vrijedno je
naglasiti kako se same neuroloske manifestacije mogu do-
datno potencirati jatrogeno tj. pretjerano brzom korekcijom
Na, a ovo dolazi do izracaja posebno u Zena starije dobi te
u osoba sa istodobno prisutnom hipokalijemijom®.

Nedavno objavljena meta-analiza Rusinaru i sur. obuhvatila
je 22 studije i na ukupnom uzorku od oko 15.000 bolesnika
ukazala na negativnu linearnu povezanost vrijednosti Na ni-
zih od 140 mmol/L i smrtnosti unutar 3 godine®. Hiponatri-
jemija je takoder jasno povezana s duzim trajanjem hospita-
lizacije, povecanim rizikom rehospitalizacije i drugih znacaj-
nih komplikacija, te ukupno visim troskovima lije¢enja’.

Osnove patofiziologije

Nizak udarni volumen koji je ¢esto prisutan u SZ, povezan
je sa smanjenom arterijskom stimulacijom baroreceptora ko-
ja izravno poti¢e simpati¢ku stimulaciju te aktivaciju renin-
angiotenzin-aldosteronskog (RAAS) i arginin-vazopresin-
skog (AVP) sustava. Navedno u kaskadi dovodi do smanje-
nja bubreznog protoka, prate¢e povecane resorpcije Na i vode te
razvoja osje€aja Zedi s poja¢anim pijenjem, a opisani meha-
nizmi kumulativnim ucincima dovode tako do smanjenja
koncentracije natrija u serumu i razvoja klini¢ki zna¢ajne hi-
ponatrijemije. U skladu s navedenim, bolesnici sa SZ i hipo-
natrijemijom imaju vise plazmatske koncentracije renina,
angiotenzina Il, aldosterona, norepinefrina, epinefrina i do-
pamina nego bolesnici sa SZ i primjerenim razinama Na°.
Ovim mehanizmima valja dodati i poticaj $to ga smanjivanju
razina Na mogu dati lijekovi, u prvom redu tiazidski diuretici
koji djeluju u distalnim tubulima. lako oni u vecini slu¢ajeva
poti¢u blago dodatno smanjenje razina Na, ono u pojedinim
slu¢ajevima moze biti znacajno. Zanimljivo je kako ovo tija-
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77+9.9 years old, whereas mortality during the analyzed ho-
spitalization was 13.6%. The above study pointed to the
comparability of the Croatian with the European data'®.

The scientific fields that deal with specific aspects of HF and
their related areas are very dynamic. Routine clinical practi-
ce, despite continuous progress highlights some of the very
important areas which are paid sufficient attention and wit-
hin which we expect only large, randomized, double-blind
prospective studies’. One of them is hyponatremia in pa-
tients with HF being a daily dilemma of clinicians.

Hyponatremia in chronic heart failure

Hyponatremia is defined as the serum sodium concentration
lower than 136 mmol/L. It is the most common electrolyte
disorder in non-hospitalized and hospitalized patients with
HF and according to current insights it is an extremely im-
portant clinical problem with a clear impact on the clinical
course and prognosis of the diseases. The prevalence of
hyponatremia itself in HF is around 35%, although the data
in the literature significantly varies and primarily depends on
the values that specific trials have determined in the scree-
ning®. Notwithstanding the need for further definitions of the
foregoing, there is no doubt about a high prevalence of low
sodium values and a strong negative prognostic value in
these patients®. People with manifest HF and hyponatremia
have a significantly elevated risk of early adverse outcome.
Although hyponatremia and associated decreased plasma
osmolality are associated with the propensity of causing
brain edema and neurologic disorders, this does not seem
to be the leading risk in patients with HF. Depending on the
weight and speed of occurrence, hyponatremia is in this po-
pulation associated with mortality within one month from 5%
to 50%. It is worth emphasizing that the neurological mani-
festations may be further aggravated iatrogenically i.e. by
overly rapid sodium correction, and this is especially pro-
nounced in elderly women and in persons with concomitant
hypokalemia®.

A recently published meta-analysis Rusinaru et al. inclu-
ded 22 studies and on a total sample of around 15,000 pa-
tients it pointed out a negative linear correlation between the
sodium values lower than 140 mmol/L and mortality within 3
years®. Hyponatremia is also clearly associated with a lon-
ger length of hospitalization, increased risk of rehospitaliza-
tion and other significant complications and higher total
costs of the treatment’®.

Basics of pathophysiology

Low stroke volume, which is often present in HF, is asso-
ciated with reduced arterial baroreceptor stimulation, which
directly stimulates the sympathetic stimulation and activa-
tion of the renin-angiotensin-aldosterone (RAAS) and argi-
nine-vasopressin (AVP) system. In the cascade it leads to a
reduction in renal flow, accompanied increased sodium and
water reabsorption, and the development of a sense of thirst
with increased drinking, while the described mechanism
lead to a decrease in serum sodium concentration and the
development of clinically significant hyponatremia by cumu-
lative effects. Accordingly, the patients with HF and hypona-
tremia have higher plasma concentrations of renin, angio-
tensin Il, aldosterone, norepinephrine, epinephrine and do-
pamine than patients with HF and appropriate sodium le-
vels®. These mechanisms should also be added by the sti-
mulation that can be given by medications in reducing so-
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zidsko poticanje hiponatrijemije vrijedi i na indapamid. Uko-
liko se uz tiazidske diuretike kombinira amilorid, rizik od hi-
ponatrijemije dodatno raste zbog njegovog utjecaja na sa-
birne tubule — retiniranje K i poja¢anu ekskreciju Na®.

Terapijski pristup hiponatrijemiji

Ogranic¢enje dnevnog unosa tekucine na 800-1100 ml jedan
je od najjednostavnijih i najjefinijih postupaka lije¢enja koji
medutim definira niska razina suradljivosti. lako se smanje-
nje pijenja povezuje sa znacajnom redukcijom postojecih i
smanjenom incidencijom novih simptoma, njegov utjecaj na
dugoro¢ni ishod vrlo je slabo istrazen®.

Znacajna akutna hiponatrijemija redovito je povezana s neu-
roloskim simptomima (promjene motorike, kvantitativni i
kvalitativni poremecaj svijesti) i zahtijeva neodgodivu paren-
teralnu korekciju. U navedenim je slu¢ajevima iznimno zna-
¢ajno precizno doziranje hipertoniéne otopine NaCl s ciljem
podizanja serumske razine Na za 1-2 mEg/L na sat do simp-
tomatskog poboljSanja uz napomenu kako ukupna dnevna
promjena razine Na u serumu ne bi smjela biti veéa od 8m
Eq/L".

Kod bolesnika s kroniénom hiponatrijemijom bez znacajnih
neuroloskih ispada, upravo je ovaj dnevni limit jedina sigur-
na odrednica za primjerenu i maksimalno ucinkovitu korek-
ciju elektrolitskog statusa. Pri provedbi ovih terapijskih mjera
valja takoder imati na umu da se jatrogeni ucinci ne moraju
javiti promptno, vec je njihova pojava opisana u vremen-
skom odmaku do 72 sata od terapijskog zahvata. Centralna
pontina mijelinoliza, naziv je sindroma koji polimorfnom neu-
roloskom simptomatologijom predstavlja patoloski odgovor
na neprimjerenu, obi¢no prebrzu terapijsku korekciju serum-
skog Na".

Kako imaju maksimalnu uc¢inkovitost u klirensu Ciste vode,
diuretici Henleove petlje predstavljaju realnu terapijsku opci-
ju u bolesnika kod kojih je hiperhidracija dio SZ kao razvije-
nog neuroendokrinog poremecaja. Primjena hipertoni¢ne
otopine NaCl s istodobnim davanjem visokih doza diuretika
Henleove petlje daje zna¢ajno povecanje razina serumskog
Na i potencijalno poboljsanje u dugoro¢nom ishodu, a kom-
binacija inhibitora angiotenzin-konvertaze (ACE) i furosemi-
da, u navedenom se iskazala posebno ucinkovitom. U du-
goroc¢noj korekciji hiponatrijemije kao dijela SZ, zanimljivo je
kako je dodatak ACE u bolesnika sa SZ na prethodnoj tera-
piji furosemidom pri dugoro¢nom pracenju iskazao smanje-
nje simptomatologije, poboljSanje ishoda, ali i zna¢ajno ma-
nju hiponatrijemije'™*.

Obzirom na znac¢aj aktivacije sustava AVP (arginin-vazo-
presin, vazopresin, argipresin ili antidiuretski hormon) u SZ,
danas je razvijena posebna skupina lijekova, antagonista
AVP-receptora medu kojima se istiCu tolvaptan, liksivaptan i
konivaptan. lako se medusobno razlikuju u afinitetu za poje-
dine podtipove AVP-receptora (V1A, V1B, V2), svima je za-
jednicki pozitivan utjecaj na hiponatrijemiju, te zna¢ajno po-
zitivno djelovanje na koli¢inu izlu¢enog urina i promjenu tje-
lesne teZine tijekom lije¢enja dekompenziranog sréanog za-
tajivanja. Rezultati utjecaja na patofizioloske osnove SZ kao
kompleksnog poremecaja, sposobnost djelovanja na remo-
deling miokarda te dugorocni utjecaj na klinicki tijek i ishod
za sada se mogu promatrati kroz niz manjih klinickih studija.
Potrebna su dodatna istrazivanja za kona¢no definiranje na-
vedenih pitanja i formulaciju stava o poziciji ove skupine li-
jekova u ukupnom lije¢enju SZ'**°.
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dium levels, primarily by thiazide diuretics that exert effect
on the distal tubules. Although in most cases they stimulate
a slight additional reduction of sodium levels, in some cases
it can be significant. If amiloride is combined with thiazide
diuretics, the risk of hyponatremia additionally increases due
to its impact on the collecting tubules — retinening of K and
increased excretion of Na'.

Therapeutic approach to hyponatremia

Restriction of daily fluid intake to 800-1100 ml is one of the
simplest and cheapest methods of the treatment; however
which is specified by a low level of compliance. Although the
reduction in drinking is associated with a significant reduc-
tion of the current and reduced incidence of new symptoms,
its impact on the long-term outcome has been very poorly in-
vestigated®.

Significant acute hyponatremia is regularly associated with
neurological symptoms (changes in motor skills, quantitative
and qualitative disturbance of consciousness) and it requi-
res an immediate parenteral correction. In these cases, a pre-
cise dosing of hypertonic saline is very important to increase
serum sodium levels to the 1-2 mEg/L per hour until the
symptomatic improvement is achieved, noting that the total
daily change in serum sodium level should not exceed 8m
Eq/L’.

In patients with chronic hyponatremia without significant ne-
urological deficits, this daily limit is the only certain determi-
nant for appropriate and maximally effective correction of
the electrolyte status. When implementing these therapeutic
measures, we should also bear in mind that the iatrogenic
effects need not occur promptly, but their occurrence is de-
scribed in the time interval of up to 72 hours from the thera-
peutic intervention. Central pontine myelinolysis is the name
of the syndrome which with polymorphic neurological symp-
tomatology represents a pathological response to therapeu-
tic sodium serum correction™.

Since they have maximal efficiency in the clean water clea-
rance, loop diuretics represent a realistic therapeutic option
in patients with whom hyperhydration is a part of HF as the
developed neuroendocrine disorder. The application of hy-
pertonic saline with concomitant administration of high do-
ses of loop diuretics produces a significant increase in se-
rum sodium levels and potential improvement in the long-
term outcome, while the combination of the angiotensin con-
verting enzyme (ACE) inhibitors and furosemide proved to
be very efficient for the above mentioned. In the long-term
correction of hyponatremia as a part of the HF, it is interest-
ing that the addition of ACE in patients with HF in the previ-
ous furosemide therapy in long-term follow-up showed a
reduction of symptoms, improvement of outcomes, but also
significantly lower prevalence of hyponatremia'™*.

Considering the importance of the activation of AVP (argi-
nine-vasopressin, vasopressin, argipressin or antidiuretic
hormone) in HF, special group of drugs, AVP receptor anta-
gonists has been developed today, among which tolvaptan,
lixivaptan and conivaptan are to be emphasized. Although
differing in affinity for certain subtypes of AVP receptors
(V1A, V1B, V2), the thing that all of them have in common is
a positive impact on hyponatremia, whereas their effect on
the amount of excreted urine and body weight change du-
ring the treatment of decompensated heart failure is signifi-
cant. The results of the impact on the pathophysiological
bases of HF as a complex disorder, their ability to have ef-
fect on myocardial remodeling and the long-term impact on
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Posebnu paznju u korekciji hiponatrijemije kao dijela sindro-
ma SZ valja posvetiti bolesnicima s hipovolemijskom hipo-
natrijemijom*". U njih ne bi trebalo koristiti antagoniste AVP-
receptora, kao to pri primjeni ovih lijekova ne bi trebalo
provoditi restrikciju unosa tekucine, niti ih primjenjivati pri
akutnom ili kroniénom zatajivanju bubrega®.

Zakljucéak

Hiponatrijemija je elektrolitski poremecaj s visokom preva-
lencijom u oboljelih od SZ koji je prepoznat kao bilieg po-
vecanog rizika za razvoj komorbiditeta i uvjerljiv predskaza-
telj nepovoljnog ishoda. lako dugoroéni ucinci primjerene
korekcije sniZzenih serumskih razina Na nisu uvjerljivo doku-
mentirani, danasnja saznanja ipak postavljaju precizne ter-
apijske zahtjeve kod poremecaja serumskog Na u bolesni-
ka sa zatajivanjem srca. Hiponatrijemiju u rutinskom radu u
prvom redu ne smijemo previdjeti, vec¢ bolesnike u kojih se
ona javlja valja identificirati kao pojedince povecanog rizika,
a potom djelovati pazljivom korekcijom koristenjem dostup-
nih terapijskih mjera koje treba individualno prilagoditi sva-
kom pojedinacnom bolesniku uz redovite kontrole labora-
torijskih nalaza i trajan klinicki nadzor ¢ak i nakon korekcije
Na u serumu.
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Conclusion

Hyponatremia is the electrolyte disorder with a high preva-
lence in patients suffering from HF which is recognized as a
marker of a higher risk for the development of comorbidities
and is a convincing predictor of the adverse outcome. Al-
though the long-term effects of an appropriate correction of
reduced serum sodium levels have not been convincingly
documented, the current insights, nevertheless, impose pre-
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available therapeutic measures that are to be individually
tailored to each individual patient accompanied by doing
regular controls of laboratory findings and ongoing clinical
monitoring even after the serum sodium level is corrected.
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