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SaZetak

Dijastolicko zatajivanje srca zahvaca otprilike 40-50% bolesnika koji imaju
znakove i simptome zatajivanja srca. BNP (engl. brain natriuretic peptide, moz-
dani natrijuretski peptid; B-tip natrijuretskog peptida) je srcani neurohormon
koji izlucuju misicne stanice klijetke kao odgovor na povecan tlak ili volumen
na kraju dijastole. Sve brojniji dokazi pokazali su da su koncentracije BNP po-
vecane u slucaju zatajivanja srca, te da su te koncentracije osobito vazne kod
diferencijalne dijagnoze dispneje. Koncentracije BNP su povecane kod dijasto-
lickog, no obicno su nize nego kod sistolickog zatajivanja srca. Koncentracije
BNP su u uzajamnoj vezi sa stupnjem dijastolicke disfunkcije, te su blago povi-
Sene medu bolesnicima sa simptomima poremecenog opustanja srcanog misi-
(a, a najvise su medu onima s restriktivnim tipom punjenja. Kod asimptoma-
ticnih bolesnika s blagim oblikom dijastolicke disfunkcije, koncentracije BNP
mogu biti unutar granica referentnog raspona.

U ovom preglednom ¢lanku raspravljamo o dijagnostickoj vrijednosti BNP u
dijagnostici dijastolitkog zatajivanja srca.
Kljucne rijeci: BNP, dijastolicko zatajivanje srca
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Abstract

Diastolic heart failure affects approximately 40%-50% of patients presenting
with signs and symptoms of heart failure. Brain natriuretic peptide (BNP) is
a cardiac neurohormone secreted from ventricular myocytes in response to
increased end-diastolic pressure or volume. Accumulating evidence showed
that BNP concentrations are increased in heart failure, and it is especially im-
portant in the differential diagnosis of dyspnea. BNP concentrations are in-
creased in diastolic heart failure, but they are typically lower in diastolic than
that in systolic heart failure. BNP concentrations are correlated with the sta-
ge of diastolic dysfunction, being mild-moderately elevated among patients
with evidence of impaired relaxation and highest among those with a restric-
tive filling pattern. In asymptomatic patients with mild degree of diastolic
dysfunction BNP concentrations may be within normal range.

In this review we discuss the diagnostic value of BNP in diastolic heart failu-
re.
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Uvod

Zatajivanje srca jedan je od vaznih uzroka smrtnosti i po-
bola u svjetskoj populaciji (1). MoZe se povezati sa Sirokim
spektrom nepravilnosti u radu lijeve klijetke u raspnu od
bolesnika s normalnom veli¢inom lijeve klijetke i o¢uva-
nom istisnom frakcijom (engl. ejection fraction), do onih
s ozbiljnom dilatacijom i/ili znacajno smanjenom sistoli¢-
kom funkcijom (2). Otprilike 40-50% bolesnika s dijagno-
zom zatajivanja srca boluje od dijastolickog zatajivanja
srca s ocuvanom sistolickom funkcijom lijeve klijetke (3).
BNP (engl. brain natriuretic peptide, mozdani natrijuretski
peptid; B-tip natrijuretskog peptida) je sréani neurohor-
mon koji izlu¢uju misi¢ne stanice klijetke kao odgovor na
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Introduction

Heart failure (HF) is an important cause of mortality and
morbidity in the population worldwide (1). It may be as-
sociated with a wide spectrum of left ventricular (LV) fun-
ctional abnormalities, which may range from patients
with normal LV size and preserved ejection fraction (EF)
to those with severe dilatation and/or markedly reduced
systolic function (2). Approximately 40%-50% of HF pa-
tients have diastolic HF with preserved left ventricular
systolic function (3). Brain natriuretic peptide (BNP) is a
cardiac neurohormone, secreted from ventricular myo-
cytes in response to increased end-diastolic pressure
or volume (4,5). Several clinical and epidemiological stu-
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povecani tlak ili volumen na kraju dijastole (4,5). Nekoliko
klinickih i epidemioloskih studija pokazalo je direktnu
vezu izmedu povecanja koncentracije plazme natrijuret-
skog peptida i smanjenih funkcija sr¢anih kljetaka, a po-
sebno lijeve klijetke (6,7). Nedavno objavljene Smjernice
za dijagnostiku i lijec¢enje zatajivanja srca preporucaju ko-
riStenje BNP u dijagnostici zatajivanja srca (2,8). No, njego-
va je uloga u dijagnostici dijastoli¢ckog zatajivanja srca jo$
se uvijek sporna.

U ovom preglednom ¢lanku razmatra se dijagnosticka vri-
jednost BNP u dijagnostici dijastolickog zatajivanja srca.

Definicija dijastolickog zatajivanja srca

Prema Smjernicama za dijagnostiku i lijecenje zatajivanja
srca koje je 2005. objavilo Europsko kardiolosko drustvo
(8) dijagnostika primarnog dijastolickog zatajivanja srca
treba istovremeno zadovoljiti tri uvjeta: (i) postojanje zna-
kova ili simptoma zatajivanja srca, (ii) evidentiranje pore-
mecaja opustanju lijeve klijetke, dijastolicka rastezljivost
odnosno krutost i (iii) o¢uvana sistolicka funkcija lijeve kli-
jetke.

Komponente dijastolicke disfunkcije lijeve klijetke ukljucu-
ju poremeceno opustanje i poremecenu dijastoli¢cku kom-
plijansu. Kateterizacija lijeve klijetke (odrZavanje odnosa
tlaka i volumena, te mjerenje tlaka pod kojim se lijeva kli-
jetka puni krvlju) predstavlja zlatni standard u dijagnosti-
ci disfunkcije lijeve klijetke. No, to je invazivna metoda te
se stoga ne prakticira ¢esto u klini¢koj rutini. Umjesto nje,
postoje razne neinvazivne dijagnosticke metode koje se
primjenjuju za procjenu dijastolicke funkcije. Ultrazvuk
je najcesce koristena metoda za procjenu dijastolicke dis-
funkcije. Brzina protoka krvi kroz plu¢nu venu i mitralni
zalistak prikazana krivuljom transmitralnog protoka i do-
bivena pulsiraju¢com Doppler ehokardiografijom i brzina
kruznog mitralnog toka krvi dobivena tkivnom Doppler
metodom najkorisniji su parametri koji se koriste za proc-
jenu dijastolicke disfunkcije (9-11). Kod bolesnika s dijas-
tolickom disfunkcijom opisana su tri poremecena tipa
punjenja lijeve klijetke (12,13). Rani stadij dijastolicke dis-
funkcije naziva se poremeceno opustanje srcanog misica,
napredni stadij dijastolicke disfunkcije naziva se restriktiv-
no punjenje, a srednji tip izmedu poremecenog opustanja
i restriktivnog punjenja definira se kao pseudonormalno
punjenje. Svaki od ta tri tipa punjenja, poremeceno opus-
tanje sr¢anog misi¢a, pseudonormalno punjenje i restrik-
tivno punjenje, predstavljaju blagu, umjerenu i jaku dijas-
tolicku disfunkciju.

BNP

Srce izlu€uje natrijuretski peptid kao homeostatski signal
za odrzavanje stabilnog krvnog tlaka i volumena plazme
te kako bi se sprijecilo zadrzavanje viska soli i vode. At-
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dies have demonstrated a direct relationship between
increasing plasma concentrations of natriuretic pepti-
des and decreasing cardiac, especially left ventricular
functions (6,7). Recent heart failure guidelines recom-
mend that BNP can be used in the diagnosis of HF (2,8),
however it’s role in the diagnosis of diastolic heart fai-
lure is contentious. In this review paper we discuss the
diagnostic value of BNP in diastolic HF.

Definition of diastolic heart failure

According to the 2005 Heart Failure Guideline from Eu-
ropean Society of Cardiology (8), a diagnosis of prima-
ry diastolic HF requires three conditions to be simulta-
neously satisfied: (i) presence of signs or symptoms of
heart failure, (ii) evidence of abnormal left ventricular
relaxation, diastolic distensibility, or diastolic stiffness
and (iii) preserved left ventricular systolic function.
The components of left ventricular diastolic dysfun-
ction include impaired relaxation and decreased dias-
tolic compliance. Left ventricular catheterization (obtai-
ning pressure/volume relationship and measuring left
ventricular filling pressures) is the gold standard tool in
the diagnosis of left ventricular dysfunction, but it is an
invasive method and it is not practical in clinical routi-
ne. Instead, different noninvasive diagnostic tools are
applied for the assessment of diastolic function. Echo-
cardiography is the most frequently used method for
the evaluation of diastolic dysfunction. The transmitral
and pulmonary venous flow velocities obtained by pul-
sed wave Doppler echocardiography and mitral annu-
lar velocities by tissue Doppler imaging are the most
useful parameters used for the assessment of diasto-
lic dysfunction (9-11). Three abnormal filling patterns
have been described in patients with diastolic dysfun-
ction (12,13). An early stage of diastolic dysfunction is
impaired myocardial relaxation, an advanced stage of
diastolic dysfunction is called restrictive filling pattern
and an intermediate pattern between impaired relaxa-
tion and restrictive filling patterns is defined as pseudo-
normalized filling pattern. The three filling patterns im-
paired relaxation, pseudonormalized filling and restric-
tive filling represent mild, moderate, and severe diasto-
lic dysfunction respectively.

BNP

The heart secretes natriuretic peptides as a homeos-
tatic signal to maintain stable blood pressure and
plasma volume, and to prevent excess salt and water
retention. Atrial natriuretic peptide (ANP) was initially
identified from the atrial myocardium of rats (14). In
1988 a compound was isolated from pig brain that cau-
sed natriuretic and diuretic responses similar to ANP
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rijski natrijuretski peptid (engl. atrial natriuretic peptide,

ANP) je prvotno identificiran na srcu $takora (14). 1988. je

iz mozga svinje izoliran spoj koji je izazivao natrijuretski

i diuretski odgovor slican ANP-u (15). lako su taj peptid

nazvali mozdanim natrijuretskim peptidom, primarna lo-

kacija njegove sinteze jest klijetka sr¢canog misi¢a (16,17).

Misi¢ne stanice srca izlu¢uju BNP prekursor koji se sinte-

tizira u proBNP, koji se sastoji od 108 aminokiselina. Na-

kon $to se izluci u klijetke, proBNP se cijepa na bioloski
aktivan C-terminalni dio (32 aminoliselinski aktivni hor-
monski BNP) i bioloski neaktivan N-terminalni dio [76 ami-
noliselinski N-terminalni proBNP (NT-proBNP)]. Genska
ekspresija BNP mozZe se jako brzo povecati kao odgovor
na odredeni stimulans (18). Identificirana su tri receptora
natrijuretskog peptida (NPR-A, NPR-B i NPR-C) (19). Veza-
nje natrijuretskih peptida na receptore A i B na povrsini
ciljnih stanica vodi ka stvaranju drugog glasnika cGMP

(engl. cyclic guanosine monophosphate; cikli¢ki gvanozin

monofosfat) koji posreduje u vecini bioloskih uc¢inaka nat-

rijuretskih peptida (19). BNP se prvenstveno veZe na NPR-

A receptore. NPR-C je receptor putem kojeg se BNP ukla-

nja iz plazme. Slabije vezanje NPR-C-a na BNP doprinosi

duljem poluzivotu u plazmi BNP u usporedbi s ANP kod
ljudi (19). Natrijuretski su peptidi takoder inaktivirani neut-
ralnom endopeptidazom, cink metalopeptidazom koji se
nalazi na povrsini endotelnih stanica, glatkih misi¢nih sta-
nica, sr¢anih misi¢nih stanica, bubreznog epitelija i fibrob-

lasta (20).

Natrijuretski peptidi imaju nekoliko funkcija:

« smirivanje simpati¢nog ziv€anog sustava (21) i renin-
angiotenzin-aldosteronskog sustava (22,23);

« omogucavanje izluc¢ivanja natrija mokra¢om i mokre-
nja preko aferentnih i eferentnih hemodinami¢nih me-
hanizama bubrega i distalnih tubula (24);

« smanjenje periferne krvoZilne rezistencije (25); i

« povecanje opustanja glatkih misica (25);

+ usmjeravanje opustajucih svojstava u srcani misi¢
(26);

« antiprofilerativno i antifibroti¢ko djelovanje na krvozil-
no tkivo (27, 28); dakle, sprecavanje rasta i hipertrofije
(dilatacije) srcanog misica te djelovanje protivno mito-
genezi koja uzrokuje histoloske promjene u stjenci kli-
jetke.

BNP i dijastolicko zatajivanje srca

Doprinosi neurohormona razvoju klinicke manifestaci-
je dijastolicke disfunkcije su kompleksni. Razlika izmedu
klinicke stabilnosti i dekompenzacije je stvar ravnoteze
izmedu aktivnosti na razini renin-angiotenzin-aldosteron-
skog sustava, aktivnosti simpati¢nog ziv€anog sustava, en-
dotelina i arginin-vazopresin regulacijskih mehanizama
te kontraregulatornih hormona ANP, BNP i natrijuretskog
peptida Ctipa (29). ANP i BNP smatraju se kontraregulator-

BNP and diastolic heart failure

(15). Although this peptide was called brain natriuretic
peptide, the primary site of BNP synthesis is ventricular
myocardium (16,17). Cardiac myocytes secrete a BNP pre-
cursor that is synthesized into proBNP, which consists of
108 amino acids. After it is secreted into the ventricles,
proBNP is cleaved into the biologically active C-termi-
nal portion (32 aminoacid active hormone-BNP) and the
biologically inactive N-terminal portion [76 aminoacid
N-terminal proBNP (NT-proBNP)]. BNP gene expression
can increase very rapidly in response to an appropriate
stimulus (18). Three natriuretic peptide receptors have
been identified (NPR-A, NPR-B, and NPR-C) (19). Binding
of natriuretic peptides to the A and B receptors on the
surface of target cells leads to generation of the second
messenger cGMP (cyclic guanosine monophosphate),
which mediates most of the biological effects of the nat-
riuretic peptides (19). BNP binds preferentially to NPR-A
receptors. NPR-C is a clearance receptor for BNP. Lower
affinity of NPR-C for BNP contributes to a longer plasma
half-life of BNP compared with ANP in human beings (19).
Natriuretic peptides are also inactivated by neutral endo-
peptidase, a zinc metallopeptidase that is present on the
surface of endothelial cells, smooth-muscle cells, cardiac
myocytes, renal epithelium, and fibroblasts (20).
Natriuretic peptides have several actions:

- down-regulating the sympathetic nervous system
(SNS) (21) and the renin angiotensin-aldosterone
(RAAS) system (22,23);

- facilitating natriuresis and diuresis through the affere-
nt and efferent hemodynamic mechanisms of the kid-
ney and distal tubules (24);

« decreasing peripheral vascular resistance (25); and

« increasing smooth muscle relaxation (25);

« direct lusitropic (relaxing) properties in the myocar-
dium (26);

- antiproliferative and antifibrotic effects in vascular tis-
sues (27,28), therefore inhibiting cardiac growth and
hypertrophy, counteracting the mitogenesis that cau-
ses ventricular remodelling.

BNP and diastolic heart failure

Neurohormonal contributions to the development of
clinical manifestations of diastolic dysfunction are com-
plex. The difference between clinical stability and decom-
pensation is a balancing act between the actions of the
RAAS axis, SNS activity, endothelin, and arginine vasop-
ressin regulatory systems, and the counterregulatory hor-
mones ANP, BNP, and C-type natriuretic peptide (29). ANP
and BNP are considered counter-regulatory to the RAAS
through their actions of vasodilation and natriuresis. BNP
found in high concentrations in the ventricles, has been
studied extensively as a serologic marker of volume over-
load and increased LV pressures (30).
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nima renin-angiotenzin-aldosteronskog sustava zbog dje-
lovanja na prosirenje krvnih zila i izlu¢ivanje natrija mokra-
¢om. BNP pronaden u visokim koncentracijama u klijetka-
ma opsezno se istrazivao kao seroloski marker prevelikog
volumena i povecanog tlaka lijeve klijetke (30).

U zadnje vrijeme sakupljeni podaci pokazali su da su se
koncentracije BNP povecavale kod zatajivanja srca, Sto je
od velike vaznosti za diferencijalnu dijagnostiku dispneje.
Maisel i sur. (31) su zakljucili temeljem mjerenja koncentra-
cije BNP u plazmi kod 1586 bolesnika s dijagnozom akut-
ne dispneje da se vrijednost izmjerene koncentracije BNP
u plazmi moze koristiti za razlikovanje izmedu dispneje uz-
rokovane zatajivanjem srca i one plu¢nog uzroka. Granic-
na koncentracija BNP u plazmi od 100 pg/mL potvrdila je
dijagnozu zatajivanja srca s osjetljivosti 90%, specifi¢cnosti
76%, pozitivnom predikativnom vrijednosti 79%, negativ-
nom predikativnom vrijednosti 89% te dijagnostickom
toc¢nosti 83%. BNP se posebno koristi kod iskljucivanje di-
jagnoze zatajivanja srca; na grani¢noj vrijednosti BNP od
50 pg/mL, negativna prediktivna vrijednost bila je 96%.

U nekim se studijama ispitivalo povecanje koncentracije
BNP kod razli¢itih tipova zatajivanja srca. Sistolicka i dijas-
tolicka disfunkcija lijeve klijetke povecavaju koncentraciju
BNP u plazmi u razli¢itim razmjerima. Wei i sur. (32) istrazi-
li su koncentracije BNP kod 149 bolesnika sa dijagnozom
zatajivanja srca i pokazali su da je sistoli¢ka disfunkcija li-
jeve klijetke povezana s visom koncentracijom BNP u plaz-
mi nego dijastolicka disfunkcija lijeve klijetke (srednja vri-
jednost koncentracije BNP-a kod dijastolicke disfunkcije
lijeve klijetke bila je 115 £ 80 pg/mL; a kod sistoli¢ke dis-
funkcije lijeve klijetke 516 £ 445 pg/mL (P < 0,05). Jedna
druga studija (33) pokazuje da su koncentracije BNP vise
kod bolesnika sa sistolickom disfunkcijom, nego kod onih
s izoliranom dijastolickom disfunkcijom, a najvec¢a kod
onih s obje, sistolickom i dijastolickom disfunkcijom. U
meta-analizi 20 studija koje su vrednovale dijagnosti¢ku
toc¢nost natrijuretskog peptida u dijagnostici zatajivanja
srca, upotreba grani¢ne vrijednosti BNP ili NT-proBNP od
15 pmol/L (BNP 52 pg/mL i NT-proBNP 127 pg/mL) osigu-
rava visoku osjetljivost, a nize koncentracije BNP, odnos-
no one ispod te vrijednosti, isklju¢uju dijagnozu zatajiva-
nja srca u bolesnika sa sumnjom na tu bolest (34). Kod
dvije od studija u toj meta-analizi koje su ehokardiograf-
skim kriterijima za dijagnozu sistoli¢ckog i dijastolickog
zatajivanja srca mjerile BNP, dijagnosticki je omjer rizika
(engl. diagnostic odd ratio, DOR) (37,7; 95% Cl =5,9-237,2)
bio vedi nego u studijama koje su mjerile samo sistoli¢ku
funkciju (34).

U nekoliko studija se ispitivala uloga BNP u dijagnostici
izoliranog dijastolickog zatajivanja srca. Lubien i sur. (35)
su pokazali da se pomocu odredivanja koncentracija BNP,
mogu predvidjeti dijastolicki poremecaji kod bolesnika s
normalnom sistolickom funkcijom. U toj su studiji bolesni-
ci s poremecenom dijastolickom funkcijom imali srednju
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Accumulating recent data showed that BNP levels were
increased in heart failure and it is especially important in
the differential diagnosis of dyspnea. Maisel et al (31) as-
sessed value of rapid bedside measurements of plasma
BNP in distinguishing between heart failure and a pulmo-
nary a cause of dyspnea in 1586 patients presenting with
acute dyspnea. A cut-off plasma BNP value of 100 pg /mL
diagnosed heart failure with a sensitivity, specificity, posi-
tive predictive value, negative predictive value and diag-
nostic accuracy of 90%, 76%, 79%, 89% and 83%, respecti-
vely. BNP was especially useful for ruling out heart failure;
at a BNP threshold of 50 pg/mL, the negative predictive
value was 96%.

The degree of BNP increase was examined in different ty-
pes of the heart failure in some studies. Left ventricular
systolic and diastolic dysfunction increase plasma BNP
concentrations to a different extent. Wei et al (32) inves-
tigated BNP levels in 149 heart failure patients and they
showed that left ventricular systolic dysfunction is asso-
ciated with a higher level of plasma BNP than left ventri-
cular diastolic dysfunction (mean BNP level in left ventri-
cular diastolic dysfunction was 115 = 80 pg/mL; in left
ventricular systolic dysfunction was 516 + 445 pg/ml (P <
0.05). In another study (33), the concentrations of BNP are
higher in patients with systolic dysfunction than in those
with isolated diastolic dysfunction, and highest in those
with both systolic and diastolic dysfunction.

In a meta-analysis of 20 studies where the diagnostic ac-
curacy of natriuretic peptides for heart failure was evalua-
ted, the use of a cut-off value for BNP or NT-proBNP of 15
pmol/L (52 pg/mL and 127 pg/mL, respectively) achieves
high sensitivity, and BNP values below this exclude hea-
rt failure in patients in whom disease is suspected (34).
Two of the studies in this meta-analysis that measured
BNP against echocardiographic criteria for both systolic
and diastolic heart failure, the diagnostic odd ratio (DOR)
(37.7; 95% Cl = 5.9-237.2) was greater than in studies that
measured only systolic function (34).

The role of BNP in the diagnosis of isolated diastolic heart
failure has been examined in several studies. Lubien et al
(35) showed that BNP levels could predict diastolic abnor-
malities in patients with normal systolic function. In this
study the patients diagnosed with abnormal diastolic fun-
ction had a mean BNP concentration of 286 + 31 pg/mL,
whereas the control subjects had a mean BNP concentra-
tion of 33 + 3 pg/mL. A BNP value of 62 pg/mL had a sensi-
tivity of 85%, a specificity of 83%, and an accuracy of 84%
for detecting diastolic dysfunction. In a meta-analysis, th-
ree studies that measured BNP in diastolic heart failure
had 28.8; (95 % Cl = 2.66-300.5) DOR (34).
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vrijednost koncentracije BNP od 286 + 31 pg/mL, dok je
koncentracija kod kontrolnih ispitanika iznosila 33 + 3 pg/
mL. Koncentracija BNP od 62 pg/mL imala je osjetljivost
85%, specificnost 83% i dijagnosti¢ku to¢nost 84% u kori-
st postavljanja dijagnoze dijastoli¢ke disfunkcije. U meta-
analizi, tri studije koje su mjerile BNP kod dijastoli¢kog za-
tajivanja srca imale su DOR od 28,8 (95 % Cl = 2,66-300,5)
(34).

Razlike koncentracija BNP prema stupnju
dijastolicke disfunkcije

Lubien i sur. (35) su otkrili da su se koncentracije BNP raz-
likovale u podgrupama dijastolicke disfunkcije, no sve su
podgrupe imale viSu koncentraciju BNP nego kontrolni is-
pitanici. Bolesnici s pokazateljima restriktivnog punjenja
lijeve klijetke na ultrazvuku imali su najvise koncentracije
BNP (408 + 66 pg/mL). Yu i sur. (36) su prikazali da su se
koncentracije BNP povecale kod bolesnika s pseudonor-
malnim ili restriktivnim tipom punjenja. Te su studije ot-
krile da su bolesnici s pseudonormalnim tipom punjenja
imali viSe koncentracije BNP od onih s poremecéenim opus-
tanjem sr¢anog misica. Koncentracije BNP se povecavaju
prema stadiju/tipu dijastolicke disfunkcije. U ranom stadi-
judijastolicke disfunkcije, kod poremecaja opustanja, kon-
centracije BNP blago se povecavaju; u srednjem stadiju,
pseudonormalnom tipu punjenja, zabiljezene su umjere-
no povecane koncentracije BNP; dok su u naprednom sta-
diju dijastolicke disfunkcije, restriktivnom punjenju lijeve
klijetke, koncentracije BNP-a znacajno povisene.

Bolesnici sa simptomima su u svim dijastoli¢kim tipovima
punjenja imali povisene koncentracije BNP. Kao skupina,
bolesnici s dijastolickom disfunkcijom i simptomima su
imali vise koncentracije BNP nego oni bolesnici s asimpto-
mati¢nom dijastolickom disfunkcijom (35). lako je kod sis-
tolickog zatajivanja srca BNP u uzajamnoj vezi s volume-
nom, veli¢inom i istisnom frakcijom lijeve klijetke, kod
dijastolickog zatajivanja srca s ocuvanom istisnom frak-
cijom lijeve klijetke on nije povezan s veli¢inom, volume-
nom i masom lijeve klijetke. Yamaguchi i suradnici (37) su
nasli da su unatoc sli¢noj raspodijeli mase i veli¢ine lijeve
klijetke, koncentracije BNP kod bolesnika s dijastoli¢ckim
zatajivanjem srca bile vise nego kod kontrolnih ispitanika
(149 + 38 prema 31 £ 5 pg/mL, P < 0,01). Naveli su da bi po-
vecanje BNP mogao biti znak raspoznavanja bolesnika ko-
ji ve¢imajuiili su u rizi¢noj grupi da obole od dijastolickog
zatajivanja srca medu ispitanicima s o¢uvanom sistoli¢-
kom funkcijom neovisno o hipertrofiji lijeve klijetke. Poka-
zano je da koncentracije BNP kod bolesnika s normalnom
sistolickom funkcijom lijeve klijetke ne ovise o masi lijeve
klijetke, srcanom indeksu i sr¢anoj frekvenciji (37,38).
Koncentracije BNP mogu povremeno biti unutar granica
referentnog raspona kod bolesnika s dijastolickom disfun-
kcijom. Mogu se nalaziti unutar granica referentnog ras-
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Differences of BNP concentration according
to stage of diastolic dysfunction

Lubien et al (35) revealed that BNP concentrations were
different in subgroups of diastolic dysfunction but all
subgroups had higher BNP levels than control subjects.
Patients with restrictive filling patterns on echocardiog-
raphy had the highest BNP levels (408 + 66 pg/mL). Yu et
al (36) showed that BNP concentrations were increased in
patients with pseudonormalized or restrictive filling pat-
tern. These studies revealed that patients with the pseu-
donormalized filling pattern had higher BNP concentra-
tions than patients with impaired relaxation. BNP concen-
trations increase according to the stage/type of diastolic
dysfunction. In the early stage of diastolic dysfunction,
impaired myocardial relaxation, BNP levels mildly increa-
se; in an intermediate stage, pseudonormalized filling
pattern, moderately increased BNP concentrations are
noted; and in an advanced stage of diastolic dysfunction,
restrictive filling pattern, BNP concentrations are marked-
ly increased.

Patients with symptoms had higher BNP levels in all dias-
tolic filling patterns. As a group, patients with diastolic
dysfunction and symptoms had higher BNP levels than
those patients with asymptomatic diastolic dysfunction
(35). Although BNP correlate with LV volume, size and EF
in systolic heart failure, it is not associated with LV size,
volume and mass in diastolic heart failure with preserved
left ventricular EF. Yamaguchi and coauthors (37) found
that, despite a similar distribution of LV mass and size,
concentrations of BNP were higher in patients with dias-
tolic HF than in the controls (149 + 38 vs. 31 £ 5 pg/mL,
P < 0.01). They stated that an elevation of BNP may be a
hallmark of patients with or at risk of diastolic HF among
subjects with preserved systolic function independent
of LV hypertrophy. It has been shown that BNP levels in
patients with normal left ventricular systolic function are
not affected by left ventricular mass, cardiac output, or
cardiac index (37,38).

Occasionally BNP levels might be in normal range in pa-
tients with diastolic dysfunction. It can be normal in
asymptomatic patients with a mild degree of diastolic
dysfunction, impaired relaxation. Mottram and collea-
gues (38) have demonstrated that BNP concentrations
are higher in patients having diastolic dysfunction than
they are in those with normal diastolic function. In that
study, the authors also found that BNP concentrations
were higher in patients with pseudonormalized pattern
than they were in those with abnormal relaxation patte-
rn. In our study we evaluated BNP levels and functional
capacity determined by cardiopulmonary exercise test in
patients with isolated diastolic dysfunction. We detected
a correlation between BNP concentrations and functio-
nal capacity (39). However, since our patients had mostly
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pona i kod asimptomati¢nih bolesnika s blagim stupnjem
dijastolicke disfunkcije, poremecéenim opustanjem. Mot-
tram i suradnici (38) su pokazali da su koncentracije BNP
vise kod bolesnika koji imaju dijastoli¢cku disfunkciju ne-
go kod onih s normalnom dijastolickom funkcijom. U toj
studiji autori su takoder pronasli da su koncentracije BNP
bile vise kod bolesnika s pseudonormalnim tipom punje-
nja nego kod onih s poremecenim tipom punjenja. U na-
$0j smo studiji vrednovali koncentracije BNP i funkcional-
ni kapacitet dobiven testom opterecenja (kardiopulmo-
narnim testom) kod bolesnika s izoliranom dijastolickom
disfunkcijom. Primijetili smo uzajamnu zavisnost izmedu
koncentracija BNP i funkcionalnog kapaciteta (39). No, bu-
ducdi da su nasi bolesnici bolovali u vecini slu¢ajeva od bla-
ge dijastolicke disfunkcije, poremecaja u opustanju srca-
nog misica, srednje vrijednosti koncentracija BNP bile su
unutar granica referentnog raspona.

U jednom svom preglednom ¢lanku Dahlstérm (40) je ob-
javio da natrijuretski peptidi nisu aktivirani kod bolesnika
koji imaju dijastolicku disfunkciju u obliku odgodene re-
laksacije (opustanja). Stoga se ne ¢ini adekvatnim u klini¢-
koj rutini mjeriti koncentraciju BNP ili NT-proBNP u svrhu
otkrivanja bolesnika s blagim poremecajima u opustanju.
Optimalna granic¢na vrijednost za dijastolicko zatajivanje
srca jos je nejasna. BNP ima ulogu u otkrivanju bolesnika
s dijastolickom disfunkcijom, posebno kod onih bolesni-
ka s restriktivnim ili pseudonormalnim tipom punjenja.
Bolesnici s poremecajem opustanja i blagim simptomima
ili oni koji su asimptomati¢ni mogu imati normalne kon-
centracije BNP $to ukazuje na normalan ili samo blago po-
visen tlak punjenja lijeve klijetke. Stoga se niske koncen-
tracije ne mogu koristiti u svrhu isklju¢ivanja dijagnoze di-
jastolicke disfunkcije. Medutim, ako se pojave visoke kon-
centracije BNP onda se trebaju napraviti daljnje pretrage
ultrazvukom kako bi se potvrdila dijagnoza poremedaja
rada srca.

NT-proBNP (engl. N-Terminal pro B-type
natriuretic peptide)

NT-proBNP je bioloski neaktivan fragment. Oslobadaju
ga prvenstveno klijetke kao odgovor na rastezanje, sli¢no
kao i BNP. NT-proBNP cirkulira u vecoj koncentraciji plaz-
me i ima dulji poluzivot u usporedbi s BNP (41). Isto kao i
BNP, moze se koristiti u dijagnostici zatajivanja srca (42).
Otkriveno je da je NT-proBNP povisen kod izolirane dijas-
tolicke disfunkcije i da moze biti koristan za otkrivanje
svih stupnjeva dijastolicke disfunkcije. (43). Koncentracije
NT-proBNP se znatno povecavaju prema jacini sveukup-
ne dijastolicke disfunkcije, pokazujudi pritom karakteris-
tike slicne BNP (43). U meta-analizi su sakupljene procje-
ne osjetljivosti i specificnosti bile iste za BNP kao i za NT-
proBNP. BNP i NT-proBNP imaju vrlo sli¢ne dijagnosticke
karakteristike te se mogu koristiti u svrhu iskljucivanja di-
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mild diastolic dysfunction, impaired relaxation pattern,
the mean BNP concentrations were in normal range.

In a review article, Dahlstorm (40) stated that natriuretic
peptides are not activated in patients having diastolic
dysfunction in the form of delayed relaxation. Thus, it see-
ms not appropriate to measure BNP or NT-proBNP level
in clinical routine to detect patients with mild relaxation
abnormalities.

The optimal cut-off value for a diastolic heart failure diag-
nosis is unclear. The BNP has a role in detecting patients
with diastolic dysfunction especially in those patients ha-
ving a restrictive or pseudonormalized filling pattern. Pa-
tients with relaxation abnormalities and mild symptoms
or who are asymptomatic may have normal BNP levels,
indicating normal or only slightly elevated left ventricu-
lar filling pressures. Thus, low levels cannot be used to ru-
le out diagnosis of diastolic dysfunction. However, if the-
re are high concentrations of the BNP, there is a need for
further investigation with echocardiography to verify the
diagnosis of abnormal cardiac function.

NT-proBNP (N-Terminal pro B-type natriuretic
peptide)

NT-proBNP is a biologically inactive fragment. NT-proBNP
is released predominantly by the ventricles in response
to stretch, similar to BNP. NT-proBNP circulated at higher
plasma concentrations and has a longer half-life compa-
red with BNP (41). It may be used for the diagnosis of hea-
rt failure as BNP (42). NT-proBNP was found to be high in
isolated diastolic dysfunction and it could be useful for
the detection of all degrees of diastolic dysfunction (43).
NT-proBNP levels are increased significantly according to
the severity of overall diastolic dysfunction, displaying a
pattern similar to BNP (43). In a meta-analysis the pooled
estimates of sensitivity and specificity were the same for
the BNP studies as for the NT-proBNP studies. BNP and
NT-proBNP have very similar diagnostic performance
characteristics and can be used to rule out heart failure.
However, there is no easily identifiable optimum cut poi-
nt value for each peptide (44). The other meta-analysis
both BNP and NT-proBNP assays have a high degree of
diagnostic accuracy and clinical relevance for both acute
and chronic heart failure (45).

Influences on BNP and NT-proBNP
concentrations

The optimal cut-off value of BNP and NT-ProBNP for the
diagnosis of diastolic heart failure is unclear. It may rela-
te some factors. The most important factors the cut-off
values of BNP and NT-proBNP are method-dependent.
Hammerer- Lercher et al (46) pointed out that the perfor-
mance of BNP for the diagnosis of systolic or diastolic left
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jagnoze zatajivanja srca. Medutim ne postoji lako odredi-
va optimalna grani¢na vrijednost za svaki peptid (44). Dru-
ge meta-analize oba testa, i BNP testa i NT-proBNP testa
imaju visok stupanj dijagnosticke toc¢nosti i klinickog zna-
¢aja za akutan i kronican oblik zatajivanja srca (45).

Utjecaji na koncentracije BNP i NT-proBNP

Optimalna granic¢na vrijednost BNP i NT-proBNP u dijag-
nostici dijastoli¢ckog zatajivanja srca je nejasna. Ona moze
biti povezana s nekim ¢imbenicima. Najbitniji ¢imbenici
grani¢nih vrijednosti BNP i NT-proBNP ovise o metodi.
Hammer-Lercher i sur. (46) su istaknuli da na u¢inak BNP u
dijagnostici sistolicke ili dijastolicke disfunkcije lijeve klijet-
ke ne utjece test koji se koristi, dok je u¢inak NT-proBNP u
dijagnozi izolirane dijastolicke disfunkcije lijeve klijetke
ovisan o testu (46). Pronasli su da oba BNP testa (od proiz-
vodaca Triage i Shionoria) i oba NT-proBNP testa (od proiz-
vodaca Biomedica i Roche) djelovala jednako dobro za
postavljanje dijagnoze sistolicke disfunkcije lijeve klijetke
unatoc slaboj uskladenosti izmedu testova za NT-proBNP
(46). Kod bolesnika s izoliranom dijastolickom disfunkci-
jom lijeve klijetke dijagnosticki uc¢inak Triage BNP testa
znatno je bolji od uc¢inka Biomedica NT-proBNP testa. Na-
dalje, uc¢inak Biomedica NT-proBNP testa znatno je losiji
od ucinka Roche NT-proBNP testa u dijagnostici izolirane
dijastolicke disfunkcije lijeve klijetke. U drugim je studija-
ma prikazano da Triage BNP test u usporedbi sa Shiono-
ria testom daje dosljedno vise vrijednosti i ta magnituda
razlike rezultata raste s vecom koncentracijom peptida (i
jaCinom zatajivanja srca) (46,47). Test tvrtke Biomedica po-
kazuje znatno vise vrijednosti u usporedbi s Elecsys meto-
dom (tvrtka Roche) te sugerira da su potrebne vise granic-
ne vrijednosti kako bi bile usporedive (46,48).

Raymond i sur. (49) su pokazali ostale ¢imbenike za odre-
divanje grani¢ne vrijednosti za dijagnostiku zatajivanja
srca. Otkrili su da je svaki od sljedecih ¢cimbenika: Zenski
spol, visa dob, pojacana dispneja, Secerna bolest, bolest
sr¢anih zalistaka, sniZzenje sr¢ane frekvencije, istisna frakci-
ja lijeve klijetke < 45%, patoloski EKG, visoka koncentraci-
ja kreatinina u plazmi, niska koncentracija HbA1c u plazmi
i visoka koncentracija albumina u mokradi, pojedina¢no
povezani s visokom koncentracijom NT-proBNP u plazmi.
Neki lijekovi koji se koriste u lije¢enju zatajivanja srca mo-
gu djelovati na koncentraciju natrija u mokraci. Diuretici
kao npr. spironolakton, inhibitor angiotenzin-konvertaze,
blokator receptora angiotenzina Il smanjuju koncentraci-
je natrijuretskih peptida (50). Stoga ¢e kod mnogih boles-
nika s kroni¢nim stabilnim zatajivanjem srca koncentraci-
je BNP biti u granicama referentnog raspona. Medutim
¢ini se da digoksin i neki beta-blokatori povecavaju kon-
centracije natrijuretskih peptida (50-52).

Vjezbanje uzrokuje lagano povecanje koncentracije BNP
koje se mogu otkriti u kratkom roku (nakon jednog sata

BNP and diastolic heart failure

ventricular dysfunction is not affected by the assay used,
whereas the performance of NT-proBNP for the diagno-
sis of isolated diastolic left ventricular dysfunction is as-
say dependent (46). They found that both BNP assays
(Triage and Shionoria) and both NT-proBNP assays (Bio-
medica and Roche) performed equally well for the diag-
nosis of systolic left ventricle dysfunction despite the
poor agreement between NT-proBNP assays (46). In pa-
tients with isolated diastolic left ventricular dysfunction,
the diagnostic performance of the Triage BNP was sig-
nificantly better than that of Biomedica NT-proBNP. Fur-
thermore, the performance of the Biomedica NT-proBNP
assay was significantly worse than that of the Roche NT-
proBNP assay for diagnosis of isolated diastolic left ventri-
cular dysfunction. In other studies the Triage BNP assay
when compared to the Shionoria assay gives consistently
higher values and the magnitude of difference increases
with concentration (and severity of heart failure) of pep-
tide (46,47). The Biomedica method shows considerably
higher values compared to the Elecsys method (Roche)
suggesting that higher cut-off values are needed to be
comparable (46, 48).

Other factors in determining a cut point value for the
diagnosis of HF were demonstrated by Raymond et al
(49). They found that female sex, age, increasing dys-
pnea, diabetes mellitus, valvular heart disease, low hea-
rt rate, left ventricular ejection fraction < 45%, abnormal
ECG, high plasma creatinine, low plasma HbA1lc, and high
urine albumin were each independently associated with
a high plasma NT-proBNP level.

Some medications used to treat heart failure might affe-
ct natriuretic concentrations. Diuretics such as spirono-
lactone, angiotensin-converting enzyme inhibitors, an-
giotensin-ll receptor blockers reduce natriuretic peptide
concentrations (50). Therefore, many patients with chro-
nic stable heart failure will have BNP levels in the normal
diagnostic range. However, digoxin and some beta bloc-
kers appear to increase natriuretic peptide concentratio-
ns (50-52).

Exercise causes a slight increase in BNP levels which are
detectable at short-term (one hour after exercise) (53)
(i.e., increase of 0.9 percent in patients without heart fai-
lure, 3.8 percent in patients with New York Heart Associa-
tion [NYHA] class | or Il heart failure, and 15 percent in pa-
tients with NYHA class lll to IV heart failure) (54).

No circadian variation has been reported when BNP is
measured every three hours for 24 hours (55) and there is
less hourly variation with BNP than with ANP (56).

Conclusion

BNP concentrations increase in diastolic HF but it is typi-
cally lower than that in systolic HF. BNP concentrations
correlate with the stage of diastolic dysfunction. Concen-
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vjezbe) (53) (npr. povecanje od 0,9 % kod bolesnika bez
zatajivanja srca, 3,8% kod bolesnika sa zatajivanjem sr-
ca NYHA (engl. New York Heart Assossiation) stadija I ili Il
i 15% kod bolesnika sa zatajivanjem srca NYHA stadija llI
ili IV) (54). Pri mjerenjima BNP svaka 3 sata unutar perioda
od 24 sata, nije bilo dnevne varijacije (55) i kod BNP posto-
ji manja varijacija po satu nego kod ANP (56).

Zakljucak

Povecanje koncentracije BNP kod dijastoli¢ckog zatajiva-
nja srca je obi¢no nize nego kod sistolickog zatajivanja
srca. Koncentracije BNP u uzajamnoj su vezi sa stadijem
dijastolicke disfunkcije. Koncentracija moze biti povisena
kod bolesnika sa simptomima poremecenog opustanja
sr¢anog misica, a najvisa je kod bolesnika s restriktivnim
tipom punjenja. Koncentracije BNP kod bolesnika s dijas-
tolickom disfunkcijom rastu kako oni postaju simptoma-
ti¢ni. Ponekad kod bolesnika s poremecenim opustanjem
koncentracija BNP moze biti unutar granica referentnog
raspona. Stoga se niske koncentracije BNP ne bi trebale
koristiti za iskljucivanje dijagnoze dijastolicke disfunkci-
je. Medutim ako se pojavi visoka koncentracija BNP pot-
rebno je napraviti daljnje pretrage kako bi se potvrdila
dijagnoza poremecenog rada srca. Optimalna grani¢na
vrijednost za dijagnostiku dijastoli¢ckog zatajivanja srca ni-
je precizno definirana, zbog cinjenice da je ucinak BNP i
NT-proBNP za dijagnostiku izolirane dijastoli¢ke disfunkci-
je lijeve klijetke ovisan o testu.
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trations might be raised among patients with evidence
of impaired relaxation and highest among those with a
restrictive filling pattern. BNP concentrations increase
in patients with diastolic dysfunction as they become
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