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Abstract

Background: New ischaemic brain lesions on magnetic resonance imaging (MRI) are reported in up to
86% of patients after transcatheter edge-to-edge repair of the mitral valve (TEER-MV). Knowledge of the
exact procedural step(s) that carry the highest risk for cerebral embolisation may help to further improve
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o stroke the procedure.

Aims: The aim of this study was to identify the procedural step(s) that are associated with an increased risk
of cerebral embolisation during TEER-MV with the MitraClip system. Furthermore, the risk of overt stroke
and silent brain ischaemia after TEER-MV was assessed.

Methods: In this prospective, pre-specified observational study, all patients underwent continuous tran-
scranial Doppler examination during TEER-MV to detect microembolic signals (MES). MES were assigned
to specific procedural steps: (1) transseptal puncture and placement of the guide, (2) advancing and adjust-
ment of the clip in the left atrium, (3) device interaction with the MV, and (4) removal of the clip deliv-
ery system and the guide. Neurological examination using the National Institutes of Health Stroke Scale
(NIHSS) and cerebral MRI were performed before and after TEER-MV.

Results: Fifty-four patients were included. The number of MES differed significantly between the proce-
dural steps with the highest numbers observed during device interaction with the MV. Mild neurological
deterioration (NIHSS <3) occurred in 9/54 patients. New ischaemic lesions were detected in 21/24 patients
who underwent MRI. Larger infarct volume was significantly associated with neurological deterioration.
Conclusions: Cerebral embolisation is immanent to TEER-MV and predominantly occurs during device
interaction with the MV. Improvements to the procedure may focus on this procedural step.

*Corresponding author: Charité — Universititsmedizin Berlin, Hindenburgdamm 30, 12203 Berlin, Germany.
E-mail: alexander.lauten@charite.de

© Europa Digital & Publishing 2022. All rights reserved. SUBMITTED ON 18/07/2021- REVISION RECEIVED ON I+t 17/09/2021 / 2™ 16/10/2021 - ACCEPTED ON 18/10/2021



Abbreviations

ACT activated clotting time

DWI diffusion-weighted imaging

FLAIR  fluid-attenuated inversion recovery

IGR interquartile range

MmclI mild cognitive impairment

MES microembolic signals

MoCA  Montreal Cognitive Assessment
MRI magnetic resonance imaging
Mv mitral valve

NIHSS  National Institutes of Health Stroke Scale
TCD transcranial Doppler
TEER transcatheter edge-to-edge repair

Introduction
Transcatheter edge-to-edge repair (TEER) of the mitral valve with
the MitraClip system (Abbott) is an approved endovascular treat-
ment option for patients with severe mitral regurgitation who carry
a high risk for surgery-associated complications'?. However, car-
diac endovascular treatments may be associated with clinically
overt stroke and imaging-based silent brain ischaemia’*, Major
MitraClip studies reported low rates of clinically overt strokes at
0.2% to 1.2% for in-hospital stroke and 0.7% to 2.6% for stroke
within 30 days®. Apart from clinically overt stroke, new ischaemic
brain lesions on magnetic resonance imaging (MRI) occurred in up
to 86% of patients after TEER of the mitral valve with the MitraClip
system®’. These new ischaemic brain lesions may be linked to mem-
ory loss, cognitive decline, and dementia*®. In a prior study testing
a cerebral protection system during the MitraClip procedure, debris
captured from these filter-based cerebral embolic protection devices
was identified in all examined patients’.
TEER of the mitral valve with the MitraClip system entails several
procedural steps that could cause cerebral embolisation. However,
the procedural step(s) that carry the highest risk for cerebral embo-
lisation remain unclear. Microembolic signals (MES) measured by
transcranial Doppler (TCD) are an established online biomarker
for thromboembolic complications'®'"!2. In this prospective,
observational study with pre-specified outcomes, all participating
patients underwent continuous TCD examination during TEER of
the mitral valve to identify procedural steps with an increased risk
for cerebral embolisation. In addition, clinical (neurological and
neuropsychological) and cerebral MRI examinations were per-
formed both before and after the procedure.

Editorial, see page 101

Methods

PATIENTS AND STUDY DESIGN

Patients with heart failure and moderate/severe mitral regurgita-
tion treated with TEER of the mitral valve using the MitraClip
system were included in this observational study (the STROBE
checklist, Supplementary Appendix 1). Recruitment was per-
formed prospectively at the Charité — Universitdtsmedizin Berlin,
Campus Benjamin Franklin, between June 2017 and September

Cerebral embolisation during TEER-MV using the MitraClip

2019 (ClinicalTrials.gov: NCT03104556). Exclusion criteria were:
<18 years of age, inability to consent, pregnancy, or participation in
an interventional trial. The study was approved by the local Ethics
Committee of the Charité — Universitdtsmedizin Berlin, Germany
(EA2/005/17). All patients gave written informed consent.
All participating patients underwent continuous TCD examination
during TEER of the mitral valve. In addition, clinical and cerebral

MRI examinations were performed before and after the procedure.

MITRACLIP PROCEDURE, ASSESSMENT OF MITRAL
REGURGITATION

In all patients, intracardiac sources of cerebrovascular embolism
(especially thrombus) were excluded by transoesophageal echo-
cardiography at the beginning of the procedure. TEER of the
mitral valve with the MitraClip system was performed in a stand-
ard fashion?. In brief, transseptal puncture was performed after
administration of unfractionated heparin (aiming for an activated
clotting time [ACT] >250 seconds) under echocardiographic guid-
ance. The distal end of the guide catheter was positioned in the
left atrium; the device (MitraClip system, XTR, NT and/or NTR)
was steered and rotated with minimum manipulation prior to
valve crossing and capture of leaflets. The first clips were passed
into the left ventricle with open clip arms, the second and third
clips passed into the left ventricle with closed clip arms. Prior to
deployment, leaflet insertion and closure were verified with stand-
ard manoeuvres. The total procedure time was defined starting
with puncture of the femoral vein and ending with removal of the
guide catheter and suture-mediated closure of the puncture site.
ACT was measured routinely in 30-minute intervals throughout
the MitraClip procedure and after every administration of unfrac-
tionated heparin.

The severity of mitral regurgitation was graded as mild (I), moder-
ate (II), or severe (IIT)".

TRANSCRANIAL DOPPLER EXAMINATION

A continuous TCD examination was performed during the com-
plete MitraClip procedure using a DWL Multi-Dop T2 system
(DWL Elektronische Systeme GmbH) with software for MES
detection (DWL; Multi-Flow MF software, version 8.27) and
64-point fast Fourier transformation. Detection of MES was based
on standard criteria'*!>. Two pulsed-wave 2-MHz Doppler probes
were fixed to the patient’s head with the DiaMon (DWL) sys-
tem. The Doppler probes were used to insonate the middle cer-
ebral arteries at a depth of 50-58 mm with a sample volume of
10 mm. The detection threshold for MES was adjusted to 9 dB.
A high-pass filter was set at 100 Hz. MES were measured auto-
matically at two depths with a distance of 5 mm. To differenti-
ate artefacts, each detected MES was verified off-line after the
procedure was completed (an artefact appears in both depths at
the same time while an embolus moves through the artery and
therefore is measured twice at different times). TCD examination
and off-line examination of all recorded MES were performed by
two examiners (T.B. Braemswig, M. Kusserow). Continuous TCD
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examination on both sides simultaneously was not feasible in all
patients throughout the complete procedure. In a prior study, no
difference had been detected between the number of MES in the
right and left middle cerebral arteries during transcatheter aortic
valve replacement!!. Therefore, in this study only MES on one
side (right or left middle cerebral artery) of each patient were ana-
lysed depending on better signal quality throughout the procedure.
MES during TEER of the mitral valve with the MitraClip system
were counted separately during the following procedural steps (to
reflect the total burden of microembolisation during each step):
(1) transseptal puncture and placement of the guide, (2) advancing
and adjustment of the clip in the left atrium, (3) device interaction
with the mitral valve (i.e., crossing of the mitral valve, grasping
the mitral leaflets and closing the device), and (4) removal of the

clip delivery system and the guide.

CLINICAL DATA

Baseline characteristics of all patients were collected from the
medical records. Patients underwent study-specific neurological
and neuropsychological examinations before and after the proce-
dure when general anaesthesia or conscious sedation was com-
pletely reversed. Neurological endpoints were assessed on the basis
of consensus recommendations*. Neurological status was assessed
using the National Institutes of Health Stroke Scale (NIHSS),
a 15-item impairment scale assessing level of consciousness, gaze,
vision, facial palsy, extremity weakness, limb ataxia, sensory loss,
language, and dysarthria'®. At the time of follow-up clinical exam-
ination, the certified examiners (T.B. Braemswig, M. Kusserow,
M. Fritsch, H. Erdur) were blinded to the MRI results. Overt
stroke was defined as deterioration in the NIHSS >1 point(s) after
TEER of the mitral valve. Neuropsychological status was assessed
using the Montreal Cognitive Assessment (MoCA; cut-off for mild
cognitive impairment [MCI] <26)".

CEREBRAL MRI

We conducted two cerebral MRI examinations: one before and
one after TEER of the mitral valve. The examinations were per-
formed on 3-Tesla MRI scanners (Tim Trio, Skyra and Prisma Fit,
all Siemens). The protocol included the following three sequences:
diffusion-weighted imaging (DWI), fluid-attenuated inversion
recovery (FLAIR), and T2*-weighted imaging. MRI images were
reviewed by experienced raters (T.B. Braenswig, K. Villringer,
1. Galinovic, J.B. Fiebach). The supervising raters (K. Villringer,
I. Galinovic, J.B. Fiebach) were blinded to clinical information.
Occurrence, number, volume (in ml) and location of acute DWI
lesions (with low apparent diffusion coefficient values) that newly
occurred after TEER of the mitral valve were assessed. For volu-
metric quantification, new DWI lesions were delineated manually
in each slice and the volume was calculated using the software
MRIcron (NITRC, version 1.0.20190902). Three different vascular
territories were differentiated: territory of the left internal carotid
artery, territory of the right internal carotid artery, and the ver-
tebrobasilar territory. Vascular territories were defined according

to established patterns'®. Intracerebral haemorrhage (>10 mm
in diameter) was detected on T2*-weighted imaging. Chronic
ischaemic lesions and severity of white matter disease (using the
Wahlund visual scale!’) were assessed on FLAIR.

STATISTICAL ANALYSIS

The Wilcoxon test was used for continuous variables. The chi-
squared test was used for categorical variables. Univariate linear
regression analysis was used to identify procedure-related fac-
tors and structural anomalies of the mitral valve associated with
an increased number of MES. We used a two-sided significance
level of 0.05. Group comparisons (comparing median number of
MES during the different procedural steps) were adjusted accord-
ing to Holm?. All analyses were performed using R software
(R Foundation for Statistical Computing, version 4.0.2).

Results

PATIENT CHARACTERISTICS

Between June 2017 and September 2019, 61 patients with heart
failure and moderate to severe mitral regurgitation treated with
TEER of the mitral valve using the MitraClip system were
included in our study (56% male; median age: 80 years [inter-
quartile range {IQR} 75-84 years]; severity of mitral regurgita-
tion: grade II: 11%, grade III: 89%). Seven patients had to be
excluded from the final analysis due to an insufficient acoustic
temporal bone window (which did not allow for a continuous
detection of MES). Thus, 54 patients were available for the final
analysis (Figure 1). The baseline characteristics of these patients
are summarised in Tabhle 1. Patients with and without sufficient
acoustic temporal bone windows differed significantly regarding
previous ischaemic stroke or transient ischaemic attack (2% vs
43%; p=0.001).

Enrolled
N=61 — -
Insufficient acoustic
> temporal bone windows
v =
Available i ) .
forfinal analysis Prlmarynutcome.MESdunngTEERofthgm|tralv§lve
= Secondary outcomes: overt stroke, cognitive function
N MRI contraindications
N=20
N Feasibility
N Refusal
1 N=6
A 4
MRI examinations
befo“? a"d.aﬂer Secondary outcome: silent brain ischaemia
MitraClip
N=24

Figure 1. Flow chart of the study population. MES: microembolic
signals;, MRI: magnetic resonance imaging, TEER: transcatheter
edge-to-edge repair



Table 1. Patient characteristics.

Characteristic n=54

Clinical

Age - median, years 80 (IQR 75-84)
Male, n 30 (56%)
Previous ischaemic stroke or TIA, n 1 (2%)
Previous ICH, n 1 (2%)
Hyperlipoproteinaemia, n 36 (67%)
Diabetes mellitus, n 16 (30%)
Arterial hypertension, n 45 (83%)
Atrial fibrillation, n 32 (59%)
PAOD, n 7 (13%)
COPD, n 11 (20%)
CAD, n 39 (72%)
Previous valve surgery, n 3 (6%)
Prior antiplatelet therapy, n 31 (57%)
Prior anticoagulation, n 25 (46%)
Baseline MoCA score <262, n 29 (69%)

BMI® — median, kg/m? 25.5 (IQR 23.0-27.6)
eGFR — median, ml/min/1,73m? 44.5 (IQR 32.3-58.8)

Related to heart failure

NYHAS, n I 0 (0%)
[l 6 (12%)
] 32 (65%)
v 11 (22%)
Severity of mitral | 0 (0%)
regurgitation, n I 6 (11%)
] 48 (89%)
Mitral valve stenosis, n 2 (4%)
Leaflet sclerosis, n 6 (11%)
Leaflet prolapse, n 9(17%)

Left ventricular ejection fraction? -

median (%) 48 (IQR 36-60)

Pulmonary artery systolic pressure®- 44.5 (IQR 38.0-54.0)
median, mmHg

Baseline MRI examination

Chronic ischaemic stroke lesionf, n

6 (25%)

Wahlund score® - median

9 (IQR 6-12)

Cerebral embolisation during TEER-MV using the MitraClip

severity of mitral regurgitation was known in 53/54 patients).
TEER of the mitral valve was performed under conscious seda-
tion in 12 patients, and under general anaesthesia in 42 patients.
In 19 patients one clip was implanted, and in 35 patients two
or three clips were implanted. The median procedure time was
84 minutes (IQR 71-108 minutes). The median heparin dose
administered during the procedure was 11,000 IU (IQR 9,000-
13,375 1U). The median ACT was 285 seconds (IQR 262-
329 seconds) during the procedure. A cardiac tamponade did not

occur in any patient.

TRANSCRANIAL DOPPLER EXAMINATION
MES were observed in all patients during TEER of the mitral
valve with the MitraClip system (median number of MES during
the complete procedure: 152 [IQR 94-280]). Number of MES dif-
fered significantly between the different procedural steps with the
highest number of MES observed during device interaction with
the mitral valve (Central illustration) (in patients with more than
one implanted clip, only MES during implantation of the first clip
are presented below):

— (1) transseptal puncture and placement of the guide: 12 MES
(median; IQR 5-30)

— (2) advancing and adjustment of the clip in the left atrium:
15 MES (median; IQR 7-26)

— (3) device interaction with the mitral valve (i.e., crossing of the
mitral valve, grasping the mitral leaflets and closing the device):
66 MES (median; IQR 32-136)

— (4) removal of the clip delivery system and the guide: 1 MES
(median; IQR 0-3).

An exploratory univariate linear regression analysis showed
that leaflet prolapse, longer procedure time and implantation of
>2 MitraClips were associated with an increased number of MES
(Table 2).

Table 2. Exploratory univariate linear regression analysis to
identify procedure-related factors and structural anomalies of the
mitral valve associated with an increased number of MES.

2 The variable baseline MoCA score <26 was known in 42/54 patients.

® The variable BMI was known in 50/54 patients. ¢ The variable NYHA was
known in 50/54 patients. ¢ The variable left ventricular ejection fraction
was known in 53/54 patients. ¢ The variable pulmonary artery systolic
pressure was known in 50/54 patients. f The variable chronic ischaemic
stroke lesion was known in 24/54 patients. & The variable Wahlund score
was known in 24/54 patients. BMI: body mass index; CAD: coronary artery
disease; COPD: chronic obstructive pulmonary disease; eGFR: estimated
glomerular filtration rate; ICH: intracerebral haemorrhage;

IQR: interquartile range; MoCA: Montreal Cognitive Assessment;

NYHA: New York Heart Association classification; PAOD: peripheral artery
occlusive disease; TIA: transient ischaemic attack

PROCEDURAL RESULTS

Implantation of the MitraClip system was technically successful
in all patients. A reduction of mitral regurgitation was achieved
in all patients (severity of mitral regurgitation after the proce-
dure: grade 0: 23%, grade I: 62%, grade II: 15%; the variable

Coefficient (95%

R confidence interval) (AL
Number of clips (>2) 182.2 (29.7-334.7) 0.020
Procedure time (min) 3.3 (1.1-5.6) 0.004
Conscious sedation -122.2 (-303.6-59.3) 0.182
Mitral valve stenosis -147.7 (-552.0-256.6) | 0.467
Leaflet sclerosis -82.5 (-325.7-160.6) | 0.499
Leaflet prolapse 247.7 (53.6-441.7) 0.013
MES: microembolic signal

CLINICAL OUTCOMES

Patients were examined clinically (NIHSS, MoCA) one day before
(median; IQR 1-1) and three days after (median; IQR 3-4) TEER

of the mitral valve.
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CENTRAL ILLUSTRATION Number of microembolic signals during the different procedural steps.
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Procedural
step 1 step 2

Procedural

Procedural steps: (1) transseptal puncture and placement of the guide, (2) advancing and adjustment of the clip in the lefi atrium,
(3) device interaction with the mitral valve, (4) removal of the clip delivery system and the guide. MES: microembolic signals

Procedural Procedural
step 3 step 4

A neurological deterioration on the NIHSS >1 point(s) equiva-
lent to clinically non-disabling stroke was observed in 9 of the
54 patients following the procedure. Neurological deterioration
was equivalent to one point (on the NIHSS) in five patients, two
points in three patients and three points in one patient. In other
words, neurological deterioration was mild in all patients. New
deficits consisted of a mild hemiparesis (arm and/or leg drifted
to an intermediate position prior to the end of the full 10 [arm]/5
[leg] seconds) in six patients, a mild-to-moderate sensory loss
in one patient, a partial gaze palsy in one patient, an incorrectly
answered question in one patient, a mild-to-moderate dysar-
thria in one patient and an ataxia presented in one limb in two
patients. Five out of nine patients with an overt stroke underwent
MRI examinations before and after TEER of the mitral valve.
Examples of acute, new DWI lesions on MRI that correlated with
the described clinical deterioration are shown in Figure 2.

In an exploratory univariate analysis, patients with and without
overt stroke after TEER of the mitral valve differed significantly
(p=0.030) regarding volume of new DWI lesions on MRI (Table 3).
There was no statistically significant decline in cognitive function
after TEER of the mitral valve: median MoCA score before TEER
of the mitral valve: 24.00 (IQR 19.00-26.00), median MoCA score
after TEER of the mitral valve: 23.00 (IQR 19.75-25.25) (p=0.704
[paired Wilcoxon test]; data were available in 40/54 patients).

CEREBRAL MRI

Twenty-four patients received MRI examinations before and
after TEER of the mitral valve. Reasons for not undergo-
ing MRI examinations were: MRI contraindication (e.g., pace-
maker; 20/30 patients), feasibility (e.g., claustrophobia, obesity;
4/30 patients) and refusal (6/30 patients). Patients were examined

Figure 2. Patients with new non-disabling stroke undergoing

cerebral MRI examination after the MitraClip procedure.

A) Patient #1: mild right-sided hemiparesis and corresponding acute
diffusion-weighted imaging (DWI) lesion (hyperintense) located in
the left gyrus precentralis. B) Patient #2. ataxia and corresponding
acute DWI lesions located in the cerebellum. C) Patient #3. ataxia
and mild left-sided hemiparesis and corresponding acute DWI
lesions located in the cerebellum and in the right gyrus precentralis.

on MRI one day before (median; IQR 1-2) and three days after
(median; IQR 3-4) TEER of the mitral valve.

New DWI lesions occurred in 21/24 patients after TEER of the
mitral valve. The median number of new DWI lesions was seven
(IQR 3-13). In all patients with new DWI lesions, lesions were located
in more than one vascular territory involving the cerebral cortex. The
median volume of new DWI lesions was 0.16 ml (IQR 0.07-0.48 ml).



Cerebral embolisation during TEER-MV using the MitraClip

Table 3. Comparison between patients with and without new non-disabling stroke.
No overt stroke (n=45)

Characteristic
Clinical

Overt stroke (n=9)

Related to heart failure

Age — median, years 79 (IQR 75-84) 83 (IQR 80-84) 0.205
Male, n 23 (51%) 7 (78%) 0.270
Previous ischaemic stroke or TIA, n 1 (2%) 0 (0%) 1.000
Previous ICH, n 0 (0%) 1(11%) 0.367
Hyperlipoproteinaemia, n 32 (71%) 4 (44%) 0.245
Diabetes mellitus, n 12 (27%) 4 (44%) 0.505
Arterial hypertension, n 37 (82%) 8 (89%) 1.000
Atrial fibrillation, n 26 (58%) 6 (67%) 0.901
PAOD, n 6 (13%) 1(11%) 1.000
COPD, n 9 (20%) 2 (22%) 1.000
CAD, n 30 (67%) 9 (100%) 0.103
Previous valve surgery, n 3(7%) 0 (0%) 1.000
Prior antiplatelet therapy, n 23 (51%) 8 (89%) 0.085
Prior anticoagulation, n 23 (51%) 2 (22%) 0.222
Baseline MoCA score <262, n 22 (63%) 7 (100%) 0.135
BMI® — median, kg/m? 25.7 (IQR 23.1-27.6) 23.0 (IQR 21.7-26.4) 0.164
eGFR — median, ml/min/1,73 m? 45.0 (IQR 32.0-58.0) 38.0 (IQR 33.0-64.0) 0.889

Baseline MRI examination
Chronic ischaemic stroke lesion’, n

5 (26%)

1 (20%)

NYHA®, n | 0 (0%) 0 (0%)
[l 6 (15%) 0 (0%)
0.513
1] 26 (63%) 6 (75%)
v 9 (22%) 2 (25%)
Severity of mitral | 0 (0%) 0 (0%)
regurgitation, n I 5 (11%) 1(11%) 1.000
] 40 (89%) 8 (89%)
Mitral valve stenosis, n 2 (4%) 0 (0%) 1.000
Leaflet sclerosis, n 6 (13%) 0 (0%) 0.561
Leaflet prolapse, n 7 (16%) 2 (22%) 1.000
Left ventricular ejection fraction? — median, % 48 (IQR 36-60) 48 (IQR 41-53) 0.652
Pulmonary artery systolic pressure® — median, mmHg 43.0 (IQR 36.0-54.0) 52.0 (IQR 43.0-72.0) 0.058

1.000

Wahlund score

10 (IGR 6-13)

6 (IQR 6-11)

0.600

Follow-up MRI examination

Conscious sedation, n 12 (27%) 0 (0%) 0.188
Number of clips (>2), n 27 (60%) 8 (89%) 0.203
Procedure time — median (min.) 82 (IQR 70-101) 91 (IQR 73-123) 0.472
MES — median 145 (IQR 87-286) 225 (IQR 98-249) 0.479
Heparin — median (IU) 11.000 (IQR 9,000-13,000) 11.000 (IQR 9,000-14,000)| 0.797
ACT — median [s] 283 (IQR 263-320) 308 (260-348) 0.835

New DWI-lesions", n 16 (84%) 5 (100%) 0.849
Number of new DWI-lesions' — median 7 (IQR 3-11) 21 (IQR 7-21) 0.107
Volume of new DWI-lesions’ — median 0.12 (IQR 0.04-0.21) 1.63 (IQR 0.43-1.68) 0.030

2 The variable baseline MoCA score <26 was known in 35 no overt stroke (NOS) and 7 overt stroke (OS) patients. ® The variable BMI was known in

42 NOS and 8 OS patients. ¢ The variable NYHA was known in 41 NOS and 8 OS patients. ¢ The variable left ventricular ejection fraction was known in
44 NOS and 9 OS patients. ¢ The variable pulmonary artery systolic pressure was known in 41 NOS and 9 OS patients. f The variable chronic ischaemic
stroke lesion was known in 19 NOS and 5 OS patients. & The variable Wahlund score was known in 18 NOS and 5 OS patients. " The variable new
DWI-lesion was known in 19 NOS and 5 OS patients. ' The variable number of new DWI-lesions was known in 19 NOS and 5 OS patients. | The variable
volume of new DWI-lesions was known in 19 NOS and 5 OS patients. ACT: activated clotting time; BMI: body mass index; CAD: coronary artery disease;
COPD: chronic obstructive pulmonary disease; DWI: diffusion-weighted imaging; eGFR: estimated glomerular filtration rate; ICH: intracerebral
haemorrhage; IQR: interquartile range; MES: microembolic signals; MRI: magnetic resonance imaging; NYHA: New York Heart Association;

PAOD: peripheral artery occlusive disease; TIA: transient ischaemic attack
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No intracerebral haemorrhage was detected on follow-up MRI

examination.

Discussion

Cerebral embolisation poses an immanent risk in TEER of the
mitral valve. In this study, cerebral embolisation was detected
in all patients undergoing TEER of the mitral valve with the
MitraClip system although the procedure was performed state-
of-the-art, resulting in a reduction of mitral regurgitation in all
patients. For the first time, we identified the process of device
interaction with the mitral valve as the specific procedural step
that is associated with the highest number of (micro-)embolisa-
tions. The clinical relevance of this finding is demonstrated by the
detection of non-disabling stroke in 9 of the 54 patients. The find-
ing itself is supported by imaging-based ischaemic brain lesions in
21 in the subgroup of 24 patients able to undergo MRI.

TCD examination is an established diagnostic tool to monitor
embolisation (MES) during cardiac procedures. Thereby, TCD can
assign MES to specific steps of the procedure'?!. In this study,
MES were observed in all examined patients, occurred predomi-
nantly during device interaction with the mitral valve and were
associated with longer procedure time and implantation of >2
MitraClips. This strong association between embolisation and
device interaction with the mitral valve is also supported by a pre-
vious histopathological analysis that captured debris using a cere-
bral protection system during MitraClip procedures: besides acute
thrombus and foreign material, the debris was most often com-
posed of valve/atrial wall tissue’. Furthermore, device interaction
with the aortic heart valve has already been shown as a risk factor
for cerebral embolisation in previous studies: Omran et al reported
that new ischaemic brain lesions on MRIs occurred after valve
passage in patients who underwent retrograde catheterisation of
a stenotic aortic valve for diagnostic haemodynamic evaluation?.
Kahlert et al reported an increased risk for cerebral embolisation
while stent prostheses were positioned and implanted during tran-
scatheter aortic valve replacement'’.

In this study, non-disabling stroke occurred in 9 of 54 patients
after the MitraClip procedure. In patients who also underwent
cerebral MRI examinations, new DWI lesions corresponded neu-
roanatomically to new neurological symptoms (Figure 2). The
incidence of in-hospital stroke in our study was higher than pre-
viously reported in several MitraClip registries®. The variation is
very likely explained by higher sensitivity due to thorough exam-
ination by neurologists who also detected mild deteriorations.
This finding is supported by growing evidence that the incidence
of periprocedural overt strokes in patients undergoing cardiovas-
cular interventions is under-reported. In general, systematic eval-
uation by neurologists has shown significantly higher rates of
new overt strokes after cardiovascular interventions with mostly
mild new deficits***-»*. Of note, all patients with a clinical dete-
rioration had solely mild new neurological symptoms (NIHSS
<3) in our study. Interestingly, in another, much smaller study
in which patients were also examined by neurologists, mild new

neurological symptoms were detected in 2 of 13 patients after
TEER of the mitral valve with the MitraClip system’ — a rate
similar to our findings.

In an exploratory univariate analysis comparing patients with and
without new overt stroke, volume of new DWI lesions was the
only variable that differed significantly between the two groups
(patients with overt strokes had a significantly larger volume of
new DWI lesions). This is in line with a previous study investi-
gating stroke after aortic valve surgery that also showed an asso-
ciation between overt stroke and larger infarct volume on MRI%.
Although not statistically significant, none of the twelve patients
who received conscious sedation had an overt stroke after the pro-
cedure. Further studies are needed to compare general anaesthesia
and conscious sedation during the MitraClip procedure in more
detail. Interestingly, in a prior transcatheter aortic valve replace-
ment study, general anaesthesia (as opposed to conscious seda-
tion) was also associated with an increased risk of mortality and
stroke®2.

Global cognitive screening using the MoCA score did not reveal
a statistically significant decline in cognitive function after TEER
of the mitral valve. However, a more comprehensive neurocogni-
tive assessment might be necessary to detect subtle deficits®.

In the subgroup of patients undergoing cerebral MRI examinations
both before and after TEER of the mitral valve, new DWI lesions
occurred in 21 of 24 patients. All patients with new DWI lesions
had a radiographic pattern suggesting an embolic origin (>2 new
lesions, lesions located in more than one vascular territory, lesions
involving the cerebral cortex)”. The median total volume of new
DWTI lesions was very small (0.16 ml). Incidence and median total
volume of new DWI lesions were both similar to results found by
Blazek et al°.

Limitations

Of note, implantation of the MitraClip system was technically
successful in all patients. Anticoagulation was adequate, as
reflected by a median ACT of 285 seconds during the procedure.
The total procedure time was well in range with reports in the
available literature’. Furthermore, by performing clinical and cer-
ebral MRI examinations both before and after TEER of the mitral
valve, identification of new overt stroke as well as new silent
brain ischaemia was possible. Nevertheless, limitations of our
study must be considered. First, results of a single-centre study of
54 patients cannot easily be generalised. Second, although no sig-
nificant associations between overt stroke and procedure-related
factors as well as structural anomalies of the mitral valve (e.g.,
leaflet sclerosis) were observed in the present study, this cannot
be excluded and would require further investigation in a larger
cohort. Third, characterisation of emboli (especially unequivo-
cally distinguishing solid and gaseous emboli) using conven-
tional TCD equipment is challenging. This methodology-inherent
limitation of TCD was described previously?’-*. Here, however,
most MES occurred during device interaction with the mitral
valve, a procedural step with a high probability of solid emboli*’



supporting the clinical relevance and meaning of our measure-
ments. Fourth, neurological assessment was performed only at
one time point after TEER of the mitral valve. Thus, information
on further improvement of the mild neurological deficits remains

unclear.

Conclusions

In conclusion, our data show that cerebral embolisation is imma-
nent to TEER of the mitral valve with the MitraClip system in its
present form. Device interaction with the mitral valve is a key tar-
get to reduce embolisation.

Impact on daily practice

In previous studies, new ischaemic brain lesions on magnetic
resonance imaging (MRI) occurred commonly after transcath-
eter edge-to-edge repair (TEER) of the mitral valve. For the first
time, we showed that device interaction with the mitral valve is
the most vulnerable procedural step during TEER of the mitral
valve. In addition, non-disabling stroke with mild new neuro-
logical symptoms after TEER of the mitral valve occurred more
often in our study than previously reported in several MitraClip
registries. Although further investigations in larger cohorts
are required, future improvements of the MitraClip procedure
may focus on the procedural step of device interaction with the

mitral valve.
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Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
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Methods
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page 2 exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection
Page 2 of participants. Describe methods of follow-up
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pages 2-3 (measurement). Describe comparability of assessment methods if there is more than one
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Bias 9 Describe any efforts to address potential sources of bias
pages 2-3
Study size 10 Explain how the study size was arrived at
pages 2-3
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe
pages 2-3 which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

page 3, Tables 1-3

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed



Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
Page 3, Figure 1 examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on
page 3, Table 1, exposures and potential confounders
Table 3 (b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
pages 5-9 Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16 (&) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision
pages 5-6, Central (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were
Ilustration included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
pages 5-6, Tables 2-
3
Discussion
Key results 18  Summarise key results with reference to study objectives
page 9
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
page 9-10 Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of
page 10 analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results
page 9-10
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for
page 10 the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and
unexposed groups in cohort and cross-sectional studies.
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available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at www.strobe-statement.org.



