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Povijest invanzivne i interventne kardiologije seæe joπ
od davnih poËetaka XX. stoljeÊa, toËnije od 1929.
god. kada je specijalizant kirurgije Werner Forssmann

u Eberswaldu blizu Berlina izveo prvu kateterizaciju srca, i
to vlastitoga, pa do ne tako davne 1977. god. kada je dr.
Andreas Grüntzing u Zürichu izveo prvi intervencijski za-
hvat1,2. Vjerojatno se nitko tada nije nadao da Êe u skoroj
buduÊnosti ta grana medicine, doæivjeti takav uspjeh i dalj-
nji razvitak. 

I dok smo danas svjedoci pozamaπnog razvoja i uËin-
kovitosti invanzivnih i interventnih kardioloπkih postupaka
u lijeËenju koronarne bolesti srca, tzv. PCI (percutaneous
coronary intervention), bilo kao same PTCA (percutaneous
transluminal coronary angioplasty) ili “stentinga”, koji po-
lako uzimaju i sve veÊu prednost pred opseænim i otvoren-
im kardiokirurπkim operacijama aortokoronarnog premo-
πtenja, valvularne bolesti srca, u smislu njihovog dosadaπ-
njeg kardiokirurπkog lijeËenja, predstavljaju novi izazov za
kardiologiju. Tako je prva perkutana implantacija stent-
valvule u Ëovjeka izvedena 2000. god. (Bonhoeffer i sur.),
a prvu perkutanu implantaciju aortalne valvule izveo je
Cribier 2002. god. putem anterogradnog pristupa u paci-
jenta sa teπkom aortalnom stenozom3.

Znanstveni i struËni timovi diljem svijeta veÊ su nekoli-
ko godina u postupku istraæivanja najnovijih metoda u li-
jeËenju valvularne patologije srca, koje bi se sa lakoÊom i
sigurnoπÊu mogle izvoditi u bilo kojem dobro opremlje-
nom kateterizacijskom laboratoriju od strane izuËenih in-
vanzivnih i interventnih kardiologa. Iako i sama kardijalna
kirurgija sve viπe teæi minimalno invanzivnim pristupima i
robotski posredovanim operacijama, tim postupcima u pr-
vom redu omoguÊio bi se πto poπtedniji i jednostavniji

The history of invasive and interventional cardiology
goes far back to the beginnings of 20th century, more
exact in 1929 when a surgical resident Werner Forss-

mann in Eberswald near Berlin performed a first cardiac
catheterization, more over of his own, to continue to not so
far 1977 when dr. Andreas Grüntzing in Zürich performed
first interventional procedure1,2. Probably nobody in those
times hoped that this part of medicine will live up to such
a success and further developement.

And while we are today witnesses to a fast develope-
ment and efficacy of invasive and interventional cardiac
procedures in treatement of coronary artery disease, so cal-
led PCI (percutaneous coronary intervention), considering
only PTCA (percutaneous transluminal coronary angioplas-
ty) or “stenting”, which slowly takes more adventage to ex-
tensive and open heart “bypass” surgeries, the cardiac val-
ve diseases, from their present surgical point of view of
treatment, represent new challenge for cardiology. Being
so, the first percutaneous implantation of the stent-valve
was peformed in 2000 (Bonhoeffer et al.) and the first per-
cutaneous implantation of aortal valve was performed by
Cribier in 2002 via anterograde approach in patient with
severe aortal stenosis3.

The scientific and professional teams all around the
world have during the past few years been investigating the
most recent methods in treatment of valvular cardiac pa-
thology which would be simple and safe to be performed
in any well equipped catheterization laboratory by well
trained invasive and interventional cardiologists. Even
tough cardiac surgery itself is aimed at minimum invasive
and robotical procedures, these procedures would enable
more sparing and simplier way of treatment of such disea-
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naËin lijeËenja takvih bolesti, poglavito u pogledu dugotra-
jnih operacija, izloæenosti organizma stroju za izvantjele-
sni krvotok tijekom kardiokirurπkih zahvata, a samim time
smanjio bi se poslijeoperacijski morbiditet i mortalitet, po-
glavito one skupine pacijenata koja je zbog osnovne bo-
lesti ili drugih komorbiditeta, znatnije izloæena periopera-
cijskom riziku kakav predstavljaju sloæene kardiokirurπke
operacije4-6.

Odreeni aspekti lijeËena valvularne patologije putem
invanzivne i interventne kardiologije s uspjehom se provo-
de veÊ i danas, npr. u sluËajevima aortalne, pulmonalne ili
mitralne stenoze, tzv. valvulotomijama ili valvuloplastika-
ma, ukljuËujuÊi i mitralnu komisurotomiju, kao i znaËajno
podruËje pedijatrijske kardiologije u lijeËenju nekih priro-
enih srËanih greπaka, kao npr. atrijskog septalnog defek-
ta, otvorenog foramena ovale ili koarktacije aorte7-9. Ono
πto predstavlja dodatni izazov je lijeËenje valvularne srËa-
ne patologije u pogledu stenotiËnih i insuficijentnih valvu-
la, poglavito aortalne stenoze i mitralne regurgitacije, πto
se trenutaËno uspjeπno lijeËi u sklopu kardijalne kirurgije,
bilo kao implantacije umjetnih valvula ili postupaka po-
πtednijih rekonstrukcijskih zahvata na samim valvulama.
Patologija svih Ëetiriju valvula je u postupku ranih kliniË-
kih faza ispitivanja. Trenutno postoji barem 30 perkutanih
valvularnih programa koje provode 24 razliËite tvrtke. Ta-
koer, u ovom trenutku, dvije perkutane aortalne valvular-
ne naprave i pet mitralnih su u razliËitim fazama kliniËkih
ispitivanja3.

Jedan od glavnih istraæivaËkih centara je The Cleveland
Clinic Heart and Vascular Institute koji kontinuirano pro-
vodi istraæivanje novih tehnologija i njihove primjene u li-
jeËenju kardiovaskularnih bolesti, a neki od postupaka uk-
ljuËuju intervencije zamjene i rekonstrukcije oboljelih
srËanih valvula10,11.

Perkutana zamjena aortalne valvule je novi postupak u
fazi istraæivanja za pacijente sa teπkom simptomatskom
kalcificiranom aortalnom stenozom koji zbog komorbidite-
ta nisu pogodni za kirurπki postupak. The Cleveland Clinic
je jedna od tri centra u SAD-u kojima su odobrena prava
za koriπtenje posebne perkutane Edwards Cribier valvule
(slika 1.) za taj postupak. Valvula se uvodi transfemoralnim
arterijskim pristupom na posebno dizajniranom kateteru sa
balonom koji se nakon pozicioniranja valvule direktno po-
nad oboljele nativne valvule napuπe i tako osigurava nje-
zin poloæaj. Za pacijente sa teπkom perifernom vaskular-
nom boleπÊu, kardiolozi i kardijalni kirurzi testiraju alter-
nativni transapikalni pristup kroz lijevi ventrikul. Preinter-
vencijska analiza transfemoralnog i transapikalnog pristu-
pa provodi se 3D CT ureajem s visokom rezolucijom, a
sam postupak u kateterizacijskom laboratoriju4,10.

ses, in comparison to long operations, exposure of orga-
nism to extracorporeal circulation machine during surgical
procedures, and consequently decrease in postoperative
morbidity and mortality, especially of the group of patients
who are much more exposed to cardiac surgery derived
perioperational risk due to their basic disease or other co-
morbidities4-6.

Certain aspects of valvular pathology treatment through
invasive and interventional cardiology are performed suc-
cessfully even today, e.g. in cases of aortal, pulmonic and
mitral stenosis, with so called valvulotomy or valvuloplas-
ty, including mitral commisurotomy, as well as a signifi-
cant field of paediatric cardiology in treatment of certain
congenital heart defects, e.g. ASD, open foramen ovale or
aortal coarctation7-9. The thing that represents additional
challenge is the treatment of stenotic and insufficient val-
ves, especially aortal stenosis and mitral regurgitation,
which is currently succesfully treated with cardiac surgery,
as implantations of prosthetic valves or sparing reconstruc-
tive valvular procedures. Pathology of all four valves is in
the early clinical stage of testing. There are currently at
least thirty percutaneous valvular programs which are be-
ing performed by twentyfour different companies. Also, at
the moment, two percutaneous aortal valvular and five mi-
tral devices are in different stages of clinical testing3. 

One of the main testing centers is The Cleveland Clin-
ic Heart and Vasular Insitute which continously performs
researches of new techologies and their application in
treatment of cardiovascular diseases, and some of the pro-
cedures include interventions regarding replacement and
reconstruction of diseased cardiac valves10,11.

Percutaneous aortic valve replacement is a new proce-
dure in testing stage for patients with severe simptomatic
calcified aortal stenosis who, due to comorbidities, are not
suitable for surgical procedure. The Cleveland Clinic is one
of three centers in USA with approved rights for usage of
special percutaneous Edwards Cribier valve (Picture 1) for
that procedure. The valve is inserted by appliying trans-
femoral arterial approach to a special designed catheter
with baloon which inflates after positioning the valve di-
rectly over the diseased native valve. For patients with se-
vere peripheral vascular disease, cardiologists and cardiac
surgeons are testing an alternative approach trough the left
ventricular apex of the heart. Preinterventional analysis of
transfemoral and transapical approach is performed with
high resolution 3D CT scan, and the procedure itself in the
catheterization laboratory4,10. 

Picture 1. Edwards Cribier aortal valve.
(www.clevelandclinic.org/heartcenter/pub/history/future/default.asp?first-

Cat=56&secondCat=57)
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U EVEREST (Endovascular Valve Edge to Edge Repair
Study) studiji kardiolozi istraæuju postupak pozicioniranja
malog metalnog clipa (slika 2.) koji se uvodi u srce putem
katetera kroz femoralnu venu interatrijskim pristupom i
njegove uËinkovitosti u dræanju zajedno prednjeg i straæn-
jeg mitralnog kuspisa u sluËaju mitralne regurgitacije. In-
tervencija se provodi pod nadzorom ultrazvuka i fluoro-
skopije. Pozicioniranje clipa provodi se do postizanja op-
timalnog poboljπanja hemodinamike, nakon Ëega se clip
otpuπta i kateter izvlaËi. S vremenom se oko clipa stvara fi-
brozno oæiljkasto tkivo dræeÊi tako kuspise u njihovoj
novoj poziciji Ëime se smanjuje stupanj regurgitacije10-15.

In EVEREST (Endovascular Valve Edge to Edge Repair
Study) study cardiologists are investigating the procedure
of positioning of a small metal clip (Picture 2) inserted via
femoral vein trough the small hole between atria and its ef-
ficacy in holding together anterior and posterior mitral lea-
flet in case of mitral regurgitation. The ntervention is per-
formed under the guidance of echocardiography and fluo-
roscopy. The process of positioning of the clip is performed
by the time optimal improvement of haemodynamics has
been achieved, then the clip is to be released and the
catheter withdrawn. Eventually scar tissue encircles the
clip keeping the leaflets in their new position thereby de-
creasing the grade of regurgitation10-15.

In case of valvular regurgitation, semi-flexible self-sup-
ported annuloplasty mitral and tricuspid stent-ring (Picture
3) is inserted percutaneously and positioned supraanullary
with inflating baloon. The purpose of that prosthetic ring is
narrowing and remodelling of the native annulus, preven-

Picture 2. Mitral clip.
(www.clevelandclinic.org/heartcen-
ter/pub/history/future/default.asp?first

Cat=56&secondCat=57)

Picture 3. Semi-flexible self-
supported annuloplasty mitral

and tricuspid stent-ring.
(www.clevelandclinic.org/heartcenter/p

ub/history/future/future2.asp?first-
Cat=56&secondCat=57)

Takoer, u sluËaju valvularne regurgitacije, polu-fleksi-
bilni samostojeÊi mitralni i trikuspidni stent-prsten za anu-
loplastiku (slika 3.) uvodi se perkutanim putem i pozicioni-
ra supraanularno uz pomoÊ inflacijskog balona. Svrha tog
umjetnog prstena je suæavanje i remodeliranje nativnog pr-
stena, korekcija i prevencija valvularne regurgitacije, Ëime
se postiæe efektivno funkcioniranje valvula10. 

Za mitralnu regurgitaciju uzrokovanu dilatiranim anu-
lusom i labavim straænjim mitralnim kuspisom istraæuje se
posebno dizajnirana naprava koja se uvodi kroz venu sub-
klaviju ili unutarnju jugularnu venu u koronarni sinus blizu
straænjeg valvularnog anulusa. S podupiranjem anulusa i
njegovog straænjeg kuspisa i njegovim pribliæavanjem
prednjem postiæe se restrukturiranje anatomije i vraÊanje
normalne hemodinamike Ëime se zaustavlja valvularna re-
gurgitacija. Naprava je dizajnirana u obliku metalne πipke,
7 cm dugaËka i 1,5 mm u promjeru (slike 4. i 5.), savitljiva
na krajevima i Ëvrsta u sredini. Transezofagijska ehokar-
diografija i fluoroskopija koriste se za praÊenje optimalnog
pozicioniranja naprave i praÊenja hemodinamiËkih prom-
jena. Iako se trenutno postupak testira u operacijskoj sali
od strane kardiologa i kardijalnih kirurga, vjeruje se da bi
se uskoro, kao i prethodna tri, mogao izvoditi u kateteriza-
cijskom laboratoriju11,13-16.

Prva perkutana zamjena trikuspidne valvule izvedena
je takoer u klinici u Clevelandu. Pacijentica je imala teπku
radijacijsku bolest srca, prethodno je izvedena perikardiek-
tomija, a i bio je prisutan refraktorni ascites zbog teπke tri-
kuspidne regurgitacije. Valvula je implantirana u donju
πuplju venu odmah ispod desnog atrija, a jednogodiπnje
praÊenje pokazalo je kompetentnost valvule i poboljπanje
kvalitete æivota u pacijentice10.

Neki od navedenih postupaka veÊ su duæe vrijeme u
svakodnevnoj kliniËkoj praksi, veÊina ih je u fazi kliniËkih
istraæivanja, a manji dio je u postupku ranog praÊenja raz-
voja. Iako veÊina ovih postupaka nije joπ potvrena u ve-
likim kliniËkim studijama, na buduÊnosti ostaje da pokaæe
uËinkovitost i izvedivost novih metoda, iako i dosadaπnje
studije u pogledu morbiditeta i mortaliteta veÊ konkuriraju

tion and correction of valvular regurgitation, thus achie-
ving effective functioning of the valves10. 

For mitral regurgitation due to dilated annulus and flop-
py posterior mitral leaflet a special device is investigated,
inserted through subclavian or internal jugular vein in co-
ronary sinus near posterior valve annulus. With supporting
the annulus and its posterior leaflet and attaching it closer
to the other leaflet, anatomy restruction and normal hae-
modynamics are achieved, thus stopping the valvular re-
gurgitation. The device is designed as a metal bar, 7 cm  in
lenght and 1.5 mm in diameter (Pictures 4 and 5), flexible
at both ends and stiff in the middle. Transesophageal
echocardiography and fluoroscopy are used for guidance
of optimal positioning of device and monitoring of haemo-
dynamic changes. Although the procedure is currently be-
ing tested in operating room by cardiologists and cardiac
surgeons, it is likely to be performed, just as the other
three, in the catheterization laboratory11,13-16.

The first percutaneous replacement of tricuspid valve
was also carried out in Cleveland Clinic. The patient had
severe radiation heart disease, had undergone previous pe-
ricardiectomy, and refractory ascites due to severe tricus-
pid regurgitation was present. The valve was implanted
within the inferior vein cava immediately inferior to the
right atrium, and at one-year follow-up the patients’ valve
prooved competent and her quality of life improved10.  

Some of the above procedures exist even for some time
in everyday clinical practice, most of them are in the cli-
nical tessting stage, and a small number of them is in the
course of early developement follow-up. Although the ma-
jority of these procedures have not yet been validated in
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large clinical trials, the future will demostrate the efficacy
and feasibility of new methods, even though so far studies
considering the morbidity and mortality presently compete
with the existing ones5. A special aspect will eventually be
the indicators of the cost-benefits of the procedures, and of
course the possibility of their soon implementation in
Croatia.

onim postojeÊim5. Poseban aspekt u konaËnici predstavljat
Êe i pokazatelji isplativosti i troπkova samih postupaka te
moguÊnost njihove πto skorije implementacije u Hrvatskoj. 

Picture 4.  Inserting the catheter into coronary sinus.
(www.clevelandclinic.org/heartcenter/pub/guide/percutaneous/percuta-

neousValve.htm?firstCat=3&secondCat=624&thirdCat=625)

Picture 5. Inserting the device and supporting the
posterior valve annulus.

(www.clevelandclinic.org/heartcenter/pub/guide/percutaneous/percuta-
neousValve.htm?firstCat=3&secondCat=624&thirdCat=625)
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