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ABSTRACT 

Extracorporeal membrane oxygenation (ECMO), which is nowa-
days increasingly used in the treatment of patients, remains an 
advanced and invasive method, at risk of many complications and 
adverse events, at the same time increases the chance to save 
patients’ health and life. On the other hand, indications for the use 
of extracorporeal methods of supporting vital functions are charac-
terized by multiplicity and their constant widening. Nevertheless, 
the application of these procedures requires extensive knowledge 
and high qualifi cations not only among doctors and perfusionists, 
but also among nurses. Continuous improvement of qualifi cations 
by nurses is necessary to ensure patient’s safety as well as the 
highest quality of treatment and care for the patient.
For many years, a lot of attention has been paid to the use of 
personalized treatment, which is the most benefi cial for the pa-
tient, even if it requires transporting the patient to a more qualifi ed 
center, where it will be available. Places are created throughout 
Poland, centers where the use of ECMO is possible. The impor-
tance of a mobile ECMO is also growing, which allows the descri-
bed therapy to be used while the patient is being transported to 
the appropriate center.

KEYWORDS: nursing care, intensive care, respiratory insuffi cien-
cy, circulatory failure. 

STRESZCZENIE

Pozaustrojowe utlenowanie krwi (ECMO), które jest współcześnie 
coraz częściej wykorzystywane w leczeniu pacjentów, pozostaje 
metodą zaawansowaną i inwazyjną, obarczoną ryzykiem wielu po-
wikłań i zdarzeń niepożądanych, jednocześnie zwiększa szansę na 
uratowanie zdrowia i życia pacjentów. Z drugiej strony, wskazania 
do zastosowania pozaustrojowych metod wspomagania funkcji 
życiowych charakteryzuje mnogość oraz ciągłe ich poszerzanie. 
Nie mniej jednak, stosowanie tych procedur wymaga dużej wiedzy 
i wysokich kwalifi kacji nie tylko wśród lekarzy i perfuzjonistów, ale 
również wśród pielęgniarek. Ciągłe podnoszenie kwalifi kacji przez 
pielęgniarki jest konieczne, aby zapewnić bezpieczeństwo pacjen-
ta, a także jak najwyższą jakość leczenia i opieki nad chorym.
Od wielu lat przykłada się bardzo duża wagę do stosowania le-
czenia spersonalizowanego, które jest najkorzystniejsze dla pa-
cjenta, nawet jeśli wymaga ono transportu chorego do ośrodka 
bardziej wykwalifi kowanego, gdzie będzie ono dostępne. W ca-
łej Polsce tworzy się miejsca, ośrodki, gdzie stosowanie ECMO 
jest możliwe. Rośnie również znaczenie mobilnego ECMO, które 
umożliwia stosowanie opisywanej terapii jeszcze w trakcie trans-
portu chorego do właściwego ośrodka.

SŁOWA KLUCZOWE: opieka pielęgniarska, intensywna terapia, 
niewydolność oddechowa, niewydolność krążeniowa.  
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Introduction
Extracorporeal membrane oxygenation (ECMO) is 
a method that allows for sustaining the function of an 
ineffi cient heart and / or lung. It involves oxygenation of 
blood and elimination of CO2 in the oxygenator by diffu-
sion in accordance with the concentration gradient. For 
a proper exchange, it is necessary to ensure the appro-
priate blood fl ow through the device conditioned by the 
operation of the pump. It is a modern technology, more 
and more commonly used, often being the last chance 
to save a patient. For treatment with ECMO are quali-
fi ed those patients who are waiting for a lung / heart 
transplant, treated for ARDS, among others, as a result 
of severe complications of infl uenza A(H1N1), in cardio-
genic shock or in severe hypothermia [1, 2, 3]. It should 
be noted that in patients with extreme hypothermia in 
addition to cardiovascular and respiratory support, the 
possibility of fast heating is used. This possibility is pro-
vided by the heat exchanger, which is part of the ECMO 
construction. Nevertheless, it is an invasive method 
and is burdened with many dangerous complications 
that threaten not only health but also the lives of pa-
tients. Therefore, it should be used in specialized cen-
ters, where experienced staff, including nursing staff, 
with their knowledge and experience will ensure patient 
safety while using the described therapy [3].

The development of medicine and advanced medi-
cal technologies has caused that the use of specialized 
equipment guarantees the success of patient’s treat-
ment. The increasing use of extracorporeal support of 
life functions methods  (ECLS, Extracorporeal Life Sup-
port), including extracorporeal oxygenation, forces the 
nursing milieu to permanently train and develop skills in 
the care of patients treated using these methods. Cur-
rently, ECMO therapy ‘goes beyond’ specialized cen-
ters of cardiology and / or cardiac surgery units, cardiac 
surgery departments and is increasingly used in inten-
sive care units. The importance of mobile ECMO, which 
facilitates patient transport in a relatively easy way, is 
also growing, and it is planned to have at least one am-
bulance equipped with it in each of the provinces [4].

The aim of this work is to draw attention to the im-
portant role of a nurse while taking care of a patient 
treated with extracorporeal membrane oxygenation. 
Due to the short time of application and the innovati-
veness of the described method, the literature on the 
subject, especially covering Polish publications, is re-
latively poor, particularly in terms of standards and me-
thods and processes of nursing. It is the creation and 
adherence to specifi c recommendations and guidelines 
that guarantee the success of patients’ health and lives. 
Nurses working in units that provide highly specialized 
medical procedures, are people whose rapid reaction 

capability and the ability to use advanced equipment 
guarantee the effectiveness of the therapy [3, 4].

The aim
The aim of this publication is to present important 
aspects of nursing care of a patient treated with the 
use of extracorporeal oxygenation of blood. This article 
presents the most important information about ECMO 
treatments, which was collected on the basis of a lite-
rature review. Particular attention has been paid to the 
aspects that guarantee the high quality of nursing care.

Extracorporeal membrane oxygenation
ECMO, also called extracorporeal blood oxygenation, is 
an advanced method treatment of patients with respi-
ratory and / or circulatory insuffi ciency. As underlined 
the Extracorporeal Life Support Organization, ‘ECLS is 
the use of mechanical devices to temporarily (days to 
months) support heart or lung function (partially or to-
tally) during cardiopulmonary failure, leading to organ 
recovery or replacement’ [5]. The basic elements of 
a modern ECMO device include: a set of cannulas, 
drains, a centrifugal pump, an oxygenator, a heat ex-
changer and additional modules – hemofi lter and hemo-
diafi ltration [3]. The brief characteristics and functions 
of listed elements are shown below. 

Basic equipment:

a set of cannulas and drains:•  depending 
on the method V-V ECMO, V-A ECMO (Veno-
Venous ECMO, Veno-Arterial ECMO), venous 
and / or arterial cannulas are used. We distin-
guish the drainage cannula (using this cannu-
la blood under the infl uence of gravity ‘fl ows’ 
into the device) and the return cannula (using 
this cannula, the blood put into motion by 
a centrifugal pump returns to the human body). 
A set of drains connects cannulas with a cen-
tral unit - currently, they are available drains 
covered with heparin which prevents blood 
clotting in drains and drains with double light 
with the possibility of percutaneous implan-
tation (not requiring vessels), which can be 
implanted, among others, by an experienced 
anesthesiologist;
centrifugal pump:•  responsible for the return 
blood to the human body; the blood is set in 
motion by means of a rotating rotor in the ma-
gnetic fi eld;
oxygenator:•  (or oxidizer); responsible for oxy-
genation of extravasated blood and elimination 
of carbon dioxide from it by diffusion (at the bor-
der of blood-gas contact);
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-heat exchanger:•  allows to lower or raise blo-
od temperature; the thermal energy carrier is 
water [3, 6, 7].

Additional modules:
hemofi lter:•  connected to a drainage system, 
allows hemofi ltration to increase the hematocrit 
value in hypovolaemia and hemodilution
hemodiafi ltration:•  the main indications are 
primarily: metabolic acidosis, high levels of cre-
atinine and urea, electrolyte disturbances, po-
isoning [8].

Initially, ECMO was used  primarily  in the treatment 
of newborns. Currently, it fi nds a lot indications, that 
are constantly expanding. Nevertheless, the use of this 
method is the individual decision of the doctor / thera-
peutic team, who takes it based primarily on the clinical 
condition of the patient and the effi ciency of the cen-
ter in which the patient stays (organizational aspect). 
The most important qualifying criterion for the ECMO 
method is the ratio PaO2/FiO2 <70, with PEEP> 10cm 
H2O, not rising for at least 2 hours, despite optimal 
respiratory therapy. Depending on the case, ECMO is 
used in the veno-venous (V-V) or venous-arterial (V-A) 
confi guration. A brief description of both confi gurations 
is provided in the table below [1, 6].

Table 1. Comparison of V-V ECMO and V-A ECMO

ECMO

Confi guration V-A confi guration V-V confi guration

Location of cannulas

The blood cannula is 
connected to a large 
central vein, the cannula 
donating is connected to 
the arterial system

Both the cannula that 
takes blood to the system 
and the  conveying one 
are connected to the 
venous system

Supported organs
Support for both the 
lung function and heart 
function

Support for the lung 
function

Oxygenation of blood

Complete replacement 
of the cardiac output;
ECMO completely 
determines the perfusion 
of blood in organs

The amount of blood that 
will be oxygenated de-
pends on: cardiac output 
and blood fl ow on the 
device

Source: own elaboration based on literature references [1, 3, 6, 9].

The main indications in adults are primarily: cardio-
respiratory failure that does not respond to conventio-
nal treatment, severe respiratory failure in the progress 
of: pneumonia, pulmonary embolism, severe asthmatic 

status, sepsis, lung recoil, persistent pulmonary hyper-
tension, infl uenza (AH1N1), infl ammation or myocardial 
infarction, cardiogenic shock (in the course of myocar-
dial infarction, pulmonary embolism), short-term wa-
iting for a heart / lung transplant, early hemodynamic 
instability after cardiac surgery, poisoning, multi-organ 
injuries, heating and support of cardiovascular and re-
spiratory systems in patients with deep hypothermia 
(body temperature below 28°C), protection of organs 
for transplantation [1, 3, 5, 7].

During  the ECMO therapy it is necessary to use 
continuous anticoagulation. The most commonly ap-
plied for this purpose is heparin, used in such doses 
that will enable the maintenance of ACT (Active Clot-
ting Time) at 180-220s level. Anticoagulation primarily 
eliminates blood clotting on artifi cial surfaces, including 
in the oxygenator, however, it increases the risk of ble-
eding not only in the place where the drain is found, but 
also a very dangerous one, such as intracranial hemor-
rhage [1, 10, 11].

Nursing a patient treated with ECMO
Care of a patient who uses techniques of in vitro blood 
oxygenation requires from the nurse wide and specia-
list knowledge, manual skills as well as high resistance 
to stressful situations. The main tasks of the nurse, in 
addition to patient care and monitoring of standard pa-
rameters in the intensive care unit, include in this case 
also the control of the ECMO apparatus or the operation 
of the ECMO nursing care observation card. Monitored 
parameters during extracorporeal oxygenation are pre-
sented in the table below [4].

Table 2. Monitored patient parameters during EMCO therapy

Patient parameters monitored during ECMO therapy

Clinical parameters:
ECG, pulse oximetry, blood pressure (indirect and direct method), param-
eters of mechanical ventilation *, body temperature, CVP, diuresis, fl uid 
balance
Gasometric parameters:
measurement of acid-base balance (at least every 3 hours)
Biochemical parameters: (designated on the order of a physician):
morphology, APTT, lactate, D-dimers, INR, PTT, fi brinogen concentration, 
antithrombin concentration, glucose, ACT

Additionally:
sedation and relaxation levels

Source: own elaboration based on literature references [4,6,9].

* At this point  it needs to be highlighted that, during 
ECMO therapy, conducting conventional mechanical 
ventilation is aimed at ensuring protection of the alveoli 
before collapsing (called ultraprotective ventilation). The 
gas exchange is provided by the ECMO [1].
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During conducting extracorporeal therapy it is ne-
cessary to anticipate and prevent many complications 
and diffi culties. They are related to the patient’s severe 
condition, the specifi city of ECMO therapy and the work 
of the device itself. The most common dangers and pro-
blems associated with the use of ECMO: hypoxia and 
lack of hemodynamic stability, bleeding – about 30% of 
cases; most often due to heparinization, mainly at the 
site of cannula insertion (including the risk of very dan-
gerous intracranial hemorrhage), air blockage – created 
as a result of lack of tightness of the system, multi-organ 
failure, hemolysis - as a result of improper pump opera-
tion (damage to blood morphology), neurological disor-
ders - most often as a result of bleeding and congestion 
within the central nervous system. They appear more 
often when using ECMO from the veno-arterial system 
than venous-venous, infection/sepsis, ischemia of the 
lower limbs, mechanical problems with ECMO circuits – 
the most dangerous in this case is disconnection of the 
system and / or falling of the cannula [10, 12].

From the above, the unsealing (disconnection, ben-
ding) of the drains or the displacement (advance) of the 
cannula is a very serious complication to which distrac-
tion and haste may lead. Due to the large diameter of 
cannulas, rapid vascular volume loss, cardiac arrest and 
consequent death may occur. In this situation, an imme-
diate action of the nurse is necessary, i.e. stopping the 
apparatus, calling the practitioner and perfusionist, com-
pressing the cannulation (stopping the bleeding), and in 
the case of V-A ECMO, the immediate initiation of car-
diopulmonary resuscitation, as the device completely re-
places the work of the heart muscle. Therefore, in order 
to prevent the described situations, it is necessary to as-
sess the position of cannulas and drains every time, and 
during the care procedures – especially during transport 
or changing the body position of the patient, the involve-
ment of as many personnel as possible [4, 13].

As it is clear from the above, ensuring patient safety 
requires extensive knowledge and high qualifi cations. 
In 2015, the Specialist Training Program in the fi eld of 
Anesthesiology and Intensive Care Nursing was chan-
ged – one of the changes in education was to broaden 
the knowledge, competence and skills of a specialist 
nurse with issues including specialized techniques of 
extracorporeal support of vital functions in patients in 
extreme states of immediate life threat. However, despi-
te these measures, there are still no uniform procedures 
and nursing standards to be able to fully implement and 
properly assess the care being used.

Conclusion
Throughout the world, also in our country, the extra-
corporeal oxygenation of blood is an increasingly used 

method. Since the fi rst application in Poland in 1959 by 
Leon Manteuffel, the extracorporeal circulation (hear-
t-lung machine) medicine has made a signifi cant pro-
gress. Treatments, including cardiosurgical operations, 
are becoming less and less invasive for the patient, on 
the other hand they are more and more advanced in 
terms of technology. Nevertheless, the described the-
rapy still has limitations, especially fi nancial ones. The 
cost of the equipment is high, and the patient’s treat-
ment with ECMO is around 5000–6000 PLN per day. 
It should be emphasized that it is used in patients with 
‘poor prognosis’, whose treatment often fails.

The use of extracorporeal oxygenation of blood in 
patients in severe condition, where conventional me-
thods of treatment are not suffi cient to ensure recovery, 
it requires high qualifi cations among medical personnel, 
including nurses. It is the nurse who constantly carries 
out patient care while on duty. Care for patients in the 
intensive care units  is also characterized by building 
relationships and some kind of connection with their 
family. The specifi city of the ward, the often changed 
appearance of the patient and the use of a large number 
of medical equipment arouses many negative emotions 
among family: fear, anxiety, uncertainty. A nurse who 
also has educational functions, thanks to the knowled-
ge of the principles of proper interpersonal communica-
tion, gives the possibility of lowering the level of nega-
tive emotions.
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