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BRIEF COMMUNICATION

New Cerebral Microbleeds After  
Catheter-Based Structural Heart 
Interventions: An Exploratory Analysis
Tim Bastian Braemswig , MD; Madeleine Kusserow, MD; Barbara Bellmann , MD; Frederik Beckhoff , MD; 
Markus Reinthaler, MD; Regina von Rennenberg , MD; Hebun Erdur , MD; Jan F. Scheitz , MD;  
Ivana Galinovic , MD; Kersten Villringer , MD; David M. Leistner , MD; Heinrich J. Audebert , MD;  
Matthias Endres , MD; Ulf Landmesser , MD; Karl Georg Haeusler , MD; Jochen B. Fiebach , MD; 
Alexander Lauten, MD; Andreas Rillig , MD; Christian H. Nolte , MD

BACKGROUND: Cerebral microbleeds (CMBs) are increasingly recognized as “covert” brain lesions indicating increased risk 
of future neurological events. However, data on CMBs in patients undergoing catheter-based structural heart interventions  
are scarce. Therefore, we assessed occurrence and predictors of new CMBs in patients undergoing catheter-based left atrial 
appendage closure and percutaneous mitral valve repair using the MitraClip System.

METHODS AND RESULTS: We conducted an exploratory analysis using data derived from 2 prospective, observational stud-
ies. Eligible patients underwent cerebral magnetic resonance imaging (3 Tesla) examinations and cognitive tests (using the 
Montreal Cognitive Assessment) before and after catheter-based left atrial appendage closure and percutaneous mitral valve 
repair. Forty-seven patients (53% men; median age, 77 years) were included. New CMBs occurred in 17 of 47 patients (36%) 
following catheter-based structural heart interventions. Occurrences of new CMBs did not differ significantly between patients 
undergoing catheter-based left atrial appendage closure and percutaneous mitral valve repair (7/25 versus 10/22; P=0.348). 
In univariable analysis, longer procedure time was significantly associated with new CMBs. Adjustment for heparin attenuated 
this association (adjusted odds ratio [per 30 minutes]: 1.77 [95% CI, 0.92–3.83]; P=0.090).

CONCLUSIONS: New CMBs occur in approximately one-third of patients after catheter-based left atrial appendage closure and 
percutaneous mitral valve repair using the MitraClip System. Our data suggest that longer duration of the procedure may be a 
risk factor for new CMBs. Future studies in larger populations are needed to further investigate their clinical relevance.

CLINICAL TRIAL REGISTRATION: German Clinical Trials Register: DRKS00010300 (https://drks.de/searc​h/en/trial/​DRKS0​0010300); 
Clini​calTr​ials.gov : NCT03104556 (https://clini​caltr​ials.gov/ct2/show/NCT03​10455​6?term=NCT03​10455​6&draw=2&rank=1).

Key Words: catheter-based structural heart interventions ■ cerebral microbleeds ■ left atrial appendage closure ■ mitral valve repair 
(MVR) using the MitraClip System

Cerebral microbleeds (CMBs), detected on blood-
sensitive magnetic resonance imaging (MRI) 
sequences, are markers of bleeding-prone micro-

angiopathies (particularly hypertensive vasculopathy 

and cerebral amyloid angiopathy [CAA]). They have 
been commonly observed in patients with cerebrovas-
cular diseases and are associated with an increased 
risk for intracerebral hemorrhage and ischemic stroke.1
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In patients with acute ischemic stroke, new CMBs 
occur in ≈4% of patients after receiving intravenous 
thrombolysis and stroke patients with new CMBs have 
an increased risk for intravenous thrombolysis–related 
hemorrhagic complications.2 Even more frequently 
than in ischemic stroke patients with intravenous throm-
bolysis treatment, new CMBs are reported in patients 
undergoing cardiac surgery with cardiopulmonary by-
pass.3,4 So far, data on CMBs in patients undergoing 
catheter-based structural heart interventions and their 
clinical relevance1,5 are scarce.6 Therefore, the aim of 
this exploratory analysis was to assess occurrence 
and predictors of new CMBs in 2 cohorts of patients 
undergoing different catheter-based, left-sided struc-
tural heart interventions.

METHODS
Data Availability Statement
Anonymized data can be shared upon reasonable re-
quest (of note: imaging data are not publicly available 
as they contain information that could compromise 
patient privacy). Data sharing will be restricted to non-
commercial and academic purposes only.

Data Sources and Study Populations
This analysis includes data derived from 2 prospec-
tive, observational, single-center studies, including 
patients undergoing catheter-based left atrial ap-
pendage closure (LAAC data set)7 and percutaneous 

mitral valve repair (MVR) using the MitraClip System 
(MitraClip data set).8

Patients undergoing catheter-based LAAC had 
paroxysmal, persistent, or permanent atrial fibrillation 
and at least 1 relative or absolute contraindication to 
long-term oral anticoagulation.7 Patients undergoing 
percutaneous MVR using the MitraClip System had 
heart failure and moderate/severe mitral regurgitation.8 
To unequivocally detect new CMBs after these pro-
cedures, eligible patients for this exploratory analysis 
had to receive 2 cerebral MRI examinations—before 
and after the catheter-based structural heart interven-
tion—on the same MRI scanner (Figure 1).

Recruitment was performed at the Charité—
Universitätsmedizin Berlin, Campus Benjamin Franklin, 
between May 2016 and May 2017 (LAAC data set; 
German Clinical Trials Register: DRKS00010300)7 and 
between June 2017 and September 2019 (MitraClip 
data set; Clini​calTr​ials.gov: NCT03104556).8 Both 
prospective, observational studies were approved 
by the local Ethics Committee of the Charité—
Universitätsmedizin Berlin, Germany (LAAC data set: 
EA/084/15; MitraClip data set: EA2/005/17). All pa-
tients gave written informed consent.7,8

LAAC Procedure, MitraClip Procedure
Catheter-based LAAC and percutaneous MVR using 
the MitraClip System were performed in standard 
fashion as described previously.7,8 During both pro-
cedures, repeated boluses of unfractionated heparin 
were administered aiming at an activated clotting time 

Figure 1.  Flowchart of the study population.
LAAC indicates left atrial appendage closure; and MRI, magnetic resonance imaging.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 25, 2024

http://clinicaltrials.gov


J Am Heart Assoc. 2023;12:e8189. DOI: 10.1161/JAHA.122.027284� 3

Braemswig et al� New CMBs After Structural Heart Interventions

>250 seconds. LAAC (using the Amulet [Abbott, Menlo 
Park, CA], Occlutech [Occlutech, Jena, Germany], or 
Lambre [Lifetech Scientific, Shenzhen, China] devices) 
was performed under conscious sedation, MVR using 
the MitraClip System (Abbott) was performed under 
conscious sedation (n=4) or general anesthesia (n=18).

Clinical Data
Baseline characteristics were extracted from the medi-
cal records (including sex, age, vascular risk factors, 
laboratory data, and medication on admission). As 
previously reported,8 the severity of mitral regurgita-
tion was graded as mild (I), moderate (II), or severe (III). 
Cognitive tests were performed before and after the 
catheter-based structural heart interventions using the 
Montreal Cognitive Assessment.9 Follow-up testing 
was performed when general anesthesia or conscious 
sedation was completely reversed.

Cerebral MRI (Imaging Protocol and 
Image Analysis)
Cerebral MRI examinations were performed before 
and after the catheter-based structural heart interven-
tions using 3 Tesla MRI scanners (Tim Trio, Siemens 
Medical, Erlangen, Germany; Skyra, Siemens Medical; 
Prisma Fit, Siemens Medical). We acquired T2*-
weighted imaging (slice thickness, 5 mm), diffusion-
weighted imaging, and axial fluid-attenuated inversion 
recovery imaging.2,7,8

CMB analysis was performed as previously de-
scribed2: according to consensus recommendations, 
CMBs were defined as small (up to 10 mm in diame-
ter), round or oval hypointense lesions with associated 
blooming being at least half-surrounded by brain pa-
renchyma.10 The T2*-weighted MRIs (before and after 
the catheter-based structural heart intervention) were 
coregistered using SPM12 (reference: T2*-weighted 
MRI before procedure). With focus on CMBs, all MRIs 
were rated by 1 experienced rater (T.B.B.; >1 year 
of supervised training in diagnostic neuroradiology) 
blinded to clinical information. The results were sub-
sequently compared with the MRI evaluation from 
routine clinical practice (performed by K.V., I.G., or 
J.B.F.; each >10 years of work experience in diagnos-
tic neuroradiology). In cases of disagreement, a third 
rater (K.V. or J.B.F.) was consulted. The CMB occur-
rence, number, and anatomical distribution were an-
alyzed using the T2*-weighted sequences acquired 
before the procedure. Newly occurring CMBs were 
assessed using a slice-by-slice comparison of the 
corresponding T2*-weighted MRIs before and after 
the procedure (Figure 2). The CMB distribution (lobar, 
deep, infratentorial, or mixed) was categorized ac-
cording to established patterns.11 In patients with new 
ischemic brain lesions after the procedure (as seen on 

diffusion-weighted imaging), newly appearing CMBs 
in the acute infarcted area were not classified as new 
CMBs.2

Intracerebral (macro)hemorrhage (ICH) was as-
sessed on T2*-weighted imaging. Chronic ischemic 
lesions, high-degree (>20) centrum semiovale/basal 
ganglia enlarged perivascular spaces,10,12 lacunes of 
presumed vascular origin10 and severity of white mat-
ter hyperintensities of presumed vascular origin (using 
the Wahlund visual scale) were assessed on fluid-
attenuated inversion recovery images.8

Statistical Analysis
For continuous variables, we used the Wilcoxon test. 
For categorical variables, we used the chi-squared 
test (with Yates’ continuity correction). In addition, we 
performed a multivariable logistic regression analysis 
using the Firth logistic regression method to calculate 
odds ratios and corresponding 95% CIs for the risk 
of new CMBs after the catheter-based structural heart 
interventions. The Firth logistic regression method was 
used because of the small sample size (n=47). Variables 
were included in the multivariable logistic regression 
model if univariable analysis suggested an associa-
tion with P<0.1. For all analyses, we used a 2-sided 
significance level of 0.05. All analyses were performed 
using the R software version 4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

The corresponding author had full access to all the 
data in the study and takes responsibility for their in-
tegrity and the data analysis.

RESULTS
Patient Characteristics
Between 2016 and 2017, 25 consecutive patients who 
had received LAAC underwent 2 cerebral MRI exami-
nations (ie, before and after LAAC). Accordingly, be-
tween 2017 and 2019, 24 consecutive patients who 
had received MitraClip underwent 2 cerebral MRI ex-
aminations. Of these, 2 patients were examined on 
different MRI scanners before and after the MitraClip 
procedure (Figure 1). Thus, 47 patients (53% men; me-
dian age, 77 [interquartile range (IQR), 70–83] years) 
were included in the final analysis.

Compared with patients undergoing the MitraClip 
procedure, patients undergoing LAAC more often had 
atrial fibrillation (100% versus 46%; P<0.001), a history 
of ICH (36% versus 5%; P=0.023), and arterial hyper-
tension (100% versus 77%; P=0.041). MitraClip and 
patients undergoing LAAC did not differ significantly 
regarding age, sex, and other vascular risk factors 
(diabetes, coronary artery disease, history of percuta-
neous coronary intervention, coronary artery bypass 
surgery, or ischemic stroke/transient ischemic attack).
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Frequency of CMBs Before and After 
the Catheter-Based Structural Heart 
Interventions
Cerebral MRI examinations were performed 1 day be-
fore (median [IQR, 0–1]) and 1 day after (median [IQR, 
1–3]) the catheter-based, left-sided structural heart 
interventions.

CMBs on preprocedural MRI were present in 28 of 
47 patients (60%). Of these, 13 patients had 1 CMB, 
8 patients had 2 to 4 CMBs, and 7 patients had ≥5 
CMBs before the procedure. Distribution of CMBs was 
strictly lobar in 12 patients, strictly deep in 6 patients, 
strictly infratentorial in 1 patient, and mixed in 9 pa-
tients. Although not statistically significant, patients 
with preexisting CMBs had numerically more often 
atrial fibrillation (58% versus 86%; P=0.071) and a his-
tory of ICH (5% versus 32%; P=0.065).

New CMBs after the catheter-based structural 
heart interventions occurred in 17 of 47 patients 
(36%). Of these, 15 patients had 1 new CMB, and 2 
patients had 2 new CMBs. Distribution of new CMBs 
was strictly lobar in 14 patients, strictly deep in 1 
patient, and strictly infratentorial in 2 patients. The 
frequency of new CMBs did not differ significantly 
between patients undergoing catheter-based LAAC 
(7/25) and percutaneous MVR using the MitraClip 
System (10/22; P=0.348;  Table).

Factors Associated With Occurrence of 
New CMBs
In univariable analysis, patients with and without 
new CMBs after the catheter-based structural heart 
interventions differed regarding procedure time (the 

procedure time was longer in patients with new 
CMBs). In addition, there was a signal toward higher 
cumulative heparin dosages in patients with new 
CMBs (compared with patients without new CMBs), 
but this did not reach the predefined statistical sig-
nificance level (10 000 IU of heparin [median IQR, 
8000–14 000] versus 7500 IU heparin [median; IQR, 
7000–10 000]; P=0.065). Patients with and with-
out new CMBs did not differ significantly regarding 
preexisting CMBs (and their distribution), as well as 
medication on admission, anesthetic regime, blood 
pressure, or activated clotting time during the pro-
cedures (Table).

In an exploratory multivariable logistic regression 
analysis, the association between new CMB and pro-
cedure time was attenuated and just failed to reach 
statistical significance (adjusted odds ratio [per 30 min-
utes], 1.77 [95% CI, 0.92–3.83]; P=0.090; adjusted for 
heparin).

Outcome Parameters
No new ICH was detected on postprocedural MRI.

New ischemic lesions after the catheter-based struc-
tural heart interventions were present in 32 of 47 (68%) 
of patients on postprocedural MRI. Occurrence of new 
ischemic lesions did not differ in patients with and with-
out new CMBs (12/17 versus 20/30; P=1.000; Table).

Cognitive tests were performed 1 day before (me-
dian [IQR, 0–1]) and 1 day after (median [IQR, 1–3]) 
the catheter-based structural heart interventions. The 
median preprocedural Montreal Cognitive Assessment 
score was 25 (IQR, 21–27), the median postprocedural 
Montreal Cognitive Assessment score was 24 (IQR, 
20–26).

Figure 2.  New cerebral microbleed after catheter-based structural heart intervention.
MRI indicates magnetic resonance imaging.
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Table.   Comparison of Patients Without and With New Cerebral Microbleeds

All patients, 
n=47 No new CMBs, n=30 New CMBs, n=17 P value

Demographics

Age, y, median (IQR) 77 (70–83) 78 (70–85) 77 (71–80) 0.457

Male, n (%) 25 (53) 18 (60) 7 (41) 0.348

Risk factors, n (%)

Atrial fibrillation 35 (75) 23 (77) 12 (71) 0.912

Diabetes, type 2 16 (34) 12 (40) 4 (24) 0.410

Arterial hypertension 42 (89) 28 (93) 14 (82) 0.496

CAD 28 (60) 18 (60) 10 (59) 1.000

Percutaneous coronary intervention 24 (51) 18 (60) 6 (35) 0.185

Coronary artery bypass surgery 7 (15) 5 (17) 2 (12) 0.978

History of ischemic stroke/TIA 8 (17) 3 (10) 5 (29) 0.194

History of ICH 10 (21) 6 (20) 4 (24) 1.000

On admission

Platelet aggregation inhibitors, n (%) 21 (45) 12 (40) 9 (53) 0.581

Dual antiplatelet therapy, n (%) 12 (26) 8 (27) 4 (24) 1.000

Oral anticoagulation, n (%) 22 (47) 14 (47) 8 (47) 1.000

Statins*, n (%) 28 (61) 19 (63) 56% (9) 0.879

Creatinine, mg/dL, median (IQR) 1.16 (1.02–1.69) 1.23 (1.01–2.36) 1.11 (1.04–1.31) 0.199

INR, median (IQR) 1.13 (1.07–1.42) 1.15 (1.05–1.70) 1.12 (1.10–1.39) 0.877

MoCA score preprocedural†, median 
(IQR)

25 (21–27) 25 (21–27) 27 (24–27) 0.502

Related to heart failure

Severity of preprocedural mitral 
regurgitation, n (%)

0.258

I 17 (36) 13 (43) 4 (24)

II 12 (26) 8 (27) 4 (24)

III 18 (38) 9 (30) 9 (53)

Preprocedural left ventricular ejection 
fraction,‡ %, median (IQR)

55 (45–60) 55 (45–60) 55 (44–61) 0.816

Preprocedural MRI findings

CMB presence on preprocedural 
MRI, n (%)

28 (60) 17 (57) 11 (65) 0.818

Number of CMBs, n (%) 0.405

0 19 (40) 13 (43) 6 (35)

1 13 (28) 9 (30) 4 (24)

2–4 8 (17) 3 (10) 5 (29)

≥5 7 (15) 5 (17) 2 (12)

CMBs with a strictly lobar distribution, 
n (%)

12 (26) 6 (20) 6 (35) 0.420

CMBs with a mixed or strictly deep 
distribution, n (%)

15 (32) 10 (33) 5 (29) 1.000

Preexisting ischemic brain lesion, 
n (%)

24 (51) 15 (50) 9 (53) 1.000

Preexisting lacunes of presumed 
vascular origin,§ n (%)

11 (24) 7 (23) 4 (25) 1.000

High-degree (>20) CSO-EPVS,‖ n (%) 1 (2) 0 (0%) 1 (6) 0.747

High-degree (> 20) BG-EPVS,¶ n (%) 4 (9) 3 (10) 1 (6) 1.000

Chronic ICH, n (%) 8 (17) 5 (17) 3 (18) 1.000

Wahlund score,# median (IQR) 8 (5–12) 9 (5–12) 6 (5–12) 0.561

 (Continued)
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DISCUSSION
CMBs are a common incidental finding in patients with 
cerebrovascular diseases and are increasingly recog-
nized as “covert” brain lesions.1 They may also serve 
as a surrogate to estimate safety of a given procedure 
(or a specific periprocedural anticoagulation strategy, 
such as heparin or bivalirudin). However, data on CMBs 
in patients undergoing catheter-based structural heart 
interventions are scarce. For the first time, our study 
demonstrates that new CMBs occur in a consider-
able proportion (36%) of patients after catheter-based 
LAAC and percutaneous MVR using the MitraClip 
System. In comparison with the available literature, our 

data suggest that new CMBs after catheter-based, 
left-sided structural heart interventions occur more fre-
quently than after receiving intravenous thrombolysis in 
patients with acute ischemic stroke (≈4%)2 but less fre-
quently than after adult cardiac surgery (63%–76%).3,4

Interestingly, in a recently published prospective 
study, new CMBs occurred in 23% of 84 patients 
after transcatheter aortic valve replacement (TAVR).6 
Longer procedure time was associated with occur-
rence of new CMBs in the above-mentioned tran-
scatheter aortic valve replacement study6 as well as in 
our univariable analysis (although this association was 
attenuated in our multivariable analysis), suggesting 
that procedure-related effects may be involved in the 

All patients, 
n=47 No new CMBs, n=30 New CMBs, n=17 P value

Catheter-based structural heart intervention

Type of structural intervention 0.348

MitraClip, n (%) 22 (47) 12 (40) 10 (59)

LAAC, n (%) 25 (53) 18 (60) 7 (41)

Conscious sedation, n (%) 29 (62) 20 (67) 9 (53) 0.537

Procedure time, 30 min, median (IQR) 2.3 (1.9–3.1) 2.0 (1.8–2.4) 3.0 (2.0–4.0) 0.022

Heparin, IU, median (IQR) 8000 
(7000–11 000)

7500 (7000–10 000) 10 000 (8000–14 000) 0.065

Median ACT,** s, median (IQR) 268 (247–315) 276 (240–326) 262 (248–291) 0.393

Maximum ACT,†† s, median (IQR) 320 (279–356) 318 (278–372) 320 (293–350) 0.890

Maximum systolic blood pressure,‡‡ 
mm Hg, median (IQR)

139 (128–151) 138 (128–155) 138 (128–144) 0.836

Maximum diastolic blood pressure,§§ 
mm Hg, median (IQR)

80 (71–80) 80 (71–80) 80 (75–81) 0.820

Outcomes

Severity of postprocedural mitral 
regurgitation,║║ n (%)

0.102

0 5 (23) 1 (8) 4 (40)

I 14 (64) 10 (83) 4 (40)

II 3 (14) 1 (8) 2 (20)

MoCA score postprocedural,¶¶ 
median (IQR)

24 (20–26) 24 (20–26) 26 (23–27) 0.303

New DWI lesion after the procedure, 
n (%)

32 (68) 20 (67) 12 (71) 1.000

P values were calculated using the Wilcoxon test for continuous variables and the chi-squared test for categorical variables. Bold indicates a statistically 
significant result. ACT indicates activated clotting time; BG-EPVS, basal ganglia enlarged perivascular spaces; CAD, coronary artery disease; CMBs, cerebral 
microbleeds; CSO-EPVS, centrum semiovale enlarged perivascular spaces; DWI, diffusion-weighted imaging; ICH, intracerebral hemorrhage; INR, international 
normalized ratio; IQR, interquartile range; LAAC, left atrial appendage closure; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; and 
TIA, transient ischemic attack.

*The variable statins were known in 30 and 16 patients, respectively.
†The variable preprocedural MoCA score was known in 28 and 14 patients, respectively.
‡The variable preprocedural left ventricular ejection fraction was known 30 and 16 patients, respectively.
§The variable preexisting lacunes of presumed vascular origin was known in 30 and 16 patients, respectively.
‖The variable high-degree (>20) CSO-EPVS was known in 30 and 16 patients, respectively.
¶The variable high-degree (>20) BG-EPVS was known in 30 and 16 patients, respectively.
#The variable Wahlund score was known in 30 and 16 patients, respectively.
**The variable median ACT was known in 27 and 16 patients, respectively.
††The variable maximum ACT was known in 27 and 16 patients, respectively.
‡‡The variable maximum systolic blood pressure was known in 28 and 12 patients, respectively.
§§The variable maximum diastolic blood pressure was known in 28 and 12 patients, respectively.
‖‖The variable severity of postprocedural mitral regurgitation was known in 12 and 10 patients, respectively.
##The variable postprocedural MoCA score was known in 28 and 13 patients, respectively.

Table. Continued
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development of new CMBs. The positive association 
between occurrence of new CMBs and longer pro-
cedure time is further supported by another recently 
published study that linked occurrence of postopera-
tive CMBs to key procedural aspects of thoracic en-
dovascular aortic repair.13

In certain contexts, strictly lobar CMBs are 
strongly associated with CAA1,14—whether newly oc-
curring, postinterventional CMBs are also attributable 
to CAA is currently uncertain.15 Interestingly, Patel et 
al3 reported that new CMBs after adult cardiac sur-
gery occurred in all examined patients with the di-
agnosis of probable CAA according to the modified 
Boston criteria14 on presurgery MRI. Breiding et al15 
reported that distribution of susceptibility weighted 
imaging lesions on postinterventional MRI was sug-
gestive of possible or probable CAA according to the 
modified Boston criteria14 in a relevant percentage 
of patients with artificial heart valves. In the present 
study, new CMBs predominantly had a lobar distribu-
tion, although preexisting CMBs with a strictly lobar 
distribution were not significantly associated with 
occurrence of new CMBs. In conclusion, the current 
data are not yet sufficient to determine the under-
lying mechanism of newly occurring, postinterven-
tional CMBs. Histopathology studies may be helpful 
to further elucidate the pathophysiological entity of 
these newly occurring lesions. In accordance with 
the Standards for Reporting Vascular Changes on 
Neuroimaging criteria10 and in consensus among the 
raters, we have deliberately chosen to classify these 
lesions as CMBs, although differential considerations 
(eg, small embolized calcifications or—depending on 
the material used—consequences of microabrasion 
from endovascular material15) should be noted.

Although CMBs have been identified as a risk fac-
tor for ischemic stroke and ICH in patients with cere-
brovascular diseases,1,2 this could not be shown in 
the present study (no significant association between 
new CMBs and concomitant new ischemic lesions, 
no new ICH on follow-up MRI). Regarding the influ-
ence of newly occurring CMBs on cognition, we de-
cided not to perform an inferential statistical analysis 
because of the limited number of patients, the high 
rate of concomitant new ischemic lesions (68%) and 
the early assessment of the cognitive tests after the 
catheter-based structural heart intervention. A long-
term follow-up (to exclude a possible influence of the 
anesthetic regime) as well as a larger sample size 
and a more comprehensive neurocognitive assess-
ment are necessary to investigate the effect of newly 
occurring CMBs after catheter-based structural heart 
interventions on cognition in detail. Nevertheless, it 
can be stated that despite the high proportion of pa-
tients with new diffusion-weighted imaging lesions 
in our study, no large negative shift in the cognitive 

function occurred. Moreover, taking into account 
possible postsedation effects, these would be ex-
pected to rather worsen the results and amplify rather 
than attenuate the shift.

Another interesting aspect is the high frequency 
(60%) of preexisting CMBs in our study cohort. Until 
recently,6 data on (preexisting) CMBs were mainly de-
rived from population-based cohorts as well as from 
patients with ischemic stroke, ICH, or dementia.1 Our 
data call for further studies to determine the prevalence 
and clinical relevance of CMBs in different cardiovas-
cular risk populations.

Limitations of this analysis have to be noted. First, 
this is an exploratory analysis including data from 2 
single-center, catheter-based structural heart interven-
tion studies that differed in several baseline character-
istics (prior ICH, atrial fibrillation, arterial hypertension). 
Reassuringly, our results are consistent with a recently 
published study investigating the occurrence of new 
CMBs after transcatheter aortic valve replacement.6 
Nevertheless, the results of our analysis can only be 
considered hypothesis generating. Second, because 
of the small sample size, type II error must be taken 
into account. Third, we used T2*-weighted imaging 
(slice thickness of 5 mm) at 3.0 Tesla to detect CMBs. 
Therefore, small CMBs might have been missed. 
Fourth, because of the exploratory nature of the anal-
ysis, few data are missing (eg, activated clotting time 
was known in 43/47 patients, severity of postproce-
dural mitral regurgitation was known in 22/47 patients). 
Fifth, only data from patients without MRI contraindica-
tions could be used for the present analysis, leaving a 
potential risk of selection bias.

In conclusion, newly occurring hypointense lesions 
on T2*-weighted MRI fulfilling the criteria of CMBs 
occur in approximately one-third of patients after 
catheter-based LAAC or percutaneous MVR using the 
MitraClip System. In univariable analysis, longer proce-
dure time was the prominent risk factor for occurrence 
of new CMBs. Occurrence of new CMBs was not as-
sociated with concomitant new ischemic lesions on 
MRI. Future studies with larger cohorts and long-term 
follow-up should further elucidate the clinical relevance 
of new CMBs in patients undergoing catheter-based, 
left-sided structural heart interventions.

ARTICLE INFORMATION
Received June 23, 2022; Revised December 20, 2022; accepted January 
5, 2023.

Affiliations
Klinik und Hochschulambulanz für Neurologie, Charité – Universitätsmedizin 
Berlin, corporate member of Freie Universität Berlin and Humboldt-
Universität zu Berlin, Berlin, Germany (T.B.B., R.v.R., H.E., J.F.S., H.J.A., 
M.E., C.H.N.); Berlin Institute of Health (BIH) at Charité – Universitätsmedizin 
Berlin, Berlin, Germany (T.B.B., J.F.S., D.M.L., U.L., C.H.N.); Center for 
Stroke Research Berlin (CSB), Charité – Universitätsmedizin Berlin, 
corporate member of Freie Universität Berlin and Humboldt-Universität 

D
ow

nloaded from
 http://ahajournals.org by on M

arch 25, 2024



J Am Heart Assoc. 2023;12:e8189. DOI: 10.1161/JAHA.122.027284� 8

Braemswig et al� New CMBs After Structural Heart Interventions

zu Berlin, Berlin, Germany (T.B.B., R.v.R., H.E., J.F.S., I.G., K.V., H.J.A., 
M.E., J.B.F., C.H.N.); German Centre for Cardiovascular Research (DZHK), 
partner site Berlin, Berlin, Germany (T.B.B., J.F.S., D.M.L., M.E., U.L., 
C.H.N.); Klinik für Innere Medizin, Bundeswehrkrankenhaus Berlin, Berlin, 
Germany (M.K.); Charité – Universitätsmedizin Berlin, corporate member 
of Freie Universität Berlin and Humboldt-Universität zu Berlin, Berlin, 
Germany (M.K.); MEDIAN Klinik AGZ Düsseldorf, Düsseldorf, Germany 
(B.B.); Department of Cardiology, Campus Benjamin Franklin, Charité – 
Universitätsmedizin Berlin, corporate member of Freie Universität Berlin and 
Humboldt-Universität zu Berlin, Berlin, Germany (B.B., F.B., M.R., D.M.L., 
U.L., A.L., A.R.); Institute of Active Polymers and Berlin-Brandenburg 
Center for Regenerative Therapies, Helmholtz-Zentrum Hereon, Teltow, 
Germany (M.R.); Deutsches Herzzentrum der Charité, Klinik für Kardiologie, 
Angiologie und Intensivmedizin, Berlin, Germany (M.R., U.L.); German 
Center for Neurodegenerative Diseases (DZNE), partner site Berlin, Berlin, 
Germany (R.v.R., M.E., C.H.N.); Department of Medicine III, Cardiology, 
Goethe University, Frankfurt am Main, Germany (D.M.L.); German Centre 
for Cardiovascular Research (DZHK), partner site Rhine-Main, Frankfurt, 
Germany (D.M.L.); ExcellenceCluster NeuroCure, Berlin, Germany (M.E.); 
Department of Neurology, Universitätsklinikum Würzburg, Würzburg, 
Germany (K.G.H.); Department of General and Interventional Cardiology, 
Helios Klinikum Erfurt, Erfurt, Germany (A.L.); and Universitäres Herz- und 
Gefässzentrum Hamburg-Eppendorf, Hamburg, Germany (A.R.).

Sources of Funding
Dr Braemswig is a participant in the BIH-Charité Clinician Scientist Program 
funded by the Charité—Universitätsmedizin Berlin and the Berlin Institute 
of Health. Dr Scheitz is a participant in the BIH-Charité Advanced Clinician 
Scientist Program funded by the Charité—Universitätsmedizin Berlin and 
the Berlin Institute of Health. Dr Endres received funding from DFG under 
Germany’s Excellence Strategy—EXC-2049—390 688 087, BMBF, DZNE, 
DZHK, EU, Corona Foundation, and Fondation Leducq. Dr Nolte is a partici-
pant of the BIH-Charité Clinical Fellow Program.

Disclosures
Drs Braemswig, Kusserow, Bellmann, Beckhoff, Reinthaler, von Rennenberg, 
Erdur, Scheitz, Galinovic, and Villringer: no conflicts of interest. Dr Leistner: 
no relevant conflicts of interest with respect to this study topic. Dr Audebert: 
no relevant conflicts of interest. Outside the submitted work: Dr Audebert re-
ports receiving personal fees from Bayer Vital, Boehringer Ingelheim, Bristol 
Myers Squibb, Novo Nordisk, Pfizer, Daiichi Sankyo, and Sanofi. Dr Endres: 
no relevant conflicts of interest. Outside the submitted work, Dr Endres re-
ports grants from Bayer and fees paid to the Charité from AstraZeneca, 
Bayer, Boehringer Ingelheim, BMS, Daiichi Sankyo, Amgen, GSK, Sanofi, 
Covidien, Novartis, and Pfizer. Dr Landmesser: no relevant conflicts of inter-
est. Outside the submitted work, Dr Landmesser reports research grants to 
institution from Amgen, Bayer, and Novartis and moderate lecture or advisory 
fees from Abbott, Amgen, Sanofi, Bayer, Pfizer, Daiichi Sankyo, Boehringer, 
Novartis, AstraZeneca, Novo Nordisk, Boston Scientific, Berlin Chemie. Dr 
Haeusler: no relevant conflicts of interest. Outside the submitted work, Dr 
Haeusler reports study grants from Bayer Healthcare; consulting fees from 
Amarin, Alexion, AstraZeneca, Bayer Healthcare, Boehringer Ingelheim, 
Boston Scientific, Daiichi Sankyo, Edwards Lifesciences, Medtronic, Pfizer, 
Portola, Premier Research; and lecture honoraria from Abbott, AstraZeneca, 
Bayer Healthcare, Biotronik, Boehringer Ingelheim, Bristol-Myers Squibb, 
Daiichi Sankyo, Novartis, Pfizer, Sanofi, SUN Pharma, and W.L. Gore and 
Associates. Dr Fiebach: no relevant conflicts of interest. Outside the sub-
mitted work, Dr Fiebach reports personal fees from Abbvie, AC Immune, 
Artemida, Bioclinica, Biogen, BMS, Brainomix, Cerevast, Daiichi-Sankyo, 
Eisai, F.Hoffmann-La Roche AG, Eli Lilly, Guerbet, Ionis Pharmaceuticals, 
IQVIA, Janssen, Julius Clinical, Jung Diagnostics, Lysogene, Merck, 
Nicolab, Premier Research, and Tau Rx. Dr Lauten: no conflicts of interest. 
Dr Rillig: no relevant conflicts of interest. Outside the submitted work, Dr 
Rillig reports lecture and consultant fees and travel grants from Biosense 
Webster, Ablamap, KODEX-EPD, and Medtronik. Dr Nolte: no relevant con-
flicts of interest. Outside the submitted work, Dr Nolte reports lecture fees 
or consultancies from Bayer, Boehringer Ingelheim, BMS, Daiichi Sankyo, 
Pfizer, Alexion, Abbott, and Gore & Associates.

REFERENCES
	 1.	 Puy L, Pasi M, Rodrigues M, van Veluw SJ, Tsivgoulis G, Shoamanesh 

A, Cordonnier C. Cerebral microbleeds: from depiction to interpreta-
tion. J Neurol Neurosurg Psychiatry. 2021;92:598–607. doi: 10.1136/
jnnp-2020-323951

	 2.	 Braemswig TB, Villringer K, Turc G, Erdur H, Fiebach JB, Audebert 
HJ, Endres M, Nolte CH, Scheitz JF. Predictors of new remote cere-
bral microbleeds after IV thrombolysis for ischemic stroke. Neurology. 
2019;92:e630–e638. doi: 10.1212/WNL.0000000000006915

	 3.	 Patel N, Banahan C, Janus J, Horsfield MA, Cox A, Li X, Cappellugola L, 
Colman J, Egan V, Garrard P, et al. Perioperative cerebral microbleeds 
after adult cardiac surgery. Stroke. 2019;50:336–343. doi: 10.1161/
STROKEAHA.118.023355

	 4.	 Jeon S-B, Lee J-W, Kim SJ, Chung C-H, Kwon SU, Choi CG, Choo S-J, 
Nah H-W, Kim JS, Kang D-W. New cerebral lesions on T2*-weighted 
gradient-Echo imaging after cardiac valve surgery. Cerebrovasc Dis. 
2010;30:194–199. doi: 10.1159/000317108

	 5.	 Akoudad S, Wolters FJ, Viswanathan A, de Bruijn RF, van der Lugt A, 
Hofman A, Koudstaal PJ, Ikram MA, Vernooij MW. Association of cere-
bral microbleeds with cognitive decline and dementia. JAMA Neurol. 
2016;73:934–943. doi: 10.1001/jamaneurol.2016.1017

	 6.	 Belle EV, Debry N, Vincent F, Kuchcinski G, Cordonnier C, Rauch A, 
Robin E, Lassalle F, Pontana F, Delhaye C, et al. Cerebral microbleeds 
during transcatheter aortic valve replacement: a prospective mag-
netic resonance imaging cohort. Circulation. 2022;146:383–397. doi: 
10.1161/CIRCULATIONAHA.121.057145

	 7.	 Bellmann B, Rillig A, Skurk C, Leistner DM, Haeusler KG, Lin T, Geran 
R, Koehler L, Guttmann S, Tscholl V, et al. Long-term follow up of 3 T 
MRI-detected brain lesions after percutaneous catheter-based left atrial 
appendage closure. Catheter Cardiovasc Interv. 2018;92:327–333.  
doi: 10.1002/ccd.27611

	 8.	 Braemswig TB, Kusserow MK, Kruppa J, Reinthaler M, Erdur H, Fritsch 
M, Curio J, Alushi B, Villringer K, Galinovic I, et al. Cerebral embolisation 
during transcatheter edge-to-edge repair of the mitral valve with the 
MitraClip system: a prospective, observational study. EuroIntervention. 
2022;18:e160–e168. doi: 10.4244/EIJ-D-21-00646

	 9.	 Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, 
Collin I, Cummings JL, Chertkow H. The Montreal cognitive assess-
ment, MoCA: a brief screening tool for mild cognitive impairment. J Am 
Geriatr Soc. 2005;53:695–699. doi: 10.1111/j.1532-5415.2005.53221.x

	10.	 Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne 
R, Lindley RI, T O’Brien J, Barkhof F, Benavente OR. Neuroimaging 
standards for research into small vessel disease and its contribution 
to ageing and neurodegeneration. Lancet Neurol. 2013;12:822–838.  
doi: 10.1016/S1474-4422(13)70124-8

	11.	 Gregoire SM, Chaudhary UJ, Brown MM, Yousry TA, Kallis C, Jäger HR, 
Werring DJ. The microbleed anatomical rating scale (MARS) reliability 
of a tool to map brain microbleeds. Neurology. 2009;73:1759–1766.  
doi: 10.1212/WNL.0b013e3181c34a7d

	12.	 Charidimou A, Boulouis G, Pasi M, Auriel E, van Etten ES, Haley K, 
Ayres A, Schwab KM, Martinez-Ramirez S, Goldstein JN, et al. MRI-
visible perivascular spaces in cerebral amyloid angiopathy and hy-
pertensive arteriopathy. Neurology. 2017;88:1157–1164. doi: 10.1212/
WNL.0000000000003746

	13.	 Eilenberg W, Bechstein M, Charbonneau P, Rohlffs F, Eleshra A, 
Panuccio G, Bhangu JS, Fiehler J, Greenhalgh RM, Haulon S, et al. 
Cerebral microbleeds following thoracic endovascular aortic repair. Br 
J Surg. 2021;109:46–52. doi: 10.1093/bjs/znab341

	14.	 Linn J, Halpin A, Demaerel P, Ruhland J, Giese AD, Dichgans M, van 
Buchem MA, Bruckmann H, Greenberg SM. Prevalence of superfi-
cial siderosis in patients with cerebral amyloid angiopathy. Neurology. 
2010;74:1346–1350. doi: 10.1212/WNL.0b013e3181dad605

	15.	 Breiding PS, Duerrenmatt JT, Meinel FG, Carrel T, Schönhoff F, Zibold 
F, Kaesmacher J, Gralla J, Pilgrim T, Jung S, et al. Prevalence and evo-
lution of susceptibility-weighted imaging lesions in patients with arti-
ficial heart valves. J Am Heart Assoc. 2019;8:e012814. doi: 10.1161/
JAHA.119.012814

D
ow

nloaded from
 http://ahajournals.org by on M

arch 25, 2024

https://doi.org//10.1136/jnnp-2020-323951
https://doi.org//10.1136/jnnp-2020-323951
https://doi.org//10.1212/WNL.0000000000006915
https://doi.org//10.1161/STROKEAHA.118.023355
https://doi.org//10.1161/STROKEAHA.118.023355
https://doi.org//10.1159/000317108
https://doi.org//10.1001/jamaneurol.2016.1017
https://doi.org//10.1161/CIRCULATIONAHA.121.057145
https://doi.org//10.1002/ccd.27611
https://doi.org//10.4244/EIJ-D-21-00646
https://doi.org//10.1111/j.1532-5415.2005.53221.x
https://doi.org//10.1016/S1474-4422(13)70124-8
https://doi.org//10.1212/WNL.0b013e3181c34a7d
https://doi.org//10.1212/WNL.0000000000003746
https://doi.org//10.1212/WNL.0000000000003746
https://doi.org//10.1093/bjs/znab341
https://doi.org//10.1212/WNL.0b013e3181dad605
https://doi.org//10.1161/JAHA.119.012814
https://doi.org//10.1161/JAHA.119.012814

	New Cerebral Microbleeds After Catheter-­Based Structural Heart Interventions: An Exploratory Analysis
	METHODS
	Data Availability Statement
	Data Sources and Study Populations
	LAAC Procedure, MitraClip Procedure
	Clinical Data
	Cerebral MRI (Imaging Protocol and Image Analysis)
	Statistical Analysis

	RESULTS
	Patient Characteristics
	Frequency of CMBs Before and After the Catheter-­Based Structural Heart Interventions
	Factors Associated With Occurrence of New CMBs
	Outcome Parameters

	DISCUSSION
	Sources of Funding
	Disclosures
	References


