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Cardiac arrest (CA) is a frequent cause of death and a major public health issue. To date, conventional
cardiopulmonary resuscitation (CPR) is the only efficient method of resuscitation available that positively impacts
prognosis. Extracorporeal membrane oxygenation (ECMO) is a complex and costly technique that requires
technical expertise. It is not considered standard of care in all hospitals and should be applied only in high-volume
facilities. ECMO combined with CPR is known as ECPR (extracorporeal cardiopulmonary resuscitation) and
permits hemodynamic and respiratory stabilization of patients with CA refractory to conventional CPR. This
technique allows the parallel treatment of the underlying etiology of CA while maintaining organ perfusion.
However, current evidence does not support the routine use of ECPR in all patients with refractory CA. Therefore,
an appropriate selection of patients who may benefit from this procedure is key. Reducing the duration of low blood
flow by means of performing high-quality CPR and promoting access to ECPR, may improve the survival rate of
the patients presenting with refractory CA. Indeed, patients who benefit from ECPR seem to carry better

neurological outcomes.

extracorporeal membrane oxygenation ECMO cardiac arrest

| 1. Introduction

Cardiac arrest (CA) is a major public health issue. Its incidence in North American and Europe approximates 50 to
100 cases per 100,000 W. Cardiovascular etiologies account for half of the cases documented. The 30-day survival
rate of out-of-hospital cardiac arrest (OHCA) patients who received cardiopulmonary resuscitation (CPR) is of
10.7% worldwide 2. Indeed, this poor survival rate has brought interest in the development of a combined
approach of conventional resuscitation techniques by means external cardiac compressions and defibrillation with
extracorporeal life support by the use of Extracorporeal Membrane Oxygenation (ECMO). Thus, extracorporeal
cardiopulmonary resuscitation has become a lifesaving approach for patients suffering a CA that is deemed

refractory to conventional resuscitation.

ECPR helps maintain organ perfusion while investigations on the primary etiology of CA are being carried out, and
etiologic treatment is being provided. Recently, it has been demonstrated that in-hospital cardiac arrests (IHCA)
treated with ECPR show promising survival rates oscillating between 20 to 45% B4, On the other hand, studies
performed on non-hospitalized patients (out-of-hospital CA: OHCA) show worse outcomes &, Despite this, the
most recent guidelines on OHCA's management elaborate the possibility of using ECPR, but not as routine

standard of care.
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The better survival rates post. IHCA are attributed to the earlier implementation of better quality resuscitation, along
with quicker access to ECPR. In addition, when looking at studies where ECPR was employed, the length of
conventional cardiopulmonary resuscitation (CPR) seems have a negative influence on survival (€. The differences
in survival between OHCA and IHCA handled with ECPR disappear when correcting for the duration of the low-flow
period . It would seem therefore plausible that through the promoting of access to ECPR, CPR time will be
shortened and survival after CA will be improved [&l. A number of studies have shown the effectiveness of ECPR in
cardiac catheterization rooms, emergency departments, and pre-hospital settings RILIILL However, as published
in two recent review articles, ECPR programs differ substantially across centers and are a cause of a lack of
standardization [2113],

| 2. Patients Management after ECPR

Management after ECPR is focused on preserving adequate organ perfusion restoring a pulsating rhythm with a
native cardiac output. After establishing an adequate extracorporeal circulation, the chest compressions may be
stopped. At this point, after an improvement in coronary perfusion pressure and a better supply of oxygen from the
extracorporeal pump, defibrillation of shockable rhythms is generally more effective. Managing hyperoxia is
challenging after the introduction of extracorporeal circulation. The oxygen supply has to be adequately calibrated
in order to not negatively impact neurological and cardiovascular outcomes. The mean arterial blood pressure
(MAP) should be maintained between 65 and 75 mmHg (expert recommendation) with a careful balance between
flow and negative pressure inside the venous cannula. Most of the time, vasopressors (noradrenaline) are used to
reach the target MAP. Invasive blood pressure monitoring is mandatory. It is advisable to catheterize the right radial
artery in order to anticipate the occurrence of Harlequin syndrome in case of recovery of the left ventricular function
and to allow the detection of hypoxemia of pulmonary origin. Sometimes aggressive volume resuscitation

(ischemia-reperfusion syndrome) may be necessary to ensure an adequate preload to support ECPR.

The circulatory support by peripheral veno-arterial ECMO (VA-ECMO) is based on organ perfusion via retrograde
arterial flow 24l An important limitation of this strategy is the increase in the left ventricular afterload 131, In the
context of cardiogenic shock, a condition that often presents after refractory CA, an increase in the left ventricular
afterload can lead to an increase in myocardial ischemia, an increased incidence of ventricular arrhythmias,
pulmonary edema, and thrombotic events [8IL7IIL8I19 Severe aortic regurgitation should be a contraindication to
VA-ECMO because the risk of left ventricular overload is too high. Moreover, for mild to moderate aortic
regurgitation, the risk of ventricular distension is not negligible 29, Several interventions can be used in conjunction
with ECMO to unload the left ventricle (LV) and thereby avoid some of these complications related to an increase in
LV afterload (14118 However, the optimal approach to decrease left ventricular afterload during VA-ECMO remains
unknown. Inotropic drugs, like dobutamine, can be given in small doses to ensure the opening of the aortic valve
and minimal output of the left ventricle 21, The later optimizes left ventricular contractility with the opening of the
aortic valve and prevents the occurrence of acute congestive pulmonary edema A minimal pulsed pressure of at
least 10 mmHg is recommended. In some centers, the placement of an intra-aortic balloon pump is considered

standard of care, while in others the assessment of LV unloading dictates its use [22],
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Finally, certain research groups have shown that the unloading of the LV via a continuous axial flow pump such as
the Impella® type improves the survival of patients with VA-ECMO 23], |n a recent meta-analysis of almost 4000
patients, 42% of whom received a concomitant left ventricular unloading device with VA-ECMO (intra-aortic balloon
91.7%, percutaneous ventricular assist device 5.5%, pulmonary venous cannulation or left atrial trans-septal 2.8%),
the mortality was lower in the patients having benefited from a ventricular unloaded device compared to the
patients not having benefited from it. (54% vs. 65%, relative risk: 0.79; 95% confidence interval: 0.72 to 0.87; p <

0.001). However, rates of hemolysis were higher in patients with a left ventricular unloading device 241,

Once the patient is assisted and stabilized on VA-ECMO, treatment of the suspected cause of the CA should be
initiated. If an acute coronary syndrome is suspected, the patient has to be referred to for immediate coronary
angiography with PCI. In this specific group of patients, studies have demonstrated that coronary lesions are
frequently multiple and proximal 221281 Moreover, it has been shown that the delay between CA and PCl is
associated with survival 24. If a pulmonary embolism is the origin of the CA, an injected pulmonary CT-scan should
be considered to confirm the diagnosis [28. Echocardiography can also provide useful diagnostic clues 22, Some
teams also recommend ECMO support to perform in situ thrombolysis or surgical thrombectomy BBl Others
believe that ECMOQO’s effect is solely attributable to the patient’s intrinsic fibrinolysis and that therefore, patients
should be managed with heparin therapy only 32831341 | astly, intracranial hemorrhage (ICH) is a common
complication in adults treated with ECMO and associated with increased mortality. Treating an ICH during ECMO
represents a balance between pro- and anticoagulatory demands. Neurosurgical treatment is associated with
severe morbidity, but has been successful in selected cases 351 |f an ICH is suspected, a cerebral CT-scan must

be the first priority over any subsequent interventions or ECMO insertion.

| 3. Conclusions

CA remains a frequent cause of death and a major public health issue. Conventional CPR is to date the sole
efficient resuscitation procedure available to improve the prognosis of these patients. ECMO is a complex and
relatively high-priced technique that necessitates expertise. Therefore, it cannot be used in all hospitals and has to
be performed in high-volume centers that routinely perform these procedures. ECPR allows for hemodynamic and
respiratory stabilization of patients with CA refractory to conventional CPR and permits, by means of preserving
organ perfusion, the initiation of treatment of the underlying cause of CA. However, the current evidence does not
support a recommendation for routine use of ECPR in all patients with refractory CA. Therefore, it seems crucial to
appropriately select the patients among those who could potentially benefit from its use. This may include patients
presenting with a risk of imminent death with specifically designed scores that can predict a survival benefit
associated with the use of ECPR. The desirable benefit of its use will be adequate resuscitation which promotes
medium to long term survival acceptable neurological outcomes. Finally protocols to best manage patients with

refractory CA by means of extra hospital ECPR remain an active area of research.

References

https://encyclopedia.pub/entry/7576 3/7



Cardiac Arrest | Encyclopedia.pub

10.

. Wong, C.X.; Brown, A.; Lau, D.H.; Chugh, S.S.; Albert, C.M.; Kalman, J.M.; Sanders, P.

Epidemiology of Sudden Cardiac Death: Global and Regional Perspectives. Heart Lung Circ.
2019, 28, 6-14.

.Yan, S.; Gan, Y.; Jiang, N.; Wang, R.; Chen, Y,; Luo, Z.; Zong, Q.; Chen, S.; Lv, C. The global

survival rate among adult out-of-hospital cardiac arrest patients who received cardiopulmonary
resuscitation: A systematic review and meta-analysis. Crit Care 2020, 24, 61.

. Chen, Y.S.; Lin, J.W.; Yu, H.Y.; Ko, W.J.; Jerng, J.S.; Chang, W.T.; Chen, W.J.; Huang, S.C.; Chi,

N.H.; Wang, C.H.; et al. Cardiopulmonary resuscitation with assisted extracorporeal life-support
versus conventional cardiopulmonary resuscitation in adults with in-hospital cardiac arrest: An
observational study and propensity analysis. Lancet 2008, 372, 554-561.

. Wengenmayer, T.; Rombach, S.; Ramshorn, F.; Biever, P.; Bode, C.; Duerschmied, D.;

Staudacher, D.L. Influence of low-flow time on survival after extracorporeal cardiopulmonary
resuscitation (eCPR). Crit. Care 2017, 21, 157.

. Sakamoto, T.; Morimura, N.; Nagao, K.; Asai, Y.; Yokota, H.; Nara, S.; Hase, M.; Tahara, Y.;

Atsumi, T.; Group, S.-J.S. Extracorporeal cardiopulmonary resuscitation versus conventional
cardiopulmonary resuscitation in adults with out-of-hospital cardiac arrest: A prospective
observational study. Resuscitation 2014, 85, 762—768.

. Le Guen, M.; Nicolas-Robin, A.; Carreira, S.; Raux, M.; Leprince, P.; Riou, B.; Langeron, O.

Extracorporeal life support following out-of-hospital refractory cardiac arrest. Crit. Care 2011, 15,
R29.

. Kagawa, E.; Inoue, |.; Kawagoe, T.; Ishihara, M.; Shimatani, Y.; Kurisu, S.; Nakama, Y.; Dai, K.;

Takayuki, O.; Ikenaga, H.; et al. Assessment of outcomes and differences between in- and out-of-
hospital cardiac arrest patients treated with cardiopulmonary resuscitation using extracorporeal
life support. Resuscitation 2010, 81, 968-973.

. Danial, P.; Hajage, D.; Nguyen, L.S.; Mastroianni, C.; Demondion, P.; Schmidt, M.; Bougle, A.;

Amour, J.; Leprince, P.; Combes, A.; et al. Percutaneous versus surgical femoro-femoral veno-
arterial ECMO: A propensity score matched study. Intensive Care Med. 2018, 44, 2153-2161.

. Bellezzo, J.M.; Shinar, Z.; Davis, D.P.; Jaski, B.E.; Chillcott, S.; Stahovich, M.; Walker, C.;

Baradarian, S.; Dembitsky, W. Emergency physician-initiated extracorporeal cardiopulmonary
resuscitation. Resuscitation 2012, 83, 966-970.

Lamhaut, L.; Hutin, A.; Puymirat, E.; Jouan, J.; Raphalen, J.H.; Jouffroy, R.; Jaffry, M.; Dagron, C.;
An, K.; Dumas, F,; et al. A Pre-Hospital Extracorporeal Cardio Pulmonary Resuscitation (ECPR)
strategy for treatment of refractory out hospital cardiac arrest: An observational study and
propensity analysis. Resuscitation 2017, 117, 109-117.

https://encyclopedia.pub/entry/7576 4/7



Cardiac Arrest | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Megarbane, B.; Leprince, P.; Deye, N.; Resiere, D.; Guerrier, G.; Rettab, S.; Theodore, J.; Karyo,
S.; Gandjbakhch, I.; Baud, F.J. Emergency feasibility in medical intensive care unit of
extracorporeal life support for refractory cardiac arrest. Intensive Care Med. 2007, 33, 758-764.

Ortega-Deballon, I.; Hornby, L.; Shemie, S.D.; Bhaniji, F.; Guadagno, E. Extracorporeal
resuscitation for refractory out-of-hospital cardiac arrest in adults: A systematic review of
international practices and outcomes. Resuscitation 2016, 101, 12—20.

Tonna, J.E.; Johnson, N.J.; Greenwood, J.; Gaieski, D.F.; Shinar, Z.; Bellezo, J.M.; Becker, L.;
Shah, A.P.; Youngquist, S.T.; Mallin, M.P.; et al. Practice characteristics of Emergency Department
extracorporeal cardiopulmonary resuscitation (eCPR) programs in the United States: The current
state of the art of Emergency Department extracorporeal membrane oxygenation (ED ECMO).
Resuscitation 2016, 107, 38—-46.

Rupprecht, L.; Florchinger, B.; Schopka, S.; Schmid, C.; Philipp, A.; Lunz, D.; Muller, T.; Camboni,
D. Cardiac decompression on extracorporeal life support: A review and discussion of the
literature. ASAIO J. 2013, 59, 547-553.

Burkhoff, D.; Sayer, G.; Doshi, D.; Uriel, N. Hemodynamics of Mechanical Circulatory Support. J.
Am. Coll. Cardiol. 2015, 66, 2663—2674.

Guirgis, M.; Kumar, K.; Menkis, A.H.; Freed, D.H. Minimally invasive left-heart decompression
during venoarterial extracorporeal membrane oxygenation: An alternative to a percutaneous
approach. Interact. Cardiovasc. Thorac. Surg. 2010, 10, 672-674.

Hlavacek, A.M.; Atz, A.M.; Bradley, S.M.; Bandisode, V.M. Left atrial decompression by
percutaneous cannula placement while on extracorporeal membrane oxygenation. J. Thorac.
Cardiovasc. Surg. 2005, 130, 595-596.

Koeckert, M.S.; Jorde, U.P,; Naka, Y.; Moses, J.W.; Takayama, H. Impella LP 2.5 for left
ventricular unloading during venoarterial extracorporeal membrane oxygenation support. J. Card.
Surg. 2011, 26, 666—668.

Ogawa, S.; Richardson, J.E.; Sakai, T.; Ide, M.; Tanaka, K.A. High mortality associated with
intracardiac and intrapulmonary thromboses after cardiopulmonary bypass. J. Anesth. 2012, 26,
9-19.

Schmidt, M.; Brechot, N.; Combes, A. Ten situations in which ECMO is unlikely to be successful.
Intensive Care Med. 2016, 42, 750-752.

Cevasco, M.; Takayama, H.; Ando, M.; Garan, A.R.; Naka, Y.; Takeda, K. Left ventricular
distension and venting strategies for patients on venoarterial extracorporeal membrane
oxygenation. J. Thorac. Dis. 2019, 11, 1676-1683.

Brechot, N.; Demondion, P.; Santi, F.; Lebreton, G.; Pham, T.; Dalakidis, A.; Gambotti, L.; Luyt,
C.E.; Schmidt, M.; Hekimian, G.; et al. Intra-aortic balloon pump protects against hydrostatic

https://encyclopedia.pub/entry/7576 5/7



Cardiac Arrest | Encyclopedia.pub

23.

24,

25.

26.

27.

28.

29.

30.

31.

pulmonary oedema during peripheral venoarterial-extracorporeal membrane oxygenation. Eur.
Heart J. Acute Cardiovasc. Care 2018, 7, 62—609.

Pappalardo, F.; Schulte, C.; Pieri, M.; Schrage, B.; Contri, R.; Soeffker, G.; Greco, T.; Lembo, R.;
Mullerleile, K.; Colombo, A.; et al. Concomitant implantation of Impella((R)) on top of veno-arterial
extracorporeal membrane oxygenation may improve survival of patients with cardiogenic shock.
Eur. J. Heart Fail. 2017, 19, 404-412.

Russo, J.J.; Aleksova, N.; Pitcher, I.; Couture, E.; Parlow, S.; Faraz, M.; Visintini, S.; Simard, T.; Di
Santo, P.; Mathew, R.; et al. Left Ventricular Unloading During Extracorporeal Membrane
Oxygenation in Patients with Cardiogenic Shock. J. Am. Coll. Cardiol. 2019, 73, 654—662.

Lamhaut, L.; Tea, V.; Raphalen, J.H.; An, K.; Dagron, C.; Jouffroy, R.; Jouven, X.; Cariou, A.;
Baud, F.; Spaulding, C.; et al. Coronary lesions in refractory out of hospital cardiac arrest (OHCA)
treated by extra corporeal pulmonary resuscitation (ECPR). Resuscitation 2018, 126, 154-159.

Yannopoulos, D.; Bartos, J.A.; Martin, C.; Raveendran, G.; Missov, E.; Conterato, M.; Frascone,
R.J.; Trembley, A.; Sipprell, K.; John, R.; et al. Minnesota Resuscitation Consortium’s Advanced
Perfusion and Reperfusion Cardiac Life Support Strategy for Out-of-Hospital Refractory
Ventricular Fibrillation. J. Am. Heart Assoc. 2016, 5, e003732.

Hutin, A.; Lamhaut, L.; Lidouren, F.; Kohlhauer, M.; Mongardon, N.; Carli, P.; Berdeaux, A.;
Ghaleh, B.; Tissier, R. Early Coronary Reperfusion Facilitates Return of Spontaneous Circulation
and Improves Cardiovascular Outcomes after Ischemic Cardiac Arrest and Extracorporeal
Resuscitation in Pigs. J. Am. Heart Assoc. 2016, 5.

Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman,
M.V.; Humbert, M.; Jennings, C.S.; Jimenez, D.; et al. 2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism developed in collaboration with the European
Respiratory Society (ERS): The Task Force for the diagnosis and management of acute
pulmonary embolism of the European Society of Cardiology (ESC). Eur. Respir. J. 2019, 54,
1901647.

Kurnicka, K.; Lichodziejewska, B.; Goliszek, S.; Dzikowska-Diduch, O.; Zdonczyk, O.; Kozlowska,
M.; Kostrubiec, M.; Ciurzynski, M.; Palczewski, P.; Grudzka, K.; et al. Echocardiographic Pattern
of Acute Pulmonary Embolism: Analysis of 511 Consecutive Patients. J. Am. Soc. Echocardiogr.
2016, 29, 907-913.

Al-Bawardy, R.; Rosenfield, K.; Borges, J.; Young, M.N.; Albaghdadi, M.; Rosovsky, R.; Kabrhel,
C. Extracorporeal membrane oxygenation in acute massive pulmonary embolism: A case series
and review of the literature. Perfusion 2019, 34, 22-28.

Meneveau, N.; Guillon, B.; Planquette, B.; Piton, G.; Kimmoun, A.; Gaide-Chevronnay, L.;
Aissaoui, N.; Neuschwander, A.; Zogheib, E.; Dupont, H.; et al. Outcomes after extracorporeal

https://encyclopedia.pub/entry/7576 6/7



Cardiac Arrest | Encyclopedia.pub

32.

33.

34.

35.

membrane oxygenation for the treatment of high-risk pulmonary embolism: A multicentre series of
52 cases. Eur. Heart J. 2018, 39, 4196-4204.

Corsi, F.; Lebreton, G.; Brechot, N.; Hekimian, G.; Nieszkowska, A.; Trouillet, J.L.; Luyt, C.E.;
Leprince, P.; Chastre, J.; Combes, A.; et al. Life-threatening massive pulmonary embolism
rescued by venoarterial-extracorporeal membrane oxygenation. Crit. Care 2017, 21, 76.

Giraud, R.; Banfi, C.; Siegenthaler, N.; Bendjelid, K. Massive pulmonary embolism leading to
cardiac arrest: One pathology, two different ECMO modes to assist patients. J. Clin. Monit.
Comput. 2016, 30, 933-937.

Pavlovic, G.; Banfi, C.; Tassaux, D.; Peter, R.E.; Licker, M.J.; Bendjelid, K.; Giraud, R. Peri-
operative massive pulmonary embolism management: Is veno-arterial ECMO a therapeutic
option? Acta Anaesthesiol. Scand. 2014, 58, 1280-1286.

Fletcher-Sandersjoo, A.; Thelin, E.P.; Bartek, J., Jr.; Broman, M.; Sallisalmi, M.; Elmi-Terander, A.;
Bellander, B.M. Incidence, Outcome, and Predictors of Intracranial Hemorrhage in Adult Patients
on Extracorporeal Membrane Oxygenation: A Systematic and Narrative Review. Front. Neurol.
2018, 9, 548.

Retrieved from https://encyclopedia.pub/entry/history/show/17915

https://encyclopedia.pub/entry/7576 717



