
Editorial

Postcardiac arrest ischemia/reperfusion
pathophysiology and functional outcome: Can
intra-aortic balloon counterpulsation confer any
overall or patient-specific benefit?

Cardiac arrest results in cessation of systemic and pulmonary blood
flow within 60 s, whole-body/cerebral ischemia, and intracellular
adenosine triphosphate (ATP) depletion, followed by homeostasis
disruption and imminent necrotic cell death.1–4 Concurrently, there is
increased systemic release of stress hormones and proinflammatory
cytokines, platelet/coagulation cascade/complement/leukocyte acti-
vation, and impaired microvascular permeability.1–6 Partial restoration
of organ perfusion with basic/advanced life support and return of
spontaneous circulation (ROSC) is associated with widespread tissue
reperfusion injury.1–4

At myocardial tissue/cell level, injurious mechanisms contributing
to postresuscitation myocardial dysfunction (PRMD) include (1)
interstitial edema formation; (2) oxidative stress and nitric oxide
depletion; (3) impaired or obstructed microvascular coronary reflow
and low ATP levels; (4) intracellular/mitochondrial calcium overload
and acidosis reversal causing hypercontracture and opening of the
mitochondrial permeability transition pore, uncoupling of oxidative
phosphorylation, and pro-apoptotic protein-/cytochrome C-induced
activation of apoptotic pathways; and (5) upregulation of cell adhesion
molecules and tissue neutrophil infiltration.1–6 Additional myocardial
injury may be caused by chest compressions, electrical shocks, and
epinephrine, especially in cases of prolonged resuscitation.1,7 Lastly,
preexisting ischemic heart disease may exacerbate the effects of
several of the aforementioned pathophysiological mechanisms.8

PRMD may comprise (1) systolic dysfunction indicated by reduced
left ventricular (LV) ejection fraction/stroke volume, fractional shorten-
ing, outflow tract peak velocity, and velocity time integral;8,9 and (2)
diastolic dysfunction indicated by LV wall thickening (due to edema1),
prolonged/impaired isovolumic relaxation, and increased medial mitral
E/e0 ratio.8,10 PRMD may result in low cardiac index (e.g. < 2.2 L min
�1m�2),11 whereas the systemic ischemia/reperfusion response
may be associated with intravascular volume depletion, impaired
vasoregulation, and adrenal dysfunction.5 This combined cardiogenic/
vasodilatory shock may respond poorly to vasopressor/inotropic
support and intravenous fluids and culminate into early postresusci-
tation multiple organ failure and death.8,11,12 Furthermore, irrespective
of early death occurrence, early postresuscitation hypotension and/or
low diastolic arterial pressure due to PRMD and/or vasodilatory shock/
adrenal dysfunction is associated with poor patient outcomes.13,14

Global cerebral ischemia/reperfusion is characterized by (1) rapid
ATP depletion; (2) calcium cytosolic overload boosted by glutamate
and aspartate, and cytotoxic cell swelling; (3) oxidative stress; (4)
epinephrine/a1 adrenergic-receptor-mediated reduction in microcir-
culatory blood flow and increased risk of microcirculatory reflow
obstruction; (5) activation of apoptotic pathways; (6) secondary
neuronal injury due to microglia activation and leukocyte infiltration
into cerebral tissue; and (7) delayed ischemic neurodegeneration,
with increased risk of cytotoxic brain edema.2–5,15,16 Early post-
resuscitation, cerebrovascular hemodynamics exhibit higher critical
closing pressure (i.e. intraluminal pressure threshold for vessel
collapse), increased resistance, and reduced macrovascular flow
velocity.17 Critical closing pressure reflects vascular smooth muscle
tone plus intracranial pressure.17 Effective prevention of early post-
ROSC, secondary brain ischemia may require cerebral perfusion
pressure to exceed 60–70 mmHg, corresponding to mean arterial
pressure of 85–100 mmHg.18 The subsequent, reperfusion-related
drop in vascular resistance and the already impaired autoregulation
may contribute to reactive hyperemia, thereby predisposing to
vasogenic brain edema.16

A key mechanism of secondary ischemic injury, i.e. persistent,
PRMD-associated peripheral organ and cerebral hypoperfusion,14

may be effectively addressable by intra-aortic balloon pump (IABP)
counterpulsation.19 The IABP increases diastolic arterial and coro-
nary perfusion pressure, unloads the LV, decreases myocardial
oxygen consumption, and increases cardiac output, mean arterial and
cerebral perfusion pressure, and cerebral, macrocirculatory blood
flow.19,20 Therefore, post-ROSC IABP use might be associated with
improved survival and neurologic outcome after out-of-hospital
cardiac arrest.19 This hypothesis was tested but not verified in a
Japanese, multicenter, prospective, observational, propensity score-
matched study published in the journal’s current issue.21 Compared
cohorts were well-matched as regards potentially effect-modifying,
peri-arrest characteristics/interventions such as (1) age, time from call
to hospital arrival, and rhythm (shockable/non-shockable or presence
of pulse); (2) “presence or absence” of witnessed arrest, bystander
resuscitation, public access defibrillation, dispatcher instruction,
tracheal intubation, and cardiac cause of arrest; and (3) “use or no
use” of adrenaline/antiarrhythmics, percutaneous coronary
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intervention, targeted temperature management, and extracorporeal
membrane oxygenation (ECMO).21 The primary analysis showed no
association between IABP use and 30-day survival/good neurological
outcome. Subgroup analyses according to arrest cause, rhythm, and
PCI yielded similar results.21 Similar results were reported by a
Korean, propensity score-matched analysis of IABP use in patients
resuscitated from cardiac arrest due to myocardial infarction/
cardiogenic shock.22 Furthermore, observational studies and
randomized clinical trials (RCTs) in non-cardiac arrest patients with
severe ischemic heart disease, acute myocardial infarction, and
cardiogenic shock have failed to produce clear evidence in favor of
IABP use.20,22

In patients with PRMD and vasodilatory shock, the possible lack of
IABP efficacy could be explained by (1) the IABP inability to counteract
the above-described pre-ROSC pathophysiology — IABPs are
normally inserted in the presence of “native” LV function”20; (2) the
probably limited IABP augmentation of post-ROSC cardiac output
(e.g. < 0.5 L/min)20,21; and (3) the previously documented absence of
an IABP effect on microvascular perfusion;21–23 this may also imply no
IABP benefit in postresuscitation restoration of coronary and cerebral
microvascular flow. In contrast, veno-arterial ECMO can provide
systemic circulatory flows of 6 L/min before ROSC;20,24 this may
restore microvascular perfusion,25 and prevent secondary, post-
ROSC, ischemic insults. A systematic review and meta-analysis of
cohort studies suggested ECMO superiority compared to (1)
conventional treatment in cardiac arrest; and (2) IABP use in
cardiogenic shock.26 However, the authors of a more recent
systematic review of observational studies of ECMO in cardiac arrest
concluded that overall risk of bias due to confounding was critical, and
that heterogeneity across studies precluded the conduct of meaning-
ful meta-analyses; results of ongoing RCTs are awaited.27

To our knowledge, nonrandomized, propensity score-matched,
comparative observational data on IABP use in cardiac arrest are
relatively scarce.19,21,22 Also, reported results are heterogenous: as
noted above, two studies reported no IABP-associated benefit,21,22-

whereas one study reported association of IABP use with good
neurological outcome at discharge.19 Interestingly, a large, American,
observational analysis reported higher survival to discharge for IABP
use vs. no use after out-of-hospital cardiac arrest.28 Despite propensity
score-matching,observational studiesmay stillexhibita highriskofbias
due to limited adjustment. 27 For instance, Kishimori et al. acknowl-
edged that they could not adjust for pre-arrest ischemic heart disease or
heart failure, and pre-IABP insertion hemodynamic status and
support.21 Therefore, their IABP cohort might have included sicker
patients with worse prognosis. Also, there was no report of (1) specific
triggers for IABP use (e.g. presumed cardiac cause of arrest and
postresuscitation shock with LV ejection fraction <30%,12,19 and
admission arterial blood lactate of >6.0 mmol/L, or lactate-to-albumin
ratio >2.8)29,30; or (2) specific timing of IABP insertion; in high risk PCI,
preprocedural IABP use may confer a long-term mortality benefit.31

Lastly, approximately 44% of the IABP cohort patients received
ECMO;21 in these patients, it is unclear whether the IABP was used as
adjunct to ECMO for LV venting,20 or as main rescue intervention;
ECMO-treated patients were excluded from the Korean study.22

Combined targeting of multiple injurious mechanisms of possibly
varying and patient-specific importance may improve cardiac arrest
outcomes.4,5 As in the case of ECMO,27 RCTs with rigorous eligibility
criteria (e.g. exclusion of ECMO-treated patients), and well-pre-planned
subgroup analyses (e.g. according to pre-IABP insertion LV function and
vasopressor/inotropic support level) are required to conclude on IABP

usefulness as part of an effective/protocolized treatment strategy of
patients with PRMD and shock.

Conflict of interest statement

No author has a conflict of interest to disclose.

Funding statement

The writing of the current paper was not associated with funding from
any source.

Acknowledgments

The contributions of all three authors should be considered as equally
important.

R E F E R E N C E S

1. Chalkias A, Xanthos T. Pathophysiology and pathogenesis of post-
resuscitation myocardial stunning. Heart Fail Rev 2012;17:117–28.

2. González-Ibarra FP, Varon J, López-Meza EG. Therapeutic
hypothermia: critical review of the molecular mechanisms of action.
Front Neurol. 2011;2:4.

3. Reis C, Akyol O, Araujo C, et al. Pathophysiology and the monitoring
methods for cardiac arrest associated brain injury. Int J Mol Sci
201718:, doi:http://dx.doi.org/10.3390/ijms18010129 pii: E129.

4. Mentzelopoulos SD, Zakynthinos SG. Post-cardiac arrest syndrome:
pathological processes, biomarkers and vasopressor support, and
potential therapeutic targets. Resuscitation 2017;121:A12–4.

5. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syndrome:
epidemiology, pathophysiology, treatment, and prognostication. A
consensus statement from the International Liaison Committee on
Resuscitation (American Heart Association, Australian and New
Zealand Council on Resuscitation, European Resuscitation Council,
Heart and Stroke Foundation of Canada, InterAmerican Heart
Foundation, Resuscitation Council of Asia, and the Resuscitation
Council of Southern Africa); the American Heart Association
Emergency Cardiovascular Care Committee; the Council on
Cardiovascular Surgery and Anesthesia; the Council on
Cardiopulmonary, Perioperative, and Critical Care; the Council on
Clinical Cardiology; and the Stroke Council. Circulation
2008;118:2452–83.

6. Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N Engl J Med
2007;357:1121–35.

7. Yang M, Hu X, Lu X, et al. The effects of a- and b-adrenergic blocking
agentsonpostresuscitationmyocardialdysfunctionandmyocardial tissue
injury in a rat model of cardiac arrest. Transl Res 2015;165:589–98.

8. Chang WT, Ma MH, Chien KL, et al. Postresuscitation myocardial
dysfunction: correlated factors and prognostic implications. Intensive
Care Med 2007;33:88–95.

9. Jentzer JC, Anavekar NS, Mankad SV, et al. Changes in left ventricular
systolic and diastolic function on serial echocardiography after out-of-
hospital cardiac arrest. Resuscitation 2018;126:1–6.

10. Jentzer JC, Anavekar NS, Mankad SV, et al. Echocardiographic left
ventricular diastolic dysfunction predicts hospital mortality after out-of-
hospital cardiac arrest. J Crit Care 2018;47:114–20.

11. Laurent I, Monchi M, Chiche JD, et al. Reversible myocardial
dysfunction in survivors of out-of-hospital cardiac arrest. J Am Coll
Cardiol 2002;40:2110–6.

R E S U S C I T A T I O N 1 4 3 ( 2 0 1 9 ) 2 1 4 – 2 1 6 215

http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0055


12. MentzelopoulosSD,MalachiasS,ChamosC,etal.Vasopressin,steroids,
and epinephrine and neurologically favorable survival after in-hospital
cardiac arrest: a randomized clinical trial. JAMA 2013;310:270–9.

13. Bhate TD, McDonald B, Sekhon MS, Griesdale DE. Association
between blood pressure and outcomes in patients after cardiac arrest:
a systematic review. Resuscitation 2015;97:1–6.

14. Annoni F, Dell’Anna AM, Franchi F, et al. The impact of diastolic blood
pressure values on the neurological outcome of cardiac arrest
patients. Resuscitation 2018;130:167–73.

15. Ristagno G, Tang W, Huang L, et al. Epinephrine reduces cerebral
perfusion during cardiopulmonary resuscitation. Crit Care Med
2009;37:1408–15.

16. Cardim D, Griesdale DE, Ainslie PN, et al. A comparison of non-invasive
versus invasive measures of intracranial pressure in hypoxic ischaemic
brain injury after cardiac arrest. Resuscitation 2019;137:221–8.

17. van den Brule JM, Vinke E, van Loon LM, et al. Middle cerebral artery
flow, the critical closing pressure, and the optimal mean arterial
pressure in comatose cardiac arrest survivors-An observational study.
Resuscitation 2017;110:85–9.

18. Ameloot K, Genbrugge C, Meex I, et al. An observational near-infrared
spectroscopy study on cerebral autoregulation in post-cardiac arrest
patients: time to drop’ one-size-fits-all’ hemodynamic targets?
Resuscitation 2015;90:121–6.

19. Iqbal MB, Al-Hussaini A, Rosser G, et al. Intra-Aortic Balloon Pump
Counterpulsation in the Post-Resuscitation Period is Associated with
Improved Functional Outcomes in Patients Surviving an Out-of-
Hospital Cardiac Arrest: Insights from a Dedicated Heart Attack
Centre. Heart Lung Circ 2016;25:1210–7.

20. Rihal CS, Naidu SS, Givertz MM, et al. 2015 SCAI/ACC/HFSA/STS
clinical expert consensus statement on the use of percutaneous
mechanical circulatory support devices in cardiovascular care:
endorsed by the American Heart Assocation, the Cardiological Society
of India, and Sociedad Latino Americana de Cardiologia Intervencion;
Affirmation of Value by the Canadian Association of Interventional
Cardiology-Association Canadienne de Cardiologie d’intervention. J
Am Coll Cardiol 2015;65:e7–e26.

21. Kishimori T, Matsuyama T, Yamada T, et al. Intra-aortic balloon pump
and survival with favorable neurological 1 outcome after out-of-
hospital cardiac arrest: a multicenter, prospective propensity score-
matched study. Resuscitation 2019;143:165–72.

22. Kim HK, Jeong MH, Ahn Y, et al. Clinical outcomes of the intra-aortic
balloon pump for resuscitated patients with acute myocardial infarction
complicated by cardiac arrest. J Cardiol 2016;67:57–63.

23. Jung C, Fuernau G, de Waha S, et al. Intraaortic balloon
counterpulsation and microcirculation in cardiogenic shock
complicating myocardial infarction: an IABP-SHOCK II substudy. Clin
Res Cardiol 2015;104:679–87.

24. Michels G, Wengenmayer T, Hagl C, et al. Recommendations for
extracorporeal cardiopulmonary resuscitation (eCPR): consensus
statement of DGIIN, DGK, DGTHG, DGfK, DGNI, DGAI, DIVI and
GRC. Clin Res Cardiol 2019;108:455–64.

25. Wester T, Awan ZA, Kvernebo TS, Salerud G, Kvernebo K. Skin
microvascular morphology and hemodynamics during treatment with
veno-arterial extra-corporeal membrane oxygenation. Clin Hemorheol
Microcirc. 2014;56:119–31.

26. Ouweneel DM, Schotborgh JV, Limpens J, et al. Extracorporeal life
support during cardiac arrest and cardiogenic shock: a systematic
review and meta-analysis. Intensive Care Med 2016;42:1922–34.

27. Holmberg MJ, Geri G, Wiberg S, et al. International Liaison Committee
on Resuscitation’s (ILCOR) Advanced Life Support and Pediatric Task
Forces. Extracorporeal cardiopulmonary resuscitation for cardiac
arrest: a systematic review. Resuscitation 2018;131:91–100.

28. Patel NJ, Patel N, Bhardwaj B, et al. Trends in utilization of mechanical
circulatory support in patients hospitalized after out-of-hospital cardiac
arrest. Resuscitation 2018;127:105–13.

29. Düring J, Dankiewicz J, Cronberg T, et al. Lactate, lactate clearance
and outcome after cardiac arrest: a post-hoc analysis of the TTM-Trial.
Acta Anaesthesiol Scand 2018;62:1436–42.

30. Kong T, Chung SP, Lee HS, et al. The prognostic usefulness of the
lactate/albumin ratio for predicting clinical outcomes in out-of-hospital
cardiac arrest: a prospective, multicentre observational study
(KoCARC study). Shock 2019, doi:http://dx.doi.org/10.1097/
SHK.0000000000001405 [Epub ahead of print].

31. Perera D, Stables R, Clayton T, et al. Long-term mortality data from the
balloon pump-assisted coronary intervention study (BCIS-1): a
randomized, controlled trial of elective balloon counterpulsation during
high-risk percutaneous coronary intervention. Circulation
2013;127:207–12.

Spyros D. Mentzelopoulos*

First Department of Intensive Care Medicine, National and

Kapodistrian University of Athens Medical School, Athens,

GreeceFirst Department of Intensive Care Medicine, National and

Kapodistrian University of Athens Medical School, Athens, Greece

Pavlos Myrianthefs
Department of Nursing, School of Health Sciences, National and

Kapodistrian University of Athens, Surgical Department at «Agioi

Anargyroi» General Hospital, Kaliftaki, 14564, Nea Kifissia,

GreeceDepartment of Nursing, School of Health Sciences, National

and Kapodistrian University of Athens, Surgical Department at «Agioi

Anargyroi» General Hospital, Kaliftaki, 14564, Nea Kifissia, Greece

Spyros G. Zakynthinos
First Department of Intensive Care Medicine, National and

Kapodistrian University of Athens Medical School, Athens,

GreeceFirst Department of Intensive Care Medicine, National and

Kapodistrian University of Athens Medical School, Athens, Greece

* Corresponding author at: Department of Intensive Care Medicine,
Evaggelismos General Hospital, 45-47 Ipsilandou Street, GR-10675,

Athens, Greece.

E-mail address: sdmentzelopoulos@gmail.com (S. Mentzelopoulos).

http://dx.doi.org/10.1016/j.resuscitation.2019.08.005
© 2019 Elsevier B.V. All rights reserved.

216 R E S U S C I T A T I O N 1 4 3 ( 2 0 1 9 ) 2 1 4 – 2 1 6

http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0150
http://dx.doi.org/10.1097/SHK.0000000000001405
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30563-5/sbref0155
mailto:sdmentzelopoulos@gmail.com
https://doi.org/10.1016/j.resuscitation.2019.08.005

	Postcardiac arrest ischemia/reperfusion pathophysiology and functional outcome: Can intra-aortic balloon counterpulsation ...
	Conflict of interest statement
	Funding statement
	Acknowledgments
	References


