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OBJECTIVES: Current studies lack robust information on the prevalence 
and associated factors of cerebral microbleeds in patients who underwent 
extracorporeal membrane oxygenation.

DESIGN: Retrospective analysis.

SETTING: We reviewed patients who underwent (extracorporeal mem-
brane oxygenation) and subsequent brain autopsy with gross and micro-
scopic examinations from January 2009 to December 2018 from a single 
tertiary center.

PATIENTS: Twenty-five extracorporeal membrane oxygenation patients 
(median age, 53 yr; interquartile range, 36–61 yr; 17 women and 8 men) 
underwent brain autopsy.

INTERVENTIONS: Descriptive analysis of neuropathologic findings. 
Cerebral microbleed was defined as a small focus (< 10 mm diameter) of 
accumulation of blood product in the brain tissue. Macrohemorrhage was 
defined as any of the grossly identifiable epidural, subdural, subarachnoid, 
or intraparenchymal hemorrhages larger than 10 mm.

MEASUREMENT AND MAIN RESULTS: Of 25 (22 venoarterial ex-
tracorporeal membrane oxygenation; three venovenous extracorporeal 
membrane oxygenation), 15 patients (60%) were found to have cerebral 
microbleeds, whereas 13 (52%) had macrohemorrhages, of whom five 
(20%) had both. Overall, 92% of brains demonstrated the presence of 
either cerebral microbleeds or macrohemorrhages after extracorporeal 
membrane oxygenation support. Of the patients with cerebral microbleeds, 
lobar cerebral microbleeds (80%) occurred more frequently than deep ce-
rebral microbleeds (60%), with 40% of patients having both types. The 
cases of macrohemorrhages consisted of one epidural (8%), two subdural 
(15%), and 10 subarachnoid hemorrhages (77%). In univariate analyses, 
the presence of macrohemorrhages was significantly associated with the 
presence of cerebral microbleeds (p = 0.03) with odds ratio of 0.13 (CI, 
0.02–0.82). Age, sex, extracorporeal membrane oxygenation duration, ex-
tracorporeal membrane oxygenation type, use of aspirin or dialysis during 
extracorporeal membrane oxygenation support, bloodstream infections, 
hemoglobin, platelets, and coagulopathy profiles were not associated with 
cerebral microbleeds.

CONCLUSIONS: In patients with postmortem neuropathologic evalua-
tion, 92% sustained acute cerebral microbleeds or macrohemorrhages 
after extracorporeal membrane oxygenation support. Cerebral microbleeds 
were commonly present in the majority of extracorporeal membrane oxy-
genation nonsurvivors. Further research is necessary to study the long-term 
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sequelae, such as cognitive outcome of extracor-
poreal membrane oxygenation-associated cerebral 
microbleeds in extracorporeal membrane oxygena-
tion survivors.

KEY WORDS: cerebral microbleed; extracorporeal 
membrane oxygenation; macrohemorrhage

Intracranial hemorrhage, namely intraparenchy-
mal hemorrhage, subarachnoid hemorrhage, and 
subdural hematoma, is a well-described compli-

cation of patients on extracorporeal membrane oxy-
genation (ECMO) with rates of 2–21% (1). However, 
there are sparse data on cerebral microbleeds (CMBs) 
in ECMO with prior studies only being at the case-
report level (2–4). CMB is one of the phenotypes of ce-
rebral small vessel disease, which also includes lacunar 
infarct, enlarged perivascular space, punctate infarcts, 
cortical superficial siderosis, and white matter disease 
(5). CMBs are particular concerning, as they have been 
reported to be associated with future hemorrhagic 
stroke, ischemic stroke, worse cognitive deterioration, 
and dementia in the general population, in addition 
to having a high prevalence of CMBs in patients with 
other forms of cardiac devices with continuous blood 
flow, such as the left ventricular assist device (6, 7).

Although CMBs can 
readily be detected by gra-
dient-echo T2-weighted or 
susceptibility weighted im-
aging of MRI, the ECMO 
circuit serves as a barrier for 
MRI imaging, thereby pre-
venting detection of CMBs 
in people during ECMO 
support. Furthermore, CT 
imaging of the head gen-
erally cannot detect CMBs. 
Although performing tran-
scranial Doppler and elec-
troencephalogram have 
been explored in ECMO 
patients to identify emboli 
or to assist with neuroprog-
nostication respectively, 
they are not expected to 
discover CMBs (8). Thus, 
we investigated primarily 

the prevalence of CMBs at the time of autopsy in people 
who were on ECMO and secondarily the risk factors as-
sociated with their presence.

METHODS

This study used a retrospective approach for people 
on ECMO who were found to either have or not have 
CMBs at time of autopsy. Adult patients (age ≥18 yr) 
on ECMO between the years 2010 and 2018 at Johns 
Hopkins Hospital were identified by chart review of 
electronic medical records. Of these, only patients who 
underwent autopsy were selected for analysis. Gross 
and microscopic examinations of the brains were per-
formed by neuropathologists with standardized proce-
dures. Following 10 days of immersion fixation in 10% 
buffered formalin, the brains were examined grossly. 
Representative tissue sections from the cerebral cortex, 
basal ganglia, basal forebrain, thalamus, hippocampus, 
entorhinal cortex, amygdala, midbrain, pons, medulla, 
and cerebellum were processed routinely in paraffin, 
and sections were stained with hematoxylin-eosin. 
The definition of CMBs followed its neuroradiologi-
cal and neuropathologic standard as accumulation of 
blood products less than 10 mm in greatest dimension 
in the brain tissue (Fig. 1) (9). The locations of the 

Figure 1. Manifestations of cerebral microbleeds in adult brains of patients who have received 
extracorporeal membrane oxygenation treatment. Cerebral microbleeds range from perivascular 
accumulation of blood cells (A), petechial hemorrhages (B), to small focus of bleeding (C) which 
require microscopic examination, in comparison with the subarachnoid hemorrhage (D) that is easily 
seen grossly.
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hemorrhages were categorized as deep or lobar, with 
the prior being defined as those in the basal ganglia, 
internal capsule, cerebellum, or brain stem, and the 
latter being defined as those in the cortical gray matter 
or subcortical white matter within the frontal, parietal, 
temporal, or occipital lobes.

The following 12 variables were hypothesized to 
be associated with CMBs based on clinical insight 
and literature review: presence of macrohemorrhages 
(subarachnoid hemorrhages, epidural hemorrhages, 
subdural hemorrhages, or intraparenchymal hemor-
rhages) at time of autopsy, age at time of ECMO, sex, 
ECMO duration, ECMO type, lowest hemoglobin 
value during ECMO, lowest platelet count during 
ECMO, highest international normalized ratio (INR) 
value during ECMO, highest activated partial throm-
boplastin time (aPTT) during ECMO, use of aspirin 
during ECMO, use of dialysis during ECMO, and 
bloodstream infection during ECMO (6, 10). The 
results of these variables were collected by reviewing 
electronic clinical records of each patient. All patients 
were on a continuous IV heparin drip during ECMO 
support. This study was approved by Johns Hopkins 
Institutional Review Board (IRB) and ethics commit-
tee (IRB: 19-01-09-01RD).

STATISTICAL ANALYSIS

Computing environment R (Foundation for Statistical 
Computing, Vienna, Austria) was used for statistical 
analysis. Because the data were not normally distrib-
uted for most of the variables, the median value and 
interquartile range (IQR) of each range were reported, 
rather than the mean and range. Univariate logistic re-
gression models were created with the aforementioned 
independent variables and the dependent variable set 
as the presence of CMBs. p values less than 0.05 were 
considered to be statistically significant.

RESULTS

Twenty-five patients (median age, 53 yr; IQR, 36–61 yr; 
17 women and 8 men) who had undergone ECMO and 
subsequent autopsy with available brain tissue fixated 
in microscope slides were identified (Supplemental 
Table, Supplemental Digital Content 1, http://links.
lww.com/CCX/A520). The median ECMO support 
time was 84 hours (IQR, 21–160 hr), and the autopsy 
interval from death was 24 hours (IQR, 14–37 hr). 

Twenty-two patients (88%) underwent venoarterial-
ECMO (VA-ECMO) cannulation, whereas three (12%) 
underwent venovenous-ECMO (VV-ECMO). The 
most common indication for VA-ECMO was cardio-
genic shock (40%), followed by cardiac arrest (32%). 
VV-ECMO was exclusively reserved for use in patients 
with acute respiratory distress syndrome. The median 
values of various hematologic laboratory values during 
ECMO were as follows: lowest hemoglobin 6.5 g/dL 
(IQR, 5.3–7.6 g/dL), lowest platelet 27,000 K/cu mm 
(IQR, 19,000–40,000 K/cu mm), highest INR 2.1 (IQR, 
1.5–3.8), and highest aPTT 200 seconds (IQR, 76–200 s).  
During ECMO, eight patients (32%) were on aspirin 
therapy during ECMO support, seven patients (28%) 
required dialysis, and five patients (20%) were affected 
by acute bloodstream infections.

Of 25, 15 (60%) had CMBs, whereas 13 (52%) had 
macrohemorrhages, with a total of 23 (92%) having ei-
ther or both types of hemorrhage (Supplemental Table, 
Supplemental Digital Content 1, http://links.lww.com/
CCX/A520). Of the patients with CMBs, nine patients 
(60%) had deep hemorrhages, 12 patients (80%) had lobar 
hemorrhages, and six patients (40%) had both types. Of 
the patients with macrohemorrhages, there were one ep-
idural (8%), two subdural (15%), and 10 subarachnoid 
hemorrhages (77%), but no large intraparenchymal hem-
orrhage. From the univariate logistic regression analysis, 
the presence of macrohemorrhages significantly associ-
ated with the presence of CMBs (p = 0.03) with odds ratio 
of 0.13 (CI, 0.02–0.82) (Table 1).

DISCUSSION

We hereby report the largest study conducted to date 
regarding the occurrence of CMBs in ECMO patients, 
which revealed that the majority of them had CMBs 
(60%) and at greater prevalence than macrohemor-
rhages (52%). The fact that the average interval from 
death to autopsy was 24 hours was not considered to 
influence the frequency of CMBs, as CMBs do not 
occur postmortem. It is important to note that 92% 
of ECMO nonsurvivors had acute hemorrhages in the 
CNS when their brains were examined after ECMO 
decannulation. It is also well known that intracranial 
macrohemorrhages and CMBs are strong predictors of 
long-term cognitive impairment in the general popu-
lation (7). As the use of ECMO is increasing exponen-
tially with a better understanding in ECMO-associated 
neurologic complications, future research should focus 
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on the mechanism and risk factor of neurologic injury 
such as CMB and its impact on long-term neurologic 
outcome (10).

The univariate logistic regression model with the sta-
tistically significant independent variable revealed that 
the presence of macrohemorrhages was inversely asso-
ciated with the presence of CMBs, likely related to their 
distinct mechanisms (5, 11). It is unclear as to why the 
presence of CMBs was protective of having macrohem-
orrhages. Although macrohemorrhages are most likely 
related to the use of anticoagulation and coagulopathy 
in ECMO, the mechanisms of CMBs may be associated 
with cerebral small vessel disease secondary to multiple 
risk factors such as refractory hypoxia, critical care illness, 
sepsis, and inflammation (2, 5, 10). However, it is also 
possible that these CMBs may have been present even 
before the ECMO cannulation. Despite the generally low 
platelet counts, elevated INRs, and elevated aPTTs of the 
patients, the presence of CMBs was not significantly as-
sociated with factors that commonly lead to increased 
hemorrhage, including lowest platelet count, highest 
INR or aPTT values, use of dialysis, or use of aspirin dur-
ing ECMO. The presence of CMBs was also not signifi-
cantly associated with the duration of ECMO. One prior 
study reported a 50% rate of neurologic events in ECMO 

patients, including subarachnoid hemorrhage, ischemic 
infarcts, hypoxic-ischemic encephalopathy, unexplained 
coma, and brain death (12). However, it is important to 
acknowledge that our model is limited by a small sample 
size, and overinterpretation should be avoided.

This study has several limitations. First, the sample 
size is small at 25 patients, although it is thus far the 
highest among studies evaluating CMBs in ECMO 
patients. Second, the detection of further CMBs may 
have been limited by certain factors including ECMO 
duration that was too short in some patients or only 
a limited number of brain tissue slices being analyzed 
under the microscope for each patient. Third, the study 
lacked a control group. Future studies are needed to 
understand both the acute and chronic effects of CMBs 
on patient outcome.

CONCLUSIONS

A total of 92% of patients in our study sustained 
acute CMBs or macrohemorrhages after ECMO sup-
port. CMBs were commonly present in the majority 
of ECMO nonsurvivors. The routine practice of per-
forming autopsies in ECMO nonsurvivors would 
be beneficial for deepening the understanding of 

TABLE 1. 
Univariate Logistic Regression Models for Cerebral Microbleeds

Independent Variables Beta se OR p

Macrohemorrhage –2.08 0.96 0.12 0.03

Age at ECMO initiation (yr) 0.01 0.02 1.01 0.79

Sex 0.37 0.98 1.45 0.70

ECMO duration (hr) 0.00 0.00 1.00 0.93

ECMO type 17.38 2,284.10 3.53 × 107 0.99

Hemoglobin 0.58 0.34 1.79 0.08

Platelet 0.02 0.02 1.02 0.30

International normalized ratio –0.27 0.25 0.76 0.29

Activated partial thromboplastin time 0.00 0.01 1.00 1.00

Aspirin use –1.39 0.90 0.25 0.13

Dialysis –1.87 0.99 0.15 0.06

Bloodstream infection 0.00 1.02 1.00 1.00

ECMO = extracorporeal membrane oxygenation, OR = odds ratio.
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neurologic and pathologic correlations related to 
CMBs. Further research is necessary to study the long-
term sequelae, such as cognitive outcome of ECMO-
associated CMBs in ECMO survivors.
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