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Izvantjelesna membranska oksigenacija u odraslih bolesnika
Extracorporeal Membrane Oxygenation in Adults

SAŽETAK: Izvantjelesna membranska oksigenacija (engl. Extracorporeal Membrane Oxygenation, 
ECMO) postupak je izvantjelesne mehaničke cirkulacijske ili respiracijske potpore koji se primjenjuje 
primarno u bolesnika sa životno ugrožavajućim oblicima zatajivanja rada srca ili pluća. Dva su osnov-
na oblika ECMO potpore: vensko-venski (V-V) i vensko-arterijski (V-A) ECMO. V-V ECMO osigurava 
funkciju izmjene plinova u krvi i primjenjuje se u slučaju teške reverzibilne respiracijske insuficijenci-
je. V-A ECMO podržava funkciju rada srca i pluća, a, osim pri reverzibilnim oblicima oštećenja srčane 
funkcije, može se rabiti i pri njezinu ireverzibilnom oštećenju, kao premoštenje do transplantacije srca 
ili ugradnje uređaja za mehaničku cirkulacijsku potporu. ECMO je invazivan i tehnički složen postu-
pak koji se obavlja u kritično bolesnih pa stoga nosi visok rizik od pojave komplikacija. Rezultati liječe-
nja ECMO-om razlikuju se ovisno o indikaciji za sam postupak. Bolesnici u kojih je ECMO primijenjen 
radi respiracijske potpore imaju bolje ishode u usporedbi s onima s kardiogenim šokom ili zastojem 
srca. Iako nedostaju dokazi temeljeni na velikim randomiziranim studijama koji bi poduprli njegovu 
primjenu, ECMO je u kliničkoj praksi spasonosna metoda liječenja u dobro odabranih, kritičnih bole-
snika.

SUMMARY: Extracorporeal membrane oxygenation (ECMO) is a procedure that provides extracorpor-
eal mechanical circulatory or respiratory support and is used primarily in patients with life-threaten-
ing forms of heart or respiratory failure. There are two basic types of ECMO support: veno-venous (VV) 
and veno-arterial (VA) ECMO. VV ECMO ensures blood gas exchange and is applied in cases of severe 
reversible respiratory insufficiency. VA ECMO supports the function of the heart and lungs; other than 
in reversible forms of damaged heart function, it can also be used in irreversible forms of heart failure 
as a bridge to heart transplantation or to the implantation of mechanical circulatory support device. 
ECMO is an invasive and technically complex procedure that is performed in critically ill patients 
and thus has a high risk of complications. Results of ECMO treatment vary depending on the indica-
tions for the procedure itself. Patients in whom ECMO was applied for respiratory support show better 
outcomes compared with those with cardiogenic shock or cardiac arrest. Despite a lack of evidence 
based on large randomized studies to support its application, in clinical practice ECMO represents a 
life-saving method of treatment in well-selected critical patients.
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Uvod
Izvantjelesna membranska oksigenacija (engl. 
Extracorporeal Membrane Oxygenation, ECMO) 
postupak je izvantjelesne cirkulacijske ili respi-
racijske potpore tijekom kojeg se s pomoću po-
sebnog uređaja venska krv odvodi iz organizma, 
oksigenira i zatim vraća u organizam. Osnovni 
cilj ECMO-a jest zadovoljavajuća opskrba tkiva 

Introduction
Extracorporeal membrane oxygenation (ECMO) 
is a procedure that provides extracorporeal 
mechanical circulatory or respiratory support 
in which a special device is used to extract ve-
nous blood from the organism, oxygenate it, and 
then return it to the organism. The basic goal of 
ECMO is achieving satisfactory oxygen supply 
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kisikom i odstranjivanje ugljikova dioksida u bolesnika s teš-
kim oblicima zatajivanja rada srca ili pluća, kada su refraktar-
ni na konvencionalno liječenje1.

Postupak je izvantjelesne membranske oksigenacije prvi 
put primijenjen 1971. godine2. Tijekom idućih desetljeća po-
staje općeprihvaćena metoda u liječenju teških oblika za-
tajivanja srca i pluća u dječjoj dobi, a tek posljednjih godina 
uobičajeni modalitet liječenja i u kritičnih bolesnika odrasle 
dobi3-5. Zahvaljujući razvoju tehnologije i stjecanju iskustva 
rezultati liječenja ECMO-om sve su bolji, a indikacije postu-
pno proširene6-10. Posljedično tomu, broj bolesnika liječenih 
ECMO-om svake godine znatno raste. Prema podatcima 
ELSO (Extracorporeal Life Support Organisation) registra, do 
siječnja 2017. godine ECMO je primijenjen u 86 287 bolesni-
ka diljem svijeta, među kojima je 26 813 bolesnika (31 %) bilo 
odrasle dobi11. 

Kako bi rezultati liječenja ECMO-om bili što bolji, važ-
no je pravodobno prepoznati bolesnika kojemu je potrebna 
izvantjelesna cirkulacijska ili respiracijska potpora, utvrditi 
postoje li kontraindikacije te odabrati odgovarajući oblik lije-
čenja. Stoga je cilj ovoga preglednog članka prikazati osnovne 
principe liječenja ECMO-om u odrasloj populaciji, indikacije i 
kontraindikacije prema postojećim smjernicama te moguće 
komplikacije postupka.

Način rada i osnovni oblici ECMO potpore 
Osnovni dijelovi ECMO sustava jesu crpka koja omoguću-
je protok krvi, oksigenator i kanile (Slika 1). Deoksigenirana 
venska krv odvodi se iz organizma preko „pristupne“ kanile 
postavljene u venski dio cirkulacije zahvaljujući negativnom 
tlaku koji stvara crpka. Crpka zatim potiskuje krv prema ok-

to the body and removal of carbon dioxide in patients with 
severe forms of heart or respiratory failure, when they are re-
fractory to conventional treatment1.

The procedure of extracorporeal membrane oxygenation 
was used for the first time in 19712. Over the following dec-
ades, it became an universally accepted method in the treat-
ment of severe forms of heart and respiratory failure in child-
hood; only in recent years has it become a common treatment 
modality in adult critical patients3-5.Thanks to the technical 
developments and growing experience, the results of ECMO 
treatment have been increasingly improving, and the indica-
tions were gradually extended6-10. Consequently, the number 
of patients treated with ECMO has been growing significantly 
every year. According to the ELSO (Extracorporeal Life Sup-
port Organisation) registry, by January 2017 ECMO had been 
applied in 86 287 patients all over the world, of whom 26 813 
(31%) were adult patients11.

In order to make the results of ECMO treatment as favorable 
as possible, timely recognition of patients who require extra-
corporeal circulatory or respiratory support is important, as 
well as determining whether any contraindications are pre-
sent and choosing the appropriate form of treatment. Thus, 
the goal of this review is to present the basic principles of 
ECMO treatment in the adult population, the indications and 
contraindications based on current guidelines, and the pos-
sible complications from this procedure.

The procedure and basic forms of ECMO 
support
The basic parts of the ECMO system are a pump that allows 
blood flow, an oxygenator, and cannulae (Figure 1). Deoxy-
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FIGURE 1. Extracorporeal membrane oxygenation circuit 
configuration.

FIGURE 2. Veno-venous and peripheral veno-arterial extra-
corporeal membrane oxygenation.
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sigenatoru u kojem se krv obogaćuje kisikom, uz istodobno 
odstranjivanje ugljikova dioksida. Ako je potrebno održavati 
temperaturu krvi i tijela na određenoj vrijednosti, krv zasiće-
na kisikom usmjeruje se u izmjenjivač topline, gdje se zagri-
java ili hladi, a onda preko „povratne“ kanile vraća u arterij-
ski ili venski dio cirkulacije. Upravo na temelju „povratnoga“ 
vaskularnog pristupa razlikujemo dva oblika ECMO potpore, 
vensko-venski (V-V) i vensko-arterijski (V-A) ECMO (Slika 2). 
Koji će se modalitet primijeniti u pojedinog bolesnika, ovisi o 
funkciji srca.

Vensko-venski ECMO
Prilikom primjene V-V ECMO-a venska se krv iz bolesnika od-
vodi preko „pristupne“ kanile, najčešće postavljene u femoral-
nu venu, a zatim oksigenirana vraća u venski sustav „povrat-
nom“ kanilom u unutarnjoj jugularnoj veni. V-V ECMO na taj 
način osigurava oksigenaciju i uklanjanje ugljikova dioksida 
iz venske krvi, a ujedno smanjuje razinu potrebne mehaničke 
ventilacijske potpore i minimizira rizik od ozljede pluća uzro-
kovane ventilacijom12. S obzirom na to da se oksigenirana krv 
ponovno vraća u venski dio cirkulacije, V-V ECMO ne osigu-
rava hemodinamsku potporu i primjenjuje se u bolesnika bez 
znatnog oštećenja funkcije srca kojima je potrebna isključivo 
respiracijska potpora. Za razliku od V-A ECMO-a, omogućuje 
provedbu fiziološke hemodinamike uz minimalni rizik od su-
stavne tromboembolije i bez potrebe za kanilacijom arterija. 
Stoga je učestalost komplikacija tijekom V-V ECMO-a mnogo 
manja13.

Vensko-arterijski ECMO
Tijekom primjene V-A ECMO-a oksigenirana se krv se vraća 
u organizam preko „povratne“ kanile postavljene u jednu od 
velikih arterija. Na taj način, poput standardnoga kardiopul-
monalnoga premoštenja, V-A ECMO zaobilazi srce i pluća te 
preuzima ili podržava cirkulacijsku funkciju srca, a može 
istodobno preuzeti ili poduprijeti funkciju izmjene plinova u 
krvi. Sustavni arterijski protok rezultat je protoka u cirkulacij-
skome krugu i vlastita izbačaja lijeve klijetke. Može se primje-
njivati pri lijevostranom i desnostranom zatajivanju srca14. 
Postoje dva oblika V-A ECMO-a, centralni i periferni. Central-
ni V-A ECMO podrazumijeva postavljanje kanila u centralne 
strukture (desna pretklijetka i uzlazna aorta) otvorenim ki-
rurškim pristupom, a primjenjuje se nakon kardiokirurških 
zahvata u slučaju otežanog odvajanja bolesnika od stroja za 
izvantjelesni krvotok ili pak pri teškim oblicima kardiorespi-
ratornog zatajivanja, kada su potrebni visoki prototci za posti-
zanje dostatne perfuzije tkiva15. Kod perifernog V-A ECMO-a 
kanuliraju se velike periferne krvne žile (najčešće u femoral-
noj regiji), perkutanim pristupom ili kirurškom preparacijom. 
Takav modalitet osigurava pretežno cirkulacijsku potporu i 
ne primjenjuje se u bolesnika s respiratornom insuficijenci-
jom16. Periferni V-A ECMO s malim kanilama koje se posta-
ve perkutanim putom, tzv. niskoprotočni vensko-arterijski 
ECMO, omogućuje vrlo brzi početak hemodinamske potpore 
u bolesnika u kardiorespiratornom arestu17.

Indikacije za primjenu ECMO-a
Od samog početka, ECMO se najčešće primjenjuje u bolesnika 
s potencijalno reverzibilnim, životno ugrožavajućim oblicima 
srčanog ili respiracijskog zatajivanja, koji ne reagiraju na kon-

genated venous blood is led outside the organism using an 
“access” cannula placed in the venous part of the circulation 
using the negative pressure created by the pump. The pump 
then pushes blood towards the oxygenator, where it is en-
riched with oxygen while carbon dioxide is simultaneously 
removed. If it is necessary to keep the blood and body temper-
atures at a specific level, the blood saturated with oxygen is 
directed to a heat exchanger where it is heated or cooled, after 
which the blood is returned to the arterial or venous part of 
the circulation via the “return” cannula. The choice between 
these two return approaches is what differentiates the two 
types of ECMO support, veno-venous (VV) and veno-arterial 
(VA) ECMO (Figure 2). Which modality will be applied in a par-
ticular patient depends on heart function.

Veno-Venous ECMO
When applying VV ECMO, venous blood is extracted through 
the “access” cannula, usually placed in the femoral vein; the 
oxygenated blood is returned to the venous system through 
the “return” cannula in the internal jugular vein. In this way, 
VV ECMO ensures oxygenation and the removal of carbon 
dioxide from the venous blood, while at the same time reduc-
ing the necessary level of mechanical ventilation support and 
thus minimizing the risk of ventilator-induced lung injury12. 
Since the oxygenated blood returns to the venous part of the 
circulation, VV ECMO does not ensure hemodynamic support 
and is used in patients with no significant damage to heart 
function who only need respiratory support. As opposed to VA 
ECMO, it allows physiological hemodynamics to take place 
with a minimal risk of systemic thromboembolism and with-
out artery cannulation being necessary. Thus the incidence of 
complications during VV ECMO is significantly lower13.

Veno-arterial ECMO
In VA ECMO, the oxygenated blood is returned to the organ-
ism via a “return” cannula placed in one of the great arter-
ies. In this way, as in standard cardiopulmonary bypasses, 
VA ECMO circumvents the heart and lungs and takes over or 
supports the circulatory function of the heart and can simul-
taneously take over or support the function of gas exchange 
in the blood. Systemic arterial flow is a result of the flow in 
the circulatory system and left ventricular ejection. It can be 
used for left-sided and right-sided heart failure14. There are 
two forms of VA ECMO: central and peripheral. In central VA 
ECMO, the cannulae are placed in the central structures (the 
right atrium and ascending aorta) by using an open surgical 
approach; this is used after cardiac surgery procedures in 
cases of inability to wean the patient from an external blood 
flow device or in cases of severe cardiorespiratory failure 
when there is high flow needed to achieve sufficient tissue 
perfusion15. In peripheral VA ECMO, the great peripheral blood 
vessels (usually in the femoral region) are cannulated using 
either a percutaneous approach or surgical preparation. This 
modality ensures predominantly circulatory support and is 
not used in patients with respiratory insufficiency16. Peripher-
al VA ECMO with small cannulae placed with a percutaneous 
approach, the so-called low-flow veno-arterial ECMO, allows 
very rapid initiation of hemodynamic support for patients in 
cardiorespiratory arrest17.

Extracorporeal Membrane Oxygenation in Adults
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vencionalno liječenje. Međutim, u današnje vrijeme indika-
cije za ECMO potporu mnogo su šire i obuhvaćaju određene 
bolesnike s ireverzibilnim oštećenjem ciljnih organa, zasto-
jem srca, kao i bolesnike podvrgnute rizičnim postupcima u 
intervencijskoj kardiologiji1.

Indikacije za V-A ECMO
V-A ECMO najčešće se primjenjuje nakon kardiokirurških 
zahvata, pri otežanom odvajanju bolesnika od stroja za 
izvantjelesnu cirkulaciju. Sljedeća najvažnija indikacija jest 
kardiogeni šok, bilo koje etiologije, koji perzistira unatoč od-
govarajućoj nadoknadi intravaskularnog volumena, visokim 
dozama inotropnih lijekova i primjeni intraaortne balonske 
pumpe18-20. Kardiogeni je šok definiran srčanim indeksom < 2 
L/min/m2 i perzistirajućom hipotenzijom (sistolički tlak < 90 
mmHg), unatoč normalnim ili povišenim tlakovima punje-
nja klijetki21. Mogući su uzroci akutna zbivanja poput velikog 
infarkta miokarda, fulminantnog miokarditisa ili pak masiv-
ne plućne tromboembolije s akutnim zatajivanjem desnoga 
srca. Uloga ECMO-a u navedenim situacijama može biti pre-
mošćivanje vremena do definitivnoga zbrinjavanja u obliku 
revaskularizacije miokarda ili embolektomije (engl. bridge 
to therapy) ili pak do oporavka (engl. bridge to recovery). V-A 
ECMO također se primjenjuje u bolesnika s kroničnim, ire-
verzibilnim oštećenjem srčane funkcije. U terminalnoj fazi 
kroničnog zatajivanja srca može poslužiti kao premosno lije-
čenje do transplantacije srca (engl. bridge to transplantation) 
ili ugradnje uređaja za mehaničku potporu cirkulaciji (engl. 
ventricular assist device, VAD), koja pak može biti privreme-
na (engl. bridge to bridge) ili konačna metoda liječenja (engl. 
destination therapy)20.

Jedna od novijih indikacija za primjenu ECMO-a jest za-
stoj srca. Prema ELSO smjernicama, ECMO potporu treba 
razmotriti u slučaju zastoja srca s potencijalno reverzibilnim 
uzrokom, koji perzistira dulje od 10 minuta unatoč primjeni 
naprednih mjera oživljavanja22. U usporedbi s konvencional-
nom kardiopulmonalnom resuscitacijom, bolesnici u kojih 
je primijenjen ECPR (engl. Extracorporeal Cardiopulmonary 
Resuscitation) imaju veću stopu preživljenja i bolji neurološki 
ishod23-26.

Cirkulacijska potpora V-A ECMO-om danas je neizostav-
na pomoćna metoda u području intervencijske kardiologije. 
Osim toga što omogućuje izvođenje perkutane koronarne 
intervencije (engl. percutaneous coronary intervention, PCI) 
u bolesnika koji su već hemodinamski nestabilni, ECMO se 
primjenjuje i kao preventivna mjera pri visokorizičnim PCI 
postupcima, kada postoji veliki rizik od hemodinamskog 
urušaja zbog same intervencije27-29. Najčešće je riječ o inter-
vencijama na glavnom deblu lijeve koronarne arterije, teškim 
stenozama svih triju koronarnih arterija ili o intervenciji na 
jedinoj prohodnoj arteriji. Sve su indikacije za cirkulacijsku 
potporu sažete u Tablici 1. 

Indikacije za V-V ECMO
Prema ELSO smjernicama, primjenu V-V ECMO-a treba raz-
motriti u bolesnika s potencijalno reverzibilnom hipoksičnom 
respiracijskom insuficijencijom bilo koje etiologije, kada je rizik 
od smrti jednak ili veći od 50 %, a indicirana je u slučaju rizika 
od smrti jednakog ili većeg od 80 % (Tablica 2)30. Rizik od smrti 
procjenjuje na temelju vrijednosti omjera parcijalnog arterij-

Indications for the application of ECMO
Since the very beginning, ECMO has been most commonly 
used in patients with potentially reversible, life-threatening 
forms of heart or respiratory failure refractory to conventional 
treatment. However, today the indications for ECMO support 
are much broader and encompass certain patients with ir-
reversible damage to target organs, cardiac arrest, and also 
patients undergoing high-risk procedures in interventional 
cardiology1.

Indication for VA ECMO
VA ECMO is most commonly applied after cardiac surgery 
procedures, in cases of inability to wean the patient from the 
external blood flow device. The next most important indica-
tion is cardiogenic shock of any etiology that persists despite 
appropriate supplementation of intravascular volume, high 
doses of inotropic medications, and application of an intra-
aortic balloon pump18-20. Cardiogenic shock is defined as a 
heart index <2 L/min/m2 and persistent hypotension (systolic 
pressure <90 mmHg) despite normal or elevated ventricular 
filling pressures21. Possible causes are acute events such as 
large myocardial infarction, fulminant myocarditis, or mas-
sive pulmonary thromboembolism with acute right-sided 
heart failure. The role of ECMO in the above situations can 
be to serve as a bridge to therapy in the form of myocardial 
revascularization or embolectomy or to serve as a bridge to 
recovery. VA ECMO is also used in patients with chronic, irre-
versible heart failure. In advanced chronic heart failure, it can 
serve as a bridge to heart transplantation or to implantation 
of a ventricular assist device (VAD), which can be temporary 
(bridge to bridge) or the destination therapy20.

Cardiac arrest is one of the newer indications for ECMO 
application. According to ELSO guidelines, ECMO support 
should be considered in cases of cardiac arrest with a poten-
tially reversible cause that persists for longer than 10 minutes 
despite the application of advanced resuscitation measures22. 
In comparison with conventional cardiopulmonary resusci-
tation, patients in which ECPR (extracorporeal cardiopulmo-
nary resuscitation) was applied have a higher rate of survival 
and better neurological outcomes23-26.

Using VA ECMO for circulatory support has become an in-
dispensable auxiliary method in the field of interventional 
cardiology. In addition to allowing the performance of per-
cutaneous coronary interventions (PCI) in patients with ex-
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TABLE 1. Indications for veno-arterial extracorporeal 
membrane oxygenation.

Cardiogenic shock: acute coronary syndrome, fulminant 
myocarditis, sepsis with profound cardiac depression, massive 
pulmonary embolism
Post-cardiotomy: inability to wean from cardiopulmonary 
bypass 
Post-heart transplant: primary graft failure
End-stage heart failure: as a bridge to heart transplantation, 
implantation of VAD support or as a bridge to decision
Refractory cardiac arrest (>10 min)
Periprocedural support for high-risk percutaneous coro-
nary interventions
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skog tlaka kisika i udjela kisika u udahnutoj smjesi, Pa02/Fi02 
(engl. partial arterial pressure of oxygen/fraction of inspired 
oxygen ratio) ili zbroja Murrayjeva bodovnog sustava:

- 50 %-tni rizik od smrti udružen je s Pa02/Fi02 <150 uz Fi02 
>0,9 i/ili s Murrayjevim zbrojem 2 – 3;

- 80 %-tni rizik od smrti udružen je s Pa02/Fi02 <100 uz Fi02 
>0,9 i/ili s Murrayjevim zbrojem 4 – 6 tijekom 6 sati i dulje.

Murrayjev je zbroj bodovni sustav koji se temelji na četiri-
ma parametrima (omjeru PaO2/FiO2, PEEP-u (pozitivan tlak 
na kraju izdisaja, engl. positive end-expiratory pressure), di-
namičkoj popustljivosti pluća, broju plućnih kvadranata s al-
veolarnom infiltracijom na radiogramu prsnih organa), a upu-
ćuje na težinu respiracijske insuficijencije31. Pri procjeni je li 
riječ o reverzibilnom oštećenju plućne funkcije u obzir treba 
uzeti etiologiju osnovne bolesti, dob, prethodno bolesnikovo 
stanje i trajanje mehaničke ventilacije. Liječenje ECMO-om 
u pojedinim stanjima poput aspiracijske upale pluća, potapa-
nja ili astme, postiže vrlo dobre rezultate. Trajanje mehaničke 
ventilacije dulje od sedam dana i starija životna dob povezani 
su s velikim rizikom od nepovoljnog ishoda unatoč primjeni 
ECMO-a, zbog čega se smatraju relativnim kontraindikacija-
ma32.

Kontraindikacije za ECMO
S obzirom na to da je postupak ECMO visoko rizičan i skup, 
prije donošenja odluke o početku liječenja u svakog je bole-
snika prijeko potrebno individualno procijeniti rizik i korist 
od primjene samog postupka. Prema postojećim smjerni-
cama, vrlo je malo apsolutnih kontraindikacija za primjenu 
ECMO-a i većina stanja relativne su kontraindikacije1,33.

Apsolutnu kontraindikaciju za ECMO imaju:

- bolesnici s ireverzibilnim oštećenjem ciljnih organa koji 
nisu kandidati za transplantaciju srca ili pluća, odnosno 
neki drugi oblik potpore, jer nije vjerojatan nastavak kva-
litetnog života nakon oporavka (npr. terminalna maligna 
bolest, neposvjedočeni kardiorespiratorni arest, teško ošte-
ćenje središnjega živčanog sustava)

- nesuradljivi bolesnici.1

Najčešće relativne kontraindikacije vezane su za primjenu 
antikoagulantne terapije, manifestno krvarenje i visoku dob. 
U slučaju nemogućnosti primjene nefrakcioniranog heparina 
(engl. unfractioned heparin, UFH), primjerice zbog heparinom 
inducirane trombocitopenije (engl. heparin induced trom-
bocytopenia, HIT), mogu se rabiti drugi antikoagulansi poput 
bivalirudina ili argatrobana. Zahvaljujući sustavu kanila i 
dijelovima uređaja obloženima antikoagulantnim agensom 
ECMO se kratkotrajno može provoditi i bez upotrebe sustavne 

isting hemodynamic instability, ECMO is also applied as a 
preventive measure in high-risk PCI procedures when there 
is high risk of hemodynamic collapse due to the interven-
tion itself27-29. These are most commonly interventions on the 
main stem of the left coronary artery, severe stenoses of all 
three coronary arteries, or interventions on the sole patent ar-
tery. All indications for circulatory support are briefly listed 
in Table 1.

Indications for VV ECMO
According to ELSO guidelines, the application of VV ECMO 
should be considered in patients with potentially reversible 
hypoxic respiratory insufficiency of any etiology when the 
risk of death is equal to or greater than 50%, and it is indicated 
in cases where risk of death is equal to or greater than 80% 
(Table 2)30. The risk of death is assessed based on the value of 
the Pa02/Fi02 (partial arterial pressure of oxygen/fraction of 
inspired oxygen) ratio or the Murray score:

- 50% risk of death combined with Pa02/Fi02 <150 with Fi02 >0.9 
and/or Murray score 2-3;

- 80% risk of death combined with Pa02/Fi02 <100 with Fi02 
>0.9 and/or Murray score 4-6 during 6 hours and longer.

The Murray score is a scoring system based on four pa-
rameters (Pa02/Fi02 ratio, PEEP (Positive End Expiratory Pres-
sure), dynamic pulmonary compliance, the number of pulmo-
nary quadrants with alveolar infiltration on chest x-ray) and 
indicates the severity of respiratory insufficiency31. When 
assessing whether the damage to lung function is reversible, 
the etiology of the primary disease, age, previous state of the 
patient, and the duration of mechanical ventilation should be 
taken into consideration. ECMO treatment has shown very 
good results in some conditions such as aspiration pneumo-
nia, drowning, or asthma. Mechanical ventilation lasting for 
more than seven days and advanced age are associated with 
a high risk of adverse outcomes despite ECMO application and 
are thus considered relative contraindications32.

Contraindications for ECMO
Since ECMO is a high-risk and costly procedure, it is crucial to 
individually assess the risk and benefit of the procedure be-
fore deciding to commence the treatment. According to cur-
rent guidelines, there are very few absolute contraindications 
for ECMO applications, and most conditions represent only 
relative contraindications1,33.

Absolute contraindications for ECMO are:

- Patients with irreversible damage to target organs who are 
not suitable for heart or lung transplantation or other forms 
of support, since continued quality life after recovery is not 
likely (e.g. terminal malignant disease, unwitnessed cardi-
orespiratory arrest, severe damage to the central nervous 
system)

- Noncompliant patients1

The most common relative contraindications are related 
to the application of anticoagulation therapy, manifest bleed-
ing, and advanced age. When the application of unfractioned 
heparin (UFH) is not possible, for instance due to heparin-
induced thrombocytopenia (HIT), other anticoagulants such 
as bivalirudin or argatroban can be used. Thanks to the sys-
tem of cannulae and parts of the device coated in an antico-

Extracorporeal Membrane Oxygenation in Adults

TABLE 2. Indications for veno-venous extracorporeal 
membrane oxygenation.

Hypoxic respiratory failure with PaO2/FiO2 <100 on FiO2> 90% 
and/or Murray score 3-4 despite optimal care for >6 hours
CO2 retention on mechanical ventilation despite high plato pre-
ssure (>30 cm H2O) 
Severe air leak syndromes
Need for intubation in a patient on lung transplant list 
Immediate cardiac or respiratory collapse (pulmonary embolism, 
blocked airway unresponsive to optimal care)
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antikoagulacije, što omogućuje njegovu primjenu u bolesnika 
s manifestnim krvarenjem koje se ne može zaustaviti odgo-
varajućim postupcima33. Dobna granica nakon koje se ne pre-
poručuje primjena potpore ECMO-om nije jasno definirana, a 
rizik od nepovoljnog ishoda povećava se razmjerno dobi32.

Pojedini oblici ECMO-a imaju specifične kontraindikacije. 
Periferni V-A ECMO kontraindiciran je kod teške periferne va-
skularne bolesti, kao i u slučaju aneurizme abdominalne aor-
te s trombotskim masama. V-V ECMO ne smije se primjeniti 
pri teškom desnostranom ili lijevostranom zatajivanju srca i 
kod teške plućne hipertenzije (srednji tlak u plućnoj arteriji > 
50 mmHg)33. 

Komplikacije postupka ECMO
ECMO je invazivan, tehnički vrlo složen postupak koji na-
rušava cjelovitost krvožilnih stijenki i upleće se u brojne 
fiziološke procese. Bolesnici u kojih je indiciran, već zbog 
same osnovne bolesti imaju veliku predviđenu stopu smrtno-
sti2. Stoga su komplikacije vezane za ECMO još uvijek česte i 
znatno povećavaju pobol i smrtnost5,34-39. Prema dosadašnjim 
studijama, V-V ECMO ima manje komplikacija u usporedbi s 
V-A ECMO-om. Djeca u odnosu prema odraslim bolesnicima 
imaju manji ukupni broj komplikacija, no veću učestalost ne-
uroloških komplikacija32,40. Komplikacije liječenja ECMO-om 
možemo podijeliti u dvije glavne kategorije:

- komplikacije vezane za cirkulacijski krug (mehaničke),

- komplikacije vezane za bolesnika (medicinske).

Komplikacije vezane za cirkulacijski krug
Mehaničke komplikacije vezane za sam ECMO sustav uklju-
čuju trombozu, zračnu embolizaciju, disfunkciju pojedinih 
dijelova cirkulacijskoga kruga i prenizak ili potpuni prekid 
protoka krvi. Prisutnost malih ugrušaka (veličine 1 – 5 mm) 
unutar sustava česta je pojava i najčešće ne zahtijeva inter-
venciju, nego kontinuirano praćenje. Ako je riječ o većim ili 
rastućim ugrušcima, potrebno je zamijeniti pojedine ili sve 
sastavnice cirkulacijskoga kruga jer mogu uzrokovati pore-
mećaj rada crpke ili oksigenatora, sustavnu tromboemboliju 
ili pak razvoj diseminirane intravaskularne koagulopatije. 
Prodor zraka u cirkulacijski krug rijetka je, ali životno ugro-
žavajuća komplikacija koja zahtijeva trenutačno klemanje 
kanila i zaustavljanje protoka31. 

Komplikacije vezane za bolesnika
Najčešća komplikacija vezana za bolesnika jest krvarenje 
koje se pojavljuje u 10 – 30 % slučajeva32,41. Čimbenici koji uz 
sustavnu heparinizaciju pridonose povećanom riziku od kr-
varenja jesu trombocitopenija, poremećaj funkcije tromboci-
ta i relativni nedostatak faktora zgrušavanja, kao posljedica 
kontakta krvi s umjetnim materijalom unutar cirkulacijskoga 
kruga. Liječenje klinički značajnih krvarenja temelji se na 
smanjivanju ciljnih vrijednosti aktiviranoga vremena zgru-
šavanja (engl. activated clotting time, ACT) ili na privreme-
nom ukidanju heparina te, ako je potrebno, transfuzijom krvi, 
nadoknadom trombocita i faktora zgrušavanja42. 

Zbog sustavne primjene UFH-a moguća je pojava hepari-
nom inducirane trombocitopenije praćene sklonošću trom-
bozi. Tada se UFH mora zamijeniti drugim antikoagulantnim 

agulant agent, short-term ECMO application is possible even 
without systemic anticoagulation therapy, which allows its 
use in patients with manifest bleeding that cannot be stopped 
with the appropriate procedures33. The age limit after which 
application of ECMO is not recommended has not been clearly 
defined, but the risk of adverse outcomes grows proportion-
ately to the age of the patient32.

Particular ECMO types have specific contraindications. 
Peripheral VA ECMO is contraindicated in severe peripheral 
vascular disease and in cases of aneurysm of the abdominal 
aorta with thrombotic masses. VV ECMO should not be ap-
plied in severe right-sided or left-sided heart failure and in 
severe pulmonary hypertension (mean pressure in the pul-
monary artery >50 mmHg)33.

Complications in ECMO procedures
ECMO is an invasive and technically very complex procedure 
that compromises the integrity of the blood vessel walls and 
interferes with numerous physiological processes. Patients in 
which it is indicated already have a high predicted mortality 
rate due to their primary illness2. Consequently, the compli-
cations associated with ECMO are still common and signifi-
cantly increase the morbidity and mortality5,34-39. According 
to currently completed studies, VV ECMO has fewer compli-
cations in comparison with VA ECMO. Children have a lower 
total number of complications in comparison with adults, but 
have a higher incidence of neurological complications32,40. 
Complications due to ECMO treatment can be divided into two 
main categories:

- Complications related to the ECMO circuit (mechanical)

- Complications related to the patient (medical)

Complications related to the ECMO circuit
Mechanical complications associated with the ECMO system 
itself include thrombosis, air embolism, dysfunction of indi-
vidual parts of the circuit, and loss or reduction of circuit flow. 
The presence of small blood clots (1-5 mm in size) within the 
system is a common occurrence and usually does not require 
intervention but just continuous monitoring. If the clots are 
larger or growing, it is necessary to replace some or all parts 
of the circuit since the clots can cause a disturbance in the 
function of the pump or oxygenator, systemic thromboembo-
lism, or the development of disseminated intravascular co-
agulopathy. Air entrainment into the circuit is a rare, but life-
threatening complication that requires immediate clamping 
of the cannulae and stopping the flow31.

Complications related to the patient
The most common complication related to the patient is 
bleeding which is present in 10-30% of cases32,41. In addition 
to systemic heparinization, the factors that contribute to the 
increased risk of bleeding are thrombocytopenia, thrombo-
cyte function disorder, and relative lack of clotting factors 
as a consequence of blood contacting the artificial material 
within the circuit. Treatment of clinically significant bleed-
ing is based on reducing target activated clotting time (ACT) 
values or temporary stoppage of heparin and, if necessary, 
blood transfusion, reconstitution of thrombocytes, and clot-
ting factors42.
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lijekom poput direktnih inhibitora trombina bivalirudina ili 
argatrobana43.

Uz krvarenje, infekcije su sljedeća najvažnija skupina kom-
plikacija. Rizik od infekcije povećava se trajanjem potpore 
ECMO-om zbog prisutnosti intravaskularnih kanila, a teško 
stanje bolesnika, kojemu je najčešće potrebna dugotrajna pot-
pora, dodatno povećava ovaj rizik38. 

Učestalost neuroloških komplikacija varira između 4 i 37 %, 
ovisno o bolesnikovoj dobi44. Prema podatcima ELSO registra, 
najčešće su u novorođenčadi, u obliku intrakranijalnoga krva-
renja (11 %), epileptičnih napadaja (7 %) i ishemijskoga možda-
nog udara (3,5 %). U odrasloj je dobi češća pojava ishemijskoga 
moždanog udara (4 %), a zatim slijede epileptični napadaji te 
intrakranijalno krvarenje s podjednakom učestalošću (2 %)45. 
Neurološke komplikacije u svim dobnim skupinama poveća-
vaju stopu bolničke smrtnosti44.

Specifične komplikacije V-A ECMO-a 
Tijekom primjene V-A ECMO-a moguća je pojava specifičnih 
komplikacija. Zbog kanulacije može nastati ozljeda arterije 
(perforacija ili disekcija), ishemija ekstremiteta distalno od 
kanile ili se razviti pseudoaneurizma na mjestu postavljanja. 
Također su zabilježeni slučajevi stvaranja tromba u srčanim 
šupljinama zbog zastoja (staze) krvi u slučajevima slabe kon-
traktilnosti2. 

Rezultati liječenja
Prema godišnjem izvješću ELSO registra, do siječnja 2017. 
godine ECMO je primijenjen u 86 287 bolesnika. Među 26 813 
odraslih bolesnika, njih 15 875 (59,2 %) uspješno je odvojeno 
od ECMO-a, a 12 616 (47,1 %) preživjelo je do otpusta ili pre-
mještaja u drugu ustanovu. Rezultati liječenja razlikuju se u 
pojedinim skupinama bolesnika, ovisno o indikaciji za sam 
postupak. Preživljenje do otpusta ili premještaja u bolesnika u 
kojih je ECMO primijenjen radi respiracijske potpore iznosi 57 
%, među bolesnicima s kardiogenom šokom 40 %, a uz ECPR 
28 %11.

Prve randomizirane studije provedene u odraslih bolesni-
ka s teškom respiracijskom insuficijencijom nisu dokazale 
prednost ECMO-a u usporedbi s konvencionalnim metodama 
liječenja46. Tek 2009. godine objavljivanje rezulata studije CE-
SAR (Conventional ventilatory support versus ECMO for Se-
vere Adult Respiratory failure), kao i rezultati liječenja tijekom 
pandemije H1N1 virusne upale pluća u Australiji i na Novom 
Zelandu, ponovno su potaknuli interes za primjenu ECMO-a 
u odraslih bolesnika. Navedena multricentrična studija po-
kazala je bolje preživljenje i manju onesposobljenost nakon 
šest mjeseci u bolesnika s ARDS-om upućenih u ECMO centar 
u usporedbi s konvencionalnim pristupom5,47. Do danas veći 
broj pretežno opservacijskih i kontroliranih studija također 
pokazuje bolje ishode u bolesnika s respiracijskom insufici-
jencijom liječenih ECMO-om nego u konvencionalno liječe-
nih31,35,36,48-55. 

U bolesnika s indikacijom za cirkulacijsku potporu nema 
provedenih randomiziranih studija te se podatci o ishodima 
temelje pretežno na opservacijskim studijama i serijama slu-
čajeva. Stope preživljenja bolesnika liječenih V-A ECMO-om 
zbog kardiogenog šoka, zastoja srca ili nemogućnosti odvaja-
nja od stroja za izvantjelesnu cirkulaciju nakon kardiokirur-

Due to systemic UFH application, the appearance of hepa-
rin-induced thrombocytopenia with concomitant predisposi-
tion to thrombosis is a possibility. In such cases, UFH must be 
replaced by different anticoagulant medication such as direct 
thrombin inhibitors bivalirudin or argatroban43.

After bleeding, infections are the next most significant 
group of complications. The risk of infection rises with the 
duration of ECMO support due to the presence of intravascu-
lar cannulae, and the critical condition of patients who most 
commonly need long-term support further exacerbates this 
risk38.

The incidence of neurological complications varies be-
tween 4-37% depending on the age of the patient44. According 
to data from the ELSO registry, complications are most com-
mon in newborns in the form of intracranial bleeding (11%), 
epileptic seizures (7%), and ischemic stroke (3.5%). Ischemic 
stroke is more common in adulthood (4%), followed by epilep-
tic seizures and intracranial bleeding, both with comparable 
incidence (2%)45. Neurological complications in all age groups 
increase the rate of hospital mortality44.

VA ECMO-specific complications
Specific complications are possible during the application of 
VA ECMO. Cannulation can lead to injury to the artery (perfo-
ration or dissection), ischemia of the extremities distally from 
the cannula, or to development of pseudoaneurysm at the in-
sertion site. In addition, cases of thrombus formation in heart 
cavities have been reported, caused by blood stasis in cases of 
low ventricular output2.

Treatment results
According to the annual report from the ELSO registry, ECMO 
was applied in 86 287 patients by January 2017. Among the 
26 813 adult patients, 15 875 (59.2%) were successfully weaned 
from ECMO, and 12 616 (47.1%) survived until discharge or 
transfer to another institution. Treatment results differ in 
individual groups of patients depending on the indications 
for the procedure. Survival until discharge or transfer for pa-
tients in whom ECMO was applied for respiratory support was 
57%, 40% for patients with cardiogenic shock, and 28% with 
ECPR11.

The first randomized studies undertaken on adult patients 
with severe respiratory insufficiency did not demonstrate the 
advantage of ECMO in comparison with conventional meth-
ods of treatment46. It was only in 2009 that the publication 
of the results of the CESAR study (Conventional ventilatory 
support versus ECMO for Severe Adult Respiratory failure) as 
well as treatment results during the H1N1 viral pneumonia 
epidemic in Australia and New Zealand once again sparked 
interest for the application of ECMO in adult patients. This 
multicentric study demonstrated better survival and lower 
disability after six months in patients with ARDS referred 
to an ECMO center in comparison with the conventional ap-
proach5,47. In the meantime, the majority of mostly observa-
tional and controlled studies also showed better outcomes in 
patients with respiratory insufficiency treated with ECMO in 
comparison with conventional treatment31,35,36,48-55.

There have been no randomized studies conducted on pa-
tients with indications for circulatory support, and outcome 
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ških zahvata, u navedenim studijama iznose 24 – 53 %56-63. 
Kada je indikacija za ECMO bio fulminantni miokarditis, sto-
pa je preživljenja čak 71 – 80 %64. Lošiji ishodi liječenja u sku-
pini bolesnika s kardiogenim šokom u usporedbi s bolesnici-
ma s respiracijskom insuficijencijom posljedica su osnovne 
bolesti, ali i veće učestalosti komplikacija tijekom primjene 
V-A ECMO-a. Skupina bolesnika sa zastojem srca ima očeki-
vano najlošije ishode liječenja65,66. 

Zaključak
ECMO je oblik mehaničke izvantjelesne cirkulacijske ili res-
piracijske potpore koji se primarno primjenjuje u bolesnika s 
teškim oblicima zatajivanja srca i pluća s visokom predviđe-
nom smrtnošću. Iako nedostaju dokazi temeljeni na velikim 
randomiziranim studijama, ECMO je u kliničkoj praksi spaso-
nosna metoda liječenja u dobro odabranih bolesnika odrasle 
dobi.

data are mostly based on observational studies and case se-
ries. The survival rates of patients treated with VA ECMO due 
to cardiogenic shock, cardiac arrest, or inability to wean from 
an external blood flow device after surgical procedures in 
these studies were 24-53%56-63. When fulminant myocarditis 
was the indication for ECMO, the survival rate was as high as 
71-80%64. Poorer treatment outcomes in the patient group with 
cardiogenic shock in comparison with patients with respira-
tory insufficiency were a consequence of the primary disease, 
but also of the higher incidence of complications during VA 
ECMO application. The patient group with cardiac arrest had 
the worst treatment outcomes, as expected65,66.

Conclusion
ECMO is a form of extracorporeal mechanical circulatory or 
respiratory support that is primarily used in patients with se-
vere forms of heart and respiratory failure with high predict-
ed mortality. Although evidence based on large randomized 
studies is lacking, in clinical practice ECMO represents a life-
saving method of treatment in well-selected adult patients.
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