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the simultaneous risk of thrombosis together with 
potentially fatal bleeding events (particularly if ad-
ditional factors such as an extracorporeal circulation 
comes into play). Both the associated mortality and 
the long-term morbidity for thrombosis versus bleed-
ing highlight the utmost importance of a tailored 
individualized approach to choose the right degree of 
anticoagulation.
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We read with interest the comments from Stahl et al (1) regarding 
intracranial hemorrhage (ICH) seen in our described cohort of 
patients requiring extracorporeal membrane oxygenation (ECMO) 

due to severe coronavirus disease 2019 (COVID-19) pneumonia, as noted in 
our recently published article (2) in Critical Care Medicine. We agree that our 
results demonstrate high rates of this significant complication. However, rather 
than ICH being intrinsic to patients with COVID-19, this may be attributable 
to brain hypo- and reperfusion injury at the time preceding and during ECMO 
commencement following the development of severe respiratory failure.

We highlight that similar rates of ICH were seen between COVID-19 and 
influenza at initiation (16% and 14%, respectively; p = 0.8). Two of three ICH 
events after starting ECMO in the COVID-19 cohort were extensions of pre-
existing ICH as opposed to new events. All ICHs at initiation in COVID-19 
and influenza were small volume radiologically with no midline shift or intra-
ventricular hemorrhage. None required neurosurgical intervention, and all 
were managed with cessation of anticoagulation. We repeated imaging in all 
patients with ICH after an interval of 3–5 days to assess for resolution or ex-
tension to decide when anticoagulation may be reinitiated. We provide infor-
mation on this anticoagulation strategy in the supplementary protocol of the 
original article. Additionally, this cohort was analyzed during the first wave of 
COVID-19 in early 2020. Anticoagulation approaches were not standardized 
with some referring hospitals using higher doses of anticoagulation owing to 
the early concerns regarding high rates of thrombosis. We find it reassuring 
that ICH rates were not higher than those with influenza as a historic com-
parator group.
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In context of previous studies, the Extracorporeal 
Membrane Oxygenation for Severe Acute Respiratory 
Distress Syndrome (EOLIA) study did not have stan-
dardized imaging practice for ICH and was dependent 
upon approaches taken by individual centers (3). At 
our center, cranial computer tomography is used uni-
versally at initiation of ECMO hence event rates may 
be higher. A meta-analysis by Sutter et al (4) showed 
lower rates of ICH at 5%. They acknowledged that some 
centers including ours had higher rates at 10–16% (5, 
6). These centers performed imaging at initiation of 
ECMO, whereas other centers performed cranial im-
aging with the development of clinical neurologic signs, 
associated with subsequent higher mortality rates.

Risk factors associated with ICH during ECMO are 
a rapid decrease in Co2 levels within the first 24 hours, 
thrombocytopenia, hypofibrinogenemia, anticoagula-
tion use, and acute kidney injury (4–7). Conversely, 
severe COVID-19 infection is typified by hyperfibrin-
ogenemia, platelet activation, and preserved platelet 
counts. Therefore, focal cerebral hypoperfusion and 
vasoconstriction with subsequent changes in cere-
bral blood flow following ECMO initiation may be a 
universal mechanistic event for ICH development in 
COVID-19 and other respiratory conditions (4, 7).

We agree that anticoagulation to maintain circuit 
patency, to treat system thrombotic complications and 
to reduce major bleeding risk, should be individual-
ized during ECMO. As such, we encourage the use of 
imaging to assess for these and guide its management. 
We also support the development of prospective stud-
ies to establish anti-Xa targets during ECMO to reduce 
bleeding complications as suggested by Stahl et al (1).
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