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PROGNOSTIČKI ZNAČAJ PROMENE DISPERZIJE  
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KRATAK SADRŽAJ
Uvod  PrognostičkiznačajpromeneQTcdisperzijetokomtestafizičkimopterećewem(TFO)kodbolesnikashiper
trofijommiokardalevekomorenijedovoqnoispitan.
Ciq rada  CiqstudijejebiodaseispitadinamikadisperzijeQTcintervalakodbolesnikashipertrofijommio
kardalevekomoretokomizvođewaTFOiutvrdiwenprognostičkiznačajnaosnovupetogodišwegispitivawa.
Metod rada  Uistraživawejeukqučeno55muškaraca(starihuproseku53godine)shipertenzivnomhipertrofi
jomlevekomoreinegativnimrezultatomnaTFO(grupa1),20muškaraca(starihuproseku58godina)shipertenziv
nomhipertrofijomlevekomoreipozitivnimrezultatomnaTFO(grupa2)i20zdravihispitanika(starihuprose
ku55godina).Indeksmaselevekomoresenijestatističkirazlikovaoizmeđugrupa1i2(160,9±14,9g/m2i152,8±22,7
g/m2).PrviEKGjeurađenpre,adrugiposleTFOiizračunatajedisperzijaQTcintervala.Nastanakkardiovaskular
nihdogađajauispitivanimgrupamabeleženjetokompetogodišwegperioda.
Rezultati  TokomizvođewaTFOdisperzijaQTcintervalaseznačajnopovećalakodispitanikagrupe2(56,8±18,0ms
i76,7±22,6ms;p<0,001).UtvrđenajestatističkiznačajnakorelacijaizmeđudubineSTdepresijenakrajuTFOidis
perzijeQTcintervalanaelektrokardiogramupreizvođewaTFOiposlewega(r=0,673ir=0,698;p<0,01).Ugrupi1
kod35bolesnika(63,6%)došlojedopovećawadisperzijeQTcintervala,akod20bolesnika(36,4%)dosmawewaQTc
disperzijetokomizvođewaTFO.Tribolesnika(5,4%)grupe1suimalanežeqenekardiovaskularnedogađajetokom
petgodinanadgledawa.Ukqučivawemstarostiispitanika,indeksamaselevekomore,QTcintervala,QTcdisperzije
ipromenuQTcdisperzijeumodelmultivarijantnelinearnetzv.step wi seregresioneanalizenijedokazanpetogodi
šwiprognostičkiznačajQTcintervalaidisperzijeQTcintervalakodispitanikagrupe1,alijedokazanzaindeks
maselevekomore(koeficijentβ=0,480;p<0,001).
Zakqučak  PovećawedisperzijeQTcintervalajavqasekodmuškaracaspozitivnimrezultatomnaTFOzaishemiju
miokardaikorelirasveličinomdepresijeSTsegmenta.PovećawedisperzijeQTcintervalakodbolesnikashiper
trofijomlevekomoreinegativnimrezultatomnaTFOzaishemijumiokardanemaprognostičkiznačajzanepovoqne
kardiovaskularnedogađajetokompetogodišwegperioda,štobitrebaloproveritinavećembrojuispitanika.

Kqučne reči:disperzijaQTcintervala;hipertrofija;levakomora;hipertenzija;ishemijamiokarda

UVOD

Pro�du�že�ni�QT�in�ter�val�ko�ri�go�van�fre�kven�ci�jom�
ra�da�sr�ca�(QTc�in�ter�val)�sma�tra�se�po�ka�za�te�qem�ne
rav�no�mer�ne�sim�pa�tič�ke�ak�tiv�no�sti�u�sr�cu,�a�za�po
sle�di�cu�ima�ni�ži�prag�ven�tri�ku�lar�ne�fi�bri�la�ci
je.�On�ob�u�hva�ta�vre�me�de�po�la�ri�za�ci�je�i�re�po�la�ri�za
ci�je.�U�osno�vi,�reč�je�o�ne�rav�no�mer�nom�opo�rav�ku�eks
ci�ta�bil�no�sti�mi�o�kar�da.

Dis�per�zi�ja�QTc�in�ter�va�la�je�no�vi�ji�po�ka�za�teq�lo
še�prog�no�ze�sta�wa�oso�ba�s�kar�di�o�va�sku�lar�nim�obo
qe�wi�ma,�ko�ji�se�is�pi�tu�je�ne�što�vi�še�od�jed�ne�i�po�
de�ce�ni�je.�Na�osno�vu�re�zul�ta�ta�ve�li�kog�bro�ja�stu�di
ja�po�zna�to�je�da�je�dis�per�zi�ja�QTc�in�ter�va�la�ve�ća�kod�
bo�le�sni�ka�s�is�he�mi�jom,�in�fark�tom,�fi�bro�zom�i�di
la�ta�ci�jom�mi�o�kar�da,�bo�le�sni�ka�s�auto�nom�nom�dis
funk�ci�jom,�kao�i�oso�ba�s�ra�znim�dru�gim�bo�le�sti
ma.�Dej�(Day)�i�sa�rad�ni�ci�[1]�su�1990.�go�di�ne�ob�ja�vi
li�pr�va�za�pa�ža�wa�o�mo�gu�ćem�zna�ča�ju�dis�per�zi�je�QT�
in�ter�va�la�u�na�stan�ku�ven�tri�ku�lar�nih�arit�mi�ja.�Bar�
(Ba rr)�i�sa�rad�ni�ci�[2]�su�1994.�go�di�ne�pr�vi�is�ta�kli�

prog�no�stič�ki�zna�čaj�dis�per�zi�je�QTc�in�ter�va�la,�po
ka�zav�ši�da�bo�le�sni�ci�s�in�su�fi�ci�jen�ci�jom�sr�ca�i�
dis�per�zi�jom�QTc�in�ter�va�la�ve�ćom�od�100�ms�ima�ju�
lo�šu�prog�no�zu.

Pro�du�žen�QTc�in�ter�val�i�po�ve�ća�na�QTc�dis�per�zi
ja�udru�že�ni�su�s�ve�ćim�mor�ta�li�te�tom�kod�bo�le�sni
ka�s�ko�ro�nar�nom�bo�le�šću,�in�fark�tom�mi�o�kar�da�i�si
stol�nom�dis�funk�ci�jom�[3].�Me�đu�tim,�prog�no�stič�ki�
zna�čaj�pro�me�ne�QTc�in�ter�va�la�i�QTc�dis�per�zi�je�to
kom�te�sta�fi�zič�kim�op�te�re�će�wem�(TFO)�kod�bo�le
sni�ka�s�ar�te�rij�skom�hi�per�ten�zi�jom�još�ni�je�do�voq
no�po�znat.

CIQ RADA

Ciq�ra�da�je�bio�da�se�is�pi�ta�di�na�mi�ka�dis�per�zi
je�QTc�in�ter�va�la�kod�bo�le�sni�ka�s�hi�per�tro�fi�jom�mi
o�kar�da�le�ve�ko�mo�re�to�kom�iz�vo�đe�wa�TFO�i�utvr�di�
wen�prog�no�stič�ki�zna�čaj�na�osno�vu�pe�to�go�di�šweg�
is�pi�ti�va�wa.
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METOD RADA

U�is�tra�ži�va�we�je�ukqu�če�no�55�mu�ška�ra�ca�s�esen
ci�jal�nom�ar�te�rij�skom�hi�per�ten�zi�jom�i�hi�per�tro�fi
jom�le�ve�ko�mo�re,�ko�ji�su�či�ni�li�gru�pu�1.�Dru�ga�gru�pa�
is�pi�ta�ni�ka�je�for�mi�ra�na�na�osno�vu�de�mo�graf�skih�i�
eho�kar�di�o�graf�skih�pa�ra�me�ta�ra�is�pi�ta�ni�ka�gru�pe�1�
ko�ji�su�ima�li�po�zi�ti�van�re�zul�tat�na�TFO�za�is�he�mi
ju�mi�o�kar�da�(20�mu�ška�ra�ca�sa�de�pre�si�jom�ST�seg�men�ta�
ve�ćom�od�1�mm).�Is�pi�ta�ni�ci�gru�pa�1�i�2�se�ni�su�me
đu�sob�no�sta�ti�stič�ki�raz�li�ko�va�li�u�po�gle�du�sta�ro
sti,�24ča�sov�nih�vred�no�sti�krv�nog�pri�ti�ska,�in�dek
sa�ma�se�le�ve�ko�mo�re�i�ejek�ci�o�ne�frak�ci�je�le�ve�ko�mo
re�(Ta�be�la�1).�Kon�trol�nu�gru�pu�je�či�ni�lo�20�mu�ška
ra�ca�kod�ko�jih�ni�su�di�jag�no�sti�ko�va�ne�kar�di�o�va�sku
lar�ne�bo�le�sti.�Kod�svih�is�pi�ta�ni�ka�su�ura�đe�ni�kli
nič�ki�pre�gled,�la�bo�ra�to�rij�sko�is�pi�ti�va�we,�elek�tro
kar�di�o�gram,�24ča�sov�no�am�bu�la�tor�no�be�le�že�we�krv
nog�pri�ti�ska�(Del Mar Avi o nics, Ir vi ne, Ca li for nia, USA),�
eho�kar�di�o�gram�i�TFO.

Eho�kar�di�o�gram�je�do�bi�jen�po�mo�ću�apa�ra�ta�Acu som 
Se qu o ia,�a�me�re�we�su�oba�vi�la�dva�ne�za�vi�sna�is�pi�ti
va�ča.�Po�tom�je�uze�ta�pro�seč�na�vred�nost�pa�ra�me�ta�ra�
za�iz�ra�ču�na�va�we�ma�se�le�ve�ko�mo�re�i�in�dek�sa�ma�se�le
ve�ko�mo�re.�Me�re�we�je�vr�še�no�po�Pe�no�voj�(Penn)�kon
ven�ci�ji,�a�ma�sa�le�ve�ko�mo�re�je�iz�ra�ču�na�ta�po�De�ve�ro–
Raj�če�ko�voj�(De ve re ux-Re ic hek)�for�mu�li.�In�deks�ma
se�je�iz�ra�ču�nat�de�qe�wem�ma�se�le�ve�ko�mo�re�te�le�snom�
po�vr�ši�nom.�Po�sto�ja�we�hi�per�tro�fi�je�le�ve�ko�mo�re�je�
pod�ra�zu�me�va�lo�in�deks�ma�se�le�ve�ko�mo�re�ko�ji�je�jed
nak�sa�134�g/m2�ili�ve�ći�od�te�vred�no�sti.

Iz� 24ča�sov�nog� am�bu�la�tor�nog� be�le�že�wa� krv�nog�
pri�ti�ska�uze�te�su�pro�seč�ne�vred�no�sti�si�stol�nog�i�
di�ja�stol�nog�krv�nog�pri�ti�ska�to�kom�24�ča�sa.

TFO�je�pri�me�wen�pre�ma�stan�dard�nom�Bru�so�vom�
(Bru ce)�pro�to�ko�lu�na�po�kret�noj�tra�ci�do�sub�mak�si

mal�ne�fre�kven�ci�je�ra�da�sr�ca,�do�na�stan�ka�is�he�mi�je�
(pro�du�bqe�we�ST�de�pre�si�je�ve�će�od�2�mm),�slo�že�nih�
po�re�me�ća�ja�rit�ma�ra�da�sr�ca,�iz�ra�zi�tog�za�mo�ra�ili�
po�ve�ća�wa�si�stol�nog�krv�nog�pri�ti�ska�pre�ko�250�mm 
Hg.�TFO�je�ura�đen�dva�da�na�po�sle�iz�o�sta�vqa�wa�re�dov
ne�te�ra�pi�je.�Kod�bo�le�sni�ka�s�is�he�mi�jom�mi�o�kar�da�to
kom�is�tra�ži�va�wa�ura�đe�na�je�ko�ro�nar�na�an�gi�o�gra�fi
ja.�Iz�is�tra�ži�va�wa�su�is�kqu�če�ni�bo�le�sni�ci�kod�ko
jih�su�za�be�le�že�ne�pro�me�ne�u�ST�seg�men�tu�i�T�ta�la�su�
na�osnov�nom�elek�tro�kar�di�o�gra�mu�ili�su�uoče�ni�sin
drom�pre�ek�ci�ta�ci�je�i�smet�we�u�spro�vo�đe�wu.

Elek�tro�kar�di�o�gram�sni�mqen�pre�i�to�kom�TFO�ko
ri�šćen�je�za�me�re�we�QT�in�ter�va�la�i�fre�kven�ci�je�ra
da�sr�ca.�Iz�me�re�ni�QT�in�ter�val�je�ko�ri�go�van�Ba�ze�to
vom�(Ba zett)�for�mu�lom�(QT/RR1/2)�i�do�bi�jen�QTc�in
ter�val.�Dis�per�zi�ja�QTc�in�ter�va�la�je�do�bi�je�na�iz�ra�ču
na�va�wem�QTc�in�ter�va�la�sva�kog�od�12�od�vo�da�iz�naj�ma
we�tri�uza�stop�na�ci�klu�sa�ra�da�sr�ca�i�po�tom�od�u�zi
ma�wem�naj�ma�weg�od�naj�ve�ćeg�QTc�in�ter�va�la.�Raz�li�ka�
dis�per�zi�je�QTc�in�ter�va�la�na�po�čet�ku�i�na�kra�ju�TFO�
iz�ra�ču�na�ta�je�i�ko�ri�šće�na�za�pro�ce�nu�is�ho�da�to�kom�
pet�go�di�na�is�pi�ti�va�wa.

Po�sle�za�vr�še�nog�is�pi�ti�va�wa�na�sta�vqe�no�je�le�če
we�ade�kvat�nim�me�di�ka�men�ti�ma�(be�tablo�ka�to�ri,�an
ta�go�ni�sti�kal�ci�ju�ma,�ACE�in�hi�bi�to�ri,�di�u�re�ti�ci,�
ace�til�sa�li�cil�na�ki�se�li�na).�To�kom�pe�to�go�di�šweg�
pe�ri�o�da�be�le�žen�je�na�sta�nak�no�vih�kar�di�o�va�sku�lar
nih�do�ga�đa�ja,�kao�što�su�is�he�mi�ja,�in�farkt�mi�o�kar
da,�hi�rur�ška�re�va�sku�la�ri�za�ci�ja,�PTCA,�sr�ča�na�smrt�
i�ce�re�bro�va�sku�lar�ni�in�sult.

Po�da�ci�su�sta�ti�stič�ki�ob�ra�đe�ni�po�mo�ću�pro�gra
ma�SPSS 12.0 for Win dows.�Pa�ra�me�tri�su�pri�ka�za�ni�
kao�arit�me�tič�ka�sre�di�na�sa�stan�dard�nom�de�vi�ja�ci
jom.�Sta�ti�stič�ka�zna�čaj�nost�raz�li�ka�iz�me�đu�gru�pa�is
pi�ta�ni�ka�pro�ve�re�na�je�Stu�den�to�vim�tte�stom�i�χ2te
stom,�a�za�ko�re�la�ci�ju�iz�me�đu�pa�ra�me�ta�ra�ko�ri�šćen�je�
Pir�so�nov�(Pe ar son)�ko�e�fi�ci�jent�ko�re�la�ci�je.�Ne�za�vi
sni�prog�no�stič�ki�zna�čaj�pa�ra�me�ta�ra�is�pi�tan�je�mul
ti�va�ri�jant�nom�tzv.�step wi se�li�ne�ar�nom�re�gre�si�jom.�
Svi�sta�ti�stič�ki�te�sto�vi�su�tu�ma�če�ni�na�ni�vou�zna
čaj�no�sti�nul�te�hi�po�te�ze�od�5%.

REZULTATI

Pri�me�nom�TFO�pro�ce�we�no�je�pod�no�še�we�fi�zič
kog�na�po�ra�i�po�sto�ja�we�is�he�mi�je�mi�o�kar�da�kod�bo�le
sni�ka.�Utvr�đe�no�je�da�is�pi�ta�ni�ci�gru�pe�2�naj�sla�bi�je�
pod�no�se�fi�zič�ki�na�por,�što�je�bi�lo�sta�ti�stič�ki�ma
we�u�od�no�su�na�is�pi�ta�ni�ke�gru�pe�1�(p<0,05;�Gra�fi�kon�
1).�Dvo�stru�ki�pro�iz�vod�u�gru�pi�2�(231,4±56,4)�bio�je�
naj�ni�ži�u�od�no�su�na�gru�pu�1�(293,7±43,7;�p<0,001)�i�u�
od�no�su�na�kon�trol�nu�gru�pu�is�pi�ta�ni�ka�(264,3±29,0;�
p<0,05).�Pro�ce�nat�do�stig�nu�te�sub�mak�si�mal�ne�fre
kven�ci�je�ra�da�sr�ca�bio� je�sto�pro�cent�ni�kod�zdra
vih�is�pi�ta�ni�ka,�što�je�bi�lo�zna�čaj�no�ve�će�u�od�no�su�
na�is�pi�ta�ni�ke�gru�pe�1�(77,2±15,0%;�p<0,05)�i�gru�pe�2�
(70,2±11,5%;�p<0,001).

TABELA 1. Osnovne odlike ispitanika tri grupe.
TABLE 1. The baseline characteristics of estimated groups of patients.

Parametar
Parameter

Grupa 1
Group 1

Grupa 2
Group 2

Kontrolna 
grupa

Control 
group

Starost (godine)
Age (years) 53.4±8.2 58.4±6.4 55.4±6.7

Sistolni krvni 
pritisak (mm Hg)
Systolic blood  
pressure (mm Hg)

136.2±11.7 130.0±12.1 116.6±8.3*

Dijastolni krvni 
pritisak (mm Hg)
Diastolic blood  
pressure (mm Hg)

86.0±9.0 82.5±9.6 72.4±7.0*

Indeks mase leve 
komore (g/m2)
Left ventricular mass  
index (g/m2)

160.3±14.9 152.8±22.7 109.2±9.6*

Ejekciona frakcija  
leve komore (%)
Left ventricular  
ejection fraction (%)

66.2±3.5 64.8±4.3 69.4±3.7*

* p<0.001
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QTc�in�ter�val�pre�pri�me�ne�TFO�bio�je�ve�ći�kod�bo
le�sni�ka�gru�pe�2,�ali�sa�mo�u�od�no�su�na�zdra�ve�is�pi�ta
ni�ke�(p<0,05;�Ta�be�la�2).�Dis�per�zi�ja�QTc�in�ter�va�la�je�
bi�la�ve�ća�ka�ko�u�gru�pi�1,�ta�ko�i�u�gru�pi�2,�u�od�no�su�na�
zdra�ve�is�pi�ta�ni�ke�(p<0,01).�U�ta�be�li�3�pri�ka�za�na�je�
di�stri�bu�ci�ja�vred�no�sti�QTc�in�ter�va�la;�iz�we�se�vi
di�da�ne�po�sto�ji�sta�ti�stič�ki�zna�čaj�na�raz�li�ka�iz�me
đu�is�pi�ti�va�nih�gru�pa.�To�kom�iz�vo�đe�wa�TFO�ni�je�do
šlo�do�sta�ti�stič�ki�zna�čaj�nih�pro�me�na�u�QTc�in�ter
va�lu�ni�ti�u�jed�noj�gru�pi�is�pi�ta�ni�ka.

Dis�per�zi�ja�QTc�in�ter�va�la�je�bi�la�ve�ća�u�gru�pa�ma�1�
i�2�u�od�no�su�na�is�pi�ta�ni�ke�kon�trol�ne�gru�pe�(p<0,01).�
To�kom�iz�vo�đe�wa�TFO�do�šlo�je�do�zna�čaj�nog�po�ve�ća�wa�
dis�per�zi�je�QTc�in�ter�va�la�kod�bo�le�sni�ka�gru�pe�2�(kod�

TABELA 3. Distribucija trajawa QTc intervala u ispitivanim gru-
pama.
TABLE 3. Distribution of QTc interval duration in studied groups.

QTc interval
QTc interval

Grupa 1
Group 1

Grupa 2
Group 2

Kontrolna grupa
Control group

<420 ms 35 (63.6%) 17 (85%) 15 (75%)

420-440 ms 12 (21.8%) 1 (5%) 4 (20%)

>440 ms 8 (14.6%) 2 (10%) 1 (5%)

TABELA 2. QTc interval i QTc disperzija na početku i na kraju te-
sta fizičkim opterećewem (TFO).
TABLE 2. QTc interval and QTc interval dispersion at the beginning and 
at the end of exercise testing (ET).

Parametri  
QT intervala
Parameters of  
QT interval

Grupa 1
Group 1

Grupa 2
Group 2

Kontrolna 
grupa

Control 
group

QTc (ms) 412.2±23.3* 403.1±25.4 398.9±22.6

QTcp (ms) 411.0±20.9 411.2±23.9 404.7±21.2

dQTc (ms) 56.0±18.8** 56.8±18.0** 43.5±4.9

dQTcp (ms) 52.2±20.9*** +76.7±22.6*** 31.3±6.9

*p<0,05; **p<0,01; ***p<0,001 u poređewu kontrolne grupe sa gru-
pama 1 i 2; +p<0,001 u poređewu grupa 2 i 1
QTc – QTc interval pre TFO; QTcp – QTc interval posle TFO; dQTc 
– disperzija QTc intervala pre TFO; dQTcp – disperzija QTc in-
tervala na kraju TFO

*p<0.05; **p<0.01; ***p<0.001 control group vs. groups 1 and 2; +p<0.001 
gropu 2 vs. group 1
QTc – QTc interval at the beginning of ET; QTc – QTc interval at the end 
of ET; dQTc – QTc interval dispersion at the beginning of ET; dQTcp – 
QTc interval dispersion at the end of ET

6.76.27.8
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GRAFIKON 1. Podnošewe fizičkog napora ispitanika tri grupe.
GRAPH 1. Tolerance of physical effort of patients in examined groups 
and control group.

MET – metabolički ekvivalent; MET – methabolic equivalent
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GRAFIKON 2. Promena QTC disperzije tokom testa fizičkim opte-
re ćewem (TFO).
GRAPH 2. Dynamic of QTc dispersion during exercise testing (ET).

dQTc – disperzija QTc intervala pre TFO; dQTcp – disperzija QTc 
intervala na kraju TFO
dQTc – QTc interval dispersion at the beginning of ET; dQTcp – QTc in-
terval dispersion at the end of ET

svih�bo�le�sni�ka;�p<0,001)�i�zna�čaj�nog�sma�wewa�kod�
zdra�vih�is�pi�ta�ni�ka�(kod�svih�is�pi�ta�ni�ka;�p<0,001),�
ali�je�we�na�vred�nost�osta�la�ne�pro�me�we�na�kod�bo�le
sni�ka�gru�pe�1�(Gra�fi�kon�2).�U�gru�pi�1�kod�35�bo�le�sni
ka�(63,6%)�je�do�šlo�do�po�ve�ća�wa�dis�per�zi�je�QTc�in
ter�va�la,�a�kod�20�bo�le�sni�ka�(36,4%)�do�sma�we�wa�QTc�
dis�per�zi�je�to�kom�iz�vo�đe�wa�TFO.�Is�pi�ta�ni�ci�gru�pe�
2�su�ima�li�naj�ve�ću�QTc�dis�per�zi�ju�o�od�no�su�na�obe�is
pi�ti�va�ne�gru�pe�na�kra�ju�TFO�(p<0,001).

In�deks�ma�se�le�ve�ko�mo�re�je�sta�ti�stič�ki�zna�čaj�no�
ko�re�li�rao�sa�QTc�in�ter�va�lom�i�QTc�dis�per�zi�jom�na�
osnov�nom�elek�tro�kar�di�o�gra�mu�kod�is�pi�ta�ni�ka�gru�pe�
1�(r=0,270�i r=0,276;�p<0,05).�U�gru�pi�2�pro�seč�na�vred

nost�de�pre�si�je�ST�seg�men�ta�bi�la�je�2,1±1�mm.�Utvr�đe
na�je�sta�ti�stič�ki�zna�čaj�na�ko�re�la�ci�ja�iz�me�đu�du�bi
ne�ST�de�pre�si�je�i�dis�per�zi�je�QTc�in�ter�va�la�na�elek
tro�kar�di�o�gra�mu�pre�i�po�sle�iz�vo�đe�wa�TFO�(r=0,673�
i�r=0,698;�p<0,01).

Kod�bo�le�sni�ka�gru�pe�2�di�jag�no�sti�ko�va�na�je�dvo�su
dov�na�ili�tro�su�dov�na�ko�ro�nar�na�bo�lest,�ta�ko�da�su�
svi�is�pi�ta�ni�ci�ove�gru�pe�pod�vrg�nu�ti�hi�rur�škoj�re
va�sku�la�ri�za�ci�ji�sr�ca�to�kom�pe�to�go�di�šweg�pe�ri�o�da�
is�pi�ti�va�wa.�Je�dan�bo�le�snik�(5%)�je�umro�to�kom�re�va
sku�la�ri�za�ci�je,�tri�bo�le�sni�ka�(15%)�su�do�ži�ve�la�in
farkt�mi�o�kar�da�pre�re�va�sku�la�ri�za�ci�je,�a�je�dan�po�sle�
we�(5%).�To�kom�pet�go�di�na�nad�gle�da�wa�dva�bo�le�sni
ka�(10%)�su�do�ži�ve�la�mo�žda�ni�udar.�Po�nov�na�is�he
mi�ja�na�kon�re�va�sku�la�ri�za�ci�je�ja�vi�la�se�kod�če�ti�ri�
bo�le�sni�ka�(20%).

Kod�dva�bo�le�sni�ka�gru�pe�1�za�be�le�že�ni�su�in�farkt�
mi�o�kar�da,�dok�je�je�dan�bo�le�snik�iste�gru�pe�(5,4%)�do
ži�veo�mo�žda�ni�udar.�Kod�dva�is�pi�ta�ni�ka�je�utvr�đe
no�po�ve�ća�we�QTc�dis�per�zi�je�to�kom�iz�vo�đe�wa�TFO,�a�
kod�jed�nog�bo�le�sni�ka�sma�we�we�vred�no�sti�ovog�pa�ra
me�tra.�Ukqu�či�va�wem�sta�ro�sti,�in�dek�sa�ma�se�le�ve�ko
mo�re,�QTc�in�ter�va�la,�QTc�dis�per�zi�je�i�pro�me�ne�QTc�
dis�per�zi�je�u�mo�del�mul�ti�va�ri�jant�ne�li�ne�ar�ne�tzv.�
step wi se�re�gre�si�o�ne�ana�li�ze,�ni�je�do�ka�zan�pe�to�go�di
šwi�prog�no�stič�ki�zna�čaj�QTc�in�ter�va�la�i�dis�per�zi�je�
QTc�in�ter�va�la�u�gru�pi�1,�ali�je�do�ka�zan�za�in�deks�ma�se�
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le�ve�ko�mo�re�(za�mo�del:�pri�la�go�đen�R2=0,216;�F=15,8;�
p<0,001;�za�in�deks:�ko�e�fi�ci�jent�β=0,480;�p<0,001).

DISKUSIJA

Pro�du�že�ni�QTc�in�ter�val�ima�prog�no�stič�ki�zna�čaj�
i�kod�zdra�vih�oso�ba,�što�je�do�ka�za�lo�is�pi�ti�va�we�to
kom�ne�ko�li�ko�go�di�na.�Sho�u�ten�(Scho u ten)�i�sa�rad�ni�ci�
[4]�su�28�go�di�na�nad�gle�da�li�3.091�uslov�no�zdra�vu�oso
bu�sta�ro�sti�iz�me�đu�40�i�65�go�di�na,�i�ot�kri�li�da�QTc�
in�ter�val�ve�ći�od�420�ms�po�ve�ća�va�ukup�nu�sto�pu�smrt
no�sti�i�mu�ška�ra�ca�i�že�na.�Raz�li�ka�u�pre�ži�vqa�va�wu�
je�za�pa�že�na�po�sle�15�go�di�na�is�pi�ti�va�wa.�Kod�mu�ška
ra�ca�su�naj�če�šći�uzro�ci�smr�ti�bi�le�kar�di�o�va�sku�lar
ne�bo�le�sti�i�is�he�mij�ska�bo�lest�sr�ca.�Ume�re�no�pro�du
že�we�QTc�in�ter�va�la�(420440�ms)�po�sle�15�go�di�na�je�
kod�mu�ška�ra�ca�no�si�lo�re�la�tiv�ni�ri�zik�za�kar�di�o�va
sku�lar�nu�smrt�od�1,6,�a�za�eks�ten�ziv�no�pro�du�že�we�1,8�
(ve�će�od�440�ms).�Li�o�ta�(Le ot ta)�i�sa�rad�ni�ci�[5]�su�za
pa�zi�li�da�je�QTc�in�ter�val�pro�du�žen�kod�5%�mla�dih�
mu�ška�ra�ca�i�10%�mla�dih�že�na.�Pro�du�že�ni�QTc�in
ter�val�kod�že�na�bio�je�po�ve�zan�s�hi�per�gli�ke�mi�jom,�
a�kod�mu�ška�ra�ca�sa�si�stol�nim�krv�nim�pri�ti�skom.�
Sa�bi�ne�Stra�us�(Sa bi ne Stra us)�i�sa�rad�ni�ci�[6]�su�is
ta�kli�da�je�pro�du�že�ni�QTc�in�ter�val�ne�za�vi�sni�fak
tor�ri�zi�ka�za�iz�ne�nad�nu�sr�ča�nu�smrt�kod�oso�ba�sta
ri�je�ži�vot�ne�do�bi.

U�na�šem�is�tra�ži�va�wu�utvr�đen�je�zna�čaj�no�ve�ći�
pro�seč�ni�QTc�in�ter�val�kod�bo�le�sni�ka�gru�pe�1�ne
go�kod�zdra�vih�is�pi�ta�ni�ka�i�bo�le�sni�ka�gru�pe�2.�Na�
kra�ju�TFO�ni�je�bi�lo�raz�li�ke�u�tra�ja�wu�QTc�in�ter
va�la�kod�is�pi�ta�ni�ka�gru�pe�1�i�2�i�kon�trol�ne�gru�pe.�
Kod�zdra�vih�is�pi�ta�ni�ka�za�be�le�že�na�je�ista�uče�sta
lost�QTc�in�ter�va�la�(ve�ći�od�440�ms)�kao�i�u�stu�di�ji�
Li�o�te�i�sa�rad�ni�ka�[6]�(5%),�dok�je�u�gru�pi�1�ona�bi�la�
14,6%.�Iz�na�ve�de�nog�se�može�za�kqu�čiti�da�je�QTc�in
ter�val�zna�čaj�no�ve�ći�kod�bo�le�sni�ka�s�hi�per�tro�fi�jom�
le�ve�ko�mo�re�ne�go�kod�zdra�vih�oso�ba,�a�da�se�zna�čaj�no�
pro�du�žu�je�to�kom�iz�vo�đe�wa�TFO�kod�bo�le�sni�ka�gru
pe�2.�Su�de�ći�pre�ma�po�da�ci�ma�iz�li�te�ra�tu�re,�ovi�bo
le�sni�ci�ta�ko�đe�ži�ve�s�ve�ćim�ri�zi�kom�s�ob�zi�rom�na�
loš�prog�no�stič�ki�zna�čaj�ovog�elek�tro�kar�di�o�graf
skog�pa�ra�me�tra.

Hi�per�tro�fi�ja�le�ve�ko�mo�re�me�wa�di�na�mi�ku�QT�in
ter�va�la�s�fi�zi�o�lo�škom�pro�me�nom�fre�kven�ci�je�ra�da�
sr�ca.�Ovu�oso�bi�nu�hi�per�tro�fič�nog�mi�o�kar�da�is�pi
tao�je�Sin�(Singh)�sa�sa�rad�ni�ci�ma�[7]�pri�me�nom�hol
tersi�ste�ma�s�mo�guć�no�šću�me�re�wa�pro�me�ne�tra�ja�wa�
QT�in�ter�va�la�sa�br�zom�pro�me�nom�fre�kven�ci�je�ra
da�sr�ca.�Kod�bo�le�sni�ka�s�hi�per�tro�fi�jom�le�ve�ko�mo
re�iz�me�re�ni�su�du�ži�QTc�in�ter�val,�ve�ći�adap�tiv�ni�
od�go�vor�i�ve�će�pro�du�že�we�QT�in�ter�va�la�(iz�ra�že�no�
u�pro�cen�ti�ma)�na�fi�zi�o�lo�šku�pro�me�nu�fre�kven�ci
je�ra�da�sr�ca�i�ve�ću�va�ri�ja�bil�nost�QT�in�ter�va�la,�ko
ja�je�me�re�na�stan�dard�nom�de�vi�ja�ci�jom�tra�ja�wa�QT�in
ter�va�la.�Ove�pro�me�ne�u�di�na�mi�ci�QT�in�ter�va�la�mo�gu�
po�mo�ći�u�ob�ja�šwe�wu�elek�tro�fi�zi�o�lo�škog�me�ha�ni

zma�ko�jim�je�hi�per�tro�fič�ni�mi�o�kard�po�ve�zan�s�iz
ne�nad�nom�arit�mij�skom�smr�ću.

U�po�gle�du�od�no�sa�dis�per�zi�je�QTc�in�ter�va�la�i�hi
per�tro�fi�je�le�ve�ko�mo�re,�Per�ki�o�ma�ki�(Per ki o ma ki)�i�
sa�rad�ni�ci�[8]�su�ot�kri�li�da�je�dis�per�zi�ja�QTc�in�ter
va�la�ve�ća�kod�bo�le�sni�ka�s�ar�te�rij�skom�hi�per�ten�zi
jom�i�hi�per�tro�fi�jom�le�ve�ko�mo�re,�a�u�wi�ho�vom�is�tra
ži�va�wu�po�seb�no�je�bi�la�zna�čaj�na�dis�per�zi�ja�QTcv�in
ter�va�la�(od�Q�zup�ca�do�vr�ha�T�ta�la�sa).�Bu�gra�(Bu gra)�
i�sa�rad�ni�ci�[9]�su�ta�ko�đe�za�pa�zi�li�da�je�QTc�dis�per
zi�ja�zna�čaj�no�ve�ća�kod�bo�le�sni�ka�s�ar�te�rij�skom�hi
per�ten�zi�jom�(107�is�pi�ta�ni�ka)�ne�go�kod�oso�ba�ko�je�ne�
bo�lu�ju�od�ovog�obo�qe�wa�(30�zdra�vih�is�pi�ta�ni�ka).�Ta
ko�đe,�ni�su�utvr�di�li�raz�li�ku�u�ve�li�či�ni�dis�per�zi�je�
QTc�in�ter�va�la�iz�me�đu�gru�pa�is�pi�ta�ni�ka�s�raz�li�či
tim�ti�po�vi�ma�hi�per�tro�fi�je�le�ve�ko�mo�re.�U�na�šem�
is�tra�ži�va�wu�za�be�le�že�na�je�zna�čaj�no�ve�ća�dis�per�zi
ja�QTc�in�ter�va�la�kod�bo�le�sni�ka�s�hi�per�tro�fi�jom�mi
o�kar�da�le�ve�ko�mo�re.

Ru�ke�ma�(Ro u ke ma)�i�sa�rad�ni�ci�[10]�su�is�pi�ta�li�
di�na�mi�ku�dis�per�zi�je�QTc�in�ter�va�la�na�TFO�kod�bo
le�sni�ka�s�is�he�mij�skom�bo�le�šću�sr�ca�ko�ji�se�le�če,�od
no�sno�ne�le�če�be�tablo�ka�to�ri�ma�i�kod�zdra�vih�is�pi
ta�ni�ka.�Kod�zdra�vih�is�pi�ta�ni�ka�za�be�le�že�na�je�ma
wa�pro�seč�na�dis�per�zi�ja�QTc�in�ter�va�la,�ko�ja�se�to�kom�
iz�vo�đe�wa�TFO�sma�wi�la,�ali�zna�čaj�no�ma�we�u�od�no
su�na�dve�gru�pe�is�pi�ta�ni�ka�s�is�he�mij�skom�bo�le�šću�
sr�ca.�Pro�me�ne�dis�per�zi�je�QTc�in�ter�va�la�su�bi�le�ma
we�kod�bo�le�sni�ka�ko�ji�su�pri�ma�li�be�tablo�ka�to�re.�
Aku�cu�(Akut su)�i�sa�rad�ni�ci�[11]�su�is�pi�ti�va�li�od
nos�dis�per�zi�je�QTc�in�ter�va�la�i�re�ver�zi�bil�nih�per
fu�zi�o�nih�ošte�će�wa�me�to�dom�SPECT�to�kom�iz�vo�đe�wa�
TFO.�Za�pa�zi�li�su�zna�čaj�nu�ko�re�la�ci�ju�pro�me�na�per
fu�zi�o�nog�ošte�će�wa�s�pro�me�nom�dis�per�zi�je�QTc�in
ter�va�la�to�kom�op�te�re�će�wa�kod�bo�le�sni�ka�s�in�fark
tom�mi�o�kar�da.

Jo�ši�mu�ra�(Yos hi mu ra)�i�sa�rad�ni�ci�[12]�su�is�pi�ti
va�li�di�na�mi�ku�dis�per�zi�je�QTc�in�ter�va�la�i�QTcv�dis
per�zi�ju�kod�bo�le�sni�ka�s�ar�te�rij�skom�hi�per�ten�zi�jom�
i�hi�per�tro�fi�jom�le�ve�ko�mo�re,�od�no�sno�bez�we,�i�po
re�di�li�re�zul�ta�te�sa�na�la�zi�ma�zdra�vih�is�pi�ta�ni�ka�na�
TFO.�Dis�per�zi�ja�QT�in�ter�va�la�se�zna�čaj�no�sma�wi�la�
kod�bo�le�sni�ka�bez�hi�per�tro�fi�je�le�ve�ko�mo�re,�a�osta
la�je�ne�pro�me�we�na�kod�bo�le�sni�ka�s�hi�per�tro�fi�jom.�
Dis�per�zi�ja�QTc�in�ter�va�la�se�po�ve�ća�la�kod�bo�le�sni
ka�s�hi�per�tro�fi�jom�le�ve�ko�mo�re.�Ta�ko�đe,�za�be�le�že�na�
je�po�zi�tiv�na�ko�re�la�ci�ja�QTv�i�QTcv�s�in�dek�som�ma
se�le�ve�ko�mo�re�i�naj�ve�ćim�si�stol�nim�pri�ti�skom�na�
TFO�ka�da�su�u�ob�zir�uze�ti�svi�is�pi�ta�ni�ci.

Za�raz�li�ku�od�stu�di�je�Ru�ke�ma�i�sa�rad�ni�ka�[10],��ko�ji�
su�utvr�di�li�da�to�kom�iz�vo�đe�wa�TFO�kod�bo�le�sni�ka�s�
hi�per�tro�fi�jom�le�ve�ko�mo�re�do�la�zi�do�bla�gog�sma�we
wa�dis�per�zi�je�QTc�in�ter�va�la�u�od�no�su�na�zdra�ve�is
pi�ta�ni�ke,�u�na�šem�is�tra�ži�va�wu�je�za�be�le�ženo�po�ve
ća�we�dis�per�zi�je�QTc�in�ter�va�la�kod�bo�le�sni�ka�s�hi
per�tro�fi�jom�mi�o�kar�da�le�ve�ko�mo�re.�Zasa�d�ne�po�sto�je�
pro�spek�tiv�ne�stu�di�je�ko�je�bi�po�ka�za�le�zna�čaj�di�na�mi
ke�dis�per�zi�je�QTc�in�ter�va�la�u�TFO,�ali�po�sto�je�po�da
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ci�ko�ji�go�vo�re�o�to�me�da�is�he�mi�ja�mi�o�kar�da�zna�čaj�no�
pro�du�ža�va�dis�per�zi�ju�QTc�in�ter�va�la.

Ograničewa studije

Pr�vo�ogra�ni�če�we�stu�di�je�od�no�si�se�na�ne�do�vo�qan�
broj�is�pi�ta�ni�ka�s�ne�po�voq�nim�kar�di�o�va�sku�lar�nim�
do�ga�đa�ji�ma�(sa�mo�tri�bo�le�sni�ka�u�gru�pi�od�55�is�pi
ta�ni�ka),�da�bi�se�mo�gla�po�ka�za�ti�po�ve�za�nost�QTc�dis
per�zi�je�i�lo�šeg�is�ho�da�to�kom�pet�go�di�na�kod�ove�spe
ci�fič�ne�gru�pe�bo�le�sni�ka�s�hi�per�tro�fi�jom�mi�o�kar�da�
le�ve�ko�mo�re�i�ne�ga�tiv�nim�re�zul�ta�tom�na�TFO�za�is
he�mi�ju�mi�o�kar�da.�Dru�go�va�žno�ogra�ni�če�we�is�tra�ži
va�wa�od�no�si�se�na�iz�o�sta�nak�ko�ro�na�ro�graf�skog�na�la
za�za�is�pi�ta�ni�ke�gru�pe�1,�u�ko�joj�je�mo�glo�bi�ti�bo�le
sni�ka�s�ko�ro�nar�nom�bo�le�šću,�s�ob�zi�rom�na�ogra�ni
če�nu�ose�tqi�vost�TFO.�Tre�će�ogra�ni�če�we�stu�di�je�od
no�si�se�na�raz�li�či�tost�pri�me�we�ne�te�ra�pi�je,�što�bi�
mo�glo�uti�ca�ti�na�QTc�in�ter�val�i�dis�per�zi�ju�QTc�in
ter�va�la,�kao�i�na�is�hod�bo�le�sti.

Ne�spor�no�je�da�se�kod�bo�le�sni�ka�s�is�he�mi�jom�i�hi
per�tro�fi�jom�mi�o�kar�da�le�ve�ko�mo�re�be�le�ži�po�ve�ća
we�QTc�dis�per�zi�je�to�kom�iz�vo�đe�wa�TFO.�Ipak,�ova�
gru�pa�is�pi�ta�ni�ka�je�po�seb�no�for�mi�ra�na�ta�ko�da�bu
de�kom�pa�ra�bil�na�sa�gru�pom�1�u�po�gle�du�in�dek�sa�ma�se�
le�ve�ko�mo�re�i�de�mo�graf�skih�pa�ra�me�ta�ra�ra�di�is�pi
ti�va�wa�uti�ca�ja�is�he�mi�je�mi�o�kar�da�na�di�na�mi�ku�QTc�
in�ter�va�la�i�QTc�dis�per�zi�je.�S�ob�zi�rom�na�na�čin�for
mi�ra�wa�ove�gru�pe�(kod�svih�is�pi�ta�ni�ka�je�već�po�sto
ja�la�is�he�mi�ja�mi�o�kar�da�pre�ukqu�či�va�wa�u�is�tra�ži
va�we,�a�ka�sni�je�re�va�sku�la�ri�za�ci�ja�mi�o�kar�da),�prog
no�stič�ki�zna�čaj�QTc�in�ter�va�la�se�u�ovoj�gru�pi�bo�le
sni�ka�ne�mo�že�raz�ma�tra�ti.

ZAKQUČAK

Po�ve�ća�we�dis�per�zi�je�QTc�in�ter�va�la�ja�vqa�se�kod�
mu�ška�ra�ca�to�kom�po�zi�tiv�nog�re�zul�ta�ta�na�TFO�za�
is�he�mi�ju�mi�o�kar�da�i�ko�re�li�ra�s�ve�li�či�nom�de�pre

si�je�ST�seg�men�ta.�Po�ve�ća�we�dis�per�zi�je�QTc�in�ter�va�la�
to�kom�ne�ga�tiv�nog�re�zul�ta�ta�na�TFO�za�is�he�mi�ju�mi
o�kar�da�kod�bo�le�sni�ka�s�hi�per�tro�fi�jom�le�ve�ko�mo�re�
ni�je�ima�lo�prog�no�stič�ki�zna�čaj�za�ne�po�voq�ne�kar
di�o�va�sku�lar�ne�do�ga�đa�je�to�kom�pe�to�go�di�šweg�pe�ri
o�da�nad�gle�da�wa,�što�tre�ba�pro�ve�ri�ti�na�ve�ćem�bro
ju�is�pi�ta�ni�ka.
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INTRODUCTION  The prognostic significance of QTc disper-
sion changes during exercise testing (ET) in patients with left 
ventricular hypertrophy is not clear.
OBJECTIVE  The aim was to study the dynamics of QTc inter-
val dispersion (QTcd) in patients (pts) with left ventricular 
hypertrophy (LVH) during the exercise testing and its prog-
nostic significance.
METHOD  In the study we included 55 men (aged 53 years) 
with hypertensive left ventricular hypertrophy and a nega-
tive ET (LVH group), 20 men (aged 58 years) with a positive 
ET and 20 healthy men (aged 55 years). There was no statis-
tically significant difference in the left ventricular mass index 
(LVMI) between LVH group and ILVH group (160.9±14.9 g/m2 
and 152.8±22.7 g/m2). The first ECG was done before the ET 
and the second one was done during the first minute of recov-
ery, with calculation of QTc dispersion. The patients were fol-
lowed during five years for new cardiovascular events.
RESULTS  During the ET, the QTcd significantly increased in 
LVH group (56.8±18.0 – 76.7±22.6 ms; p<0.001). A statistically 
significant correlation was found between the amount of ST 
segment depression at the end of ET and QTc dispersion at the 
beginning and at the end of ET (r=0.673 and r=0.698; p<0.01). 
The QTc dispersion was increased in 35 (63.6%) patients and 
decreased in 20 (36.4%) patients during the ET. Three patients 

(5.4%) in the first group had adverse cardiovascular events 
during the five-year follow-up. A multiple stepwise regres-
sion model was formed by including age, LVMI, QTc interval, 
QTc dispersion and change of QTc dispersion during the ET. 
There was no prognostic significance of QTc interval and QTc 
dispersion during five-year follow-up in regard to adverse car-
diovascular events, but prognostic value was found for LVMI 
(coefficient β=0.480; p<0.001).
CONCLUSION  The increase of QTc interval dispersion is com-
mon in men with positive ET for myocardial ischemia and 
there is a correlation between QTc dispersion and amount 
of ST segment depression. The increase of QTc interval dis-
persion during negative ET in patients with left ventricular 
hypertrophy has no significant predictive value for adverse 
cardiovascular events, as shown in our five-year follow-up 
study, but it requires confirmation by investigation of larger 
groups of patients.
Key words: QTc dispersion; hypertrophy; left ventricular;  
hypertension; myocardial ischemia
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