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BACKGROUND: Cerebral microbleeds (CMBs) are common and varied in patients receiving extracorporeal membrane oxygena-
tion (ECMO). Here, the authors describe CMB findings in patients receiving ECMO and their association with clinical factors.

METHODS AND RESULTS: A total of 138 patients receiving ECMO were enrolled and categorized as venovenous and venoarte-
rial. Blood coagulation profiles during ECMO support and Glasgow Coma Scale (GCS) scores within 7 days were recorded.
Patients with CMBs exhibited prolonged activated clotting time (P<0.001), decreased fibrinogen levels (P<0.001), reduced
platelet counts (P<0.001), and extended prothrombin time (P<0.001). A significant correlation (P<0.05) was observed between
the presence of CMBs and most coagulation parameters among all patients. Patients with venoarterial ECMO had signifi-
cantly higher activated partial thromboplastin time, activated clotting time, and prothrombin time compared with those with
venovenous ECMO (all P<0.05). Patients with a less severe CMB burden exhibited higher GCS scores and better neurological
injury outcomes at both 7 and 90days. CMB burden in all patients with ECMO was significantly correlated (P<0.05) with most
blood coagulation profiles and neurological injury.

CONCLUSIONS: CMB burdens after ECMO are common, varied, and associated with a variety of clinical conditions. These find-
ings may guide ECMO management.
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a life-saving mechanical support used to manage

severe cardiopulmonary failure. This innovative
technology provides temporary support to the heart
and lungs by oxygenating the blood outside the body
and then returning it to the patient’s circulatory system.
While venovenous ECMO focuses on providing respi-
ratory support by oxygenating blood and removing
carbon dioxide, venoarterial ECMO additionally offers
cardiac support by assisting or completely taking over

Extracorporeal membrane oxygenation (ECMO) is

the heart’s pumping function. Neurological function
assessment is of paramount importance during ECMO
operation, as the therapy can have significant implica-
tions for brain health.

Intracranial hemorrhage is a recognized neurolog-
ical complication in patients who have experienced
ECMO, with a reported incidence ranging from 2% to
21%." This serious condition can lead to various ad-
verse outcomes, including neurological deficits and
death. However, despite the prevalence of intracranial
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CLINICAL PERSPECTIVE

What Is New?

e This observational study demonstrated that cer-
ebral microbleeds are common and associated
with blood coagulation profiles and neurological
injury in patients who experienced extracorpor-
eal membrane oxygenation.

What Are the Clinical Implications?

e This study provides evidence that cerebral mi-
crobleed burden is associated with neurological
injury in patients who experienced extracorpor-
eal membrane oxygenation.

e Further study of the underlying mechanisms
of cerebral microbleed is warranted and may
guide extracorporeal membrane oxygenation
management.

Nonstandard Abbreviations and Acronyms

ACT activated clotting time

aPTT activated partial thromboplastin time
CMB cerebral microbleed

mRS modified Rankin Scale

SOFA Sequential Organ Failure Assessment
STRIVE Standards for Reporting Vascular

Changes on Neuroimaging

hemorrhage, there is a notable lack of research on
cerebral microbleeds (CMBs) in patients with ECMO.
Existing studies on this topic are limited to case re-
ports,>® and there is a need for more comprehensive
investigations to understand the prevalence and im-
pact of CMBs in this specific patient population.

CMBs are small lesions (2-5mm in diameter) that ex-
hibit low signal on magnetic resonance imaging (MRI) T2
or susceptibility-weighted sequences. It is important to
realize that there are different types of CMBs in the brain,
and that their pathologies are often overlapping and their
pathophysiological mechanisms are similar.* CMBs are
a radiological indicator of cerebral small vessel disease,
which occurs in older adults and cerebrovascular dis-
eases.* Among these, CMBs are of particular concern
because of their association with an increased risk of
future hemorrhagic stroke, ischemic stroke, more severe
cognitive decline, and dementia in the general popula-
tion.*® It is essential to note that these potential compli-
cations can have a profound impact on the long-term
health and quality of life of patients with ECMO.

Recent studies®® have shown the incidence of CMB
in patients who have received ECMO support. CMB is
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suggested as a complication in patients with ECMO
with rates of 2% to 21%.""® However, our understand-
ing of CMBs in patients who have experienced ECMO
is limited.

Since ECMO has grown rapidly, its positive effect
on survival rates has become more evident. For exam-
ple, recent studies have shown that the survival rate for
patients undergoing venoarterial ECMO, which is used
primarily for cardiogenic shock and cardiac failure,
ranges from 39% to 50% depending on the severity of
the condition and timely initiation of the therapy.®'® In
contrast, venovenous ECMO, used mainly for severe
respiratory failure, is associated with higher survival
rates. A systematic review and meta-analysis reported
asurvival rate of 72.3% for venovenous ECMQO in trauma
patients with acute hypoxic respiratory failure.® Another
study highlighted that by optimizing ECMO treatment
protocols, survival rates for adult patients with acute
fulminant myocarditis improved from 66.7% to 89.1%."
The lack of comprehensive research on CMBs in pa-
tients with ECMO illustrates the significant gap in our
understanding of the neurological implications of this
life-saving therapy. Given the potential impact of CMBs
on patient outcomes, further investigation into the
prevalence and impact of CMBs in patients with ECMO
is warranted. Understanding the relationship between
ECMO (venoarterial and venovenous) and CMBs could
provide valuable insights for clinical management and
contribute to the development of strategies to minimize
the risk of neurological complications after ECMO sup-
port. Venoarterial ECMO is primarily used for patients
with cardiogenic shock and cardiac failure. It requires
higher levels of anticoagulation because it supports
not only respiratory function but also sufficient hemo-
dynamic support. This increases the risk of bleeding
and thrombotic complications, necessitating more
stringent coagulation monitoring and management.®°
In contrast, venovenous ECMO is primarily used for
patients with severe respiratory failure, with relatively
lower anticoagulation requirements, although it still
needs to prevent thrombosis in the extracorporeal
circuit >

In view of the above, we aimed to explore the in-
cidence and number of CMBs, as well as their clini-
cal implications after ECMO support (venoarterial and
venovenous). Our study cohort also investigated the
association between CMBs (venovenous and venoar-
terial) and clinical outcomes. By clarifying the differ-
ences between these 2 modes, we hope to optimize
coagulation management strategies and reduce the
risk of severe complications such as cerebral hem-
orrhage, thus improving the safety and efficacy of
ECMO treatment. The primary aim was to explore
the association of coagulation profile derangements
with the frequency and severity of CMBs among pa-
tients undergoing ECMO. In addition, the secondary
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objectives encompass assessing the relationship
between varying degrees of CMBs and the modified
Rankin Scale (mMRS) scores at 90days and cerebral
performance category scores. We hypothesize that
derangements in coagulation profiles may be asso-
ciated with the burden of CMBs in patients who have
undergone ECMO.

METHODS

The data that support the findings of this study are

available on request from the corresponding author.
This study was approved by the First Affiliated

Hospital of Zhejiang University (No. 2020-IT-1163).

Participants

This study was conducted at a single center, specifi-
cally the intensive care unit of the First Affiliated Hospital
of Zhejiang University School of Medicine. We enrolled
patients who received ECMO treatment from August
2020 to December 2023 in this study. These patients
included those who received venoarterial ECMO and
venovenous ECMO support. Exclusion criteria con-
sisted of: (1) age younger than 18years; (2) history of
cerebral disorders such as cerebrovascular accident,
intracranial tumor, central nervous system immune dis-
ease, and dementia; (3) inability to undergo cerebral
MRI examination; (4) modes converted during ECMO
operation; and (5) death within 90days after explana-
tion of ECMO.

Clinical Information

The clinical data for this study were meticulously gath-
ered through an inpatient data management system,
capturing a wide array of demographic information.
Medical histories include cardiovascular risk fac-
tors such as hypertension, hyperlipidemia, diabetes,
smoking, recently prescribed medications, and previ-
ous strokes. Blood coagulation parameters during the
ECMO operation were recorded. This comprehensive
assessment included activated clotting time (ACT),
prothrombin time (PT), D-dimer levels, activated par-
tial thromboplastin time (@PTT), and fibrinogen lev-
els. In addition to these parameters, the study also
incorporated several other critical markers of patient
status and response during ECMO treatment. This
encompassed the highest Sequential Organ Failure
Assessment (SOFA) score, the maximum lactate level
recorded, the lowest hemoglobin level observed, and
the worst Glasgow Coma Scale (GCS) score.

Patient Management Under ECMO

Blood gas analysis was conducted on all patients
1hour before and after ECMO initiation. This was
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followed by subsequent reviews every 4hours during
the ECMO operation. All patients received heparin anti-
coagulant therapy, administered as a loading dose be-
fore ECMO. Heparinization was adjusted at least once
daily based on aPTT values: for venovenous ECMO
it was maintained at 1.5 to 2 times the upper normal
range (60—80seconds), and for venoarterial ECMO at
2 to 2.5 times the upper normal range (80-100sec-
onds), as well as clinical tolerance. Heparin was dis-
continued in cases of bleeding and reintroduced when
bleeding was controlled. Bleeding that leads to heparin
discontinuation refers to any clinical bleeding (from the
ECMO site, central or arterial lines, tracheal secretions,
ear, nose, or throat), with or without hemodynamic ef-
fects with or without a decrease in hemoglobin levels
as determined by the attending physician. During the
ECMO procedure, all patients were routinely adminis-
tered sedatives and analgesics, while monitoring seda-
tion depth using a bispectral index. If conditions were
stable, it was recommended to discontinue sedative
and analgesic medications every 24hours. The GCS
score was assessed by specialized intensive care unit
physicians or neurologists based on a bispectral index
score >80 or if the bispectral index score did not in-
crease after discontinuation of anesthetic drugs.

Magnetic Resonance Imaging

All eligible patients underwent MRI with a GE HDx 3.0T
magnetic resonance scanner using a combined head
and spine coil. Participants underwent conventional MRI
plain scan and swan sequence scan. Conventional MR
plain scan sequence and parameters: fast spin echo
T1 fluid-attenuated inversion recovery sequence, TR
1930 milliseconds, TE 22milliseconds or RT 2500 mil-
liseconds, TE 9milliseconds, T 720 milliseconds in axial
and sagittal planes, matrix 320x224, excitation times
1; propeller sequence T2WI, TR 6400 milliseconds,
TE 134 milliseconds, matrix 320x320, excitation times
1.5; FSE axial T2 fluid-attenuated inversion recovery
sequence, TR 8502 milliseconds, TE 162 milliseconds,
TI 2100 milliseconds, matrix 256x192, excitation times
1; diffusion weighted imaging sequence, TR 4800 milli-
seconds, TE 80 milliseconds, matrix 96x130, excitation
number 2; in the horizontal plane, the field of view was
24 cmx24 cm, the thickness was 6 mm, and the interval
was 1 mm. The sagittal field of view was 22 cmx22cm
with 5-mm slice thickness and 1-mm interval.

The Standards for Reporting Vascular Changes on
Neuroimaging (STRIVE) consensus criteria were used
to rate MRI markers of cerebral small vessel disease.
In susceptibility-weighted imaging, CMBs appeared as
homogenous, rounded hypointense lesions ranging in
size from 2 to 10mm. CMB burden was categorized
as low (<10 CMB), moderate (10-30 CMB), and high
(>30 CMB), as previously reported.® Figure 1 shows the
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348 consecutive critically ill patients requiring VA-ECMO or
VV-ECMO support from August 2020 to December 2023

142 critical ill patients could not be weaned
from ECMO support or died within 90 days
after ECMO withdrawal

\4

206 patients were successfully weaned from ECMO support
and survived for more than 90 days

Patient exclusion criteria (n = 68):

(1) younger than 18 years old (n = 6)

(2) history of intracranial diseases (n = 14)
(3) inability to undergo cranial magnetic
resonance imaging examination (n = 31)

(4) modes was converted during ECMO
operation, such as VA to VAV (n =17)

A\

138 patients underwent conventional MRI swan sequence scan
VA-ECMO (n =78) and VV-ECMO (n = 60)

CMBs present 72.5% (n =100)

Low Moderate High
n =27 n =32 n=41

Figure 1. Study flow diagram and stratification of CMBs burden.

CMB indicates cerebral microbleeds; ECMO, extracorporeal membrane oxygenation; MRI, magnetic resonance imaging; VA,

venoarterial; and VV, venovenous.
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stratification of CMB burden. In the present investigation,
we categorized the burden of CMBs as follows: CMB 0
for absence of CMBs, CMB 1 for low burden, CMB 2 for
moderate burden, and CMB 3 for high burden.

Informed consent was obtained from all participants
or their legal guardians.

Statistical Analysis
Continuous variables with a normal distribution are ex-
pressed as mean+SD, while skewed distributions are
shown as medians and interquartile ranges. Categorical
variables are presented as frequencies and percentages.
Categorical variables were analyzed using a y° or Fisher
exact test as appropriate, and continuous variables were
compared using t test (for continuous normally distrib-
uted data) or Mann-Whitney U test (for continuous, non-
normally distributed data) between the 2 groups.

General linear regression models were used to
explore the relationship between CMB count, clinical
outcomes, and blood parameters. General logistic re-
gression models were used to explore the relationship
between presence of CMBs, clinical outcomes, and
blood parameters. This was done by controlling for key
covariates: age, sex, hypertension, diabetes, hyperlip-
idemia, smoking, and ECMO operation time. Separate
statistical analyses were conducted for patients with
venoarterial and venovenous ECMO.

Statistical analysis and plotting were conducted in R
version 4.2.3 (R Foundation for Statistical Computing),
and P<0.05 was considered significant.

RESULTS

Figure 1 shows the flow chart of our study participants.
Between August 2020 and December 2023, 348

Table. Characteristics of the Study Population

Cerebral Microbleeds and Patients With ECMO

patients underwent ECMO treatment at the Department
of Critical Care Medicine, the First Affiliated Hospital,
Zhejiang University School of Medicine. Among these
patients, 142 were unable to be weaned from ECMO
or survived 90days after weaning. In addition, 68 pa-
tients were excluded from the study for various rea-
sons. Specifically, 6 patients were excluded because
of their age younger than 18years, 14 based on a doc-
umented history of central nervous system disease,
31 because of incomplete MRI or poor image quality,
and 17 because of mode switching during ECMO. Our
final data analysis included 138 patients with ECMO
(mean age, 53.44+8.96years; 47.10% men); of the 138
patients, 78 (56.52%) received venoarterial ECMO sup-
port, while 60 (43.48%) received venovenous ECMO.
Baseline characteristics for our patients are shown in
the Table. Patients who underwent venoarterial ECMO
support had increased CMB burden and poorer mRS
scores than patients with venovenous ECMO support.
Figure S1 shows the comparison of blood coagulation
profiles between patients who received venoarterial
ECMO and venovenous ECMO. Patients who under-
went venoarterial ECMO had significantly higher aPTT,
ACT, and PT compared with those who underwent
venovenous ECMO (all P<0.05). Figure S2 shows the
comparison of clinical outcomes in patients who re-
ceived venoarterial ECMO and venovenous ECMO.
Figure 2A illustrates the association between CMBs
and various blood coagulation parameters within the
study cohort. A significant correlation (P<0.05) was
observed between the presence of CMB and most
coagulation parameters across all patients. Further
analyses revealed specific associations: patients with
CMB exhibited prolonged ACT (Figure 2B; P<0.001),
decreased fibrinogen levels (Figure 2C; P<0.001),
reduced platelet counts (Figure 2D; P<0.001), and

All patients Venovenous ECMO Venoarterial ECMO P value
Total, n 138 60 78
Age, mean+SD, y 53.44+8.96 52.60+10.80 54.09+7.25 0.959
Men, n (%) 65 (47.10) 24 (40.00) 41 (52.56) 0.196
Smokers, n (%) 45 (32.61) 17 (28.33) 28 (35.90) 0.449
Drinkers, n (%) 33 (23.91) 13 (21.67) 20 (25.64) 0.733
Hypertension, n (%) 67 (48.55) 32 (53.33) 35 (44.87) 0.416
Diabetes, n (%) 20 (14.49) 9 (15.00) 11 (14.10) >.99
Hyperlipidemia, n (%) 16 (11.59) 6 (10.00) 10 (12.82) 0.807
Total WMH burden, n (IQR) 3(2-5) 3 (2-4) 3(2-5) 0.026
Presence of lacunes, n (%) 19 (13.77) 4 (6.67) 15 (19.23) 0.034
CMB burden, n (IQR) 2 (0-3) 1(0-2) 2(1-3) <0.001
Presence of CMB, n (%) 100 (72.46) 32 (53.33) 68 (87.18) <0.001
mRS, n (IQR) 3 (2-4) 3(2-3) 3(3-4) 0.001

CMB indicates cerebral microbleed; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; mRS, modified Rankin Scale; WMH, white

matter hyperintensity.
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Figure 2. Association between CMBs and blood coagulation parameters.

A, The association between CMB and blood coagulation parameters. Multivariable regression was used to explore the association
while adjusting for age, sex, hypertension, diabetes, hyperlipidemia, smoking, and ECMO operation time. Comparison of CMB
presence in (B), Fib (C), PLT (D), and PT (E). Patients who survived ECMO with CMBs had significantly higher coagulation levels
than those without CMBs. ACT indicates activated clotting time; aPTT, activated partial thromboplastin time; ECMO, extracorporeal
membrane oxygenation; Fib, fibrinogen; Hb, hemoglobin; INR, international normalized ratio; PLT, platelet; and PT, prothrombin time.

extended PT (Figure 2E; P<0.001). Figure S3 shows
that in patients with venovenous ECMO support, the
presence of CMB significantly correlated with ACT
(P=0.046); Figure S4 shows that in patients with ve-
noarterial ECMO support, the presence of CMB cor-
related with ACT (P=0.003).

Consistent with observed trends, the burden of
CMB was significantly correlated (P<0.05) with the
majority of blood coagulation parameters across all
patients (Figure 3A). Specific findings include an as-
sociation between high CMB burden and prolonged
ACT (Figure 3B; P<0.001), reduced fibrinogen lev-
els (Figure 3C; P<0.001), decreased platelet counts
(Figure 3D; P<0.001), and extended PT (Figure 3E;
P<0.001).

Figure S5 illustrates that in patients with venove-
nous ECMO, elevated D-dimer levels (P<0.001), pro-
longed ACT (P<0.001), and PT (P=0.020), along with
reduced PLT levels (P<0.001), are associated with an
increased burden of CMBs. Figure S6 indicates that
in patients with venoarterial ECMO, prolonged ACT

(P<0.001), aPTT (P=0.020), PT (P<0.001), along with
lower PLT (P=0.020) and fibrinogen levels (P<0.001),
may contribute to an increased CMB burden.

In our prospective cohort study of patients with
ECMO, we analyzed the correlation between CMB
severity and neurological outcomes measured by the
GCS scores at 7 and 90days and the mRS score at
90days. Figure 4A illustrates the trends in GCS scores
at 7 and 90 days, alongside the 90-day mRS outcomes
across different levels of CMB burden. Figure 4B pres-
ents the variations in 7-day and 90-day GCS scores
among the CMB burden subgroups, with nearly all en-
rolled patients demonstrating an improvement in their
90-day GCS score (all P<0.05). Figures 4C through 4E
indicate that patients with a less severe CMB burden
exhibited higher GCS scores and better mRS out-
comes at both 7 and 90days (all P<0.001).

Figures S5 and S6 show the association between
CMB burden and clinical outcomes. We showed that
CMB and CMB burden significantly correlated with all
clinical outcomes in our study cohort (all P<0.001).
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Figure 3. Association between CMB burden and blood coagulation parameters.

A, The association between CMB burden and blood coagulation parameters. Multivariable regression was used to explore the
association while adjusting for age, sex, hypertension, diabetes, hyperlipidemia, smoking, and ECMO operation time. Comparison of
CMB burdenin ACT (B), Fib (C), PLT (D); and PT (E). ECMO survivors with a high CMB burden had significantly higher coagulation levels.
ACT indicates activated clotting time; aPTT, activated partial thromboplastin time; ECMO; extracorporeal membrane oxygenation; Fib,
fibrinogen; Hb, hemoglobin; INR, international normalized ratio; PLT, platelet; and PT, prothrombin time.

DISCUSSION

Since practice variations among different types of
ECMO exist and little is known about how it correlates
with neurologic injury and coagulation parameters, we
conducted an observational, prospective study. In the
present study we found that CMB was the most com-
mon radiological finding in our ECMO cohort. We found
that these radiological findings varied among the differ-
ent types of ECMO used in our study participants. We
also found that CMB was associated with blood co-
agulation parameters and neurologic injury in patients
who underwent ECMO. Although causation cannot be
proven in this cross-sectional, noninterventional study,
the findings are intriguing. These findings show that lev-
els of these blood coagulation parameters during ECMO
support may lead to impaired neurological outcomes.
The pathophysiology of venoarterial ECMO and
venovenous ECMO associated with cerebral changes

J Am Heart Assoc. 2024;13:e037029. DOI: 10.1161/JAHA.124.037029

in patients who experienced ECMO differs. Here, we
showed that CMB burden and other small vessel dis-
ease markers were higher in patients who underwent
venoarterial ECMO than in those who underwent
venovenous ECMO. CMBs are radiological markers
of hemorrhage-prone cerebral small vessel disease
identified by blood-sensitive MRI sequences.’”> CMBs
are one of the most common radiological findings in
patients who undergo ECMO and indicate prior micro-
hemorrhage. In addition, a recent study® showed that
the presence of CMBs after ECMO support commonly
involves the splenium of corpus-callosum and their
etiopathogenesis may be independent of microvascu-
lar lipohyalinosis. In patients undergoing venoarterial
ECMO, hemodynamics often exhibit significant disar-
ray, leading to hypotension and tissue hypoperfusion.
This compromised hemodynamic state can surpass
the human brain’s autoregulatory capacity, culminat-
ing in ischemia and hypoxia-induced disruption of the
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Figure 4. Association between cerebral microbleed (CMB) burden and neurological outcomes measured by the Glasgow
Coma Scale (GCS) at 7 and 90days and the modified Rankin Scale (mRS) at 90days.

Multivariable regression was used to explore the association while adjusting for age, sex, hypertension, diabetes, hyperlipidemia,
and smoking. A, Trends in GCS scores at 7 and 90days, alongside the 90-day mRS outcomes across different CMB burdens. B, The
variations in 7-day and 90-day GCS scores among CMB burden subgroups. C through E, Patients with a less severe CMB burden
exhibited higher GCS scores and better MRS outcomes at both 7 and 90days.

blood-brain barrier, ultimately resulting in damage to
brain cells. Moreover, patients with venoarterial ECMO
have dual circulatory systems, comprising the endog-
enous heart and the ECMO system. This heightens the
potential for cerebral embolism in the event of a throm-
botic incident within the ECMO circuit.'”® Furthermore,
the nonpulsatile nature of blood flow in the ECMO sys-
tem may contribute to cerebral damage, compounding
the challenges faced by these patients. In contrast, pa-
tients receiving venovenous ECMO experience deteri-
oration in lung function, with a lesser impact on tissue
perfusion.'* Notably, the brain in patients with venove-
nous ECMO depends on pulsatile blood flow from the
heart. This mitigates any risks associated with patients
with venoarterial ECMO."® Radiological incidence of
CMB in patients receiving ECMO varies from 2% to
19%.'6"7 CMBs have received less attention because
the use of MRI is not routine in adult patients with
ECMO.3'8 Here, we showed that patients who under-
went venoarterial ECMO had a higher burden of CMBs
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compared with patients with venovenous ECMO. The
distinctive hemodynamic profiles and tissue hypoxia
severity observed in patients with venoarterial ECMO
compared with patients with venovenous ECMO may
underpin the heightened risk of more severe CMBs.
This discrepancy underscores the critical importance
of understanding the nuanced physiological dynamics
at play in different ECMO modes. It also emphasizes
the implications for cerebral health.

The 2 ECMO therapies used in our study differed
in terms of laboratory parameters and neurologic in-
jury. There are studies that support mechanical dif-
ferences between the 2 most commonly used ECMO
therapies (venoarterial and venovenous), which may
explain differences in blood laboratory parameters
and neurologic injury.'®?° Specifically, differences in
anticoagulation management include the use of hep-
arin versus direct thrombin inhibitors such as bivali-
rudin and variations in monitoring practices such as
using ACT or anti-Xa levels.?! There is, however, very
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little information suggesting that blood laboratory pa-
rameters and neurologic injury incidence differ. It is
important to note that there is a substantial amount
of variation in the methods employed by ECMO clini-
cians worldwide regarding weaning strategies, manag-
ing ECMO flow, cannulation techniques, and ventilator
management.'®2? We noticed a difference between
laboratory values and SOFA scores between the 2
ECMO therapies.

It is suggested that patients with venoarterial ECMO
have higher anticoagulation requirements.?® Patients
who experienced ECMO showed higher ACT, APTT,
international normalized ratio D-dimer, and PT, and
lower fibrinogen levels than patients with venovenous
ECMO. Of note, these blood parameters are consid-
ered factors that lead to cerebral hemorrhage®*2® and
small vessel disease.?®?” The study identified several
contributory factors that influenced both the incidence
and severity of CMBs in these vulnerable patients.
Most notably, a robust correlation was found between
the occurrence and severity of microbleeds and de-
rangements in coagulation parameters during ECMO
support. Patients with more prolonged or severe co-
agulopathy were more likely to develop microbleeds
and experience an increased CMB burden. We also
showed that ACT was associated with CMB presence
and burden in both patients with venoarterial ECMO
and those with venovenous ECMO. ACT elevations are
associated with CMBs in patients with ECMO'?* and
this finding was reiterated in our study.

The presence of CMBs, regardless of whether they
manifested before or during ECMO treatment, exhib-
ited a significant association with neurological func-
tion prognosis in survivors. A discernible correlation
was observed between CMB burden, as evaluated
based on CMB grade, and long-term neurological
prognosis. Patients with more numerous or conflu-
ent microbleeds, reflecting a higher CMB grade, had
poorer neurological function recovery. Our study also
revealed that patients with a lower CMB burden exhib-
ited higher GCS scores at both 7 and 90days after in-
jury. Furthermore, these patients were more likely to be
fully awake (GCS=15) and reported higher quality of life
based on MRS scores. This finding is in line with CMB
morbidity in patients with ECMO.28-30 This causes sig-
nificantly longer hospital stays and higher health care
costs.

In the present study, we applied MRI sequences
to facilitate a comprehensive assessment and cate-
gorization of CMBs in patients with ECMO. The MRI
sequence allowed for detailed visualization and grad-
ing of microbleeds in the brain. This provided signif-
icant insights into the relationship between CMBs
and neurological prognosis in patients with ECMO.
Based on these insights, we recommend targeted an-
ticoagulation management strategies for patients who
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experienced ECMO exhibiting a sluggish neurological
recovery trajectory. Clinicians should exercise caution
with overly aggressive anticoagulation to avoid exac-
erbating microbleed progression in these at-risk indi-
viduals. Precisely defined anticoagulation targets and
frequent monitoring of coagulation status could help
balance the risks of clotting versus bleeding compli-
cations. Our results suggest that ACT seems to be a
specific measure for monitoring. Compared with other
coagulation function indexes, ACT directly reflects an-
ticoagulant drug intensity. It is posited that more ju-
dicious anticoagulation approaches have the potential
to mitigate both the incidence and worsening of detri-
mental CMBs over time. This could translate into im-
proved long-term neurological outcomes for survivors
of ECMO. The study underscores the value of MRI se-
quences for CMB characterization and grading. This
provides prognostic information not readily discern-
ible through other modalities. The findings highlight
the need for individualized anticoagulation regimens
tailored to each patient’s unique risk profile. With fur-
ther research, optimized anticoagulation management
strategies may help optimize functional recovery for the
growing population of patients who undergo ECMO.
Overall, the investigation provides novel insights into
mechanisms of ECMO-associated brain injury with im-
plications for improving neurological outcomes.

Our findings can be used to generate many hy-
potheses, but there are several limitations that need
to be considered. First, this investigation represents
the first comprehensive clinical study of patients with
ECMO employing the susceptibility-weighted imaging
of MRI. Consequently, the absence of extensive large-
scale and high-quality clinical research as a reference
necessitates a cautious interpretation of the findings.
Nonetheless, the results yield clinically significant con-
clusions. Second, given that ECMO is predominantly
an urgent medical event, MRI, especially susceptibility-
weighted imaging, is not routinely included in physical
examinations. This makes it challenging to ascertain
whether patients who underwent ECMO had previ-
ously experienced CMBs. This potential confounding
factor was mitigated to the maximum through exclu-
sion criteria. However, a notable association between
CMB and the intensity of anticoagulation during ECMO
and the neurological prognosis of patients who survive
ECMO was observed. Last, it is important to note that
this study was conducted at a single center. Although
the relatively limited number of included patients met
the criteria for successful ECMO withdrawal and un-
derwent safe and stable MRI examinations, the study’s
single-center design may limit the generalizability of
the findings. Nevertheless, it is worth noting that larger
multicenter studies have been initiated to address
these limitations and provide further insights into the
topic.
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In conclusion, we showed that the presence and
burden of CMB in patients who experienced ECMO
were associated with their blood coagulation param-
eters during ECMO operation and their neurological
deficit after ECMO. The change in ACT is more closely
related to CMB occurrence and severity. During ECMO
operation, appropriate anticoagulation and monitoring
methods may reduce CMB occurrence and improve
neurological prognosis.
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