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Methods 
 

Literature Review 

We conducted a systematic MEDLINE-Database literature review through the PubMed search 

engine with a global search strategy applying prespecified selection and outcome (occurrence 

of neurological complication and mortality) criteria using the terms ECMO, venovenous-

ECMO and extracorporeal oxygenation. We also searched the references of identified studies. 

Randomized–controlled trials, observational studies and case series reporting on adult VV-

ECMO patients with their outcomes, particularly their neurological events, were eligible. 

Studies on children or newborns, those without any outcome information, especially about 

neurological complications, were excluded. 

 Two authors (C.-E.L. and N.B.) independently reviewed the retrieved abstracts and 

assessed eligibility. A third author (G.H.) determined eligibility in the case of disagreement. 

The following data were extracted: study design, participants’ characteristics, ECMO type 

(VV or VA), outcome data (neurological complications, mortality, mortality of patients with 



neurological complications), hemostasis disorders and anticoagulation use.  

 

 

Results 
 

 Systematic Review 

Among the 8,647 search strategy-identified citations, 8,615 failed to meet screening 

eligibility, mostly because they concerned only VA-ECMO patients, reported no neurological 

events or described pediatric series. Among the 38 studies extracted for full-text analysis, 16 

met the inclusion criteria and were subsequently analyzed in detail (Table 5): 15 cohort 

studies and one randomized–controlled trial [1-16]. All but five [4, 6, 10, 14, 15] reported 

both VA- and VV-ECMO. The randomized–controlled trial reported only neurological injury-

related deaths without specifying the cerebral complications [4] and one cohort study reported 

only fatal brain complications [13]. Three studies reported the use of roller pump rather than 

centrifugal pumps [1, 2, 11, 14], but we decided to include them because the results were 

similar. Five studies in which more than a third of the patients had received VA-ECMO were 

not used to calculate frequency of neurological complications [1-3, 13, 16]. The cerebral 

bleeding frequency in the remaining eight studies was 5% (29/553). Including our population 

in that analysis did not change the results: 39/688 (6%) patients had cerebral bleeding. Brain-

injury–related mortality was very high: all 28 patients with cerebral bleeding and available 

data died (Table 5). None of the studies evaluated hemostasis disorders or anticoagulation use 

and only one reported the ECMO-initiation-to-cerebral-bleeding interval (2 days) [10]. Only 

five studies reported neurological complications other than cerebral bleeding [1-3, 11, 16], but 

because VA-ECMO patients represented more than one-third of those studied populations, no 

conclusions could be drawn about neurological complications other than cerebral bleeding. 

 



Table E1. Univariable and Multivariable Analyses of Factors Associated With Death on VV-

ECMO 

 

Factor 

Univariable Analysis 

OR [95% CI] 

Cox Analysis 

HR [95% CI] 

Age >46 yr 5.9 [2.8–12.6] 5.9 [2.2–15.7] 

Female sex 0.7 [0.4–1.5]  

SAPS II score at ICU admission ≥70 1.8 [0.9–3.6]  

Body mass index >26 1.04 [0.5–2.1]  

McCabe & Jackson comorbidity score ≥2 3.5 [1.7–7.4] 2.8 [1.1–7.4] 

MV duration before ECMO >5 days 2.4 [1.2–4.8] 3.3[1.2–8.9] 

Organ failure at ECMO initiation
a 

  

 Cardiovascular 0.8 [0.4–1.8]  

 Hepatic 1.5 [0.7–3.5]  

 Renal 0.9 [0.5–1.9]  

 Hematological 0.8 [0.3–2.5]  

 Neurological 0.6 [0.3–1.5]  

Gas exchange change   

 Arterial pH >0.2
b
 1.7 [0.7–3.8]  

 PaO2 >50 mmHg
b 

0.8 [0.3–1.8]  

 PaCO2 <–27 mmHg
b
 2.9 [1.3–6.4] 3.1 [1.2–8.4] 

Renal replacement therapy 1.5 [0.8–3.0]  

Hemostasis disorders during ECMO   

 Platelets <20  10
9
/L 0.5 [0.2–1.3]  

 Prothrombin time <30%
c
, n (%) 5.3 [1.9–14.5] 7.4 [1.7–32.3] 

 Fibrinogen, <1.5 g/L 0.7 [0.3–1.5]  



 Anticoagulant overdose 1.5 [0.5–4.2]  

Abbreviations: SAPS, Simplified Acute Physiology Score; ICU, intensive care unit; MV, 

mechanical ventilation; VV-ECMO, venovenous-extracorporeal membrane oxygenation. 

a
 Organ failure was deemed present when the corresponding Sepsis-related Organ Failure 

Assessment score was >2. 

b 
Defined as the post-ECMO pH, PaCO2 or PaO2value – the pre-ECMO pH, PaCO2 or PaO2 

value. 

c 
Expressed as percentage of the standard value. 

 



Table E2. Univariable and Multivariable Analyses of Factors Associated With Death or 

Intracranial Bleeding on VV-ECMO 

 

Factor 

Univariable Analysis 

OR [95% CI] 

Cox Analysis 

HR [95% CI] 

Age >46 yr 5.5 [2.6–11.6] 5.5 [2.2–13.7] 

Female sex 0.9 [0.5–1.9]  

SAPS II score at ICU admission ≥70 1.7 [0.9–3.4]  

Body mass index >26 0.9 [0.4–1.7]  

McCabe & Jackson comorbidity score ≥2 3.5 [1.6–7.3]  

MV duration before ECMO >5 days 2.2 [1.1–4.5] 2.7 [1.1–6.9] 

Organ failure at ECMO initiation
a 

  

 Cardiovascular 0.9 [0.4–1.9]  

 Hepatic 1.9 [0.8–4.4]  

 Renal 1.02 [0.5–2.04]  

 Hematological 1.02 [0.4–2.9]  

 Neurological 0.7 [0.3–1.7]  

Gas exchange change   

 Arterial pH >0.2
b
 1.9 [0.8–4.3]  

 PaO2 >50 mmHg
b 

0.9 [0.4–2.2]  

 PaCO2 <–27 mmHg
b
 3.2 [1.4–7.1] 3.8 [1.5–9.7] 

Renal replacement therapy 1.6 [0.8–3.1]  

Hemostasis disorders during ECMO   

 Platelets <20  10
9
/L 2.1 [0.8–5.3]  

 Prothrombin time <30%
c
, n (%) 4.7 [1.7–12.9] 5.9 [1.5–23.8] 

 Fibrinogen, <1.5 g/L 1.3 [0.6–2.8]  



 Anticoagulant overdose 1.3 [0.5–3.8]  

Abbreviations: SAPS, Simplified Acute Physiology Score; ICU, intensive care unit; MV, 

mechanical ventilation; VV-ECMO, venovenous-extracorporeal membrane oxygenation. 

a
 Organ failure was deemed present when the corresponding Sepsis-related Organ Failure 

Assessment score was >2. 

b 
Defined as the post-ECMO pH, PaCO2 or PaO2value – the pre-ECMO pH, PaCO2 or PaO2 

value. 

c 
Expressed as percentage of the standard value. 
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