
RADOVI

� 135

UTICAJ RITMA DISAWA NA ANALIZU VARIJABILNOSTI 
FREKVENCIJE RADA SRCA U INSUFICIJENCIJI SRCA

Danijela�ZAMAKLAR-TRIFUNOVIĆ1,�Petar�M.�SEFEROVIĆ1,�Milan�PETROVIĆ1,��
Mirjana�ŽIVKOVIĆ1,�Goran�VUKOMANOVIĆ3,�Nataša�MILIĆ2,��

Arsen�D.�RISTIĆ1,�Marija�ZDRAVKOVIĆ4

1Institut�za�kardiovaskularne�bolesti,�Klinički�centar�Srbije,�Beograd;��
2Institut�za�medicinsku�statistiku,�Medicinski�fakultet,�Univerzitet�u�Beogradu,�Beograd;�

3Univerzitetska�dečja�klinika,�Beograd;�4Kliničko-bolnički�centar�„Bežanijska�kosa”,�Beograd

KRATAK SADRŽAJ
Uvod  Simpatovagusnidisbalansjavqasevećuranimfazamainsuficijencijesrca(IS)iimadirektanuticajnatokiwe
nuprognozu.Varijabilnostfrekvencijeradasrca(VFS)jemetodprocenesimpatovagusneravnoteže.Uticajritmadisawa
naVFSbolesnikasaISmawejepoznat,alikliničkiznačajan.NepravilanritamdisawaječestuIS,utičenaVFSinapo
uzdanostproceneautonomnogtonusa.Ranijejepokazanodasekontrolisanimdisawem(sporimidubokim)možepovećati
uticajvagusanasrce.EfekatovakvogritmadisawanaVFSkodbolesnikasaISnijedetaqnijeispitan.
Ciq ra da  CiqradajebiodaseispitauticajsporogidubokogdisawanaVFSbolesnikasahroničnomIS.
Me tod ra da  Kod51bolesnikasaIS(78%muškaraca,sredwestarostiod57,18±10,8godina,prosečneejekcionefrakcije
od34,12±10,01%)i14zdravihispitanika(57,1%muškaraca,sredwestarostiod53,1±8,2godine)ispitanajeVFSspektral
nomanalizomkratkogEKGzapisa(Car di o vit AT 60, Schil ler, CH).KomponentespektraVLF(very low fre qu ency–veomaniskafre
kvencija),LF(low fre qu ency–niskafrekvencija)iHF(high fre qu ency–visokafrekvencija)iodnosLFiHF(LF/HF)suprvood
ređeniprispontanom,apotompridubokomdisawuod0,1Hz.
Re zul ta ti  VrednostiLF,HFiLF/HFsuseznačajnopovećaledubokimdisawemuodnosunaspontanoikodispitanikakontrol
negrupe(LF50,71±61,55prema551,14±698,01ms2,p<0,001;HF31,42±29,98prema188,78±142,74ms2,p<0,001;LF/HF1,46±0,61prema
4,21±3,23,p=0,025)ikodbolesnikasaIS(LF27,37±36,04prema94,50±96,13ms2,p<0,001;HF12,13±19,75prema41,58±64,02ms2,
p<0,001;LF/HF3,77±3,79prema6,38±5,98,p=0,031).PromeneVFSizazvanedubokimdisawembilesustatističkiznačajnoma
wekodbolesnikanegokodzdravihispitanika.BolesnicisaISimalisunižuVFSiprispontanomipridubokomdisawu.
PrispontanomdisawuVFSzdravihispitanikaibolesnikasaISznačajnoserazlikovalasamouopseguHF(p=0,002),doksu
pridubokomdisawurazlikebilestatističkiznačajneusvatriopsegaspektra:VLF(p=0,022),LF(p<0,001)iHF(p<0,001).
Za kqu čak  DubokimisporimdisawempovećavaseVFS,najvišeuLFopseguikodzdravihosobaikodbolesnikasaIS.Raz
likeuspektralnomprofiluVFSizmeđuzdravihispitanikaibolesnikasuizraženijepridubokomisporom,negopri
spontanomdisawu.OvirezultatisugerišudabikontrolisanerespiracijetokomanalizeVFSmoglepovećatisenzitiv
nostipouzdanostVFSuotkrivawuautonomnedisfunkcijekodbolesnikasaIS.

Kquč ne re či:insuficijencijasrca;varijabilnostfrekvencijeradasrca;kontrolisanodisawe

UVOD

In�su�fi�ci�jen�ci�ja�ra�da�sr�ca�(IS)�je�kli�nič�ki�sin-
drom�ko�ji�se�od�li�ku�je�ne�sa�mo�po�pu�šta�wem�sr�ca�kao�
pum�pe,�već�i�po�re�me�ća�jem�auto�nom�ne�re�gu�la�ci�je�kar-
di�o�va�sku�lar�nih�funk�ci�ja�[1].�Po�ve�ća�na�ak�tiv�nost�
sim�pa�ti�ku�sa�i�sma�we�na�ak�tiv�nost�pa�ra�sim�pa�ti�ku�sa�
va�žni�su�u�pa�to�ge�ne�zi�i�na�pre�do�va�wu�ove�bo�le�sti�
[2-4].�Va�ri�ja�bil�nost�fre�kven�ci�je�ra�da�sr�ca�(VFS)�
je�ši�ro�ko�pri�me�wen�me�tod�kvan�ti�fi�ka�ci�je�ne�u�ron-
ske�kon�tro�le�fre�kven�ci�je�ra�da�sr�ca�[5].�Ma�wa�VFS�
kod�bo�le�sni�ka�po�sle�pre�le�ža�nog�in�fark�ta�mi�o�kar�da,�
kao�i�kod�bo�le�sni�ka�sa�IS�raz�li�či�te�eti�o�lo�gi�je�ima�
loš�prog�no�stič�ki�zna�čaj�[6,�7].�Naj�ve�ći�broj�po�da�ta-
ka�o�sma�we�wu�VFS�u�IS�od�no�si�se�na�VFS�pri�spon-
ta�nom�di�sa�wu�bo�le�sni�ka.�Uti�caj�kon�tro�li�sa�nog�di�sa-
wa�na�VFS�kod�ovih�bo�le�sni�ka�ma�we�je�is�pi�ti�van,�a�
kli�nič�ki�bi�mo�gao�bi�ti�zna�ča�jan�ma�kar�iz�dva�raz�lo-
ga.�Pr�vo,�kod�bo�le�sni�ka�sa�IS�ne�pra�vi�lan�ri�tam�di-
sa�wa�je�ve�o�ma�čest;�to�je�pe�ri�o�dič�no�di�sa�we,�od�no�sno�
Čej�ni-Stok�so�vo�(Cheyne-Sto kes)�di�sa�we�[8-10].�Ne�pra-
vi�lan�ri�tam�di�sa�wa�mo�že�uti�ca�ti�na�VFS�i�sma�wi-
ti�po�u�zda�nost�pro�ce�ne�auto�nom�ne�rav�no�te�že.�Po�ten-
ci�jal�no,�ana�li�zom�VFS�to�kom�kon�tro�li�sa�nog�di�sa�wa�
iz�be�gli�bi�se�ar�te�fak�ti�u�op�se�gu�ni�skih�fre�kven�ci-

ja�iza�zva�ni�ne�pra�vil�nim�rit�mom�di�sa�wa�[8].�Dru�go,�
po�zna�to�je�da�se�kon�tro�li�sa�nim�di�sa�wem�mo�že�uti�ca-
ti�na�sim�pa�to�va�gu�sni�ba�lans.�Kod�zdra�vih�oso�ba�već�
pri�spon�ta�nom�di�sa�wu�u�udi�sa�ju�do�la�zi�do�ubr�za�wa�
fre�kven�ci�je�ra�da�sr�ca,�a�u�iz�di�sa�ju�do�uspo�re�wa,�što�
je�re�zul�tat�dej�stva�va�gu�sa.�Ove�pro�me�ne�po�sta�ju�iz�ra�zi-
ti�je�pri�spo�rom�i�du�bo�kom�di�sa�wu,�te�se�u�kli�nič�koj�
me�di�ci�ni�test�du�bo�kim�di�sa�wem�pri�me�wu�je�za�pro�ce-
nu�funk�ci�je�pa�ra�sim�pa�ti�ku�sa�[11].

CIQ RADA

Ciq�ra�da�je�bio�da�se�kod�bo�le�sni�ka�sa�hro�nič-
nom�IS�ana�li�zi�ra�uti�caj�spo�rog�i�du�bo�kog�di�sa�wa�
na�VFS.

METOD RADA

Ispitanici

Ra�di�ade�kvat�nog�oda�bi�ra�is�pi�ta�ni�ka�za�ovo�is�pi-
ti�va�we,�pre�gle�da�no�je�112�bo�le�sni�ka�ko�ji�su�le�če�ni�
na�In�sti�tu�tu�za�kar�di�o�va�sku�lar�ne�bo�le�sti�Kli�ni-
čkog�cen�tra�Sr�bi�je�u�Be�o�gra�du�od�2000.�do�2003.�go�di-
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ne.�Kri�te�ri�ju�mi�za�ukqu�či�va�we�u�is�pi�ti�va�we�bi�li�
su:�asimp�to�mat�ska�ili�simp�to�mat�ska�dis�funk�ci�ja�le-
ve�ko�mo�re�po�tvr�đe�na�eho�kar�di�o�graf�skim�pre�gle�dom,�
si�nu�sni�ri�tam,�iz�o�sta�nak�akut�nog�ko�ro�nar�nog�do�ga-
đa�ja�u�po�sled�wih�šest�me�se�ci�i�kli�nič�ki�sta�bil�no�
sta�we�u�po�sled�wih�me�sec�da�na.�Ove�uslo�ve�su�is�pu�ni-
la�63�bo�le�sni�ka,�od�ko�jih�je�kod�51�ura�đen�test�du�bo-
kim�di�sa�wem�(78%�mu�ška�ra�ca,�sred�we�sta�ro�sti�od�
57,18±10,8�go�di�na).�Kri�te�ri�ju�mi�za�ne�u�kqu�či�va�we�bo-
le�sni�ka�u�is�pi�ti�va�we�bi�li�su:�ap�so�lut�na�arit�mi�ja,�
ugra�đen�ve�štač�ki�vo�dič�rit�ma�ra�da�sr�ca�(pejs�mej�ker),�
zna�čaj�na�ne�kar�di�o�va�sku�lar�na�bo�lest�(bo�lest�bu�bre-
ga,�hro�nič�na�op�struk�tiv�na�bo�lest�plu�ća�i�sl.),�če�ste�
su�pra�ven�tri�ku�lar�ne�i�ven�tri�ku�lar�ne�eks�tra�si�sto�le�
to�kom�sni�ma�wa�EKG�ko�ri�šće�nog�za�ana�li�zu�VFS.�Is-
pi�ti�va�wem�je�ob�u�hva�će�no�i�če�tr�na�est�zdra�vih�oso�ba�
(57,1%�mu�ška�ra�ca,�sred�we�sta�ro�sti�od�53,1±8,2�go�di-
ne)�ko�je�su�či�ni�le�kon�trol�nu�gru�pu.�Is�pi�ta�ni�ci�ma�je�
ob�ja�šwe�no�pred�vi�đe�no�is�tra�ži�va�we�i�uz�wi�hov�pri-
sta�nak�is�pi�ti�va�we�je�da�qe�ura�đe�no.

Metod određivawa VFS

U�ovom�ra�du�VFS�je�pro�ce�we�na�spek�tral�nom�ana�li-
zom�krat�kog�EKG�za�pi�sa�(apa�rat�Car di o vit AT-60,�ver-
zi�ja�4.29,�Schil ler CH).�VFS�je�od�re�đi�va�na�u�pre�po�dnev-
nim�ča�so�vi�ma,�u�le�že�ćem�po�lo�ža�ju�bo�le�sni�ka,�po�sle�
ade�kvat�ne�pri�pre�me,�ka�ko�je�to�ra�ni�je�opi�sa�no�[12]. 
Ma�te�ma�tič�ki�al�go�ri�tam�ko�ri�šćen�za�spek�tral�nu�ana-
li�zu�VFS�za�sno�van�je�na�Fu�ri�je�o�voj�tran�sfor�ma�ci�ji,�
a�za�spek�tral�ni�pro�zor�oda�bran�je�Ha�nin�gov�pro�zor.�
Pri�spek�tral�noj�ana�li�zi�krat�kog�EKG�za�pi�sa�ana�li-
zi�ra�ne�su�tri�kom�po�nen�te�spek�tra:�VLF�(very low fre-
qu ency�–�ve�o�ma�ni�ska�fre�kven�ci�ja),�LF�(low fre qu ency�
–�ni�ska�fre�kven�ci�ja)�i�HF�(high fre qu ency�–�vi�so�ka�
fre�kven�ci�ja)�(Ta�be�la�1).�Pr�vo�je�sni�man�EKG�za�pis�
du�ži�ne�128�QRS�kom�plek�sa�pri�spon�ta�nom�di�sa�wu�
bo�le�sni�ka,�a�po�tom�pri�spo�rom�i�du�bo�kom�di�sa�wu:�
bo�le�snik�le�ži�i�di�še�što�du�bqe,�br�zi�nom�od�šest�
re�spi�ra�ci�ja�u�mi�nu�ti�(0,1�Hz),�ta�ko�da�i�udah�i�iz�dah�
tra�ju�po�pet�se�kun�di.

Statistička obrada podataka

Re�zul�ta�ti�su�iz�ra�že�ni�kao�sred�wa�vred�nost�i�stan-
dard�na�de�vi�ja�ci�ja.�Od�me�to�da�ana�li�tič�ke�sta�ti�sti�ke�
u�ra�du�su�ko�ri�šće�ni�me�to�di�iden�ti�fi�ka�ci�je�em�pi-
rij�skih�ras�po�de�la�i�me�to�di�za�pro�ce�nu�zna�čaj�no�sti�
raz�li�ke:�Stu�den�tov�t-test�i�jed�no�fak�tor�ska�nu�me�ri-

TABELA 1.Ispitivaniparametrispektralneanalizevarijabilnostifrekvencijeradasrca.
TABLE 1. Analyzed heart rate variability parameters.

Parametar
Parameter

Jedinica
Unit

Pun naziv
Full name 

Opis
Description

Opseg
Range

VLF ms2 Vrloniskafrekvencija
Very low frequency

VarijansauVLFopsegu
Variance in VLF range 0.0160.04

LF ms2 Niskafrekvencija
Low frequency

VarijansauLFopsegu
Variance in LF range 0.040.15

HF ms2 Visokafrekvencija
High frequency

VarijansauHFopsegu
Variance in HF range 0.150.40

LF/HF  Odnosniskeivisokefrekvencije
Low/High frequency ratio LF [ms2] / HF [ms2] 

TABELA 2.Osnovneodlikeispitanika.
TABLE 2. Baseline characteristics of study population.

Odlika
Characteristic

Zdravi ispitanici
Healthy controls

Bolesnici
Patients

Broj
Number 14 51

Pol(m/ž)
Gender (male/female) 8/6 40/11

Starost(godine)
Age (years) 53.1±8.2 57.18±10.8

BMI (kg/m2) 27.2±3.2 26.8±4.0

čka�ana�li�za�va�ri�jan�se�(ANO VA).�Za�pro�ce�nu�zna�čaj-
no�sti�po�ve�za�no�sti�ko�ri�šćen�je�Pir�so�nov�(Pe ar son)�
ko�e�fi�ci�jent�li�ne�ar�ne�ko�re�la�ci�je.�Ka�ko�pa�ra�me�tri�
VFS�ima�ju�iz�ra�zi�to�ne�li�ne�ar�nu�di�stri�bu�ci�ju,�me�to-
di�pa�ra�me�tar�ske�sta�ti�stič�ke�ana�li�ze�pri�me�wi�va�ne�
su�u�is�pi�ti�va�wu�VFS�tek�po�sle�lo�ga�ri�tam�ske�tran-
sfor�ma�ci�je�po�da�ta�ka.

REZULTATI

Kliničke odlike ispitanika

Is�pi�ta�ni�ci�u�kon�trol�noj�gru�pi�i�bo�le�sni�ci�sa�IS�
bi�li�su�uskla�đe�ni�pre�ma�sta�ro�sti,�in�dek�su�te�le�sne�ma-
se�(BMI)�i�od�no�su�po�lo�va�(Ta�be�la�2).�Kli�ni�č�ke�od�li�ke�
bo�le�sni�ka�pri�ka�za�ne�su�u�ta�be�li�3.

Spektralna analiza VFS pri spontanom i  
dubokom disawu zdravih ispitanika

U�kon�trol�noj�gru�pi�is�pi�ta�ni�ka�VFS�se�po�ve�ća�va�
pri�du�bo�kom�di�sa�wu.�Vred�no�sti�LF�i�HF�pri�du�bo-
kom�di�sa�wu�su�sta�ti�stič�ki�zna�čaj�no�ve�će�u�od�no�su�
na�vred�no�sti�pri�spon�ta�nom�di�sa�wu�(LF�p<0,001;�HF�
p<0,001),�a�zna�čaj�no�se�po�ve�ća�va�i�LF/HF�(p=0,025). Naj-
ve�će�po�ve�ća�we�VFS�pri�du�bo�kom�di�sa�wu�be�le�ži�se�
u�LF�op�se�gu.�Po�ve�ća�we�VLF�pri�du�bo�kom�di�sa�wu�ni�je�
sta�ti�stič�ki�zna�čaj�no�(Ta�be�la�4).

Spektralna analiza VFS pri spontanom i 
dubokom disawu bolesnika sa IS

Bo�le�sni�ci�sa�IS�to�kom�du�bo�kog�di�sa�wa�zna�čaj�no�
po�ve�ća�va�ju�VFS�u�od�no�su�na�vred�no�sti�pri�spon�ta�nom�
di�sa�wu:�LF�(p<0,001),�HF�(p<0,001),�LF/HF�(p=0,031).�Sa-
mo�se�vred�nost�VLF�pri�du�bo�kom�di�sa�wu�zna�čaj�no�sma-
wu�je�(p=0,043)�(Ta�be�la�5).
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ju.�Pri�spon�ta�nom�di�sa�wu�VLF�je�sta�ti�stič�ki�ne�zna-
čaj�no�ma�wa�u�kon�trol�noj�gru�pi�u�od�no�su�na�bo�le�sni-
ke�sa�IS,�ali�pri�du�bo�kom�di�sa�wu�ova�raz�li�ka�po-
sta�je�sta�ti�stič�ki�zna�čaj�na�(p=0,019).�Pri�spon�ta�nom�
di�sa�wu�vred�no�sti�LF�zdra�vih�is�pi�ta�ni�ka�i�bo�le�sni-
ka�sa�IS�sta�ti�stič�ki�se�zna�čaj�no�ne�raz�li�ku�ju,�dok�
pri�du�bo�kom�di�sa�wu�raz�li�ka�u�LF�op�se�gu�iz�me�đu�gru-
pa�po�sta�je�sta�ti�stič�ki�vi�so�ko�zna�čaj�na�(p=0,001).�I�
raz�li�ka�u�HF�op�se�gu�ko�ja�po�sto�ji�iz�me�đu�gru�pa�is�pi-
ta�ni�ka�već�pri�spon�ta�nom�di�sa�wu�(p=0,001)�po�sta�je�
zna�čaj�ni�ja�pri�du�bo�kom�di�sa�wu�(p<0,001).�Vred�no�sti�
LF/HF�i�pri�spon�ta�nom�i�pri�du�bo�kom�di�sa�wu�su�ve-
će�kod�is�pi�ta�ni�ka�obo�le�lih�od�IS,�ali�ne�sta�ti�stič-
ki�zna�čaj�no.

Di�rekt�nim�po�re�đe�wem�pro�me�ne� (∆)�pa�ra�me�ta�ra�
VFS�(∆�=�vred�nost�pa�ra�me�tra�pri�du�bo�kom�di�sa�wu�
-�vred�nost�pa�ra�me�tra�pri�spon�ta�nom�di�sa�wu)�iz�me-
đu�kon�trol�ne�gru�pe�i�bo�le�sni�ka�uoča�va�se�da�su�vred-
no�sti�LF�i�HF�pri�du�bo�kom�di�sa�wu�zna�čaj�no�ma�we�
kod�bo�le�sni�ka�sa�IS�ne�go�kod�zdra�vih�is�pi�ta�ni�ka�
(p<0,001)�(Gra�fi�kon�1).

VFS pri spontanom i kontrolisanom  
disawu i funkcionalna klasa prema NYHA

Is�pi�tu�ju�ći�uti�caj�te�ži�ne�IS�na�VFS,�de�taq�no�je�
po�re�đen�VFS�pri�spon�ta�nom�i�kon�tro�li�sa�nom�di�sa-
wu�kod�zdra�vih�i�is�pi�ta�ni�ka�sa�IS,�ras�po�re�đe�nih�
pre�ma�funk�ci�o�nal�nim�kla�sa�ma�NYHA�(kon�trol�na�gru-
pa�pre�ma�NYHA I�pre�ma�NYHA II�pre�ma�NYHA III�pre-
ma�NYHA IV).�Re�zul�ta�ti�su�pri�ka�za�ni�na�gra�fi�ko�ni-
ma�2�i�3.

Sta�ti�stič�ki�zna�čaj�na�raz�li�ka�VLF�pri�spon�ta-
nom�di�sa�wu�za�be�le�že�na�je�iz�me�đu:�kon�trol�ne�gru�pe�
i�NYHA IV�(p=0,005),�NYHA I�i�NYHA IV�(p=0,006),�
NYHA II�i�NYHA IV�(p=0,010).�Pri�du�bo�kom�di�sa-
wu�sta�ti�stič�ki�zna�čaj�na�raz�li�ka�ili�gra�nič�no�zna-
čaj�na�raz�li�ka�VLF�za�be�le�že�na�je�iz�me�đu:�kon�trol�ne�
gru�pe�i�NYHA II�(p=0,049),�kon�trol�ne�gru�pe�i�NYHA 
III�(p=0,006),�kon�trol�ne�gru�pe�i�NYHA IV�(p=0,011),�
NYHA I�i�NYHA III�(p=0,050).

Sta�ti�stič�ki�zna�čaj�na�raz�li�ka�LF�pri�spon�ta�nom�
di�sa�wu�po�sto�ja�la�je�iz�me�đu:�kon�trol�ne�gru�pe�i�NYHA 

TABELA 5.Varijabilnostfrekvencijeradasrcaprispontanom
idubokomdisawubolesnika.
TABLE 5. Heart rate variability during spontaneous and deep breath-
ing in heart failure patients.

Parametar
Parameter

Spontano 
disawe

Spontaneous 
breathing

Duboko 
disawe

Deep 
breathing

p

Frekvencijaradasrca
Heart rate frequency 72.29±13.12 73.06±13.16 0.158

VLF* (ms2) 31.80±34.66 24.98±37.11 0.043

LF* (ms2) 26.09±35.08 96.43±96.77 <0.001

HF* (ms2) 11.51±19.15 40.64±63.04 <0.001

LF/HF* 3.89±4.18 6.41±5.92 0.031

Rezultatisuizraženikaosredwavrednost±standardnadevijacijaori
ginalnihpodataka.
*prethodnoizvršenalogaritamskatransformacijapodataka;p–vero
vatnoća
Results are expressed as a mean value ± standard deviation of original data. 
* previously performed logarithmic transformation of data; p - probability

TABELA 3.Kliničkeosobineispitivanihbolesnika.
TABLE 3. Clinical characteristics of study patients.

Parametar
Parameter

Bolesnici
Patients

Dilatacionakardiomiopatija
Dilated cardiomyopathy 21(42%)

Ishemijskakardiomiopatija
Ischemic cardiomyopathy 30(58%)

Infarktmiokarda
Myocardial infarction 18(35.3%)

Arterijskahipertenzija
Arterial hypertension 31(60.8%)

Aortokoronarnibajpas
Aortocoronary artery bypass surgery 5(9.8%)

Dijabetesmelitustip2
Type 2 Diabetes Mellitus 9(17.6%)

Trajawepopuštawasrca(meseci)
Heart failure duration (months) 48.3±35.6

NYHA I/II/III/IV 11/27/7/6

Ehokardiografskastudija
Echocardiographic study

LV EF (%) 34.6±10.0
EDD (mm) 6.6±0.8
ESD (mm) 5.3±1.1

Terapija
Therapy

Digoksin
Digoxin 17(33%)

Diuretik
Diuretic 36(70%)

ACEinhibitor
ACE inhibitor 43(85%)

Betablokator
Beta-blocker 30(58%)

NYHA–New York Heart Association;LV EF–ejekcionafrakcijaleve
komore;EDD–dimenzijalevekomorenakrajudijastole;ESD–di
menzijalevekomorenakrajusistole

NYHA – New York Heart Association; LV EF – left ventricle ejection frac-
tion; EDD – end-diastolic dimension; ESD – end-systolic dimension

TABELA 4.Varijabilnostfrekvencijeradasrcaprispontanom
idubokomdisawuukontrolnojgrupi.
TABLE 4. Heart rate variability during spontaneous and deep breath-
ing in healthy control.

Parametar
Parameter

Spontano 
disawe

Spontaneous 
breathing

Duboko 
disawe

Deep 
breathing

p

Frekvencijaradasrca
Heart rate frequency 62.14±6.94 65.35±8.89 0.102

VLF* (ms2) 41.92±38.22 60.85±76.34 0.629
LF* (ms2) 50.71±61.55 551.14±698.01 <0.001
HF* (ms2) 31.42±29.98 188.78±242.74 <0.001
LF/HF* 1.46±0.61 4.21±3.23 0.025

Rezultatisuizraženikaosredwavrednost±standardnadevijacijaori
ginalnihpodataka.
*prethodnoizvršenalogaritamskatransformacijapodataka;p–vero
vatnoća
Results are expressed as a mean value ± standard deviation of original data. 
* previously performed logarithmic transformation of data; p - probability

Razlike u VFS pri spontanom i dubokom  
disawu između zdravih i ispitanika sa IS

Di�rekt�nim�po�re�đe�wem�VFS�kon�trol�ne�gru�pe�i�bo-
le�sni�ka�(Gra�fi�kon�1)�uoča�va�se�da�je�ve�ći�na�pa�ra�me-
ta�ra�VFS,�ka�ko�pri�spon�ta�nom,�ta�ko�i�pri�du�bo�kom�
di�sa�wu,�ve�ća�kod�zdra�vih�oso�ba.�Pri�spon�ta�nom�di�sa-
wu�VFS�kon�trol�ne�gru�pe�i�bo�le�sni�ka�sa�IS�zna�čaj-
no�se�raz�li�ku�je�sa�mo�u�HF�op�se�gu,�dok�se�du�bo�kim�di-
sa�wem�raz�li�ke�iz�me�đu�zdra�vih�i�bo�le�snih�pro�du�bqu-
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GRAFIKON 1.Poređewevarijabilnostifrekvencijeradasrcaprispontanomidubokomdisawuizmeđuispitanikakontrolnegrupe
ibolesnikasishemijomsrca.
GRAPH 1. Heart rate variability during spontaneous and deep breathing in healthy controls and heart failure patients.

VLF–veomaniskafrekvencija;LF–niskafrekvencija;HF–visokafrekvencija
VLF – very low frequency; LF – low frequency; HF – high frequency
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GRAFIKON 2.Varijabilnostfrekvencijeradasrcaprispontanomidubokomdisawuzdravihispitanikaibolesnikaraspoređenih
premafunkcionalnimklasamaNYHA.
GRAPH 2. Heart rate variability during spontaneous and deep breathing in healthy controls and heart failure patients classified in NYHA function-
al classes.

VLF–veomaniskafrekvencija;LF–niskafrekvencija;HF–visokafrekvencija
VLF – very low frequency; LF – low frequency; HF – high frequency
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III�(p=0,007),�kon�trol�ne�gru�pe�i�NYHA IV�(p=0,003),�
NYHA I�i�NYHA IV�(p=0,037),�NYHA II�i�NYHA III�
(p=0,012),�NYHA II�i�NYHA IV�(p=0,005).�Pri�du�bo�kom�
di�sa�wu�zna�čaj�na�ili�gra�nič�no�zna�čaj�na�raz�li�ka�u�LF�
op�se�gu�utvr�đe�na�je�iz�me�đu:�kon�trol�ne�gru�pe�i�NYHA 
I�(p=0,031),�kon�trol�ne�gru�pe�i�NYHA II�(p=0,006),�kon-
trol�ne�gru�pe�i�NYHA III�(p<0,001),�kon�trol�ne�gru�pe�
i�NYHA IV�(p<0,001),�NYHA I�i�NYHA III�(p=0,056),�
NYHA I�i�NYHA IV�(p=0,002),�NYHA II�i�NYHA III�
(p=0,031),�NYHA II�i�NYHA IV�(p=0,001),�NYHA III�i�
NYHA IV�(p=0,071).

Sta�ti�stič�ki�zna�čaj�na�raz�li�ka�vred�no�sti�HF�pri�
spon�ta�nom�di�sa�wu�za�be�le�že�na�je�iz�me�đu:�kon�trol�ne�
gru�pe�i�NYHA II�(p=0,013),�kon�trol�ne�gru�pe�i�NYHA 
III�(p<0,001),�kon�trol�ne�gru�pe�i�NYHA IV�(p=0,013),�
NYHA I�i�NYHA III�(p=0,031),�NYHA II�i�NYHA III�
(p=0,019).�Pri�du�bo�kom�di�sa�wu�za�be�le�že�na�je�sta�ti-
stič�ki�zna�čaj�na�raz�li�ka�za�HF�iz�me�đu:�kon�trol�ne�gru-
pe�i�NYHA I�(p=0,011),�kon�trol�ne�gru�pe�i�NYHA II�
(p=0,005),�kon�trol�ne�gru�pe�i�NYHA III�(p<0,001),�kon-
trol�ne�gru�pe�i�NYHA IV�(p=0,031).

Sta�ti�stič�ki�zna�čaj�na�raz�li�ka�za�LF/HF�pri�spon-
ta�nom�di�sa�wu�utvr�đe�na�je�iz�me�đu:�kon�trol�ne�gru�pe�
i�NYHA II�(p=0,016),�NYHA I�i�NYHA IV�(p=0,016),�
NYHA II�i�NYHA IV�(p=0,002).�Sta�ti�stič�ki�zna�čaj�na�
raz�li�ka�za�LF/HF�pri�du�bo�kom�di�sa�wu�za�be�le�že�na�je�
iz�me�đu:�kon�trol�ne�gru�pe�i�NYHA IV�(p=0,036),�NYHA 
I�i�NYHA IV�(p=0,009),�NYHA II�i�NYHA IV�(p=0,015),�
NYHA III�i�NYHA IV�(p=0,005).

VFS i ehokardiografski procewena  
funkcija leve komore

Po�ve�za�nost�pa�ra�me�ta�ra�VFS�i�ejek�ci�o�ne�frak�ci-
je�le�ve�ko�mo�re�(EF)�bo�le�sni�ka�sa�IS�is�pi�ta�na�je�me-
to�dom�li�ne�ar�ne�ko�re�la�ci�je.�Za�be�le�že�na�je�gra�nič�no�
zna�čaj�na,�od�no�sno�sta�ti�stič�ki�zna�čaj�na�po�zi�tiv�na�

ko�re�la�ci�ja�EF�sa�VLF�(r=0,256;�p=0,059),�LF�(r=0,295;�
p=0,029)�i�HF�(r=0,264;�p=0,051)�sa�mo�pri�spon�ta�nom�
di�sa�wu.�Pri�du�bo�kom�di�sa�wu�ni�je�po�sto�ja�la�zna�čaj�na�
ko�re�la�ci�ja�iz�me�đu�EF�i�pa�ra�me�ta�ra�VFS.

DISKUSIJA

Re�zul�ta�ti�ove�stu�di�je�po�tvr�đu�ju�pret�hod�na�za�pa�ža-
wa�da�je�VFS�bo�le�sni�ka�sa�IS�sma�we�na�u�od�no�su�na�
zdra�ve�is�pi�ta�ni�ke�u�svim�op�se�zi�ma�spek�tra�i�da�sma-
we�we�VFS�na�pre�du�je�sa�pro�gre�si�jom�bo�le�sti�[12].

Značaj ritma disawa na procenu  
VFS bolesnika sa IS

Iz�lo�že�ni�re�zul�ta�ti�po�tvr�đu�ju�zna�čaj�rit�ma�di�sa-
wa�na�pro�ce�nu�VFS�i�u�skla�du�su�sa�po�da�ci�ma�iz�li-
te�ra�tu�re.�Pro�ce�we�no�je�da�oko�60%�bo�le�sni�ka�sa�IS�
pri�spon�ta�nom�di�sa�wu�u�bud�nom�sta�wu�ima�ne�pra�vi-
lan�ri�tam�di�sa�wa;�to�je�pe�ri�o�dič�no�di�sa�we�ili�Čej-
ni-Stok�so�vo�(Cheyne-Sto kes)�di�sa�we�[8-10].�Ne�pra�vil-
no�di�sa�we�sna�žno�uti�če�na�VFS.�Po�ka�za�no�je�da�se�
kon�tro�li�sa�nim�di�sa�wem,�fre�kven�ci�jom�od�15�re�spi-
ra�ci�ja�u�mi�nu�ti,�kod�ovih�bo�le�sni�ka�sa�IS�dra�ma�tič-
no�sma�wu�je�VLF�[8].�Uti�caj�rit�ma�di�sa�wa�na�prog�no-
stič�ki�zna�čaj�VFS�kod�bo�le�sni�ka�sa�pre�le�ža�nim�in-
fark�tom�mi�o�kar�da�je�va�žan�[13].�Ita�li�jan�ska�gru�pa�
auto�ra�je�po�ka�za�la�da�je�LF�ma�wa�od�13�ms2�pri�kon-
tro�li�sa�nom�di�sa�wu�(12-15�re�spi�ra�ci�o�nih�ci�klu�sa�u�
mi�nu�ti),�iz�ra�ču�na�ta�iz�osam�mi�nu�ta�EKG�za�pi�sa,�sna-
žan�ne�za�vi�san�pre�dik�tor�na�pra�sne�sr�ča�ne�smr�ti�bo-
le�sni�ka�sa�IS�[14].

Is�pi�ti�va�we�me�đu�grup�nih�raz�li�ka�VFS�pri�spon-
ta�nom�i�pri�du�bo�kom�di�sa�wu�u�okvi�ru�na�še�stu�di-
je�po�ka�za�lo�je�da�raz�li�ke�u�VFS�ko�je�po�sto�je�iz�me�đu�
NYHA�kla�sa�pri�spon�ta�nom�di�sa�wu�pri�du�bo�kom�po-

GRAFIKON 3.OdnosLFiHF(LF/HF)prispontanomidubokomdisawuzdravihispitanikaibolesnikaraspoređenihpremafunkcional
nimklasamaNYHA.
GRAPH 3. Ratio LF/HF during spontaneous and deep breathing in healthy controls and heart failure patients classified in NYHA functional classes.
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sta�ju�iz�ra�zi�ti�je,�oštri�je.�Me�đu�grup�ne�raz�li�ke�u�pa�ra-
me�tri�ma�ko�je�ni�su�bi�le�zna�čaj�ne�pri�spon�ta�nom�di�sa-
wu�pri�du�bo�kom�po�sta�ju�zna�čaj�ne.�U�okvi�ru�na�še�stu-
di�je,�na�osno�vu�ce�lo�kup�ne�ana�li�ze�VFS,�kom�po�nen�ta�
LF�se�pri�du�bo�kom�di�sa�wu�iz�dvo�ji�la�kao�naj�o�se�tqi�vi-
ja�u�raz�li�ko�va�wu�IS�raz�li�či�te�te�ži�ne.

Patofiziološko objašwewe promena VFS  
pri kontrolisanom disawu

Uvi�dom�u�na�ma�do�stup�nu�li�te�ra�tu�ru,�ovo�je�pr�va�stu-
di�ja�ko�ja�je�po�ka�za�la�da�se�VFS�i�kod�zdra�vih�is�pi�ta-
ni�ka�i�kod�bo�le�sni�ka�sa�IS�po�ve�ća�va�pri�spo�rom�i�
du�bo�kom�di�sa�wu�od�0,1�Hz�(šest�re�spi�ra�ci�ja�u�mi�nu-
ti),�a�da�je�po�ve�ća�we�naj�vi�še�iz�ra�že�no�u�LF�op�se�gu.�Po-
ve�ća�we�ukup�nog�VFS�pri�du�bo�kom�di�sa�wu�je�oče�ki�va-
no,�jer�se�du�bo�kim�di�sa�wem�sti�mu�li�še�pa�ra�sim�pa�ti-
kus,�dok�po�ve�ća�we�pa�ra�sim�pa�tič�kog�to�nu�sa�po�ve�ća�va�
ukup�nu�VFS�[15-17].�Me�đu�tim,�skok�vred�no�sti�VFS�u�
LF�op�se�gu�je�neo�če�ki�van�i�ni�je�u�sa�gla�sno�sti�sa�kla�sič-
nim�shva�ta�wem�kom�po�nen�te�LF�kao�po�ka�za�te�qa�pre�vas-
hod�no�sim�pa�tič�kog�to�nu�sa�[5].�Mo�gu�ća�su�tri�ob�ja�šwe-
wa�po�ve�ća�wa�LF�pri�spo�rom�i�du�bo�kom�di�sa�wu.�Pr�vo,�
po�ka�za�no�je�da�je�u�na�sta�nak�osci�la�ci�ja�fre�kven�ci�je�
ra�da�sr�ca�pri�du�bo�kom�di�sa�wu�ukqu�čen�ba�ro�re�flek-
sni�me�ha�ni�zam,�i�to�ne�sa�mo�va�gu�sni�efe�rent�ni�deo,�
već�i�sim�pa�tič�ki�efe�rent�ni�deo�[17].�Dru�go,�po�ka�za-
no�je�da�osci�la�ci�je�RR�in�ter�va�la�u�LF�op�se�gu�na�sta�ju�
kao�re�zo�nan�ti�fe�no�men�spo�re�kon�tro�le�sim�pa�tič�ke�
pe�tqe�ba�ro�re�flek�sa�u�od�go�vo�ru�na�pro�me�ne�krv�nog�
pri�ti�ska�sa�sva�kim�ot�ku�ca�jem�sr�ca�[18].�Sma�tra�se�da�
sen�zi�tiv�nost�ba�ro�re�flek�sa�uti�če�i�na�ve�li�či�nu�LF�
[18-20].�Ber�nar�di�(Ber nar di)�i�sa�rad�ni�ci�[21,�22]�su�po-
ka�za�li�da�spo�ro�di�sa�we�(šest�re�spi�ra�ci�o�nih�ci�klu-
sa�u�mi�nu�ti)�po�ve�ća�va�ba�ro�re�flek�snu�sen�zi�tiv�nost�
i�kod�zdra�vih�oso�ba�i�kod�bo�le�sni�ka�sa�IS.�Ako�spo-
ro�i�du�bo�ko�di�sa�we�po�ve�ća�va�ba�ro�re�flek�snu�sen�zi-
tiv�no�sti�(a�ona�ima�jak�uti�caj�na�na�sta�nak�LF),�mo�že�
se�oče�ki�va�ti�da�se�pri�spo�rom�i�du�bo�kom�di�sa�wu�LF�
po�ve�ća�va,�što�su�po�ka�za�li�i�re�zul�ta�ti�na�še�stu�di�je.�
Tre�će�ob�ja�šwe�we�sko�ka�vred�no�sti�LF�pri�du�bo�kom�i�
spo�rom�di�sa�wu�mo�že�bi�ti�fre�kven�ci�ja�ko�jom�su�is-
pi�ta�ni�ci�di�sa�li�u�na�šoj�stu�di�ji�to�kom�kon�tro�li�sa-
nog�udi�sa�wa�i�iz�di�sa�wa.�Fre�kven�ci�ja�di�sa�wa�od�0,1�
Hz�na�la�zi�se�u�LF�fre�kvent�nom�op�se�gu�(0,04-0,15�Hz),�
te�se�mo�že�pret�po�sta�vi�ti�da�se�am�pli�tu�da�kar�di�o�re-
spi�ra�ci�o�nih�osci�la�ci�ja,�ko�je�po�sto�je�već�pri�spon-
ta�nom�di�sa�wu,�sa�spo�rim�di�sa�wem�po�ja�ča�va�po�prin-
ci�pu�re�zo�nan�ci�je.

U�na�šoj�stu�di�ji�pro�me�ne�VFS�pri�du�bo�kom�di�sa-
wu�i�kod�bo�le�sni�ka�sa�IS�i�u�kon�trol�noj�gru�pi�istog�
su�sme�ra,�osim�kom�po�nen�te VLF.�Dok�kod�zdra�vih�is-
pitanika�vred�nost�VLF�pri�du�bo�kom�di�sa�wu�ima�ten-
den�ci�ju�po�ve�ća�wa,�kod�bo�le�sni�ka�sa�IS�ona�se�zna�čaj-
no�sma�wu�je.�Ovi�re�zul�ta�ti�su�u�sa�gla�sno�sti�sa�već�po-
me�nu�tim�re�zul�ta�ti�ma�iz�li�te�ra�tu�re�[8]�i�ob�ja�šwa�va-
ju�se�eli�mi�na�ci�jom�ne�pra�vil�nog�di�sa�wa,�ko�je�je�če�sto�
kod�bo�le�sni�ka�sa�IS.�U�okvi�ru�na�šeg�is�pi�ti�va�wa,�
pri�du�bo�kom�di�sa�wu�i�kod�zdra�vih�i�is�pi�ta�ni�ka�sa�
IS�od�nos�LF�i�HF�se�po�ve�ća�va.�Ovaj�na�laz�je�po�sle�di-
ca�ve�ćeg�po�ra�sta�vred�no�sti�LF�pri�du�bo�kom�di�sa�wu�
ne�go�po�ve�ća�wa�HF.

Uticaj težine IS na VFS  
pri kontrolisanom disawu

Ana�li�za�VFS�pri�spon�ta�nom�i�du�bo�kom�di�sa�wu�iz-
me�đu�NYHA�kla�sa�su�ge�ri�še�da�se�uti�caj�te�ži�ne�IS�na�
VFS�pri�du�bo�kom�di�sa�wu�ogle�da�u:�sma�we�wu�bro�ja�va-
ri�ja�bli�VFS�ko�je�bo�le�sni�ci�sa�na�pre�do�va�wem�IS�mo-
gu�da�pro�me�ne�du�bo�kim�di�sa�wem�i�sma�we�wu�ve�li�či�ne�
pro�me�ne�(∆)�va�ri�ja�bli�VFS�pri�du�bo�kom�di�sa�wu.�Ta-
ko�se�kod�bo�le�sni�ka�NYHA I�i�NYHA II�kla�se�pri�du�bo-
kom�di�sa�wu�zna�čaj�no�po�ve�ća�la�vred�nost�LF�i�HF,�dok�
se�kod�zdra�vih�is�pi�ta�ni�ka�zna�čaj�no�po�ve�ćao�i�LF/HF.�
Kod�bo�le�sni�ka�NYHA III�kla�se�zna�čaj�no�su�se�po�ve�ća-
le�sa�mo�vred�no�sti�LF,�dok�se�kod�bo�le�sni�ka�NYHA IV�
kla�se�ni�su�zna�čaj�no�me�wa�le�vred�no�sti�ni�jed�nog�pa�ra-
me�tra�VFS.�Ovi�re�zul�ta�ti�upu�ću�ju�na�pro�gre�siv�no�
sma�we�we�mo�ći�pa�ra�sim�pa�tič�ke�mo�du�la�ci�je�fre�kven-
ci�je�ra�da�sr�ca�sa�na�pre�do�va�wem�IS�i�u�skla�du�su�sa�
re�zul�ta�ti�ma�ita�li�jan�skih�is�tra�ži�va�ča�o�pro�gre�siv-
nom�sma�we�wu�(„otu�pe�lo�sti”)�kar�di�o�va�sku�lar�nih�re-
flek�sa�sa�na�pre�do�va�wem�bo�le�sti�[23-26].

ZAKQUČAK

Na�osno�vu�do�bi�je�nih�re�zul�ta�ta�mo�že�se�za�kqu�či�ti�
da�kon�tro�li�sa�no�di�sa�we�uti�če�na�VFS�i�kod�zdra�vih�
oso�ba�i�kod�bo�le�sni�ka�sa�IS.�Du�bo�kim�i�spo�rim�di-
sa�wem�po�ve�ća�va�se�VFS,�a�naj�vi�še�u�LF�op�se�gu.�Pro-
me�ne�VFS�iza�zva�ne�kon�tro�li�sa�nim�di�sa�wem�kod�bo-
le�sni�ka�sa�IS�ma�we�su�iz�ra�že�ne�ne�go�kod�zdra�vih�is-
pi�ta�ni�ka,�a�sa�na�pre�do�va�wem�bo�le�sti�se�i�da�qe�sma-
wu�ju.�Kom�po�nen�ta�LF�pri�du�bo�kom�di�sa�wu�iz�dva�ja�se�
kao�naj�o�se�tqi�vi�ji�pa�ra�me�tar�VFS�u�raz�li�ko�va�wu�ste-
pe�na�IS.
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Introduction  Autonomic dysfunction is present early in the 
course of heart failure, and has a direct role on deterioration 
of cardiac function and prognosis. Heart rate variability (HRV) 
estimates sympathovagal control of heart frequency. The 
influence of respiratory pattern on HRV is clinically important. 
Breathing disorders are common in heart failure and highly 
affect HRV and autonomic evaluation. It was previously shown 
that slow and deep breathing increased parasympathetic tone, 
but effects of this respiratory pattern on HRV were not evalu-
ated.

Objective  The aim of the study was to estimate effects of slow 
and deep breathing (SDB) on HRV in heart failure patients.

Method  In 55 patients with heart failure (78% male, mean age 
57.18±10.8 yrs, mean EF=34.12±10.01%) and 14 healthy controls 
(57.1% male, mean age 53.1±8.2 yrs), short term HRV spectral 
analysis was performed (Cardiovit AT 60, Schiller). VLF, LF, HF 
and LF/HF were determined during spontaneous and deep 
and slow breathing at 0.1 Hz (SDB).

Results  LF, HF and LF/HF significantly increased during SDB 
compared with spontaneous breathing both in controls (LF 
50.71±61.55 vs. 551.14±698.01 ms2, p<0.001; HF 31.42±29.98 
vs.188.78±142.74 ms2, p<0.001 and LF/HF 1.46±0.61 vs. 
4.21±3.23, p=0.025) and heart failure patients (LF 27.37±36.04 
vs. 94.50±96.13 ms2, p<0.001; HF 12.13±19.75 vs. 41.58±64.02 
ms2, p<0.001 and LF/HF 3.77±3.79 vs. 6.38±5.98, p=0.031). Incre-

ments of LF and HF induced by SDB were significantly low-
er in patients than healthy controls. Heart failure patients had 
lower HRV compared to healthy controls both during spon-
taneous breathing and SDB. During spontaneous breathing, 
only HF was significantly lower between healthy controls and 
patients (p=0.002). During SDB VLF (p=0.022), LF (p<0.001) and 
HF (p<0.001) were significantly lower in heart failure patients 
compared to controls.

Conclusion  These data suggest that SDB increases HRV both 
in healthy and heart failure patients; the highest increment 
is in LF range. Differences in spectral profile of HRV between 
healthy controls and heart failure patients become more pro-
found during SDB. Controlled respiration during HRV analysis 
might increase sensitivity and reliability in detection of auto-
nomic dysfunction in heart failure patients.

Key words: heart failure; heart rate variability; controlled respi-
ration
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