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UVOD

Pre�ma� ra�ni�je� ob�ja�vqe�nim� is�tra�ži�va�wi�ma,� kod�
25-30%�že�na�se�di�jag�no�sti�ku�ju�mi�o�mi�ma�te�ri�ce.�Broj�
že�na�obo�le�lih�od�mi�o�ma�ma�te�ri�ce�je,�me�đu�tim,�znat-
no�ve�ći,�jer�mno�ge�že�ne�ne�zna�ju�da�ima�ju�fi�bro�mi�o�me�
zbog�to�ga�što�su�tu�mo�ri�ma�li�i�te�ško�se�mo�gu�utvr-
di�ti�ili�za�to�što�ne�is�po�qa�va�ju�bi�lo�ka�kve�simp-
to�me�[1-5].

Mi�o�mi�ko�ji�do�vo�de�do�te�go�ba�zah�te�va�ju�tret�man�
[6-9].�Le�če�we�mo�že�bi�ti�me�di�ka�ment�no�(pro�ge�sto�ge-
ni,�ana�lo�zi�GnRH)�i�hi�rur�ško�(mi�o�mek�to�mi�ja�ab-
do�men�skim,�la�pa�ro�skop�skim�i�hi�ste�ro�skop�skim�pu-
tem)�[1,�10-12].�Ka�ko�je�ciq�sa�vre�me�ne�me�di�ci�ne�mi-
ni�mal�no�in�va�ziv�na�te�ra�pi�ja,�gde�se�in�fek�ci�ja�i�gu-
bi�tak�kr�vi�svo�de�na�naj�ma�wu�mo�gu�ću�me�ru,�a�sa�mo�tra-
ja�we�in�ter�ven�ci�je�i�pe�riod�opo�rav�ka�skra�ću�ju,�u�kli-
nič�ku�prak�su�uve�de�na�je�se�lek�tiv�na�em�bo�li�za�ci�ja�ma-
te�rič�nih�ar�te�ri�ja�kao�al�ter�na�ti�va�pret�hod�nim�pri-
stu�pi�ma�[13,�14].�Se�lek�tiv�na�em�bo�li�za�ci�ja�ovih�ar-
te�ri�ja�je�ve�o�ma�po�u�zda�na�i�efi�ka�sna,�ali�je�pra�će�na�
bo�lom�usled�is�he�mij�ske�ne�kro�ze�mi�o�ma�i�raz�li�či�tim�
kom�pli�ka�ci�ja�ma,�ko�je�su,�na�sre�ću,�vr�lo�ret�ke�[14,�15].�
Zbog�to�ga�je�pre�ne�ko�li�ko�go�di�na�u�kli�nič�ku�prak�su�
uve�den�pot�pu�no�no�vi�te�ra�pij�ski�pri�stup,�ko�ji�pod-
ra�zu�me�va�pri�me�nu�usme�re�nih�ul�tra�zvuč�nih�ta�la�sa�ve-
li�kog�in�ten�zi�te�ta�(engl.�high-in ten sity fo cu sed ul tra so-
und – HI FU)�[16,�17].

BIOLOŠKI EFEKTI  
ULTRAZVUČNIH TALASA

Svi�ma�je�iz�sva�ko�dnev�nog�ži�vo�ta�do�bro�po�zna�to�
da�sun�če�vi�zra�ci�usme�re�ni�kroz�lu�pu�ili�so�či�vo�do-
vo�de�do�za�gre�va�wa�ili�čak�pa�qe�wa�od�re�đe�nih�obje-

ka�ta�(li�šće,�pa�pir�i�sl.)�na�me�stu�fo�ku�sa.�Uko�li�ko�
se,�me�đu�tim,�sta�vi�prst�u�snop�sve�tlo�sti�van�fo�ku�sa,�
ne�će�do�ći�do�we�go�vog�za�gre�va�wa.�Na�istom�prin�ci-
pu�funk�ci�o�ni�šu�i�ul�tra�zvuč�ni�ta�la�si�ve�li�kog�in-
ten�zi�te�ta:�do�vo�de�do�za�gre�va�wa�i�ko�a�gu�la�ci�o�ne�ne-
kro�ze�u�fo�ku�su,�a�pri�tom�ne�ma�ju�ni�ka�kvog�efek�ta�na�
struk�tu�re�kroz�ko�je�pro�la�ze�(a�na�la�ze�se�na�wi�ho�vom�
pu�tu).�Zbog�to�ga�je�pre�vi�še�od�80�go�di�na�utvr�đe�no�da�
usme�re�ni�ul�tra�zvuč�ni�ta�la�si�ima�ju�bi�o�lo�škog�efek-
ta�u�tki�vi�ma�[18].

Ul�tra�zvuč�ni�ta�la�si�ko�ji�se�ko�ri�ste�u�di�jag�no�stič-
kim�po�stup�ci�ma�su�ma�le�ener�gi�je,�vr�lo�la�ko�pro�la-
ze�kroz�ko�žu,�ma�sno�tki�vo,�mi�ši�će�i�sve�struk�tu�re�u�
tr�bu�hu�i�ma�loj�kar�li�ci,�a�pri�tom�ne�is�po�qa�va�ju�bi-
o�lo�ške�efek�te�na�će�li�ja�ma�i�tki�vi�ma.�Ul�tra�zvuč�ni�
ta�la�si�ve�li�ke�ener�gi�je�usme�re�ni�na�ma�lu�struk�tu�ru�
do�vo�de�do�po�ve�ća�wa�tem�pe�ra�tu�re,�de�na�tu�ra�ci�je�pro-
te�i�na,�ire�ver�zi�bil�nog�ošte�će�wa�će�li�ja�i�ko�a�gu�la�ci-
o�ne�ne�kro�ze.�Ko�a�gu�la�ci�o�na�ne�kro�za�je�re�la�tiv�no�bez-
bol�na,�za�raz�li�ku�od�is�he�mij�ske,�na�sta�le�po�sle�em�bo-
li�za�ci�je�ma�te�rič�nih�ar�te�ri�ja,�ko�ja�do�vo�di�do�ve�o�ma�
ja�kog�bo�la.�Usme�re�ni�ul�tra�zvuč�ni�ta�la�si�is�po�qa�va-
ju�efe�kat�sa�mo�na�od�re�đe�nom�me�stu�–�fo�ku�su�ciq�ne�
struk�tu�re�[19].

Ve�li�ki�broj�stu�di�ja�se�ba�vio�is�pi�ti�va�wem�te�ra-
pij�ske�mo�guć�no�sti�i�po�u�zda�no�sti�le�če�wa�usme�re�nim�
ul�tra�zvuč�nim�ta�la�si�ma.�Pe�de�se�tih�go�di�na�pro�šlo-
ga�ve�ka�efe�kat�usme�re�nih�ul�tra�zvuč�nih�ta�la�sa�is�pi-
ti�van�je�kod�oso�ba�s�Par�kin�so�no�vom�bo�le�šću.�Kod�
ovih�bo�le�sni�ka�uspe�šno�je�le�čen�ošte�će�ni�deo�ner-
vnog�tki�va,�či�me�je�eli�mi�ni�sa�na�po�tre�ba�za�in�va�ziv-
nim�hi�rur�škim�po�stup�ci�ma.�Me�đu�tim,�naj�ve�ći�ne�do-
sta�tak�ovog�pri�stu�pa�bi�la�je�ne�mo�guć�nost�do�bre�vi-
zu�e�li�za�ci�je�tre�ti�ra�ne�re�gi�je�[8,�20].

Pre�osam�go�di�na�mi�o�mi�ma�te�ri�ce�kod�mi�ša�tre�ti-
ra�ni�su�ul�tra�zvuč�nim�ta�la�si�ma�ve�li�kog�in�ten�zi�te�ta�
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[21].�Tri�me�se�ca�po�za�vr�še�nom�tret�ma�nu�za�pre�mi�na�
mi�o�ma�sma�we�na�je�za�90%.�Ci�ti�ra�ni�auto�ri�su�ul�tra-
zvuč�ne�ta�la�se�na�vo�di�li,�usme�ra�va�li�i�kon�tro�li�sa�li�
va�gi�nal�nom�son�dom�ko�ju�su,�za�tu�svr�hu,�po�seb�no�pri-
la�go�di�li�i�izum�pa�ten�ti�ra�li�[22].�Pre�če�ti�ri�go�di�ne�
ista�gru�pa�is�tra�ži�va�ča�iz�ve�la�je�so�no�graf�ski�tret-
man�mi�o�ma�ma�te�ri�ce�kod�ova�ca�pre�ma�pro�to�ko�lu�ko�ji�
je�odo�brio�Ko�mi�tet�za�tret�man�ži�vo�ti�wa�Uni�ver�zi-
te�ta�u�Va�šing�to�nu�(Ani mal Ca re Com mit tee at the Uni-
ver sity of Was hing ton)�i�smer�ni�ca�ma�Na�ci�o�nal�nog�in-
sti�tu�ta�za�zdra�vqe�(Na ti o nal In sti tu te of He alth)�[23].�Za�
ovu�svr�hu�is�tra�ži�va�či�su�kon�stru�i�sa�li�apa�rat�ko�ji�
emi�tu�je�ul�tra�zvuč�ne�ta�la�se�va�gi�nal�nom�son�dom�ko�ji�
se�na�vo�de,�usme�ra�va�ju,�kon�tro�li�šu�i�ko�ri�gu�ju�kon�vek-
snom�son�dom,�tran�sab�do�men�skim�pu�tem.�Pre�ma�re�zul-
ta�ti�ma�ove�stu�di�je,�ul�tra�zvuč�ni�ta�la�si�ve�li�kog�in-
ten�zi�te�ta�se�ve�o�ma�uspe�šno�mo�gu�na�vo�di�ti�so�no�graf-
skim�pu�tem�–�tran�sab�do�men�skom�son�dom.�Kom�pli�ka-
ci�je�ko�je�su�na�sta�le�kod�tre�ti�ra�nih�ži�vo�ti�wa�bi�le�
su�po�sle�di�ca�teh�nič�kih�ne�do�sta�ta�ka.�To�se,�pre�sve�ga,�
od�no�si�na�pr�ska�we�gu�me�ne�za�šti�te�in�tra�va�gi�nal�nog�
emi�te�ra�HI FU,�što�je�do�ve�lo�do�we�go�vog�di�rekt�nog�
kon�tak�ta�s�gr�li�ćem�ma�te�ri�ce�i�va�gi�nom,�sa�po�sle�dič-
nom�ter�mič�kom�le�zi�jom.�Na�da�qe,�kod�ne�kih�ži�vo�ti-
wa�ni�je�ostva�re�na�že�qe�na�vi�zu�e�li�za�ci�ja�usled�ne�po-
sto�ja�wa�tzv.�aku�stič�kog�pro�zo�ra�na�pu�we�nog�mo�krać-
nom�be�ši�kom.�Ova�kom�pli�ka�ci�ja�je�bi�la�po�sle�di�ca�
ne�pra�vil�no�po�zi�ci�o�ni�ra�nog�i�fik�si�ra�nog�ka�te�te�ra.�
Po�se�ban�deo�kom�pli�ka�ci�ja�pred�sta�vqa�za�hva�ta�we�ko-
lo�na�HI FU�ta�la�si�ma�zbog�ne�a�de�kvat�ne�pre�ci�zno�sti�
na�vo�đe�wa�ta�la�sa�kon�vek�snom�son�dom�[23].

SAVREMENO LEČEWE MIOMA MATERICE 
USMERENIM ULTRAZVUČNIM TALASIMA

Re�la�tiv�no�ma�la�pre�ci�znost�ul�tra�zvuč�nog�vo�đe�wa�
HI FU�ta�la�sa�re�še�na�je�uvo�đe�wem�sa�vre�me�ne�teh�ni-
ke�vi�zu�e�li�za�ci�je�–�nu�kle�ar�ne�mag�net�ne�re�zo�nan�ci-
je�(NMR).�Ovaj�me�tod�pru�ža�tro�di�men�zi�o�nal�nu�sli-
ku�ciq�ne�struk�tu�re,�a�prin�cip�ra�da�sli�čan�je�ka�me-
ri�kod�vi�de�o�la�pa�ro�sko�pi�je.�Na�i�me,�ske�ni�ra�we�sva-
ke�tri�se�kun�de�omo�gu�ća�va�ve�o�ma�pre�ci�znu�kon�tro�lu�
že�qe�ne�re�gi�je,�kao�i�pri�me�nu,�tj.�usme�ra�va�we,�od�re-
đe�ne�ko�li�či�ne�ener�gi�je�u�že�qe�nu�for�ma�ci�ju�–�mi-
om�ma�te�ri�ce.�Na�taj�na�čin�NMR�„vo�di”�i�kon�tro�li-
še�usme�re�nu�ener�gi�ju�ul�tra�zvuč�nih�ta�la�sa.�Po�u�zda-
nost�ovog�me�to�da�do�ka�za�na�je�is�tra�ži�va�wi�ma�na�la-
bo�ra�to�rij�skim�ži�vo�ti�wa�ma�pri�par�ci�jal�noj�abla�ci-
ji�je�tre�[24],�a�po�tvr�đe�na�u�ne�dav�no�iz�ve�de�nim�stu�di-
ja�ma�so�no�graf�skog�tret�ma�na�mi�o�ma�ma�te�ri�ce�kod�že-
na�[19,�25,�26].

Pre�ne�što�vi�še�od�če�ti�ri�go�di�ne�za�po�če�ta�su�kli-
nič�ka�is�pi�ti�va�wa�so�no�graf�skog�tret�ma�na�kar�ci�no-
ma�doj�ke,�pro�sta�te,�mo�zga,�je�tre�i�ko�sti�ju.�Me�đu�tim,�
mo�ra�se�is�ta�ći�da�je�Ame�rič�ka�agen�ci�ja�za�pri�me�nu�
hra�ne�i�le�ko�va�(The Food and Drug Ad mi ni stra tion – 
FDA)�ok�to�bra�2004.�go�di�ne�do�zvo�li�la�kli�nič�ku�pri-

me�nu�usme�re�nih�ul�tra�zvuč�nih�ta�la�sa�sa�mo�za�mi�o�me�
ma�te�ri�ce.�Apa�rat�ko�jim�se�iz�vo�di�ovaj�po�stu�pak�na-
zi�va�se�ExA bla te® 2000.�Tret�man�pod�ra�zu�me�va�pri�me�nu�
usme�re�nih�ul�tra�zvuč�nih�ta�la�sa�ve�li�kog�in�ten�zi�te�ta�
(1000-10000�W/cm2)�ko�ji�do�vo�de�do�to�plot�ne�abla�ci�je�
–�ošte�će�wa�tki�va,�a�sam�po�stu�pak�se�iz�vo�di�pod�kon-
tro�lom�apa�ra�ta�za�mag�net�nu�re�zo�nan�ci�ju�[25].�Ota-
da�je�kod�ne�ko�li�ko�hi�qa�da�že�na�uspe�šno�spro�ve�den�
tret�man�mi�o�ma�ma�te�ri�ce�na�ovaj�na�čin,�bez�kom�pli-
ka�ci�ja�i�ne�že�qe�nih�efe�ka�ta�[17,�19,�26].

ZAKQUČAK

Uvo�đe�we�sva�kog�no�vog�me�to�da�le�če�wa�mo�gu�će�je�tek�
po�sle�du�go�go�di�šwih�is�tra�ži�va�wa�na�la�bo�ra�to�rij-
skim�ži�vo�ti�wa�ma,� ko�ja� omo�gu�ća�va�ju� ve�o�ma� de�taq-
no�is�pi�ti�va�we�i�eli�mi�ni�sa�we�mo�guć�no�sti�na�stan-
ka�svih�even�tu�al�nih�kom�pli�ka�ci�ja.�S�ob�zi�rom�na�to�
da�je�ciq�sa�vre�me�ne�me�di�ci�ne�mi�ni�mal�no�in�va�ziv-
na�te�ra�pi�ja,�gde�se�in�fek�ci�ja�i�gu�bi�tak�kr�vi�svo�de�
na�naj�ma�wu�mo�gu�ću�me�ru,�a�sa�mo�tra�ja�we�in�ter�ven�ci-
je�i�pe�riod�opo�rav�ka�skra�ću�ju,�uz�što�br�že�vra�ća-
we�bo�le�sni�ka�sva�ko�dnev�nim�ak�tiv�no�sti�ma,�u�raz�vi-
je�nim�ze�mqa�ma�ul�tra�zvuč�ni�tret�man�mi�o�ma�ma�te�ri-
ce�pred�sta�vqa�stvar�nost�i�sa�da�šwost,�a�ne�ima�gi-
na�ci�ju�ili�bu�duć�nost�gi�ne�ko�lo�ške�dok�tri�ne�i�me-
di�cin�ske�prak�se.�Na�na�ma�je�da�sva�do�sa�da�šwa�is�ku-
stva�pri�me�ni�mo,�a�na�šim�bo�le�sni�ca�ma�omo�gu�ći�mo�
ve�o�ma�brz,�efi�ka�san,�po�uz�dan�i�kom�fo�ran�na�čin�le-
če�wa�mi�o�ma�ma�te�ri�ce.
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ABSTRACT
It is well known that focused ultrasound has a biologic 

effect on tissue. High intensity focused ultrasound (HIFU) 
on a small target area raises the temperature of the tis-
sue enough to denaturate proteins and cause irrevers-
ible cell damage. The tight focus of the ultrasound energy 
allows delivery of the intended dose to a very precise loca-
tion. The resulting coagulation necrosis is relatively pain-
less. The application of this method in the human clini-
cal setting has required pilot studies on an animal model. 
Although the treatment had a high success rate, there was 
a significant percentage of complications, mainly attributed 
to the technical drawbacks of the procedure. Therefore, 
this method has been modified for use in humans, and the 
HIFU is now guided, monitored and controlled by magnetic 

resonance imaging (MRI). In October 2004, Food and Drug 
Adiministration (FDA) approved MRI guided focused ultra-
sound treatment of uterine fibroids in humans. Since then, 
successful treatment of uterine myomas by HIFU has been 
performed in thousands of women.
Key words: uterine myoma; focused ultrasound; treatment
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