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Abstract. Extracorporeal membrane oxygenation (ECMO) is a method of maintaining adequate cardiac output,
oxygenation and gas exchange in patients with refractory shock and decompensated respiratory failure, when other
treatments are ineffective. The publication provides historical information and an overview of modern research on
the use of ECMO in adults and children in critical condition. It has been demonstrated that over the past decade, the
frequency of ECMO use has increased significantly, which has significantly improved treatment outcomes, however,
the main limiting factor is the timing of initiation and the duration of the operation, since when ECMO is connected
in the later stages of the disease, the likelihood of failure increases significantly. It is indicated that the use of veno-
arterio-venous ECMO is most effective in the treatment of critical respiratory failure associated with cardiogenic shock
or end-stage lung disease. It is reflected that the main complications of ECMO include artery damage, compression
syndrome, infection, stroke, acute kidney injury, bleeding and the need for blood transfusion. Marked, that the use
of a central VA-ECMO connection in cardiac surgery is associated with greater in-hospital mortality. It was found
that the use of levosimendan contributed to faster and smoother weaning from a respirator and improved survival
of patients with cardiogenic or postcardiotomy shock. Particular attention is paid to the use of ECMO in toxicology,
obstetrics and pediatric practice. Data on the high effectiveness of ECMO use in adults and children with acute
poisoning with corticotropic toxicants are presented, which indicates the need for wider use of this technique in patients
with a toxicological profile, especially in the early stages when there are signs of small cardiac output syndrome
and cardiogenic shock. The results of studies indicating the safety and sufficient effectiveness of ECMO use during
pregnancy when used in a specialized center are indicated, the maximum survival rates in pregnant women were
noted when using ECMO for cardiac indications.
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Pestome. SkcTpakopnopanbHas membparHas okcureHaums (QKMO) — meTog nogaepxaHns ageksaTHOro cepaeqHoro
BbIbpoCca, oKcUreHaLuum u rasoobMeHa y NaLWeHTOoB C ABREHNAMU pepakTEPHOTO LOKa U AeKOMNEHCUPOBAHHOM
AblIXaTenbHON HeAOCTAaTOYHOCTH, KOTAa ApYrue MeTofbl eYeHNs oKasbiBaTCs HeadeKkTUBHbIMU. B nybnukauuu
npefcTaBneHbl UCTOpUYeCKe CBeLeHUs M 0630p COBPEMEHHBIX UCCRe[0BaHN, NOCBALEHHbIX NpuMeHeHnto IKMO
Yy B3pOCIbIX 1 AeTel, HaX04ALMXCH B KPUTUHECKOM COCTOSIHWN. [POAEMOHCTPUPOBAHO, YTO 3a NOCNeAHee AeCATH-
netve yactora npumeHeHns OKMO 3HaunTensHO BO3POCHa, YTO NO3BOMNIIO CYLLECTBEHHO YNYyYLWUTb pe3ynbTaThl
neYeHns, 04HaKO OCHOBHbIM OrpaHU41BalLLMM (HakTOPOM ABASIOTCSH CPOKU MHULMALIMM U AIUTENBHOCTL Onepa-
LuK, nockonbKy npu nogknoyvennn SKMO Ha no3gHux ctagusax 3abonesaHus BEPOSATHOCTb HeyAay 3HaYMTENbHO
BO3pacTaeT. Yka3aHo, YTO Ucnonb3oBaHue BeHo-apTepno-seHo3Hon IKMO Hanbonee adhdeKkTUBHO NMpu NeveHum
KPUTUYECKON [blXaTeSIbHON HEJOCTATOYHOCTH, aCCOLMMPOBAHHOM C KapANOTreHHbIM WOKOM UM TEPMUHANBHON
cTaguen 3abonesaHus nerkux. OTpaxeHo, YTO OCHOBHbIE ocnoxHeHs AKMO BkntoYaoT NOBPEXAEHNE apTepui,
CWHAPOM CAAaBMeHNs, MH(ULMPOBAHWE, NHCYTLT, OCTPOE NOBPEXAEHME NOYEK, KPOBOTEYEHME N HEOBXOAMMOCTb
nepenueaHus kposu. OTMEYEHO, YTO NPUMEHEHME LeHTpanbHOro nogkntoyenns BA-OKMO B kapanoxupyprim
accoyumpoBaHo ¢ 601bLuen BHYTPUBONbHUYHOM CMEPTHOCTHH. YCTaHOBNEHO, YTO NPUMEHEHNE TEBOCMMEHAaHa
cnocobcTBoBano 6onee GbICTPOMY W rnMagkoMy OTIYYEHUIO OT pecnupaTopa 1 ynyylleHunio BbKMBaeMOoCTH nauu-
€HTOB C KapAMOreHHbIM UM NOCTKAPANOTOMHbIM WwokoM. Ocoboe BHMMaHMe yaeneHo ucnonb3oeannto IKMO B
TOKCMKOSIOTUK, aKyLLepCcTBe 1 negnatpuyeckon npakTtuke. MpeacTaBneHsbl JaHHbIE O BbICOKON 3 EKTUBHOCTH
ncnonb3osanng IKMO y B3pocnbix U feTeit C OCTPbIMW OTPaBEHUSAMIU KOPTUKOTPOMHBIMU TOKCUKAHTaMU, YTO
CBMOETENLCTBYET 0 He0BX0AMMOCTM Gonee WUPOKOro NPUMEHEHNS JaHHON METOAMKM Y NaLWeHTOB TOKCUKONOTK-
Yeckoro npoguns, 0CO6EHHO Ha PaHHUX CTAaANSX, KOrga UMEKT MecTo NpU3HaKu CUHAPOMa Manoro CepAeyHoro
BbIGpOCa 1 KapAMOreHHOrO LWoKa. YkasaHbl pe3ynbraTbl UCCNeA0BaHNA, CBUAETENbCTBYOWME 0 6e30MacHOCTU 1
AocTatovHomn apchekTnBHOCTM NpumereHns IKMO Bo Bpemsi bEpeMEHHOCTM Npy ee UCMONb30BaHNUM B YCNOBUSAX
cneumanusnpoBaHHOro LIEHTpa, MakcMMarbHble NoKa3aTenu BbiKMBaeMoCTH y GepeMeHHbIX OTMEYEHbI Npu uc-
nonb3oBaHn AKMO no «kapgmnanbHbiMy NOKa3aHWUSaM.

KntoueBble cnoBa: QKCTpaKkopnopanbHad MeM6paHHaﬂ OKCUreHauma, aKCTpakopnopanbHoe NoAAEPXKaHNE XU3HMU,
LLOK, OTpaBneHna, ncxoabl, neanatpud, B3pocrible
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INTRODUCTION

The history of extracorporeal membrane oxygenation
(ECMO) dates back to the 17th century. In 1693, Jean-
Baptiste Denis conducted the first experiments on cross-
transfusion of blood from a lamb to a human to determine
whether living blood could be transferred between two spe-
cies.

In 1860, the famous British anesthesiologist Benjamin
Ward Richardson, MD, conducted experiments on animals.
He saturated blood with oxygen and injected it into the right
heart to create artificial circulation. The results were promi-
sing, but due to the lack of anticoagulation, they could not
be used in clinical practice.

On this subject, B.U. Richardson wrote: “I conclude that
reanimation [and artificial circulation] ... is a possible pro-
cess, and that it requires only time, experimentation, and
patience to develop into a proven fact of modern science”.

In the 1920s, Soviet experimental scientist Professor
Sergei Sergeevich Bryukhoneko and his colleagues deve-
loped a system of total body perfusion called the “autogec-
tor,” which used the lungs of animal donors to saturate the
blood with oxygen. Later, they used a bubble oxygenator to
conduct successful experiments on animals with the heart
excluded from the circulation.

In 1931, surgeon John Gibbon eloquently described the
anguish and suffering he experienced due to the loss of a
young woman who died of pulmonary embolism. “During
that long night, helplessly watching the patient fight for
her life as her blood grew darker... it naturally occurred to
me that if it were possible to continuously remove some
of the blue blood... saturate that blood with oxygen... and
then continuously return the now red blood to the patient’s
arteries, we might be able to save her life”.

This event became the starting point for the further
development of extracorporeal oxygenation. In the 1930s,
J. Gibbon developed a stand-alone roller pump for extra-
corporeal support, and the entire artificial circulation device
was the size of a small piano, which created thin films of
deoxygenated blood passing through a screen, followed by
their saturation with oxygen. It took 22 years before Dr. Gib-
bon was able to use the device in the operating room.

On the 6th of May 1953, he performed the first success-
ful extracorporeal-assisted correction of an atrial septal de-
fect in 18-year-old Cecilia Bavolek [1-4].

In 1975 Dr. Bartlett successfully treated the first infant
using ECMO. It was a little girl whom the nurses named
Esperanza, meaning “Hope”.

Five years later, the neonatal ECMO project moved
with Dr. Bartlett from the University of California, Irvine, to
the University of Michigan, where experience gradually in-

creased from a few patients per year to several cases per
month. He standardized the technique and exported his
own ideas around the world [5].

Extracorporeal membrane oxygenation is currently
used as a method of life support and restoration of bodily
functions when other therapeutic strategies prove inef-
fective in both adults and children [6-8]. It is widely used
in pediatric cardiac surgery and toxicology when severe
systemic hypoxia, low cardiac output syndrome, refrac-
tory cardiogenic shock, and acute kidney injury develop
[9]. Venous-arterial ECMO (VA-ECMO) has become the
standard of care for true cardiogenic shock and multiple
organ failure [10].

The most common indications for VA-ECMO were
acute myocardial infarction (34.8%), decompensated heart
failure (30.3%), and cardiac arrest (10.2%). VA-ECMO
was used during cardiopulmonary resuscitation in 26.6%
of cases, 48% of which were related to cardiac arrest.
Complications included arterial injury (3.7%), compart-
ment syndrome (4.1%), infection (1.2%), stroke (14.8%),
acute kidney injury (52.5%), bleeding at the access site
(16%), and the need for blood transfusion (83.2%). Hyper-
lactatemia and the presence of severe multiple organ fai-
lure were independently associated with unfavorable out-
comes [11].

An analysis of the effectiveness of veno-arterio-venous
ECMO, which is used as a rescue strategy in patients with
critical respiratory failure combined with refractory shock,
has shown that it is most effective in the treatment of criti-
cal respiratory failure associated with cardiogenic shock or
end-stage lung disease, However, in septic shock, it has no
significant effect on the outcome [12].

EXTRACORPOREAL MEMBRANE OXYGENATION
IN CARDIAC SURGERY

The most common indications for central and peri-
pheral VA-ECMO connection in cardiac surgery are failure
to wean from the heart-lung machine (38%) and develop-
ment of decompensated heart failure after weaning from
the heart-lung machine (48%). The 30-day in-hospital mor-
tality rate in the general population was 66.6%. In patients
who underwent peripheral VA-ECMO, it was lower com-
pared to central connection. The use of central VA-ECMO
connection was associated with higher in-hospital morta-
lity [13].

An analysis of the use of VA-ECMO as a rescue therapy
for refractory cardiogenic shock found that the average du-
ration of support was 4 days, and treatment in the intensive
care unit (ICU) was 15 days. The overall 30-day survival
rate for patients included in the study was 69.6%, and the
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one-year survival rate was 59.8%. For patients who were
weaned off VA-ECMO, the 30-day survival rate was 100%,
and the one-year survival rate was 92.9%. The results
obtained demonstrate the advantages of using VA-ECMO in
patients with refractory cardiogenic shock [14].

VA-ECMO provides a temporary support system for pa-
tients with cardiogenic shock who are refractory to conven-
tional medical therapy. Levosimendan has been reported
to facilitate weaning from VA-ECMO and improve survival.
The primary aim of this review was to examine the effect of
levosimendan use on VA-ECMO weaning and mortality in
critically ill patients on VA-ECMO.

A group of authors attempted to evaluate the effective-
ness of levosimendan use in the context of ECMO. Seven
observational studies were selected, involving 630 patients,
more than half of whom had undergone heart surgery.
The duration of VA-ECMO ranged from four to twelve days.
It was found that the use of levosimendan was significantly
associated with successful weaning from ALV compared
to the control group. To study survival, six studies (n=617)
were included in the meta-analysis, involving 326 patients in
the levosimendan group and 291 in the comparison group.
The results showed significantly higher survival in the levo-
simendan group — 95%. The authors concluded that the
use of levosimendan contributed to faster and smoother
weaning from the ventilator and improved survival in pa-
tients with cardiogenic or post-cardiotomy shock [15].

A relatively recent case has been described involving
the use of ECMO to treat cardiogenic shock caused by
nodal ectopic tachycardia (JET tachycardia) in a three-
month-old girl who had previously been healthy. Drug and
electrical cardioversion, as well as transesophageal pac-
ing, were unsuccessful. Echocardiography revealed atrial
dilation and severe left ventricular systolic dysfunction.
Approximately 8 hours after admission, VA-ECMO was
initiated, which allowed successful treatment with amioda-
rone. ECMO lasted six days, with complete restoration of
cardiac contractility without any complications or negative
consequences [16].

EXTRACORPOREAL MEMBRANE OXYGENATION
IN TOXICOLOGY

A retrospective analysis of the frequency of ECMO use
in poisoning cases in the United States has shown that over
the past decade, this treatment method has become more
widely used in both adults and children, with an increase
of almost 100% since 2008 and an overall survival rate
of 70%. The risk of death when using ECMO is highest in
cases of poisoning with hematotoxic compounds that affect
metabolism [17, 18].

Patients who have undergone VA-ECMO for refrac-
tory shock or cardiac arrest due to poisoning have a lower
mortality rate than those who receive VA-ECMO for indi-
cations unrelated to poisoning. Poisoned patients treated
with ECMO have lower mortality rates compared to those
treated without ECMO with similar disease severity and
after adjusted analyses, regardless of the type of food in-
take [18].

One publication demonstrates the successful use of
VA-ECMO in 104 young patients with severe poisoning
and cardiogenic shock. In 47.1% of cases, cardiovas-
cular dysfunction developed after the use of cardiotoxic
drugs, and 8.7% of patients had used opiates. All pa-
tients had multiple cardiac arrests before being con-
nected to the ECMO machine, but 24 hours after ECMO
initiation, there was a clear positive trend — regression
of hemodynamic disturbances and normalization of blood
acid-base status indicators. In 52.9% of cases, a favora-
ble outcome was established, of which 47% of patients
had episodes of cardiac arrest before being connected to
VA-ECMO [19].

An analysis of the extracorporeal life support registry
from 2003 to 2019 revealed 86 cases of acute poisoning.
The average age of patients was 12.0 years, and 52.9%
were female. VA-ECMO was used more often than veno-
venous ECMO (VV-ECMO), and its use increased sig-
nificantly during the study period. A bimodal distribution of
ECMO support was observed among two age groups: under
three years (n=34) and 13-17 years (n=41). Hemodynamic
and metabolic parameters improved in all patients during
ECMO use [20].

There are reports of successful use of VA-ECMO in
cases of poisoning with high doses of metformin and trazo-
done, amlodipine and candesartan, yew leaves, inhalation
poisoning with bromine, benzene derivatives, etc. [21-24].

Russian authors in cases of severe combined metha-
done and alcohol poisoning obtained similar results of treat-
ment using ECMO. The use of ECMO in these situations
may become a promising therapeutic strategy that contri-
butes to a reduction in mortality [25].

The results of VA-ECMO/ECMO-CPR (cardiopulmo-
nary resuscitation) use in 32 patients with refractory car-
diogenic shock (n=25) or cardiac arrest (n=7) caused by
acute drug poisoning are presented. Twenty-six (81.2%)
patients were successfully weaned from VA-ECMO, with
a mean duration of surgery of 2.9+1.3 days. The overall
survival rate until hospital discharge was 78.1%, and all
patients were discharged with good neurological status
[26].

It has been established that patient survival correlates
with the timing of hospitalization and initiation of VA-ECMO,
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which is much higher with the earliest possible use of
VA-ECMO [27].

There is evidence that in patients with acute poisoning,
the incidence of complications and mortality when using
ECMO is significantly lower compared to other categories of
patients who had other indications [27-29].

EXTRACORPOREAL MEMBRANE OXYGENATION
IN INFECTIONS

A retrospective analysis evaluating the effectiveness
of ECMO in adults and children with meningococcal sep-
sis found that the overall survival rate prior to hospital
discharge was 46.7%, with the highest rate observed
in patients with critical respiratory failure receiving
VV-ECMO, at 85.7%. Survival rates with VA-ECMO in pa-
tients with lung disease were much lower (32.4%). When
VA-ECMO was used for “cardiac” indications, survival
rates reached 60.9%. With extracorporeal cardiopulmo-
nary resuscitation, survival rates were minimal (14.3%).
The most common complications were hemostasis disor-
ders, which occurred in 43.4% of patients, but they did
not affect mortality rates. The presence of neurological
complications was associated with increased mortality.
The authors believe that ECMO can be used as a rescue
therapy in children with meningococcemia and refractory
cardiopulmonary failure. Optimal treatment results were
obtained with VV-ECMO in hypoxemic respiratory failure.
VA-ECMO was most effective when used for cardiac in-
dications [30].

Cases of ECMO use in severe viral pneumonia caused
by the influenza virus are described. The authors note
that the demand for ECMO in infectious disease hospitals
during periods of seasonal epidemic influenza and other
acute respiratory viral infections can range from 0.01 to
1.6% of hospitalized patients [31]. In 2021, a case was
published on the use of ECMO in the complex therapy of
septic shock in a patient with severe lung damage caused
by COVID-19 [32].

When evaluating the results of treatment of acute res-
piratory distress syndrome caused by the SARS-CoV-2 virus
using ECMO, it was found that survivors had a shorter time
interval from the onset of the disease and transfer to artificial
lung ventilation (ALV) before ECMO initiation. The mortality
rate was 82.4% [33].

The presence of tachycardia in patients with COVID-19
undergoing VV-ECMO does not rule out vegetative imba-
lance with a significant predominance of parasympathetic
tone of the autonomic nervous system (ANS) over sympa-
thetic tone, which is reliably associated with an unfavorable
outcome [34].

EXTRACORPOREAL MEMBRANE OXYGENATION
DURING PREGNANCY

A systematic review has demonstrated that VV-ECMO in
pregnant women, women in labor, and postpartum women
can save five out of six mothers, with a survival rate of over
80%. At the same time, intrauterine fetal death rates dou-
bled, and adverse outcomes accounted for approximately
one-third (fetal survival rate was about 67.9%) [35]. A num-
ber of authors believe that the use of ECMO during preg-
nancy is safe and, as a rule, produces satisfactory results
if performed in a specialized center [36, 37]. The most com-
mon complication of ECMO for the mother was bleeding,
which occurred in 37.2% of cases [37]. The highest survival
rates were observed when ECMO was used for “cardiac” in-
dications [38].

EXTRACORPOREAL MEMBRANE OXYGENATION
IN PEDIATRIC PRACTICE

Between 1990 and 2020, there has been a steady in-
crease in the frequency of extracorporeal cardiopulmonary
resuscitation in children, which was used in more than 70%
of cases of primary cardiac arrest. The overall survival rate
was 46%, and survival with a favorable neurological out-
come was noted in 30% of cases, which indicates the high
effectiveness of this method of therapy [39].

ECMO is actively used in children with oncology and he-
matological diseases. The main indications are respiratory
failure (46%), combined cardiorespiratory failure (28%), and
heart failure (25%). VV-ECMO was used in 45% of patients,
and 53% of patients were transferred to VA-ECMO. Survival
before ECMO connection was 52% (62/118) in patients with
cancer and 64% (20/31) in patients who underwent hema-
topoietic cell transplantation, and survival before hospital
discharge was 36% (43/118) and 42% (13/31), respectively.
The need for extracorporeal cardiopulmonary resuscitation
was associated with an increased likelihood of fatal out-
comes [40].

One of the indications for ECMO in children is the perio-
perative period during liver transplantation. It has been es-
tablished that the median time from liver transplantation to
ECMO initiation was 5 days (0.0-12.3), and the average
duration was one day. It has been demonstrated that when
ECMO was initiated within one day after liver transplanta-
tion, survival was statistically significantly higher. As the time
from liver transplantation to the start of ECMO increased,
the probability of death increased significantly. The overall
survival rate in the entire patient population was 55.9%.
These encouraging results suggest that ECMO should be
considered an acceptable treatment option for potentially
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reversible refractory respiratory or cardiovascular failure in
children after liver transplantation [41].

A number of studies, including clinical cases, provide
clear evidence of the effectiveness of ECMO in treating
refractory hypoxemia and cardiogenic shock in acute poi-
soning in children, reducing the mortality rate to 32% of
patients. Risk factors for fatal outcomes include the use of
inhaled nitric oxide, lower arterial blood pH, severe hyper-
capnia prior to ECMO initiation, and the need for inotropic
and vasopressor drugs during surgery [42]. A case of suc-
cessful use of ECMO in a 12-year-old girl with severe cal-
cium channel blocker overdose has been published, with
complete recovery [43].

The use of ECMO in the treatment of sepsis and septic
shock in children remains controversial. Results vary signifi-
cantly depending on age, clinical presentation, and identi-
fied pathogen.

Newborns and children with septic cardiomyopathy have
more optimistic outcomes [44]. The overall survival rate of
children with sepsis who underwent ECMO was 59%, while
in newborns it reached 73% [45].

The risk of death is highest in the presence of mixed
viral infections, while no difference in mortality was found
in patients with polymicrobial bacterial pneumonias.Patients
with respiratory syncytial virus and SARS-CoV-2 infections
had a higher mortality rate [46]. At the same time, a case
of successful ECMO in an eight-year-old girl with a posi-
tive test for SARS-CoV-2 and severe hypoxemic respiratory
failure was published, which resulted in complete recovery.
The duration of VV-ECMO was 14 days and the duration of
invasive ALV was 20 days [47].

When peripheral cannulation was used in children with
sepsis and septic shock, the overall survival rate was 71%;
68% of children survived to hospital discharge. In-hospital
survival was 80% for VV-ECMO and 62% for VA-ECMO.
60% of children were alive at long-term follow-up. Risk fac-
tors for in-hospital mortality were high B-lactate and plasma
creatinine levels on admission [48].

One of the applications of ECMO is the care of newborn
infants with decompensated hypoxemic respiratory failure
requiring interhospital evacuation, which can significantly
improve patient outcomes [49].

CONCLUSION

Extracorporeal membrane oxygenation is a promising
method of maintaining adequate cardiac output, oxygena-
tion and gas exchange in primary circulatory arrest, shock of
various origins and refractory respiratory failure, which can
be used both in adult and pediatric practice. A prerequisite
for the successful application of this therapeutic strategy is

its use in the early stages of the disease, when there are no
signs of secondary irreversible damage to internal organs.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbl BHEC/M CYLIECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHue uccnenosa-
HWS 1 MOAFOTOBKY CTaTbM, MPOYY M 0f06pUNM UHaNbHY0
Bepcuto nepeq nybnukayyen.

KoHdnuktT mHTepecoB. ABTOpbI [EKNapupytT OTCyT-
CTBME SIBHbIX U MOTEHUMArbHbIX KOH(IMKTOB UHTEPECOB,
CBSI3aHHbIX C NybnukaLuyen HacTosLen cTaTbi.

WUcTouHuk cmHaHcupoBaHmMA. ABTOpbI 3asBnstoT 06
OTCYTCTBUM BHELIHEr0 (PUHAHCMPOBAHUS NPU NPOBEAEHUM
nccnegoBaHus.
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